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• In pure SU(2) YM theory, there are infinitely many gauge equivalent vacua. 
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They are as many as            .



• Some of those vacuum configurations are not continuously connected.

U(∞) → 1
<latexit sha1_base64="rsN3dO8v+N0SDr2i4G9bBuMFtd0=">AAAB/3icZVBNS8NAEJ3Ur1q/ouLJy9JSqJeSeNFj0YvHCqYtNKVstpt26WYTdjdCCD34T/QkKIhXf4cn/43bD8S2DwYe780wMy9IOFPacX6swsbm1vZOcbe0t39weGQfn7RUnEpCPRLzWHYCrChngnqaaU47iaQ4CjhtB+Pbqd9+pFKxWDzoLKG9CA8FCxnB2kh9+8yr+UyEOrtAvo5R7gchcid9u+LUnRnQOnEXpNIoQ+EZAJp9+9sfxCSNqNCEY6W6rpPoXo6lZoTTSclPFU0wGeMh7RoqcERVL5+dP0FVowxQGEtTQqOZ+n8ix5FSWRSYzgjrkVr1puKfV11apcPrXs5EkmoqyHxTmHJkPp2GgQZMUqJ5ZggmkpljERlhiYk2kZVMCu7qz+ukdVl3nbp7b+K4gTmKcA5lqIELV9CAO2iCBwRyeIE3eLeerFfrw/qctxasxcwpLMH6+gV445XA</latexit><latexit sha1_base64="UuBO8EVW8t/++59hJv9Au73pc5w=">AAAB/3icZVBNS8NAEJ3Ur1q/qqIXPSwthXopiRc9Fr14rGBboQlls920SzebsLsRQujBXyKeBAXRo7/Dk//G7Qdi2wcDj/dmmJnnx5wpbds/Vm5ldW19I79Z2Nre2d0r7h+0VJRIQpsk4pG897GinAna1Exzeh9LikOf07Y/vB777QcqFYvEnU5j6oW4L1jACNZG6haPmlWXiUCnZ8jVEcpcP0DOqFss2zV7ArRMnBkp10uQezr+PG10i99uLyJJSIUmHCvVcexYexmWmhFORwU3UTTGZIj7tGOowCFVXjY5f4QqRumhIJKmhEYT9f9EhkOl0tA3nSHWA7XojcU/rzK3SgeXXsZEnGgqyHRTkHBkPh2HgXpMUqJ5aggmkpljERlgiYk2kRVMCs7iz8ukdV5z7Jpza+K4ginycAIlqIIDF1CHG2hAEwhk8Ayv8GY9Wi/Wu/Uxbc1Zs5lDmIP19QunuJai</latexit><latexit sha1_base64="UuBO8EVW8t/++59hJv9Au73pc5w=">AAAB/3icZVBNS8NAEJ3Ur1q/qqIXPSwthXopiRc9Fr14rGBboQlls920SzebsLsRQujBXyKeBAXRo7/Dk//G7Qdi2wcDj/dmmJnnx5wpbds/Vm5ldW19I79Z2Nre2d0r7h+0VJRIQpsk4pG897GinAna1Exzeh9LikOf07Y/vB777QcqFYvEnU5j6oW4L1jACNZG6haPmlWXiUCnZ8jVEcpcP0DOqFss2zV7ArRMnBkp10uQezr+PG10i99uLyJJSIUmHCvVcexYexmWmhFORwU3UTTGZIj7tGOowCFVXjY5f4QqRumhIJKmhEYT9f9EhkOl0tA3nSHWA7XojcU/rzK3SgeXXsZEnGgqyHRTkHBkPh2HgXpMUqJ5aggmkpljERlgiYk2kRVMCs7iz8ukdV5z7Jpza+K4ginycAIlqIIDF1CHG2hAEwhk8Ayv8GY9Wi/Wu/Uxbc1Zs5lDmIP19QunuJai</latexit><latexit sha1_base64="UuBO8EVW8t/++59hJv9Au73pc5w=">AAAB/3icZVBNS8NAEJ3Ur1q/qqIXPSwthXopiRc9Fr14rGBboQlls920SzebsLsRQujBXyKeBAXRo7/Dk//G7Qdi2wcDj/dmmJnnx5wpbds/Vm5ldW19I79Z2Nre2d0r7h+0VJRIQpsk4pG897GinAna1Exzeh9LikOf07Y/vB777QcqFYvEnU5j6oW4L1jACNZG6haPmlWXiUCnZ8jVEcpcP0DOqFss2zV7ArRMnBkp10uQezr+PG10i99uLyJJSIUmHCvVcexYexmWmhFORwU3UTTGZIj7tGOowCFVXjY5f4QqRumhIJKmhEYT9f9EhkOl0tA3nSHWA7XojcU/rzK3SgeXXsZEnGgqyHRTkHBkPh2HgXpMUqJ5aggmkpljERlgiYk2kRVMCs7iz8ukdV5z7Jpza+K4ginycAIlqIIDF1CHG2hAEwhk8Ayv8GY9Wi/Wu/Uxbc1Zs5lDmIP19QunuJai</latexit><latexit sha1_base64="lZ+dYV75sge0JA03KGRJ/skBqyE=">AAAB/3icZVDLSgNBEOyNrxhfq6IXPQwJgXgJux7UY9CLxwjmAdkQZiezyeDs7DIzK4QlB79EPAkKoke/w5N/4+QlJhY0FFXddHf5MWdKO863lVlaXlldy67nNja3tnfs3b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvy7q5HfuKdSsUjc6kFM2yHuCRYwgrWROvZBreQxEejBCfJ0hFLPD5A77NgFp+yMgf4Td0oKlTxkHg8/jqsd+8vrRiQJqdCEY6VarhPrdoqlZoTTYc5LFI0xucM92jJU4JCqdjo+f4iKRumiIJKmhEZj9e9EikOlBqFvOkOs+2rRG4m/XnFulQ4u2ikTcaKpIJNNQcKR+XQUBuoySYnmA0Mwkcwci0gfS0y0iSw3TuFs9vwimaVQPy27Ttm9MXFcwgRZOII8lMCFc6jANVShBgRSeIIXeLUerGfrzXqftGas6cw+zMH6/AGuQpax</latexit><latexit sha1_base64="J10CVrOIEnAv53LwEdDPR6aoboQ=">AAAB/3icZVBNS8NAEJ3Ur1q/ouLJy2Ip1EtJPKjHohePFUxbaELZbDft0s0m7G6EEnrwp3gSFMSrv8OT/8btl9j6YODx3gwz88KUM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUVMlmSTUIwlPZDvEinImqKeZ5rSdSorjkNNWOLyd+K1HKhVLxIMepTSIcV+wiBGsjdS1T7yqz0SkR+fI1wnK/TBC7rhrl52aMwX6T9w5KcMcja795fcSksVUaMKxUh3XSXWQY6kZ4XRc8jNFU0yGuE87hgocUxXk0/PHqGKUHooSaUpoNFX/TuQ4VmoUh6YzxnqgVr2J+OtVllbp6DrImUgzTQWZbYoyjsynkzBQj0lKNB8Zgolk5lhEBlhiok1kpWkKl4vnV8kiheZFzXVq7r1Trt/M8yjCKZxBFVy4gjrcQQM8IJDDM7zCm/VkvVjv1sestWDNZ45hCdbnDx+SlMs=</latexit>

topological gauge
<latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="Yw4vlUbULgGeAeKeHmAVEXwDB/4=">AAAB/3icZVBNS8NAEJ3Ur1q/ouJJD8FS8FQSD+qx6MVjBfsBbSib7SZdursJuxuhhAr+FE+Cgnj1d3jy37hNW7H1wcDjvRlm5gUJo0q77rdVWFldW98obpa2tnd29+z9g6aKU4lJA8cslu0AKcKoIA1NNSPtRBLEA0ZawfBm4rceiFQ0Fvd6lBCfo0jQkGKkjdSzj7qSOzpOTGNkRPYYoTQiPbvsVt0czn/izUi5dgI56j37q9uPccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeooh0DBWIE+Vn+fljp2KUvhPG0pTQTq7+ncgQV2rEA9PJkR6oZW8i/nqVhVU6vPIzKpJUE4Gnm8KUmYedSRhOn0qCNRsZgrCk5lgHD5BEWJvISnkKF/Pnl8k8heZ51XOr3p2J43oaBxThGE7hDDy4hBrcQh0agCGDZ3iFN+vJerHerY9pa8GazRzCAqzPH8pDlo4=</latexit><latexit sha1_base64="J+tH0g69F9MUoe4YnvahTWwgtPI=">AAAB/3icZVBNS8NAEN34WetXVDx5CZaCp5J4UI9FLx4r2A9oQ9lsJ+nS3U3Y3QglVPCneBIUxKu/w5P/xm2aiq0PBh7vzTAzL0gYVdp1v62V1bX1jc3SVnl7Z3dv3z44bKk4lQSaJGax7ARYAaMCmppqBp1EAuYBg3Ywupn67QeQisbiXo8T8DmOBA0pwdpIffu4J7mj48Q0RkZkjxFOI+jbFbfm5nD+E68gFVSg0be/eoOYpByEJgwr1fXcRPsZlpoSBpNyL1WQYDLCEXQNFZiD8rP8/IlTNcrACWNpSmgnV/9OZJgrNeaB6eRYD9WyNxV/verCKh1e+RkVSapBkNmmMGXmYWcahjOgEohmY0MwkdQc65AhlphoE1k5T+Fi/vwymafQOq95bs27cyv16yKPEjpBp+gMeegS1dEtaqAmIihDz+gVvVlP1ov1bn3MWlesYuYILcD6/AFM85Yy</latexit>Uij(x)

<latexit sha1_base64="RU5DSePB09v4Ia5pqHd653iE7Ik=">AAACFnicZVDLSgMxFL3j2/qqunQTrIUKUmbc6FJ047KCfUBbSia900YzD5KMWIb5BDeu9E9ciQriVnDl35g+FNseCBzOuTcnOW4kuNK2/W3NzM7NLywuLWdWVtfWN7KbWxUVxpJhmYUilDWXKhQ8wLLmWmAtkkh9V2DVvT7r+9UblIqHwaXuRdj0aSfgHmdUG6mVPUgag0sSie2UlFsJv0rTAvlVXRFjShquR25Tst/K5uyiPQCZJs6I5E72Hu9eAKDUyn412iGLfQw0E1SpumNHuplQqTkTmGYascKIsmvawbqhAfVRNZNBdEryRmkTL5TmBJoM1P8bCfWV6vmumfSp7qpJry/+efmxKO0dNxMeRLHGgA2TvFgQHZJ+R6TNJTIteoZQJrl5LGFdKinTpsmMacGZ/PM0qRwWHbvoXJg6TmGIJdiBXSiAA0dwAudQgjIwuIcneIU368F6tt6tj+HojDXa2YYxWJ8/cfihmQ==</latexit><latexit sha1_base64="+9aXW/aQK0aBBIm9ev3XTpRvn70=">AAACFnicZVDLSgMxFM34rPVVdekmWAsVpMy40WXRjcsK9gFtKZn0ThubeZBkxDLOJ7hxpf6GG1eCgrgSBFf+jem0im0PBA7n3JuTHDvgTCrT/DZmZufmFxZTS+nlldW19czGZkX6oaBQpj73Rc0mEjjzoKyY4lALBBDX5lC1eycDv3oJQjLfO1f9AJou6XjMYZQoLbUy+1EjuSQS0I5xuRWxizjO41/V5iHEuGE7+CrGe61M1iyYCfA0sUYkW9y9v/l4vH4otTJfjbZPQxc8RTmRsm6ZgWpGRChGOcTpRighILRHOlDX1CMuyGaURMc4p5U2dnyhj6dwov7fiIgrZd+19aRLVFdOegPxz8uNRSnnqBkxLwgVeHSY5IQcKx8POsJtJoAq3teEUMH0YzHtEkGo0k2mdQvW5J+nSeWgYJkF60zXcYyGSKFttIPyyEKHqIhOUQmVEUW36Am9oFfjzng23oz34eiMMdrZQmMwPn8A6AOjbw==</latexit><latexit sha1_base64="+9aXW/aQK0aBBIm9ev3XTpRvn70=">AAACFnicZVDLSgMxFM34rPVVdekmWAsVpMy40WXRjcsK9gFtKZn0ThubeZBkxDLOJ7hxpf6GG1eCgrgSBFf+jem0im0PBA7n3JuTHDvgTCrT/DZmZufmFxZTS+nlldW19czGZkX6oaBQpj73Rc0mEjjzoKyY4lALBBDX5lC1eycDv3oJQjLfO1f9AJou6XjMYZQoLbUy+1EjuSQS0I5xuRWxizjO41/V5iHEuGE7+CrGe61M1iyYCfA0sUYkW9y9v/l4vH4otTJfjbZPQxc8RTmRsm6ZgWpGRChGOcTpRighILRHOlDX1CMuyGaURMc4p5U2dnyhj6dwov7fiIgrZd+19aRLVFdOegPxz8uNRSnnqBkxLwgVeHSY5IQcKx8POsJtJoAq3teEUMH0YzHtEkGo0k2mdQvW5J+nSeWgYJkF60zXcYyGSKFttIPyyEKHqIhOUQmVEUW36Am9oFfjzng23oz34eiMMdrZQmMwPn8A6AOjbw==</latexit><latexit sha1_base64="+9aXW/aQK0aBBIm9ev3XTpRvn70=">AAACFnicZVDLSgMxFM34rPVVdekmWAsVpMy40WXRjcsK9gFtKZn0ThubeZBkxDLOJ7hxpf6GG1eCgrgSBFf+jem0im0PBA7n3JuTHDvgTCrT/DZmZufmFxZTS+nlldW19czGZkX6oaBQpj73Rc0mEjjzoKyY4lALBBDX5lC1eycDv3oJQjLfO1f9AJou6XjMYZQoLbUy+1EjuSQS0I5xuRWxizjO41/V5iHEuGE7+CrGe61M1iyYCfA0sUYkW9y9v/l4vH4otTJfjbZPQxc8RTmRsm6ZgWpGRChGOcTpRighILRHOlDX1CMuyGaURMc4p5U2dnyhj6dwov7fiIgrZd+19aRLVFdOegPxz8uNRSnnqBkxLwgVeHSY5IQcKx8POsJtJoAq3teEUMH0YzHtEkGo0k2mdQvW5J+nSeWgYJkF60zXcYyGSKFttIPyyEKHqIhOUQmVEUW36Am9oFfjzng23oz34eiMMdrZQmMwPn8A6AOjbw==</latexit><latexit sha1_base64="ld1nj6uxZFamRjg7+a5pVMBhL40="></latexit><latexit sha1_base64="A2+2hE1r715HNWBv6j59lSwQg2U=">AAACFnicZVDLSgMxFM34rPU16tJNsBQqSJlxoS6LblxWcNpCW0omvdPGZh4kGbEM8xOu/BRXgoK4FVz5N6bTqdh6IHA4596c5LgRZ1JZ1rextLyyurZe2Chubm3v7Jp7+w0ZxoKCQ0MeipZLJHAWgKOY4tCKBBDf5dB0R1cTv3kPQrIwuFXjCLo+GQTMY5QoLfXMk6STXZII6KfY6SXsLk0reKa6PIYUd1wPP6T4uGeWrKqVAf8ndk5KKEe9Z351+iGNfQgU5UTKtm1FqpsQoRjlkBY7sYSI0BEZQFvTgPggu0kWneKyVvrYC4U+gcKZ+ncjIb6UY9/Vkz5RQ7noTcRfrzwXpbyLbsKCKFYQ0GmSF3OsQjzpCPeZAKr4WBNCBdOPxXRIBKFKN1nMWjibfX6RzFponFZtq2rfWKXaZd5HAR2iI1RBNjpHNXSN6shBFD2iZ/SK3own48V4Nz6mo0tGvnOA5mB8/gBfcJ9e</latexit>

SU(2)
<latexit sha1_base64="i/DAXhvi6kjEo8l5y2T3yrM7JJ4=">AAACAXicZVDLSgMxFL1TX7W+Rl24cBNaCnVTZrrRZdGNy4r2AZ2hZNJMG5p5kGSEMszKHxFcCQri1s9w5d+YTovY9kDgcM69OcnxYs6ksqwfo7CxubW9U9wt7e0fHB6ZxycdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmNzO/+0iFZFH4oKYxdQM8CpnPCFZaGphnqZNfkgo6zJAjAnTfrjUusoFZsepWDrRO7AWpNMtQeAaA1sD8doYRSQIaKsKxlH3bipWbYqEY4TQrOYmkMSYTPKJ9TUMcUOmmeXaGqloZIj8S+oQK5er/jRQHUk4DT08GWI3lqjcT/7zqUpTyr9yUhXGiaEjmSX7CkYrQrA40ZIISxaeaYCKYfiwiYywwUbq0km7BXv3zOuk06rZVt+90HdcwRxHOoQw1sOESmnALLWgDgQxe4A3ejSfj1fgwPuejBWOxcwpLML5+AbRglwg=</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="TY+FXtqjzuHvE4Nu8/bgH1ZQNro=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrpQl0U3LivaB3SGkknTNph5kGSEMszKD3HhSlBQt36GK//GdNqKrQcCh3PuzUmOG3ImlWl+G5ml5ZXVtex6bmNza3snv7vXlEEkCG2QgAei7WJJOfNpQzHFaTsUFHsupy337nLst+6pkCzwb9UopI6HBz7rM4KVlrr5w9hOL4kF7SXIFh66aZSrJ0k3XzQrZgr0n1hTUqwVIPN48H5c7+a/7F5AIo/6inAsZccyQ+XEWChGOE1ydiRpiMkdHtCOpj72qHTiNDtBJa30UD8Q+vgKperfjRh7Uo48V096WA3lojcWf73SXJTqnzsx88NIUZ9MkvoRRypA4zpQjwlKFB9pgolg+rGIDLHAROnScmkLp7PPL5JZC81qxTIr1rWu4wImyMIRFKAMFpxBDa6gDg0gkMATvMCr8WA8G2/Gx2Q0Y0x39mEOxucP6b+X+Q==</latexit><latexit sha1_base64="g0DhUefArJGpvl00S15W09O9U6s=">AAACAXicZVBPS8MwHE3nvzn/VT148BIcg3kZ7Q7qcejF40S7DdYy0jTbwpK2JKkwSk9+FE+Cgnj1Y3jy25h1nbj5IPB47/fLS54fMyqVZX0bpbX1jc2t8nZlZ3dv/8A8POrIKBGYODhikej5SBJGQ+IoqhjpxYIg7jPS9Sc3M7/7SISkUfigpjHxOBqFdEgxUloamCepm1+SChJk0BUc3jv15nk2MKtWw8oB/xO7IFVQoD0wv9wgwgknocIMSdm3rVh5KRKKYkayiptIEiM8QSPS1zREnEgvzbMzWNNKAIeR0CdUMFf/bqSISznlvp7kSI3lqjcTf73aUpQaXnkpDeNEkRDPk4YJgyqCszpgQAXBik01QVhQ/ViIx0ggrHRplbyFi8XnV8mihU6zYVsN+86qtq6LPsrgFJyBOrDBJWiBW9AGDsAgA8/gFbwZT8aL8W58zEdLRrFzDJZgfP4AWw+WEw==</latexit>

S3
<latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="bNZWkVFhBLRqjkuLXTwZ209kWfQ=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGQV0W3bisaB/QjiWTZtrQzIMkI5Zh/BRXgoK49Udc+Tem06nYeiBwOOfenOS4EWdSWda3UVhZXVvfKG6WtrZ3dvfM/XJLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3x1dRvP1AhWRjcqUlEHR8PA+YxgpWW+mY56WWXJC6PaYpu70/TvlmxalYG9J/YOalAjkbf/OoNQhL7NFCEYym7thUpJ8FCMcJpWurFkkaYjPGQdjUNsE+lk2SxKapqZYC8UOgTKJSpfzcS7Es58V096WM1ksveVPz1qgtRyrtwEhZEsaIBmSV5MUcqRNMm0IAJShSfaIKJYPqxiIywwETpvkpZC2fzzy+TeQutk5pt1ewbq1K/zPsowiEcwTHYcA51uIYGNIHAIzzDK7wZT8aL8W58zEYLRr5zAAswPn8ApmOUrA==</latexit><latexit sha1_base64="bNZWkVFhBLRqjkuLXTwZ209kWfQ=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGQV0W3bisaB/QjiWTZtrQzIMkI5Zh/BRXgoK49Udc+Tem06nYeiBwOOfenOS4EWdSWda3UVhZXVvfKG6WtrZ3dvfM/XJLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3x1dRvP1AhWRjcqUlEHR8PA+YxgpWW+mY56WWXJC6PaYpu70/TvlmxalYG9J/YOalAjkbf/OoNQhL7NFCEYym7thUpJ8FCMcJpWurFkkaYjPGQdjUNsE+lk2SxKapqZYC8UOgTKJSpfzcS7Es58V096WM1ksveVPz1qgtRyrtwEhZEsaIBmSV5MUcqRNMm0IAJShSfaIKJYPqxiIywwETpvkpZC2fzzy+TeQutk5pt1ewbq1K/zPsowiEcwTHYcA51uIYGNIHAIzzDK7wZT8aL8W58zEYLRr5zAAswPn8ApmOUrA==</latexit>

map
<latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="YZB7GzavOfoGcVQvCm2hBr3u+Cs=">AAAB73icZVBNSwMxEJ2tX7V+VT3qIVgKnsquB/VY9OKxgv2AdinZNNuGJtk1yQpl6Y/wJCiIV3+PJ/+N6W4rtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357SeqNIvkg5nE1Bd4KFnICDZWaveUQALH/XLFrbkZ0H/izUmlfgoZGv3yV28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfZudOUdUqAxRGypY0KFP/TqRYaD0Rge0U2Iz0qjcTf73q0ioTXvspk3FiqCT5pjDhyERo9jwaMEWJ4RNLMFHMHovICCtMjI2olKVwuXh+lSxSaF3UPLfm3ds4bvI4oAgncAbn4MEV1OEOGtAEAmN4hld4cx6dF+fd+chbC8585hiW4Hz+AAkSj+s=</latexit><latexit sha1_base64="3teZbPx2Qnz4MIcCXYzN6GO7KVc=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXisYD+gXUo2zbahSXabZIWy9Ed4EhTEq7/Hk//GdLsVWx8MPN6bYWZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY38399hNVmkXy0Uxj6gs8lCxkBBsrtXtKIIHjfrni1twM6D/xclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqsaDaT7NzZ6hqlQEKI2VLGpSpfydSLLSeisB2CmxGet2bi79edWWVCW/8lMk4MVSSxaYw4chEaP48GjBFieFTSzBRzB6LyAgrTIyNqJSlcLV8fp0sU2hd1jy35j24lfptnkcRzuAcLsCDa6jDPTSgCQTG8Ayv8OZMnBfn3flYtBacfOYUVuB8/gCLs4+P</latexit>≃ S3

<latexit sha1_base64="lZO9bS2ZRIadJDTkRMyYiF5j6Qs="></latexit><latexit sha1_base64="NiY5Otgkwg1biEIfE6xxrx7OMFA="></latexit><latexit sha1_base64="NiY5Otgkwg1biEIfE6xxrx7OMFA="></latexit><latexit sha1_base64="NiY5Otgkwg1biEIfE6xxrx7OMFA="></latexit><latexit sha1_base64="A+eAiJbsHnJOvhcjtmOKDfJjaqA="></latexit><latexit sha1_base64="m3YP5o98alfl/m+8EdQsg66SpOg="></latexit>π3(S3) = Z

SU(2)
<latexit sha1_base64="i/DAXhvi6kjEo8l5y2T3yrM7JJ4=">AAACAXicZVDLSgMxFL1TX7W+Rl24cBNaCnVTZrrRZdGNy4r2AZ2hZNJMG5p5kGSEMszKHxFcCQri1s9w5d+YTovY9kDgcM69OcnxYs6ksqwfo7CxubW9U9wt7e0fHB6ZxycdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmNzO/+0iFZFH4oKYxdQM8CpnPCFZaGphnqZNfkgo6zJAjAnTfrjUusoFZsepWDrRO7AWpNMtQeAaA1sD8doYRSQIaKsKxlH3bipWbYqEY4TQrOYmkMSYTPKJ9TUMcUOmmeXaGqloZIj8S+oQK5er/jRQHUk4DT08GWI3lqjcT/7zqUpTyr9yUhXGiaEjmSX7CkYrQrA40ZIISxaeaYCKYfiwiYywwUbq0km7BXv3zOuk06rZVt+90HdcwRxHOoQw1sOESmnALLWgDgQxe4A3ejSfj1fgwPuejBWOxcwpLML5+AbRglwg=</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="TY+FXtqjzuHvE4Nu8/bgH1ZQNro=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrpQl0U3LivaB3SGkknTNph5kGSEMszKD3HhSlBQt36GK//GdNqKrQcCh3PuzUmOG3ImlWl+G5ml5ZXVtex6bmNza3snv7vXlEEkCG2QgAei7WJJOfNpQzHFaTsUFHsupy337nLst+6pkCzwb9UopI6HBz7rM4KVlrr5w9hOL4kF7SXIFh66aZSrJ0k3XzQrZgr0n1hTUqwVIPN48H5c7+a/7F5AIo/6inAsZccyQ+XEWChGOE1ydiRpiMkdHtCOpj72qHTiNDtBJa30UD8Q+vgKperfjRh7Uo48V096WA3lojcWf73SXJTqnzsx88NIUZ9MkvoRRypA4zpQjwlKFB9pgolg+rGIDLHAROnScmkLp7PPL5JZC81qxTIr1rWu4wImyMIRFKAMFpxBDa6gDg0gkMATvMCr8WA8G2/Gx2Q0Y0x39mEOxucP6b+X+Q==</latexit><latexit sha1_base64="g0DhUefArJGpvl00S15W09O9U6s=">AAACAXicZVBPS8MwHE3nvzn/VT148BIcg3kZ7Q7qcejF40S7DdYy0jTbwpK2JKkwSk9+FE+Cgnj1Y3jy25h1nbj5IPB47/fLS54fMyqVZX0bpbX1jc2t8nZlZ3dv/8A8POrIKBGYODhikej5SBJGQ+IoqhjpxYIg7jPS9Sc3M7/7SISkUfigpjHxOBqFdEgxUloamCepm1+SChJk0BUc3jv15nk2MKtWw8oB/xO7IFVQoD0wv9wgwgknocIMSdm3rVh5KRKKYkayiptIEiM8QSPS1zREnEgvzbMzWNNKAIeR0CdUMFf/bqSISznlvp7kSI3lqjcTf73aUpQaXnkpDeNEkRDPk4YJgyqCszpgQAXBik01QVhQ/ViIx0ggrHRplbyFi8XnV8mihU6zYVsN+86qtq6LPsrgFJyBOrDBJWiBW9AGDsAgA8/gFbwZT8aL8W58zEdLRrFzDJZgfP4AWw+WEw==</latexit>

≃ R3
<latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="pm0iZ/cFcXBQProsLu0B+aK6mdM=">AAAB9HicZVDLSgMxFM34rPVVdekmWAquSlKhj13Rjcsq9gGdsWTSTBuaeZhkCmXob7gSFMStP+PKvzEzrWL1wIXDOfdy7z1uJLjSCH1aa+sbm1vbuZ387t7+wWHh6LijwlhS1qahCGXPJYoJHrC25lqwXiQZ8V3Buu7kKvW7UyYVD4M7PYuY45NRwD1OiTaSbSvusweY3M7vLwaFIiojhDDGMCW4VkWGNBr1Cq5DnFoGRbBEa1D4sIchjX0WaCqIUn2MIu0kRGpOBZvn7VixiNAJGbG+oQHxmXKS7OY5LBllCL1Qmgo0zNTfEwnxlZr5run0iR6rv14q/nillVXaqzsJD6JYs4AuNnmxgDqEaQJwyCWjWswMIVRycyykYyIJ1SanfJZCNXsV/iffKXQqZYzK+AYVm5fLPHLgFJyBc4BBDTTBNWiBNqAgAo/gGbxYU+vJerXeFq1r1nLmBKzAev8CeNKR1A==</latexit><latexit sha1_base64="pm0iZ/cFcXBQProsLu0B+aK6mdM=">AAAB9HicZVDLSgMxFM34rPVVdekmWAquSlKhj13Rjcsq9gGdsWTSTBuaeZhkCmXob7gSFMStP+PKvzEzrWL1wIXDOfdy7z1uJLjSCH1aa+sbm1vbuZ387t7+wWHh6LijwlhS1qahCGXPJYoJHrC25lqwXiQZ8V3Buu7kKvW7UyYVD4M7PYuY45NRwD1OiTaSbSvusweY3M7vLwaFIiojhDDGMCW4VkWGNBr1Cq5DnFoGRbBEa1D4sIchjX0WaCqIUn2MIu0kRGpOBZvn7VixiNAJGbG+oQHxmXKS7OY5LBllCL1Qmgo0zNTfEwnxlZr5run0iR6rv14q/nillVXaqzsJD6JYs4AuNnmxgDqEaQJwyCWjWswMIVRycyykYyIJ1SanfJZCNXsV/iffKXQqZYzK+AYVm5fLPHLgFJyBc4BBDTTBNWiBNqAgAo/gGbxYU+vJerXeFq1r1nLmBKzAev8CeNKR1A==</latexit>

• In pure SU(2) YM theory, there are infinitely many gauge equivalent vacua. 

gauge trans.
<latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="BDcSCw6EEN1keApoEVsbo7gOOcs=">AAAB+nicZZDLSsNAFIZP6q3WW9SlLgZLwVVJXKjLohuXFewF2lAm00k6dDIJM5NCifVJXAkK4tY3ceXbOE1bsfWHgZ//nMM58/kJZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo6aKU0log8Q8lm0fK8qZoA3NNKftRFIc+Zy2/OHttN4aUalYLB70OKFehEPBAkawNlHPtrsyQiFOQ/qkJRaq2rPLTtXJhf4bd27KtVPIVe/ZX91+TNKICk04VqrjOon2Miw1I5xOSt1U0QSTIQ5px1iBI6q8LL98giom6aMgluYJjfL070SGI6XGkW86I6wHarU2DX9rlaVVOrj2MiaSVFNBZpuClCMdoykH1GeSEs3HxmAimTkWkQGWmGhDq5RTuFx8ftUsKDQvqq5Tde8NjpsZDijCCZzBObhwBTW4gzo0gMAInuEV3qxH68V6tz5mrQVrPnMMS7I+fwB1g5QV</latexit><latexit sha1_base64="HGQza32dhbg4pAFKiU/N5sYqa50=">AAAB+nicZVBNS8NAEN34WetX1KOXxVLwFBIP6rHoxWMF+wFtKZvtJF262YTdTaHE+ks8CQri1X/iyX/jNk3F1gcDj/dmmJnnJ5wp7brf1tr6xubWdmmnvLu3f3BoHx03VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+6nfmtMUjFYvGgJwn0IhIKFjBKtJH6tt2VEQ5JGsKTlkQop29XXMfNgf8TryAVVKDet7+6g5imEQhNOVGq47mJ7mVEakY5TMvdVEFC6IiE0DFUkAhUL8svn+KqUQY4iKUpoXGu/p3ISKTUJPJNZ0T0UK16M/HXqy6t0sF1L2MiSTUIOt8UpBzrGM9ywAMmgWo+MYRQycyxmA6JJFSbtMp5CpeL51fJIoXmheO5jnfvVmo3RR4ldIrO0Dny0BWqoTtURw1E0Rg9o1f0Zj1aL9a79TFvXbOKmRO0BOvzB/gkk7k=</latexit>

Aa
µT

a = 0
<latexit sha1_base64="V59ILbfFGW5Py9SmmcP42SLd0ps=">AAACInicZVDLSgMxFL1TX7W+Rl26CZaCoJQZN3YjVN24rNAXdMYhk6ZtaOZBkhHKUPA33LjyU1wJCtKV4MeYPhTbHrhwOOfe3Jvjx5xJZVlfRmZldW19I7uZ29re2d0z9w/qMkoEoTUS8Ug0fSwpZyGtKaY4bcaC4sDntOH3b8Z+44EKyaKwqgYxdQPcDVmHEay05Jml1Jk80hJd302tojXB2RIZXnlOkNxjVNV1iayhZ+Z/PbRM7BnJl0+f0kcAqHjmyGlHJAloqAjHUrZsK1ZuioVihNNhzkkkjTHp4y5taRrigEo3nRw3RAWttFEnErpChSbq/4kUB1IOAl93Blj15KI3Fv+8wtwq1Sm5KQvjRNGQTDd1Eo5UhMZ5oTYTlCg+0AQTwfSxiPSwwETpVHM6BXvxz8ukfl60raJ9p+O4himycATHcAI2XEAZbqECNSDwDK/wDh/Gi/FmfBqjaWvGmM0cwhyM7x9w1aCu</latexit><latexit sha1_base64="nl6KV1NIoYsveOybKdzXdSD1i0g=">AAACInicZVDLSsNAFJ34rPUVHzs3g6UgKCVxYzdC1Y3LCn1BE8NkOm2HziRhZiKUkA9x46qf4kpQkK4EP8ZpWsW2By4czrl37p3jR4xKZVlfxsrq2vrGZm4rv72zu7dvHhw2ZBgLTOo4ZKFo+UgSRgNSV1Qx0ooEQdxnpOkP7iZ+84kIScOgpoYRcTnqBbRLMVJa8sxy4mSPtEXPdxOrZGW4WCLpjefw+BHBmq5raKWeWfj14DKxZ6RQOX9O1PFoXPXMsdMJccxJoDBDUrZtK1JugoSimJE078SSRAgPUI+0NQ0QJ9JNsuNSWNRKB3ZDoStQMFP/TySISznkvu7kSPXlojcR/7zi3CrVLbsJDaJYkQBPN3VjBlUIJ3nBDhUEKzbUBGFB9bEQ95FAWOlU8zoFe/HPy6RxWbKtkv2g47gFU+TACTgFZ8AGV6AC7kEV1AEGL+AVvIMPY2S8GZ/GeNq6YsxmjsAcjO8fcUWiLQ==</latexit><latexit sha1_base64="nl6KV1NIoYsveOybKdzXdSD1i0g=">AAACInicZVDLSsNAFJ34rPUVHzs3g6UgKCVxYzdC1Y3LCn1BE8NkOm2HziRhZiKUkA9x46qf4kpQkK4EP8ZpWsW2By4czrl37p3jR4xKZVlfxsrq2vrGZm4rv72zu7dvHhw2ZBgLTOo4ZKFo+UgSRgNSV1Qx0ooEQdxnpOkP7iZ+84kIScOgpoYRcTnqBbRLMVJa8sxy4mSPtEXPdxOrZGW4WCLpjefw+BHBmq5raKWeWfj14DKxZ6RQOX9O1PFoXPXMsdMJccxJoDBDUrZtK1JugoSimJE078SSRAgPUI+0NQ0QJ9JNsuNSWNRKB3ZDoStQMFP/TySISznkvu7kSPXlojcR/7zi3CrVLbsJDaJYkQBPN3VjBlUIJ3nBDhUEKzbUBGFB9bEQ95FAWOlU8zoFe/HPy6RxWbKtkv2g47gFU+TACTgFZ8AGV6AC7kEV1AEGL+AVvIMPY2S8GZ/GeNq6YsxmjsAcjO8fcUWiLQ==</latexit><latexit sha1_base64="nl6KV1NIoYsveOybKdzXdSD1i0g=">AAACInicZVDLSsNAFJ34rPUVHzs3g6UgKCVxYzdC1Y3LCn1BE8NkOm2HziRhZiKUkA9x46qf4kpQkK4EP8ZpWsW2By4czrl37p3jR4xKZVlfxsrq2vrGZm4rv72zu7dvHhw2ZBgLTOo4ZKFo+UgSRgNSV1Qx0ooEQdxnpOkP7iZ+84kIScOgpoYRcTnqBbRLMVJa8sxy4mSPtEXPdxOrZGW4WCLpjefw+BHBmq5raKWeWfj14DKxZ6RQOX9O1PFoXPXMsdMJccxJoDBDUrZtK1JugoSimJE078SSRAgPUI+0NQ0QJ9JNsuNSWNRKB3ZDoStQMFP/TySISznkvu7kSPXlojcR/7zi3CrVLbsJDaJYkQBPN3VjBlUIJ3nBDhUEKzbUBGFB9bEQ95FAWOlU8zoFe/HPy6RxWbKtkv2g47gFU+TACTgFZ8AGV6AC7kEV1AEGL+AVvIMPY2S8GZ/GeNq6YsxmjsAcjO8fcUWiLQ==</latexit><latexit sha1_base64="ZOzS7yfnq7D+rVGuXCRnpyJBJL4=">AAACInicZVDLSsNAFJ3UV62v+Ni5GSwFQSmJC+1GqLpxWaEvaGKYTCft0MmDmYlQQj7Ejat+iitBQboS/BinaSvWHrhwOOfeuXeOGzEqpGF8abmV1bX1jfxmYWt7Z3dP3z9oijDmmDRwyELedpEgjAakIalkpB1xgnyXkZY7uJv4rSfCBQ2DuhxGxPZRL6AexUgqydEriZU90uE9106MspHhfImkN47lx48I1lVdQyN19OLcg8vEnJFi9ew5kUejcc3Rx1Y3xLFPAokZEqJjGpG0E8QlxYykBSsWJEJ4gHqko2iAfCLsJDsuhSWldKEXclWBhJn6dyJBvhBD31WdPpJ98d+biL9eaWGV9Cp2QoMoliTA001ezKAM4SQv2KWcYMmGiiDMqToW4j7iCEuVaiFL4XL++f9knkLzomwaZfNBxXELpsiDY3ACToEJrkAV3IMaaAAMXsAreAcf2kh70z618bQ1p81mDsECtO8fd8+iPA==</latexit><latexit sha1_base64="Ke+2gixnSF193DNLT9bvZZGAR2k=">AAACInicZVDLSsNAFJ34rPUVdelmsBRcSElcaDdC1Y3LCn1BE8NkOm2HziRhZiKUkF9x5ae4EhSkK8GPcZqmYtsDFw7n3Dv3zvEjRqWyrG9jbX1jc2u7sFPc3ds/ODSPjlsyjAUmTRyyUHR8JAmjAWkqqhjpRIIg7jPS9kf3U7/9TISkYdBQ44i4HA0C2qcYKS15ZjVxske6YuC7iVWxMlyskPTWc3j8hGBD1w20Us8szT24SuyclECOumdOnF6IY04ChRmSsmtbkXITJBTFjKRFJ5YkQniEBqSraYA4kW6SHZfCslZ6sB8KXYGCmfp/IkFcyjH3dSdHaiiXvan455UXVql+1U1oEMWKBHi2qR8zqEI4zQv2qCBYsbEmCAuqj4V4iATCSqdazFK4mn9+mcxTaF1WbKtiP1ql2l2eRwGcgjNwDmxwDWrgAdRBE2DwAt7AB/g0Xo1348uYzFrXjHzmBCzA+PkFw12evg==</latexit>

i

g
U∂µU

†

<latexit sha1_base64="5g2gUsxDCJTlgVTesc+IfvbKddg=">AAACDnicZVDLSsNAFL3xWesr6tLNYC24Kokb3Vl047KCaQtNDZPpJB06eTAzEUrID7jyU3QjKBS37l35N04fiG0PDBzOuY+5x085k8qyfoyV1bX1jc3SVnl7Z3dv3zw4bMokE4Q6JOGJaPtYUs5i6iimOG2nguLI57TlD27GfuuRCsmS+F4NU9qNcBizgBGstOSZp24gMMlZkYcFcpCbYqEY5p4bZch5cHs4DKnwzIpVsyZAy8SekUr96nUEGg3P/HZ7CckiGivCsZQd20pVNx/PJpwWZTeTNMVkgEPa0TTGEZXdfHJNgapa6aEgEfrFCk3U/x05jqQcRr6ujLDqy0VvLP551blVKrjs5ixOM0VjMt0UZBypBI2zQT0mKFF8qAkmgunPItLHOh+lEyzrFOzFm5dJ87xmWzX7TsdxDVOU4BhO4AxsuIA63EIDHCDwBC/wDh/Gs/FmjIzPaemKMes5gjkYX7/AnJ3z</latexit><latexit sha1_base64="py4hyT4yOTmakPPlv+6cMh1ppe0=">AAACDnicZVDLSsNAFJ34rPUVdelmsBZclcSN7iy6EdxUMG2hqWEymaRDJw9mJkIJ+QFXbv0L3QiK4ta9K//CHxCctEVse2DgcM59zD1uwqiQhvGlzc0vLC4tl1bKq2vrG5v61nZTxCnHxMIxi3nbRYIwGhFLUslIO+EEhS4jLbd/VvitG8IFjaMrOUhIN0RBRH2KkVSSo+/bPkc4o3kW5NCCdoK4pIg5dphC69r2UBAQ7ugVo2YMAWeJOSaV+snj68/F933D0T9tL8ZpSCKJGRKiYxqJ7GbFbMxIXrZTQRKE+yggHUUjFBLRzYbX5LCqFA/6MVcvknCo/u/IUCjEIHRVZYhkT0x7hfjnVSdWSf+4m9EoSSWJ8GiTnzIoY1hkAz3KCZZsoAjCnKrPQtxDKh+pEiyrFMzpm2dJ87BmGjXzUsVxCkYogV2wBw6ACY5AHZyDBrAABrfgATyDF+1Oe9LetPdR6Zw27tkBE9A+fgGHMaDD</latexit><latexit sha1_base64="py4hyT4yOTmakPPlv+6cMh1ppe0=">AAACDnicZVDLSsNAFJ34rPUVdelmsBZclcSN7iy6EdxUMG2hqWEymaRDJw9mJkIJ+QFXbv0L3QiK4ta9K//CHxCctEVse2DgcM59zD1uwqiQhvGlzc0vLC4tl1bKq2vrG5v61nZTxCnHxMIxi3nbRYIwGhFLUslIO+EEhS4jLbd/VvitG8IFjaMrOUhIN0RBRH2KkVSSo+/bPkc4o3kW5NCCdoK4pIg5dphC69r2UBAQ7ugVo2YMAWeJOSaV+snj68/F933D0T9tL8ZpSCKJGRKiYxqJ7GbFbMxIXrZTQRKE+yggHUUjFBLRzYbX5LCqFA/6MVcvknCo/u/IUCjEIHRVZYhkT0x7hfjnVSdWSf+4m9EoSSWJ8GiTnzIoY1hkAz3KCZZsoAjCnKrPQtxDKh+pEiyrFMzpm2dJ87BmGjXzUsVxCkYogV2wBw6ACY5AHZyDBrAABrfgATyDF+1Oe9LetPdR6Zw27tkBE9A+fgGHMaDD</latexit><latexit sha1_base64="py4hyT4yOTmakPPlv+6cMh1ppe0=">AAACDnicZVDLSsNAFJ34rPUVdelmsBZclcSN7iy6EdxUMG2hqWEymaRDJw9mJkIJ+QFXbv0L3QiK4ta9K//CHxCctEVse2DgcM59zD1uwqiQhvGlzc0vLC4tl1bKq2vrG5v61nZTxCnHxMIxi3nbRYIwGhFLUslIO+EEhS4jLbd/VvitG8IFjaMrOUhIN0RBRH2KkVSSo+/bPkc4o3kW5NCCdoK4pIg5dphC69r2UBAQ7ugVo2YMAWeJOSaV+snj68/F933D0T9tL8ZpSCKJGRKiYxqJ7GbFbMxIXrZTQRKE+yggHUUjFBLRzYbX5LCqFA/6MVcvknCo/u/IUCjEIHRVZYhkT0x7hfjnVSdWSf+4m9EoSSWJ8GiTnzIoY1hkAz3KCZZsoAjCnKrPQtxDKh+pEiyrFMzpm2dJ87BmGjXzUsVxCkYogV2wBw6ACY5AHZyDBrAABrfgATyDF+1Oe9LetPdR6Zw27tkBE9A+fgGHMaDD</latexit><latexit sha1_base64="Ebh5sb20W4LCLV0nAf2Lp2zo2GE="></latexit><latexit sha1_base64="nGrso9br3Sou9LDGmFDW4J+wzVs=">AAACDnicZVDLSsNAFJ3UV62vqEs3g7XgqiQu1GXRjcsKpi00MUwmk3To5MHMRCghP+DKT3ElKIhb9678G6dpKrYeGDiccx9zj5cyKqRhfGu1ldW19Y36ZmNre2d3T98/6Ikk45hYOGEJH3hIEEZjYkkqGRmknKDIY6Tvja+nfv+BcEGT+E5OUuJEKIxpQDGSSnL1EzvgCOe0yMMCWtBOEZcUMdeOMmjd2z4KQ8JdvWm0jRLwPzEr0gQVuq7+ZfsJziISS8yQEEPTSKWTT2djRoqGnQmSIjxGIRkqGqOICCcvrylgSyk+DBKuXixhqf7tyFEkxCTyVGWE5Egse1Px12strJLBpZPTOM0kifFsU5AxKBM4zQb6lBMs2UQRhDlVn4V4hFQ+UiXYKFM4nx+/TOYp9M7aptE2b41m56rKow6OwDE4BSa4AB1wA7rAAhg8gmfwCt60J+1Fe9c+ZqU1reo5BAvQPn8AKsecFQ==</latexit>



• Some of those vacuum configurations are not continuously connected.

U(∞) → 1
<latexit sha1_base64="rsN3dO8v+N0SDr2i4G9bBuMFtd0=">AAAB/3icZVBNS8NAEJ3Ur1q/ouLJy9JSqJeSeNFj0YvHCqYtNKVstpt26WYTdjdCCD34T/QkKIhXf4cn/43bD8S2DwYe780wMy9IOFPacX6swsbm1vZOcbe0t39weGQfn7RUnEpCPRLzWHYCrChngnqaaU47iaQ4CjhtB+Pbqd9+pFKxWDzoLKG9CA8FCxnB2kh9+8yr+UyEOrtAvo5R7gchcid9u+LUnRnQOnEXpNIoQ+EZAJp9+9sfxCSNqNCEY6W6rpPoXo6lZoTTSclPFU0wGeMh7RoqcERVL5+dP0FVowxQGEtTQqOZ+n8ix5FSWRSYzgjrkVr1puKfV11apcPrXs5EkmoqyHxTmHJkPp2GgQZMUqJ5ZggmkpljERlhiYk2kZVMCu7qz+ukdVl3nbp7b+K4gTmKcA5lqIELV9CAO2iCBwRyeIE3eLeerFfrw/qctxasxcwpLMH6+gV445XA</latexit><latexit sha1_base64="UuBO8EVW8t/++59hJv9Au73pc5w=">AAAB/3icZVBNS8NAEJ3Ur1q/qqIXPSwthXopiRc9Fr14rGBboQlls920SzebsLsRQujBXyKeBAXRo7/Dk//G7Qdi2wcDj/dmmJnnx5wpbds/Vm5ldW19I79Z2Nre2d0r7h+0VJRIQpsk4pG897GinAna1Exzeh9LikOf07Y/vB777QcqFYvEnU5j6oW4L1jACNZG6haPmlWXiUCnZ8jVEcpcP0DOqFss2zV7ArRMnBkp10uQezr+PG10i99uLyJJSIUmHCvVcexYexmWmhFORwU3UTTGZIj7tGOowCFVXjY5f4QqRumhIJKmhEYT9f9EhkOl0tA3nSHWA7XojcU/rzK3SgeXXsZEnGgqyHRTkHBkPh2HgXpMUqJ5aggmkpljERlgiYk2kRVMCs7iz8ukdV5z7Jpza+K4ginycAIlqIIDF1CHG2hAEwhk8Ayv8GY9Wi/Wu/Uxbc1Zs5lDmIP19QunuJai</latexit><latexit sha1_base64="UuBO8EVW8t/++59hJv9Au73pc5w=">AAAB/3icZVBNS8NAEJ3Ur1q/qqIXPSwthXopiRc9Fr14rGBboQlls920SzebsLsRQujBXyKeBAXRo7/Dk//G7Qdi2wcDj/dmmJnnx5wpbds/Vm5ldW19I79Z2Nre2d0r7h+0VJRIQpsk4pG897GinAna1Exzeh9LikOf07Y/vB777QcqFYvEnU5j6oW4L1jACNZG6haPmlWXiUCnZ8jVEcpcP0DOqFss2zV7ArRMnBkp10uQezr+PG10i99uLyJJSIUmHCvVcexYexmWmhFORwU3UTTGZIj7tGOowCFVXjY5f4QqRumhIJKmhEYT9f9EhkOl0tA3nSHWA7XojcU/rzK3SgeXXsZEnGgqyHRTkHBkPh2HgXpMUqJ5aggmkpljERlgiYk2kRVMCs7iz8ukdV5z7Jpza+K4ginycAIlqIIDF1CHG2hAEwhk8Ayv8GY9Wi/Wu/Uxbc1Zs5lDmIP19QunuJai</latexit><latexit sha1_base64="UuBO8EVW8t/++59hJv9Au73pc5w=">AAAB/3icZVBNS8NAEJ3Ur1q/qqIXPSwthXopiRc9Fr14rGBboQlls920SzebsLsRQujBXyKeBAXRo7/Dk//G7Qdi2wcDj/dmmJnnx5wpbds/Vm5ldW19I79Z2Nre2d0r7h+0VJRIQpsk4pG897GinAna1Exzeh9LikOf07Y/vB777QcqFYvEnU5j6oW4L1jACNZG6haPmlWXiUCnZ8jVEcpcP0DOqFss2zV7ArRMnBkp10uQezr+PG10i99uLyJJSIUmHCvVcexYexmWmhFORwU3UTTGZIj7tGOowCFVXjY5f4QqRumhIJKmhEYT9f9EhkOl0tA3nSHWA7XojcU/rzK3SgeXXsZEnGgqyHRTkHBkPh2HgXpMUqJ5aggmkpljERlgiYk2kRVMCs7iz8ukdV5z7Jpza+K4ginycAIlqIIDF1CHG2hAEwhk8Ayv8GY9Wi/Wu/Uxbc1Zs5lDmIP19QunuJai</latexit><latexit sha1_base64="lZ+dYV75sge0JA03KGRJ/skBqyE=">AAAB/3icZVDLSgNBEOyNrxhfq6IXPQwJgXgJux7UY9CLxwjmAdkQZiezyeDs7DIzK4QlB79EPAkKoke/w5N/4+QlJhY0FFXddHf5MWdKO863lVlaXlldy67nNja3tnfs3b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvy7q5HfuKdSsUjc6kFM2yHuCRYwgrWROvZBreQxEejBCfJ0hFLPD5A77NgFp+yMgf4Td0oKlTxkHg8/jqsd+8vrRiQJqdCEY6VarhPrdoqlZoTTYc5LFI0xucM92jJU4JCqdjo+f4iKRumiIJKmhEZj9e9EikOlBqFvOkOs+2rRG4m/XnFulQ4u2ikTcaKpIJNNQcKR+XQUBuoySYnmA0Mwkcwci0gfS0y0iSw3TuFs9vwimaVQPy27Ttm9MXFcwgRZOII8lMCFc6jANVShBgRSeIIXeLUerGfrzXqftGas6cw+zMH6/AGuQpax</latexit><latexit sha1_base64="J10CVrOIEnAv53LwEdDPR6aoboQ=">AAAB/3icZVBNS8NAEJ3Ur1q/ouLJy2Ip1EtJPKjHohePFUxbaELZbDft0s0m7G6EEnrwp3gSFMSrv8OT/8btl9j6YODx3gwz88KUM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUVMlmSTUIwlPZDvEinImqKeZ5rSdSorjkNNWOLyd+K1HKhVLxIMepTSIcV+wiBGsjdS1T7yqz0SkR+fI1wnK/TBC7rhrl52aMwX6T9w5KcMcja795fcSksVUaMKxUh3XSXWQY6kZ4XRc8jNFU0yGuE87hgocUxXk0/PHqGKUHooSaUpoNFX/TuQ4VmoUh6YzxnqgVr2J+OtVllbp6DrImUgzTQWZbYoyjsynkzBQj0lKNB8Zgolk5lhEBlhiok1kpWkKl4vnV8kiheZFzXVq7r1Trt/M8yjCKZxBFVy4gjrcQQM8IJDDM7zCm/VkvVjv1sestWDNZ45hCdbnDx+SlMs=</latexit>

topological gauge
<latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="4c4fnyeb85e47i8ujtriYLvZjLo=">AAAB/3icZVBNSwMxEJ2tX7V+rYonPQRLwVPZ9aLHohePFewHtEvJpuk2NMkuSVYoSwV/iidBQbz6Ozz5b0y3RWz7YODx3gwz88KEM20878cprK1vbG4Vt0s7u3v7B+7hUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VuPVGkWywczTmggcCTZgBFsrNRzT7pKIBMntjGyIn+KcBrRnlv2ql4OtEr8OSnXziBHved+d/sxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjHNGOpRILqoMsP3+CKlbpo0GsbEmDcvX/RIaF1mMR2k6BzVAve1Pxz6ssrDKD6yBjMkkNlWS2aZBy+zCahoH6TFFi+NgSTBSzxyIyxAoTYyMr2RT85Z9XSfOy6ntV/97GcTOLA4pwCudwAT5cQQ3uoA4NIJDBC7zBu/PsvDofzuesteDMZ45hAc7XL8O5ln8=</latexit><latexit sha1_base64="Yw4vlUbULgGeAeKeHmAVEXwDB/4=">AAAB/3icZVBNS8NAEJ3Ur1q/ouJJD8FS8FQSD+qx6MVjBfsBbSib7SZdursJuxuhhAr+FE+Cgnj1d3jy37hNW7H1wcDjvRlm5gUJo0q77rdVWFldW98obpa2tnd29+z9g6aKU4lJA8cslu0AKcKoIA1NNSPtRBLEA0ZawfBm4rceiFQ0Fvd6lBCfo0jQkGKkjdSzj7qSOzpOTGNkRPYYoTQiPbvsVt0czn/izUi5dgI56j37q9uPccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeooh0DBWIE+Vn+fljp2KUvhPG0pTQTq7+ncgQV2rEA9PJkR6oZW8i/nqVhVU6vPIzKpJUE4Gnm8KUmYedSRhOn0qCNRsZgrCk5lgHD5BEWJvISnkKF/Pnl8k8heZ51XOr3p2J43oaBxThGE7hDDy4hBrcQh0agCGDZ3iFN+vJerHerY9pa8GazRzCAqzPH8pDlo4=</latexit><latexit sha1_base64="J+tH0g69F9MUoe4YnvahTWwgtPI=">AAAB/3icZVBNS8NAEN34WetXVDx5CZaCp5J4UI9FLx4r2A9oQ9lsJ+nS3U3Y3QglVPCneBIUxKu/w5P/xm2aiq0PBh7vzTAzL0gYVdp1v62V1bX1jc3SVnl7Z3dv3z44bKk4lQSaJGax7ARYAaMCmppqBp1EAuYBg3Ywupn67QeQisbiXo8T8DmOBA0pwdpIffu4J7mj48Q0RkZkjxFOI+jbFbfm5nD+E68gFVSg0be/eoOYpByEJgwr1fXcRPsZlpoSBpNyL1WQYDLCEXQNFZiD8rP8/IlTNcrACWNpSmgnV/9OZJgrNeaB6eRYD9WyNxV/verCKh1e+RkVSapBkNmmMGXmYWcahjOgEohmY0MwkdQc65AhlphoE1k5T+Fi/vwymafQOq95bs27cyv16yKPEjpBp+gMeegS1dEtaqAmIihDz+gVvVlP1ov1bn3MWlesYuYILcD6/AFM85Yy</latexit>Uij(x)

<latexit sha1_base64="RU5DSePB09v4Ia5pqHd653iE7Ik=">AAACFnicZVDLSgMxFL3j2/qqunQTrIUKUmbc6FJ047KCfUBbSia900YzD5KMWIb5BDeu9E9ciQriVnDl35g+FNseCBzOuTcnOW4kuNK2/W3NzM7NLywuLWdWVtfWN7KbWxUVxpJhmYUilDWXKhQ8wLLmWmAtkkh9V2DVvT7r+9UblIqHwaXuRdj0aSfgHmdUG6mVPUgag0sSie2UlFsJv0rTAvlVXRFjShquR25Tst/K5uyiPQCZJs6I5E72Hu9eAKDUyn412iGLfQw0E1SpumNHuplQqTkTmGYascKIsmvawbqhAfVRNZNBdEryRmkTL5TmBJoM1P8bCfWV6vmumfSp7qpJry/+efmxKO0dNxMeRLHGgA2TvFgQHZJ+R6TNJTIteoZQJrl5LGFdKinTpsmMacGZ/PM0qRwWHbvoXJg6TmGIJdiBXSiAA0dwAudQgjIwuIcneIU368F6tt6tj+HojDXa2YYxWJ8/cfihmQ==</latexit><latexit sha1_base64="+9aXW/aQK0aBBIm9ev3XTpRvn70=">AAACFnicZVDLSgMxFM34rPVVdekmWAsVpMy40WXRjcsK9gFtKZn0ThubeZBkxDLOJ7hxpf6GG1eCgrgSBFf+jem0im0PBA7n3JuTHDvgTCrT/DZmZufmFxZTS+nlldW19czGZkX6oaBQpj73Rc0mEjjzoKyY4lALBBDX5lC1eycDv3oJQjLfO1f9AJou6XjMYZQoLbUy+1EjuSQS0I5xuRWxizjO41/V5iHEuGE7+CrGe61M1iyYCfA0sUYkW9y9v/l4vH4otTJfjbZPQxc8RTmRsm6ZgWpGRChGOcTpRighILRHOlDX1CMuyGaURMc4p5U2dnyhj6dwov7fiIgrZd+19aRLVFdOegPxz8uNRSnnqBkxLwgVeHSY5IQcKx8POsJtJoAq3teEUMH0YzHtEkGo0k2mdQvW5J+nSeWgYJkF60zXcYyGSKFttIPyyEKHqIhOUQmVEUW36Am9oFfjzng23oz34eiMMdrZQmMwPn8A6AOjbw==</latexit><latexit sha1_base64="+9aXW/aQK0aBBIm9ev3XTpRvn70=">AAACFnicZVDLSgMxFM34rPVVdekmWAsVpMy40WXRjcsK9gFtKZn0ThubeZBkxDLOJ7hxpf6GG1eCgrgSBFf+jem0im0PBA7n3JuTHDvgTCrT/DZmZufmFxZTS+nlldW19czGZkX6oaBQpj73Rc0mEjjzoKyY4lALBBDX5lC1eycDv3oJQjLfO1f9AJou6XjMYZQoLbUy+1EjuSQS0I5xuRWxizjO41/V5iHEuGE7+CrGe61M1iyYCfA0sUYkW9y9v/l4vH4otTJfjbZPQxc8RTmRsm6ZgWpGRChGOcTpRighILRHOlDX1CMuyGaURMc4p5U2dnyhj6dwov7fiIgrZd+19aRLVFdOegPxz8uNRSnnqBkxLwgVeHSY5IQcKx8POsJtJoAq3teEUMH0YzHtEkGo0k2mdQvW5J+nSeWgYJkF60zXcYyGSKFttIPyyEKHqIhOUQmVEUW36Am9oFfjzng23oz34eiMMdrZQmMwPn8A6AOjbw==</latexit><latexit sha1_base64="+9aXW/aQK0aBBIm9ev3XTpRvn70=">AAACFnicZVDLSgMxFM34rPVVdekmWAsVpMy40WXRjcsK9gFtKZn0ThubeZBkxDLOJ7hxpf6GG1eCgrgSBFf+jem0im0PBA7n3JuTHDvgTCrT/DZmZufmFxZTS+nlldW19czGZkX6oaBQpj73Rc0mEjjzoKyY4lALBBDX5lC1eycDv3oJQjLfO1f9AJou6XjMYZQoLbUy+1EjuSQS0I5xuRWxizjO41/V5iHEuGE7+CrGe61M1iyYCfA0sUYkW9y9v/l4vH4otTJfjbZPQxc8RTmRsm6ZgWpGRChGOcTpRighILRHOlDX1CMuyGaURMc4p5U2dnyhj6dwov7fiIgrZd+19aRLVFdOegPxz8uNRSnnqBkxLwgVeHSY5IQcKx8POsJtJoAq3teEUMH0YzHtEkGo0k2mdQvW5J+nSeWgYJkF60zXcYyGSKFttIPyyEKHqIhOUQmVEUW36Am9oFfjzng23oz34eiMMdrZQmMwPn8A6AOjbw==</latexit><latexit sha1_base64="ld1nj6uxZFamRjg7+a5pVMBhL40="></latexit><latexit sha1_base64="A2+2hE1r715HNWBv6j59lSwQg2U=">AAACFnicZVDLSgMxFM34rPU16tJNsBQqSJlxoS6LblxWcNpCW0omvdPGZh4kGbEM8xOu/BRXgoK4FVz5N6bTqdh6IHA4596c5LgRZ1JZ1rextLyyurZe2Chubm3v7Jp7+w0ZxoKCQ0MeipZLJHAWgKOY4tCKBBDf5dB0R1cTv3kPQrIwuFXjCLo+GQTMY5QoLfXMk6STXZII6KfY6SXsLk0reKa6PIYUd1wPP6T4uGeWrKqVAf8ndk5KKEe9Z351+iGNfQgU5UTKtm1FqpsQoRjlkBY7sYSI0BEZQFvTgPggu0kWneKyVvrYC4U+gcKZ+ncjIb6UY9/Vkz5RQ7noTcRfrzwXpbyLbsKCKFYQ0GmSF3OsQjzpCPeZAKr4WBNCBdOPxXRIBKFKN1nMWjibfX6RzFponFZtq2rfWKXaZd5HAR2iI1RBNjpHNXSN6shBFD2iZ/SK3own48V4Nz6mo0tGvnOA5mB8/gBfcJ9e</latexit>

SU(2)
<latexit sha1_base64="i/DAXhvi6kjEo8l5y2T3yrM7JJ4=">AAACAXicZVDLSgMxFL1TX7W+Rl24cBNaCnVTZrrRZdGNy4r2AZ2hZNJMG5p5kGSEMszKHxFcCQri1s9w5d+YTovY9kDgcM69OcnxYs6ksqwfo7CxubW9U9wt7e0fHB6ZxycdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmNzO/+0iFZFH4oKYxdQM8CpnPCFZaGphnqZNfkgo6zJAjAnTfrjUusoFZsepWDrRO7AWpNMtQeAaA1sD8doYRSQIaKsKxlH3bipWbYqEY4TQrOYmkMSYTPKJ9TUMcUOmmeXaGqloZIj8S+oQK5er/jRQHUk4DT08GWI3lqjcT/7zqUpTyr9yUhXGiaEjmSX7CkYrQrA40ZIISxaeaYCKYfiwiYywwUbq0km7BXv3zOuk06rZVt+90HdcwRxHOoQw1sOESmnALLWgDgQxe4A3ejSfj1fgwPuejBWOxcwpLML5+AbRglwg=</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="TY+FXtqjzuHvE4Nu8/bgH1ZQNro=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrpQl0U3LivaB3SGkknTNph5kGSEMszKD3HhSlBQt36GK//GdNqKrQcCh3PuzUmOG3ImlWl+G5ml5ZXVtex6bmNza3snv7vXlEEkCG2QgAei7WJJOfNpQzHFaTsUFHsupy337nLst+6pkCzwb9UopI6HBz7rM4KVlrr5w9hOL4kF7SXIFh66aZSrJ0k3XzQrZgr0n1hTUqwVIPN48H5c7+a/7F5AIo/6inAsZccyQ+XEWChGOE1ydiRpiMkdHtCOpj72qHTiNDtBJa30UD8Q+vgKperfjRh7Uo48V096WA3lojcWf73SXJTqnzsx88NIUZ9MkvoRRypA4zpQjwlKFB9pgolg+rGIDLHAROnScmkLp7PPL5JZC81qxTIr1rWu4wImyMIRFKAMFpxBDa6gDg0gkMATvMCr8WA8G2/Gx2Q0Y0x39mEOxucP6b+X+Q==</latexit><latexit sha1_base64="g0DhUefArJGpvl00S15W09O9U6s=">AAACAXicZVBPS8MwHE3nvzn/VT148BIcg3kZ7Q7qcejF40S7DdYy0jTbwpK2JKkwSk9+FE+Cgnj1Y3jy25h1nbj5IPB47/fLS54fMyqVZX0bpbX1jc2t8nZlZ3dv/8A8POrIKBGYODhikej5SBJGQ+IoqhjpxYIg7jPS9Sc3M7/7SISkUfigpjHxOBqFdEgxUloamCepm1+SChJk0BUc3jv15nk2MKtWw8oB/xO7IFVQoD0wv9wgwgknocIMSdm3rVh5KRKKYkayiptIEiM8QSPS1zREnEgvzbMzWNNKAIeR0CdUMFf/bqSISznlvp7kSI3lqjcTf73aUpQaXnkpDeNEkRDPk4YJgyqCszpgQAXBik01QVhQ/ViIx0ggrHRplbyFi8XnV8mihU6zYVsN+86qtq6LPsrgFJyBOrDBJWiBW9AGDsAgA8/gFbwZT8aL8W58zEdLRrFzDJZgfP4AWw+WEw==</latexit>

S3
<latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="U9SKBTu7M4ZOHmcGFjBfcOkwngM=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGF7osunFZ0T6gHUsmzbShmcyQZMQy1E9xJSiIW3/ElX9jOh3EtgcCh3PuzUmOH3OmtOP8WIW19Y3NreJ2aWd3b//APiy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr2d++5FKxSJxrycx9UI8FCxgBGsj9e1y2ssuSX2e0Cm6ezif9u2KU3MyoFXi5qQCORp9+7s3iEgSUqEJx0p1XSfWXoqlZoTTaamXKBpjMsZD2jVU4JAqL81ip6hqlAEKImmO0ChT/2+kOFRqEvpmMsR6pJa9mfjnVReidHDppUzEiaaCzJOChCMdoVkTaMAkJZpPDMFEMvNYREZYYqJNXyXTgrv851XSOqu5Ts29dSr1q7yPIhzDCZyCCxdQhxtoQBMIPMELvMG79Wy9Wh/W53y0YOU7R7AA6+sXn9mUnQ==</latexit><latexit sha1_base64="bNZWkVFhBLRqjkuLXTwZ209kWfQ=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGQV0W3bisaB/QjiWTZtrQzIMkI5Zh/BRXgoK49Udc+Tem06nYeiBwOOfenOS4EWdSWda3UVhZXVvfKG6WtrZ3dvfM/XJLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3x1dRvP1AhWRjcqUlEHR8PA+YxgpWW+mY56WWXJC6PaYpu70/TvlmxalYG9J/YOalAjkbf/OoNQhL7NFCEYym7thUpJ8FCMcJpWurFkkaYjPGQdjUNsE+lk2SxKapqZYC8UOgTKJSpfzcS7Es58V096WM1ksveVPz1qgtRyrtwEhZEsaIBmSV5MUcqRNMm0IAJShSfaIKJYPqxiIywwETpvkpZC2fzzy+TeQutk5pt1ewbq1K/zPsowiEcwTHYcA51uIYGNIHAIzzDK7wZT8aL8W58zEYLRr5zAAswPn8ApmOUrA==</latexit><latexit sha1_base64="bNZWkVFhBLRqjkuLXTwZ209kWfQ=">AAAB/HicZVDLSgMxFL1TX7W+xrp0EywFV2VGQV0W3bisaB/QjiWTZtrQzIMkI5Zh/BRXgoK49Udc+Tem06nYeiBwOOfenOS4EWdSWda3UVhZXVvfKG6WtrZ3dvfM/XJLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3x1dRvP1AhWRjcqUlEHR8PA+YxgpWW+mY56WWXJC6PaYpu70/TvlmxalYG9J/YOalAjkbf/OoNQhL7NFCEYym7thUpJ8FCMcJpWurFkkaYjPGQdjUNsE+lk2SxKapqZYC8UOgTKJSpfzcS7Es58V096WM1ksveVPz1qgtRyrtwEhZEsaIBmSV5MUcqRNMm0IAJShSfaIKJYPqxiIywwETpvkpZC2fzzy+TeQutk5pt1ewbq1K/zPsowiEcwTHYcA51uIYGNIHAIzzDK7wZT8aL8W58zEYLRr5zAAswPn8ApmOUrA==</latexit>

map
<latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="hBdNlshZI+oGtF/r+uXvkWAU2uk=">AAAB73icZVBNSwMxEJ3Ur1q/qh71ECwFT2XXix6LXjxWsB/QLiWbZtvQJLsmWaEs/RGeBAXx6u/x5L8x3Rax7YOBx3szzMwLE8GN9bwfVNjY3NreKe6W9vYPDo/KxyctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPx3cxvPzNteKwe7SRhgSRDxSNOiXVSu6clliTplytezcuB14m/IJX6OeRo9MvfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0GWnzvFVacMcBRrV8riXP0/kRFpzESGrlMSOzKr3kz886pLq2x0E2RcJallis43RanANsaz5/GAa0atmDhCqObuWExHRBNqXUQll4K/+vM6aV3VfK/mP7g4budxQBHO4AIuwYdrqMM9NKAJFMbwAm/wjp7QK/pAn/PWAlrMnMIS0NcvAoiP3A==</latexit><latexit sha1_base64="YZB7GzavOfoGcVQvCm2hBr3u+Cs=">AAAB73icZVBNSwMxEJ2tX7V+VT3qIVgKnsquB/VY9OKxgv2AdinZNNuGJtk1yQpl6Y/wJCiIV3+PJ/+N6W4rtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357SeqNIvkg5nE1Bd4KFnICDZWaveUQALH/XLFrbkZ0H/izUmlfgoZGv3yV28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfZudOUdUqAxRGypY0KFP/TqRYaD0Rge0U2Iz0qjcTf73q0ioTXvspk3FiqCT5pjDhyERo9jwaMEWJ4RNLMFHMHovICCtMjI2olKVwuXh+lSxSaF3UPLfm3ds4bvI4oAgncAbn4MEV1OEOGtAEAmN4hld4cx6dF+fd+chbC8585hiW4Hz+AAkSj+s=</latexit><latexit sha1_base64="3teZbPx2Qnz4MIcCXYzN6GO7KVc=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXisYD+gXUo2zbahSXabZIWy9Ed4EhTEq7/Hk//GdLsVWx8MPN6bYWZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY38399hNVmkXy0Uxj6gs8lCxkBBsrtXtKIIHjfrni1twM6D/xclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqsaDaT7NzZ6hqlQEKI2VLGpSpfydSLLSeisB2CmxGet2bi79edWWVCW/8lMk4MVSSxaYw4chEaP48GjBFieFTSzBRzB6LyAgrTIyNqJSlcLV8fp0sU2hd1jy35j24lfptnkcRzuAcLsCDa6jDPTSgCQTG8Ayv8OZMnBfn3flYtBacfOYUVuB8/gCLs4+P</latexit>≃ S3

<latexit sha1_base64="lZO9bS2ZRIadJDTkRMyYiF5j6Qs="></latexit><latexit sha1_base64="NiY5Otgkwg1biEIfE6xxrx7OMFA="></latexit><latexit sha1_base64="NiY5Otgkwg1biEIfE6xxrx7OMFA="></latexit><latexit sha1_base64="NiY5Otgkwg1biEIfE6xxrx7OMFA="></latexit><latexit sha1_base64="A+eAiJbsHnJOvhcjtmOKDfJjaqA="></latexit><latexit sha1_base64="m3YP5o98alfl/m+8EdQsg66SpOg="></latexit>π3(S3) = Z

SU(2)
<latexit sha1_base64="i/DAXhvi6kjEo8l5y2T3yrM7JJ4=">AAACAXicZVDLSgMxFL1TX7W+Rl24cBNaCnVTZrrRZdGNy4r2AZ2hZNJMG5p5kGSEMszKHxFcCQri1s9w5d+YTovY9kDgcM69OcnxYs6ksqwfo7CxubW9U9wt7e0fHB6ZxycdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmNzO/+0iFZFH4oKYxdQM8CpnPCFZaGphnqZNfkgo6zJAjAnTfrjUusoFZsepWDrRO7AWpNMtQeAaA1sD8doYRSQIaKsKxlH3bipWbYqEY4TQrOYmkMSYTPKJ9TUMcUOmmeXaGqloZIj8S+oQK5er/jRQHUk4DT08GWI3lqjcT/7zqUpTyr9yUhXGiaEjmSX7CkYrQrA40ZIISxaeaYCKYfiwiYywwUbq0km7BXv3zOuk06rZVt+90HdcwRxHOoQw1sOESmnALLWgDgQxe4A3ejSfj1fgwPuejBWOxcwpLML5+AbRglwg=</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="LgcY9Ymj3umdXfpkbTJI1AObeRM=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrrRZdGNy4pOW+gMJZNm2mDmQZIRyjArP8SFK0FB3foZrvwb0wdi2wOBwzn35iTHizmTyjR/jNzK6tr6Rn6zsLW9s7tX3D9oySgRhNok4pHoeFhSzkJqK6Y47cSC4sDjtO3dX4399gMVkkXhnRrF1A3wIGQ+I1hpqVc8Tp3JJamg/Qw5IkC3drV+lvWKZbNmToCWiTUj5UYJck9HH6fNXvHb6UckCWioCMdSdi0zVm6KhWKE06zgJJLGmNzjAe1qGuKASjedZGeoopU+8iOhT6jQRP2/keJAylHg6ckAq6Fc9Mbin1eZi1L+hZuyME4UDck0yU84UhEa14H6TFCi+EgTTATTj0VkiAUmSpdW0C1Yi39eJq16zTJr1o2u4xKmyMMJlKAKFpxDA66hCTYQyOAZXuHNeDRejHfjczqaM2Y7hzAH4+sX4zWX6g==</latexit><latexit sha1_base64="TY+FXtqjzuHvE4Nu8/bgH1ZQNro=">AAACAXicZVDLSgMxFL1TX7W+qoIudBFaCnVTZrpQl0U3LivaB3SGkknTNph5kGSEMszKD3HhSlBQt36GK//GdNqKrQcCh3PuzUmOG3ImlWl+G5ml5ZXVtex6bmNza3snv7vXlEEkCG2QgAei7WJJOfNpQzHFaTsUFHsupy337nLst+6pkCzwb9UopI6HBz7rM4KVlrr5w9hOL4kF7SXIFh66aZSrJ0k3XzQrZgr0n1hTUqwVIPN48H5c7+a/7F5AIo/6inAsZccyQ+XEWChGOE1ydiRpiMkdHtCOpj72qHTiNDtBJa30UD8Q+vgKperfjRh7Uo48V096WA3lojcWf73SXJTqnzsx88NIUZ9MkvoRRypA4zpQjwlKFB9pgolg+rGIDLHAROnScmkLp7PPL5JZC81qxTIr1rWu4wImyMIRFKAMFpxBDa6gDg0gkMATvMCr8WA8G2/Gx2Q0Y0x39mEOxucP6b+X+Q==</latexit><latexit sha1_base64="g0DhUefArJGpvl00S15W09O9U6s=">AAACAXicZVBPS8MwHE3nvzn/VT148BIcg3kZ7Q7qcejF40S7DdYy0jTbwpK2JKkwSk9+FE+Cgnj1Y3jy25h1nbj5IPB47/fLS54fMyqVZX0bpbX1jc2t8nZlZ3dv/8A8POrIKBGYODhikej5SBJGQ+IoqhjpxYIg7jPS9Sc3M7/7SISkUfigpjHxOBqFdEgxUloamCepm1+SChJk0BUc3jv15nk2MKtWw8oB/xO7IFVQoD0wv9wgwgknocIMSdm3rVh5KRKKYkayiptIEiM8QSPS1zREnEgvzbMzWNNKAIeR0CdUMFf/bqSISznlvp7kSI3lqjcTf73aUpQaXnkpDeNEkRDPk4YJgyqCszpgQAXBik01QVhQ/ViIx0ggrHRplbyFi8XnV8mihU6zYVsN+86qtq6LPsrgFJyBOrDBJWiBW9AGDsAgA8/gFbwZT8aL8W58zEdLRrFzDJZgfP4AWw+WEw==</latexit>

E

• These disconnected vacua are characterised by the integer NCS.

Aµ(x)
<latexit sha1_base64="RD6F2GN9tk+cbuJoCdEq72lqG3E=">AAAB9nicZVDLSgNBEOyNrxhfUY9eBmMgXsKuFz1GvXiMYB6QXcPsZDYZMju7zMxKwpJP8K4XQUG8+gn+gyf/xskDMUlBQ1HVTXeXH3OmtG3/WJmV1bX1jexmbmt7Z3cvv39QV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04bfvx77jQcqFYvEnR7G1AtxV7CAEayNdH/ZdsOklLp+gAaj03a+YJftCdAycWakUDl5fvwCgGo7/+12IpKEVGjCsVItx461l2KpGeF0lHMTRWNM+rhLW4YKHFLlpZOrR6holA4KImlKaDRR/0+kOFRqGPqmM8S6pxa9sfjnFedW6eDCS5mIE00FmW4KEo50hMYZoA6TlGg+NAQTycyxiPSwxESbpHImBWfx52VSPys7dtm5NXFcwRRZOIJjKIED51CBG6hCDQhIeIJXeLMG1ov1bn1MWzPWbOYQ5mB9/gI0MJRa</latexit><latexit sha1_base64="VxpoDDI16ywwghLumDzcVxN61W0=">AAAB9nicZVDLSgNBEOz1GeMr6tHLYAzES9j1oseoF48RzAOSNcxOZpMhM7vLzKwkrPkE7+pBUBCvgt/hyZN/4+SBmKSgoajqprvLizhT2rZ/rIXFpeWV1dRaen1jc2s7s7NbUWEsCS2TkIey5mFFOQtoWTPNaS2SFAuP06rXvRj61VsqFQuDa92PqCtwO2A+I1gb6eas2RBxPml4PuoNjpqZrF2wR0DzxJmQbPHw8f7r8+6p1Mx8N1ohiQUNNOFYqbpjR9pNsNSMcDpIN2JFI0y6uE3rhgZYUOUmo6sHKGeUFvJDaSrQaKT+n0iwUKovPNMpsO6oWW8o/nm5qVXaP3UTFkSxpgEZb/JjjnSIhhmgFpOUaN43BBPJzLGIdLDERJuk0iYFZ/bneVI5Ljh2wbkycZzDGCnYhwPIgwMnUIRLKEEZCEh4gBd4tXrWs/VmvY9bF6zJzB5Mwfr4Bao7ljA=</latexit><latexit sha1_base64="VxpoDDI16ywwghLumDzcVxN61W0=">AAAB9nicZVDLSgNBEOz1GeMr6tHLYAzES9j1oseoF48RzAOSNcxOZpMhM7vLzKwkrPkE7+pBUBCvgt/hyZN/4+SBmKSgoajqprvLizhT2rZ/rIXFpeWV1dRaen1jc2s7s7NbUWEsCS2TkIey5mFFOQtoWTPNaS2SFAuP06rXvRj61VsqFQuDa92PqCtwO2A+I1gb6eas2RBxPml4PuoNjpqZrF2wR0DzxJmQbPHw8f7r8+6p1Mx8N1ohiQUNNOFYqbpjR9pNsNSMcDpIN2JFI0y6uE3rhgZYUOUmo6sHKGeUFvJDaSrQaKT+n0iwUKovPNMpsO6oWW8o/nm5qVXaP3UTFkSxpgEZb/JjjnSIhhmgFpOUaN43BBPJzLGIdLDERJuk0iYFZ/bneVI5Ljh2wbkycZzDGCnYhwPIgwMnUIRLKEEZCEh4gBd4tXrWs/VmvY9bF6zJzB5Mwfr4Bao7ljA=</latexit><latexit sha1_base64="VxpoDDI16ywwghLumDzcVxN61W0=">AAAB9nicZVDLSgNBEOz1GeMr6tHLYAzES9j1oseoF48RzAOSNcxOZpMhM7vLzKwkrPkE7+pBUBCvgt/hyZN/4+SBmKSgoajqprvLizhT2rZ/rIXFpeWV1dRaen1jc2s7s7NbUWEsCS2TkIey5mFFOQtoWTPNaS2SFAuP06rXvRj61VsqFQuDa92PqCtwO2A+I1gb6eas2RBxPml4PuoNjpqZrF2wR0DzxJmQbPHw8f7r8+6p1Mx8N1ohiQUNNOFYqbpjR9pNsNSMcDpIN2JFI0y6uE3rhgZYUOUmo6sHKGeUFvJDaSrQaKT+n0iwUKovPNMpsO6oWW8o/nm5qVXaP3UTFkSxpgEZb/JjjnSIhhmgFpOUaN43BBPJzLGIdLDERJuk0iYFZ/bneVI5Ljh2wbkycZzDGCnYhwPIgwMnUIRLKEEZCEh4gBd4tXrWs/VmvY9bF6zJzB5Mwfr4Bao7ljA=</latexit><latexit sha1_base64="wrKYhqc1MrxjKnnKlz385rJsZFw=">AAAB9nicZVDLSgMxFM3UV62vqks3wVqomzLjQl1W3bisYB/QGUsmzbShSWZIMtIy9hPcqwtBQdwKfocrV/6N6UusHrhwOOde7r3HjxhV2ra/rNTc/MLiUno5s7K6tr6R3dyqqjCWmFRwyEJZ95EijApS0VQzUo8kQdxnpOZ3z4Z+7ZpIRUNxqfsR8ThqCxpQjLSRrk6aLo8LiesHsDfYb2ZzdtEeAf4nzoTkSnv3tx/vNw/lZvbTbYU45kRozJBSDceOtJcgqSlmZJBxY0UihLuoTRqGCsSJ8pLR1QOYN0oLBqE0JTQcqb8nEsSV6nPfdHKkO+qvNxR/vPzMKh0cewkVUayJwONNQcygDuEwA9iikmDN+oYgLKk5FuIOkghrk1RmlMLh9Pm/ZJpC9aDo2EXnwsRxCsZIgx2wCwrAAUegBM5BGVQABhLcgSfwbPWsR+vFeh23pqzJzDaYgfX2DbDFlj8=</latexit><latexit sha1_base64="0z4J+kfh0hlSCQBVQcvBpnafrss=">AAAB9nicZVBNS8NAEJ3Ur1q/qh69LJZCvZTEg3qsevFYwX5AG8tmu2mXbjZhdyMtof/Dk6AgXv0vnvw3btNUbH0w8Hhvhpl5XsSZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRU4WxJLRBQh7KtocV5UzQhmaa03YkKQ48Tlve6Hbmt56oVCwUD3oSUTfAA8F8RrA20uN1rxvElaTr+Wg8PesVS3bVToH+EycjJchQ7xW/uv2QxAEVmnCsVMexI+0mWGpGOJ0WurGiESYjPKAdQwUOqHKT9OopKhulj/xQmhIaperfiQQHSk0Cz3QGWA/VqjcTf73y0irtX7kJE1GsqSDzTX7MkQ7RLAPUZ5ISzSeGYCKZORaRIZaYaJNUIU3hYvH8Klmk0DyvOnbVubdLtZssjzycwClUwIFLqMEd1KEBBCQ8wyu8WWPrxXq3PuatOSubOYYlWJ8/IaiSHw==</latexit>

≃ R3
<latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="+QY5CcSWYWn0pvsxIC3kCoOFTuI=">AAAB9HicdVDLSgMxFM3UV62vqks3wVJwVZIKtt0V3bisYh/QGUsmTdvQTGZMMoUy9DdcCQri1p9x5d+YaatYwQMXDufcy733+JHg2iD06WTW1jc2t7LbuZ3dvf2D/OFRS4exoqxJQxGqjk80E1yypuFGsE6kGAl8wdr++Cr12xOmNA/lnZlGzAvIUPIBp8RYyXU1D9gDTG5n9+e9fAGVEEIYY5gSXLlAltRq1TKuQpxaFgWwRKOX/3D7IY0DJg0VROsuRpHxEqIMp4LNcm6sWUTomAxZ11JJAqa9ZH7zDBat0oeDUNmSBs7V3xMJCbSeBr7tDIgZ6b9eKv54xZVVZlD1Ei6j2DBJF5sGsYAmhGkCsM8Vo0ZMLSFUcXsspCOiCDU2p5xN4ftV+D9plUsYlfANKtQvl3lkwQk4BWcAgwqog2vQAE1AQQQewTN4cSbOk/PqvC1aM85y5hiswHn/AnJIkcU=</latexit><latexit sha1_base64="pm0iZ/cFcXBQProsLu0B+aK6mdM=">AAAB9HicZVDLSgMxFM34rPVVdekmWAquSlKhj13Rjcsq9gGdsWTSTBuaeZhkCmXob7gSFMStP+PKvzEzrWL1wIXDOfdy7z1uJLjSCH1aa+sbm1vbuZ387t7+wWHh6LijwlhS1qahCGXPJYoJHrC25lqwXiQZ8V3Buu7kKvW7UyYVD4M7PYuY45NRwD1OiTaSbSvusweY3M7vLwaFIiojhDDGMCW4VkWGNBr1Cq5DnFoGRbBEa1D4sIchjX0WaCqIUn2MIu0kRGpOBZvn7VixiNAJGbG+oQHxmXKS7OY5LBllCL1Qmgo0zNTfEwnxlZr5run0iR6rv14q/nillVXaqzsJD6JYs4AuNnmxgDqEaQJwyCWjWswMIVRycyykYyIJ1SanfJZCNXsV/iffKXQqZYzK+AYVm5fLPHLgFJyBc4BBDTTBNWiBNqAgAo/gGbxYU+vJerXeFq1r1nLmBKzAev8CeNKR1A==</latexit><latexit sha1_base64="pm0iZ/cFcXBQProsLu0B+aK6mdM=">AAAB9HicZVDLSgMxFM34rPVVdekmWAquSlKhj13Rjcsq9gGdsWTSTBuaeZhkCmXob7gSFMStP+PKvzEzrWL1wIXDOfdy7z1uJLjSCH1aa+sbm1vbuZ387t7+wWHh6LijwlhS1qahCGXPJYoJHrC25lqwXiQZ8V3Buu7kKvW7UyYVD4M7PYuY45NRwD1OiTaSbSvusweY3M7vLwaFIiojhDDGMCW4VkWGNBr1Cq5DnFoGRbBEa1D4sIchjX0WaCqIUn2MIu0kRGpOBZvn7VixiNAJGbG+oQHxmXKS7OY5LBllCL1Qmgo0zNTfEwnxlZr5run0iR6rv14q/nillVXaqzsJD6JYs4AuNnmxgDqEaQJwyCWjWswMIVRycyykYyIJ1SanfJZCNXsV/iffKXQqZYzK+AYVm5fLPHLgFJyBc4BBDTTBNWiBNqAgAo/gGbxYU+vJerXeFq1r1nLmBKzAev8CeNKR1A==</latexit>

• In pure SU(2) YM theory, there are infinitely many gauge equivalent vacua. 

gauge trans.
<latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="7c7PxhsSBfiddCGZH1jMAreEhrA=">AAAB+nicZVBNS8NAEJ3Ur1q/oh71sFgKnkLiRY9FLx4r2A9oQ9lsN+nSzSbsbgol1l/iSVAQr/4TT/4bt2kR2z4YeLw3w8y8IOVMadf9sUobm1vbO+Xdyt7+weGRfXzSUkkmCW2ShCeyE2BFORO0qZnmtJNKiuOA03Ywupv57TGViiXiUU9S6sc4EixkBGsj9W27J2MU4Syiz1pioZy+XXUdtwBaJ96CVOvnUKDRt797g4RkMRWacKxU13NT7edYakY4nVZ6maIpJiMc0a6hAsdU+Xlx+RTVjDJAYSJNCY0K9f9EjmOlJnFgOmOsh2rVm4l/Xm1plQ5v/JyJNNNUkPmmMONIJ2iWAxowSYnmE0Mwkcwci8gQS0y0SatiUvBWf14nrSvHcx3vwcRxO48DynAGF3AJHlxDHe6hAU0gMIYXeIN368l6tT6sz3lryVrMnMISrK9fbvmUBg==</latexit><latexit sha1_base64="BDcSCw6EEN1keApoEVsbo7gOOcs=">AAAB+nicZZDLSsNAFIZP6q3WW9SlLgZLwVVJXKjLohuXFewF2lAm00k6dDIJM5NCifVJXAkK4tY3ceXbOE1bsfWHgZ//nMM58/kJZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo6aKU0log8Q8lm0fK8qZoA3NNKftRFIc+Zy2/OHttN4aUalYLB70OKFehEPBAkawNlHPtrsyQiFOQ/qkJRaq2rPLTtXJhf4bd27KtVPIVe/ZX91+TNKICk04VqrjOon2Miw1I5xOSt1U0QSTIQ5px1iBI6q8LL98giom6aMgluYJjfL070SGI6XGkW86I6wHarU2DX9rlaVVOrj2MiaSVFNBZpuClCMdoykH1GeSEs3HxmAimTkWkQGWmGhDq5RTuFx8ftUsKDQvqq5Tde8NjpsZDijCCZzBObhwBTW4gzo0gMAInuEV3qxH68V6tz5mrQVrPnMMS7I+fwB1g5QV</latexit><latexit sha1_base64="HGQza32dhbg4pAFKiU/N5sYqa50=">AAAB+nicZVBNS8NAEN34WetX1KOXxVLwFBIP6rHoxWMF+wFtKZvtJF262YTdTaHE+ks8CQri1X/iyX/jNk3F1gcDj/dmmJnnJ5wp7brf1tr6xubWdmmnvLu3f3BoHx03VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+6nfmtMUjFYvGgJwn0IhIKFjBKtJH6tt2VEQ5JGsKTlkQop29XXMfNgf8TryAVVKDet7+6g5imEQhNOVGq47mJ7mVEakY5TMvdVEFC6IiE0DFUkAhUL8svn+KqUQY4iKUpoXGu/p3ISKTUJPJNZ0T0UK16M/HXqy6t0sF1L2MiSTUIOt8UpBzrGM9ywAMmgWo+MYRQycyxmA6JJFSbtMp5CpeL51fJIoXmheO5jnfvVmo3RR4ldIrO0Dny0BWqoTtURw1E0Rg9o1f0Zj1aL9a79TFvXbOKmRO0BOvzB/gkk7k=</latexit>

Aa
µT

a = 0
<latexit sha1_base64="V59ILbfFGW5Py9SmmcP42SLd0ps=">AAACInicZVDLSgMxFL1TX7W+Rl26CZaCoJQZN3YjVN24rNAXdMYhk6ZtaOZBkhHKUPA33LjyU1wJCtKV4MeYPhTbHrhwOOfe3Jvjx5xJZVlfRmZldW19I7uZ29re2d0z9w/qMkoEoTUS8Ug0fSwpZyGtKaY4bcaC4sDntOH3b8Z+44EKyaKwqgYxdQPcDVmHEay05Jml1Jk80hJd302tojXB2RIZXnlOkNxjVNV1iayhZ+Z/PbRM7BnJl0+f0kcAqHjmyGlHJAloqAjHUrZsK1ZuioVihNNhzkkkjTHp4y5taRrigEo3nRw3RAWttFEnErpChSbq/4kUB1IOAl93Blj15KI3Fv+8wtwq1Sm5KQvjRNGQTDd1Eo5UhMZ5oTYTlCg+0AQTwfSxiPSwwETpVHM6BXvxz8ukfl60raJ9p+O4himycATHcAI2XEAZbqECNSDwDK/wDh/Gi/FmfBqjaWvGmM0cwhyM7x9w1aCu</latexit><latexit sha1_base64="nl6KV1NIoYsveOybKdzXdSD1i0g=">AAACInicZVDLSsNAFJ34rPUVHzs3g6UgKCVxYzdC1Y3LCn1BE8NkOm2HziRhZiKUkA9x46qf4kpQkK4EP8ZpWsW2By4czrl37p3jR4xKZVlfxsrq2vrGZm4rv72zu7dvHhw2ZBgLTOo4ZKFo+UgSRgNSV1Qx0ooEQdxnpOkP7iZ+84kIScOgpoYRcTnqBbRLMVJa8sxy4mSPtEXPdxOrZGW4WCLpjefw+BHBmq5raKWeWfj14DKxZ6RQOX9O1PFoXPXMsdMJccxJoDBDUrZtK1JugoSimJE078SSRAgPUI+0NQ0QJ9JNsuNSWNRKB3ZDoStQMFP/TySISznkvu7kSPXlojcR/7zi3CrVLbsJDaJYkQBPN3VjBlUIJ3nBDhUEKzbUBGFB9bEQ95FAWOlU8zoFe/HPy6RxWbKtkv2g47gFU+TACTgFZ8AGV6AC7kEV1AEGL+AVvIMPY2S8GZ/GeNq6YsxmjsAcjO8fcUWiLQ==</latexit><latexit sha1_base64="nl6KV1NIoYsveOybKdzXdSD1i0g=">AAACInicZVDLSsNAFJ34rPUVHzs3g6UgKCVxYzdC1Y3LCn1BE8NkOm2HziRhZiKUkA9x46qf4kpQkK4EP8ZpWsW2By4czrl37p3jR4xKZVlfxsrq2vrGZm4rv72zu7dvHhw2ZBgLTOo4ZKFo+UgSRgNSV1Qx0ooEQdxnpOkP7iZ+84kIScOgpoYRcTnqBbRLMVJa8sxy4mSPtEXPdxOrZGW4WCLpjefw+BHBmq5raKWeWfj14DKxZ6RQOX9O1PFoXPXMsdMJccxJoDBDUrZtK1JugoSimJE078SSRAgPUI+0NQ0QJ9JNsuNSWNRKB3ZDoStQMFP/TySISznkvu7kSPXlojcR/7zi3CrVLbsJDaJYkQBPN3VjBlUIJ3nBDhUEKzbUBGFB9bEQ95FAWOlU8zoFe/HPy6RxWbKtkv2g47gFU+TACTgFZ8AGV6AC7kEV1AEGL+AVvIMPY2S8GZ/GeNq6YsxmjsAcjO8fcUWiLQ==</latexit><latexit sha1_base64="nl6KV1NIoYsveOybKdzXdSD1i0g=">AAACInicZVDLSsNAFJ34rPUVHzs3g6UgKCVxYzdC1Y3LCn1BE8NkOm2HziRhZiKUkA9x46qf4kpQkK4EP8ZpWsW2By4czrl37p3jR4xKZVlfxsrq2vrGZm4rv72zu7dvHhw2ZBgLTOo4ZKFo+UgSRgNSV1Qx0ooEQdxnpOkP7iZ+84kIScOgpoYRcTnqBbRLMVJa8sxy4mSPtEXPdxOrZGW4WCLpjefw+BHBmq5raKWeWfj14DKxZ6RQOX9O1PFoXPXMsdMJccxJoDBDUrZtK1JugoSimJE078SSRAgPUI+0NQ0QJ9JNsuNSWNRKB3ZDoStQMFP/TySISznkvu7kSPXlojcR/7zi3CrVLbsJDaJYkQBPN3VjBlUIJ3nBDhUEKzbUBGFB9bEQ95FAWOlU8zoFe/HPy6RxWbKtkv2g47gFU+TACTgFZ8AGV6AC7kEV1AEGL+AVvIMPY2S8GZ/GeNq6YsxmjsAcjO8fcUWiLQ==</latexit><latexit sha1_base64="ZOzS7yfnq7D+rVGuXCRnpyJBJL4=">AAACInicZVDLSsNAFJ3UV62v+Ni5GSwFQSmJC+1GqLpxWaEvaGKYTCft0MmDmYlQQj7Ejat+iitBQboS/BinaSvWHrhwOOfeuXeOGzEqpGF8abmV1bX1jfxmYWt7Z3dP3z9oijDmmDRwyELedpEgjAakIalkpB1xgnyXkZY7uJv4rSfCBQ2DuhxGxPZRL6AexUgqydEriZU90uE9106MspHhfImkN47lx48I1lVdQyN19OLcg8vEnJFi9ew5kUejcc3Rx1Y3xLFPAokZEqJjGpG0E8QlxYykBSsWJEJ4gHqko2iAfCLsJDsuhSWldKEXclWBhJn6dyJBvhBD31WdPpJ98d+biL9eaWGV9Cp2QoMoliTA001ezKAM4SQv2KWcYMmGiiDMqToW4j7iCEuVaiFL4XL++f9knkLzomwaZfNBxXELpsiDY3ACToEJrkAV3IMaaAAMXsAreAcf2kh70z618bQ1p81mDsECtO8fd8+iPA==</latexit><latexit sha1_base64="Ke+2gixnSF193DNLT9bvZZGAR2k=">AAACInicZVDLSsNAFJ34rPUVdelmsBRcSElcaDdC1Y3LCn1BE8NkOm2HziRhZiKUkF9x5ae4EhSkK8GPcZqmYtsDFw7n3Dv3zvEjRqWyrG9jbX1jc2u7sFPc3ds/ODSPjlsyjAUmTRyyUHR8JAmjAWkqqhjpRIIg7jPS9kf3U7/9TISkYdBQ44i4HA0C2qcYKS15ZjVxske6YuC7iVWxMlyskPTWc3j8hGBD1w20Us8szT24SuyclECOumdOnF6IY04ChRmSsmtbkXITJBTFjKRFJ5YkQniEBqSraYA4kW6SHZfCslZ6sB8KXYGCmfp/IkFcyjH3dSdHaiiXvan455UXVql+1U1oEMWKBHi2qR8zqEI4zQv2qCBYsbEmCAuqj4V4iATCSqdazFK4mn9+mcxTaF1WbKtiP1ql2l2eRwGcgjNwDmxwDWrgAdRBE2DwAt7AB/g0Xo1348uYzFrXjHzmBCzA+PkFw12evg==</latexit>
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<latexit sha1_base64="5g2gUsxDCJTlgVTesc+IfvbKddg=">AAACDnicZVDLSsNAFL3xWesr6tLNYC24Kokb3Vl047KCaQtNDZPpJB06eTAzEUrID7jyU3QjKBS37l35N04fiG0PDBzOuY+5x085k8qyfoyV1bX1jc3SVnl7Z3dv3zw4bMokE4Q6JOGJaPtYUs5i6iimOG2nguLI57TlD27GfuuRCsmS+F4NU9qNcBizgBGstOSZp24gMMlZkYcFcpCbYqEY5p4bZch5cHs4DKnwzIpVsyZAy8SekUr96nUEGg3P/HZ7CckiGivCsZQd20pVNx/PJpwWZTeTNMVkgEPa0TTGEZXdfHJNgapa6aEgEfrFCk3U/x05jqQcRr6ujLDqy0VvLP551blVKrjs5ixOM0VjMt0UZBypBI2zQT0mKFF8qAkmgunPItLHOh+lEyzrFOzFm5dJ87xmWzX7TsdxDVOU4BhO4AxsuIA63EIDHCDwBC/wDh/Gs/FmjIzPaemKMes5gjkYX7/AnJ3z</latexit><latexit sha1_base64="py4hyT4yOTmakPPlv+6cMh1ppe0=">AAACDnicZVDLSsNAFJ34rPUVdelmsBZclcSN7iy6EdxUMG2hqWEymaRDJw9mJkIJ+QFXbv0L3QiK4ta9K//CHxCctEVse2DgcM59zD1uwqiQhvGlzc0vLC4tl1bKq2vrG5v61nZTxCnHxMIxi3nbRYIwGhFLUslIO+EEhS4jLbd/VvitG8IFjaMrOUhIN0RBRH2KkVSSo+/bPkc4o3kW5NCCdoK4pIg5dphC69r2UBAQ7ugVo2YMAWeJOSaV+snj68/F933D0T9tL8ZpSCKJGRKiYxqJ7GbFbMxIXrZTQRKE+yggHUUjFBLRzYbX5LCqFA/6MVcvknCo/u/IUCjEIHRVZYhkT0x7hfjnVSdWSf+4m9EoSSWJ8GiTnzIoY1hkAz3KCZZsoAjCnKrPQtxDKh+pEiyrFMzpm2dJ87BmGjXzUsVxCkYogV2wBw6ACY5AHZyDBrAABrfgATyDF+1Oe9LetPdR6Zw27tkBE9A+fgGHMaDD</latexit><latexit sha1_base64="py4hyT4yOTmakPPlv+6cMh1ppe0=">AAACDnicZVDLSsNAFJ34rPUVdelmsBZclcSN7iy6EdxUMG2hqWEymaRDJw9mJkIJ+QFXbv0L3QiK4ta9K//CHxCctEVse2DgcM59zD1uwqiQhvGlzc0vLC4tl1bKq2vrG5v61nZTxCnHxMIxi3nbRYIwGhFLUslIO+EEhS4jLbd/VvitG8IFjaMrOUhIN0RBRH2KkVSSo+/bPkc4o3kW5NCCdoK4pIg5dphC69r2UBAQ7ugVo2YMAWeJOSaV+snj68/F933D0T9tL8ZpSCKJGRKiYxqJ7GbFbMxIXrZTQRKE+yggHUUjFBLRzYbX5LCqFA/6MVcvknCo/u/IUCjEIHRVZYhkT0x7hfjnVSdWSf+4m9EoSSWJ8GiTnzIoY1hkAz3KCZZsoAjCnKrPQtxDKh+pEiyrFMzpm2dJ87BmGjXzUsVxCkYogV2wBw6ACY5AHZyDBrAABrfgATyDF+1Oe9LetPdR6Zw27tkBE9A+fgGHMaDD</latexit><latexit sha1_base64="py4hyT4yOTmakPPlv+6cMh1ppe0=">AAACDnicZVDLSsNAFJ34rPUVdelmsBZclcSN7iy6EdxUMG2hqWEymaRDJw9mJkIJ+QFXbv0L3QiK4ta9K//CHxCctEVse2DgcM59zD1uwqiQhvGlzc0vLC4tl1bKq2vrG5v61nZTxCnHxMIxi3nbRYIwGhFLUslIO+EEhS4jLbd/VvitG8IFjaMrOUhIN0RBRH2KkVSSo+/bPkc4o3kW5NCCdoK4pIg5dphC69r2UBAQ7ugVo2YMAWeJOSaV+snj68/F933D0T9tL8ZpSCKJGRKiYxqJ7GbFbMxIXrZTQRKE+yggHUUjFBLRzYbX5LCqFA/6MVcvknCo/u/IUCjEIHRVZYhkT0x7hfjnVSdWSf+4m9EoSSWJ8GiTnzIoY1hkAz3KCZZsoAjCnKrPQtxDKh+pEiyrFMzpm2dJ87BmGjXzUsVxCkYogV2wBw6ACY5AHZyDBrAABrfgATyDF+1Oe9LetPdR6Zw27tkBE9A+fgGHMaDD</latexit><latexit sha1_base64="Ebh5sb20W4LCLV0nAf2Lp2zo2GE="></latexit><latexit sha1_base64="nGrso9br3Sou9LDGmFDW4J+wzVs=">AAACDnicZVDLSsNAFJ3UV62vqEs3g7XgqiQu1GXRjcsKpi00MUwmk3To5MHMRCghP+DKT3ElKIhb9678G6dpKrYeGDiccx9zj5cyKqRhfGu1ldW19Y36ZmNre2d3T98/6Ikk45hYOGEJH3hIEEZjYkkqGRmknKDIY6Tvja+nfv+BcEGT+E5OUuJEKIxpQDGSSnL1EzvgCOe0yMMCWtBOEZcUMdeOMmjd2z4KQ8JdvWm0jRLwPzEr0gQVuq7+ZfsJziISS8yQEEPTSKWTT2djRoqGnQmSIjxGIRkqGqOICCcvrylgSyk+DBKuXixhqf7tyFEkxCTyVGWE5Egse1Px12strJLBpZPTOM0kifFsU5AxKBM4zQb6lBMs2UQRhDlVn4V4hFQ+UiXYKFM4nx+/TOYp9M7aptE2b41m56rKow6OwDE4BSa4AB1wA7rAAhg8gmfwCt60J+1Fe9c+ZqU1reo5BAvQPn8AKsecFQ==</latexit>



• One can think of transitions between disconnected vacua.

E

Instanton 

sphaleron unstable solution sitting on 
top of the energy barrier 

quantum tunneling

Esph ≃ 9TeV
<latexit sha1_base64="p7NCtKLpHmXcLxgQVeT+0zRZ89A="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="DBAd22kzjAFcTahi1+wepoZXhXs="></latexit><latexit sha1_base64="n5F3YGh1pPixcHkz5oUCogzoVNY="></latexit>

[Klinkhamer, Manton ’84]



• One can think of transitions between disconnected vacua.

E

Instanton 

sphaleron unstable solution sitting on 
top of the energy barrier 

quantum tunneling

Esph ≃ 9TeV
<latexit sha1_base64="p7NCtKLpHmXcLxgQVeT+0zRZ89A="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="DBAd22kzjAFcTahi1+wepoZXhXs="></latexit><latexit sha1_base64="n5F3YGh1pPixcHkz5oUCogzoVNY="></latexit>

[Klinkhamer, Manton ’84]

• At zero temperature/energy, the instanton rate is exponentially small:

⟨NCS |NCS + 1⟩instanton
<latexit sha1_base64="GzZW4FBRu2QpQ7pqYiuv2cai51Q=">AAACHXicZZBNS8NAEIYn9avWr6pHL4ulIAgl0YMei714kopWBVPCZrttl242YXcilNgf4kn/iSdBQbx4EP+Nm7aIHwMLD+87w+y8YSKFQdf9dAozs3PzC8XF0tLyyupaeX3jwsSpZrzFYhnrq5AaLoXiLRQo+VWiOY1CyS/DQSP3L2+4NiJW5zhMeDuiPSW6glG0UlDe9yVVPcnJSZA1zkbkdgq7HvH12AkyX0dEKINUYaxGpBSUK27NHRf5D94UKvVtKDwAQDMov/udmKURV8gkNebacxNsZ1SjYJKPSn5qeELZgPb4tUVFI27a2fi4EalapUO6sbZPIRmrPycyGhkzjELbGVHsm79eLn571V+rsHvYzoRKUuSKTTZ1U0kwJnlUpCM0ZyiHFijTwn6WsD7VlKENNE/B+3vzf7jYq3luzTu1cRzBpIqwBduwAx4cQB2OoQktYHAHj/AML8698+S8Om+T1oIzndmEX+V8fAEp8KIA</latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="gDNjhDdQ7lPElREZF56jYsBWWdw="></latexit><latexit sha1_base64="LPZw+XumHh7sdkmdabWYCN5O27M=">AAACHXicZZDLSsNAFIYn9VbrrerSzWApCEJJFNRlsRtXUtFeoAlhMp20QyeTMHMilNgHceWjuBIUxI0L8W1M21RsPTDw8f/ncOb8XiS4BtP8NnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb1MZ+654pzUN5B8OIOQHpSe5zSiCV3OKpLYjsCYav3aR2O8IPGRxb2FYTx01sFWAuNRAJoRzhglssmRVzUvg/WBmUUFZ1t/hpd0MaB0wCFUTrjmVG4CREAaeCjQp2rFlE6ID0WCdFSQKmnWRy3AiXU6WL/VClTwKeqH8nEhJoPQy8tDMg0NeL3lj89cpzq8C/cBIuoxiYpNNNfiwwhHgcFe5yxSiIYQqEKp5+FtM+UYRCGug0hbPZ8YswS6F5UrHMinVjlqqXWR55dIAO0RGy0DmqoitURw1E0SN6Rq/ozXgyXox342PamjOymX00V8bXD9CQoQs=</latexit>

∼ e−S[Acl]
<latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="69c162CA+EEMC1+uOQPKqw2bQ4s=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkLtRl1Y3LivYBTQyT6aQdOpmEmYlQQhZ+iitBQdz6Ha78G6dpKlYPXDiccy/33uPHjEplWV9GaWFxaXmlvFpZW9/Y3DK3d9oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8UdXE7/zQISkEb9T45i4IRpwGlCMlJY8c8+RNHSOILlPj297F16KWeZmnlm16lYO+J/YBamCAk3P/HT6EU5CwhVmSMqebcXKTZFQFDOSVZxEkhjhERqQnqYchUS6aX5+Bmta6cMgErq4grn6eyJFoZTj0NedIVJD+debiD9ebW6VCs7dlPI4UYTj6aYgYVBFcBIG7FNBsGJjTRAWVB8L8RAJhJWOrJKncDp7/i+ZpdA+qdtW3b6xqo3LIo8y2AcH4BDY4Aw0wDVoghbAIAVP4AW8Go/Gs/FmvE9bS0YxswvmYHx8A/qilVo=</latexit><latexit sha1_base64="69c162CA+EEMC1+uOQPKqw2bQ4s=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkLtRl1Y3LivYBTQyT6aQdOpmEmYlQQhZ+iitBQdz6Ha78G6dpKlYPXDiccy/33uPHjEplWV9GaWFxaXmlvFpZW9/Y3DK3d9oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8UdXE7/zQISkEb9T45i4IRpwGlCMlJY8c8+RNHSOILlPj297F16KWeZmnlm16lYO+J/YBamCAk3P/HT6EU5CwhVmSMqebcXKTZFQFDOSVZxEkhjhERqQnqYchUS6aX5+Bmta6cMgErq4grn6eyJFoZTj0NedIVJD+debiD9ebW6VCs7dlPI4UYTj6aYgYVBFcBIG7FNBsGJjTRAWVB8L8RAJhJWOrJKncDp7/i+ZpdA+qdtW3b6xqo3LIo8y2AcH4BDY4Aw0wDVoghbAIAVP4AW8Go/Gs/FmvE9bS0YxswvmYHx8A/qilVo=</latexit>

∼ e−180
<latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="mEnUFx1qqnuDg1x+Iu8UKmzydn0=">AAAB+XicZVDLSgMxFM34rPXRUZdugqXgQkvGhXZZdOOygn1AZyyZNG1Dk8yQZIQy9EtcCQri1k9x5d+YTqdi64ELh3Pu5d57wpgzbRD6dtbWNza3tgs7xd29/YOSe3jU0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTsc38789hNVmkXywUxiGgg8lGzACDZW6rklXzPhn0P6mF54NTTtuWVURRngf+LlpAxyNHrul9+PSCKoNIRjrbseik2QYmUY4XRa9BNNY0zGeEi7lkosqA7S7PAprFilDweRsiUNzNS/EykWWk9EaDsFNiO96s3EX6+ytMoMakHKZJwYKsl80yDh0ERwFgPsM0WJ4RNLMFHMHgvJCCtMjA2rmKVwtXh+lSxSaF1WPVT17lG5fpPnUQAn4BScAQ9cgzq4Aw3QBAQk4Bm8gjcndV6cd+dj3rrm5DPHYAnO5w+iTZJF</latexit><latexit sha1_base64="mEnUFx1qqnuDg1x+Iu8UKmzydn0=">AAAB+XicZVDLSgMxFM34rPXRUZdugqXgQkvGhXZZdOOygn1AZyyZNG1Dk8yQZIQy9EtcCQri1k9x5d+YTqdi64ELh3Pu5d57wpgzbRD6dtbWNza3tgs7xd29/YOSe3jU0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTsc38789hNVmkXywUxiGgg8lGzACDZW6rklXzPhn0P6mF54NTTtuWVURRngf+LlpAxyNHrul9+PSCKoNIRjrbseik2QYmUY4XRa9BNNY0zGeEi7lkosqA7S7PAprFilDweRsiUNzNS/EykWWk9EaDsFNiO96s3EX6+ytMoMakHKZJwYKsl80yDh0ERwFgPsM0WJ4RNLMFHMHgvJCCtMjA2rmKVwtXh+lSxSaF1WPVT17lG5fpPnUQAn4BScAQ9cgzq4Aw3QBAQk4Bm8gjcndV6cd+dj3rrm5DPHYAnO5w+iTZJF</latexit>= e−

2π
αW

<latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="KEYkcVbl55EEVVw1NgtGGf+aJ5s=">AAACCXicZZDLSsNAFIYn9VbrLerShYOl4EJL0oW6EYpuXFawF2himEwn7dDJJMxMhBKydOWjuBIUxK2P4Mq3cdqmYusPAz//OYcz5/NjRqWyrG+jsLS8srpWXC9tbG5t75i7ey0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8Prcb39QISkEb9To5i4IepzGlCMlI488/DSOYHkPj11AoFwWoNOTLPUQSweIK+dZZ5ZtqrWRPC/sXNTBrkanvnl9CKchIQrzJCUXduKlZsioShmJCs5iSQxwkPUJ11tOQqJdNPJIRms6KQHg0joxxWcpH8nUhRKOQp93RkiNZCLtXH4W6vMrVLBhZtSHieKcDzdFCQMqgiOscAeFQQrNtIGYUH1ZyEeII1EaXilCYWz2fGLZkahVavaVtW+tcr1q5xHERyAI3AMbHAO6uAGNEATYPAInsEreDOejBfj3fiYthaMfGYfzMn4/AFYf5lr</latexit><latexit sha1_base64="KEYkcVbl55EEVVw1NgtGGf+aJ5s=">AAACCXicZZDLSsNAFIYn9VbrLerShYOl4EJL0oW6EYpuXFawF2himEwn7dDJJMxMhBKydOWjuBIUxK2P4Mq3cdqmYusPAz//OYcz5/NjRqWyrG+jsLS8srpWXC9tbG5t75i7ey0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8Prcb39QISkEb9To5i4IepzGlCMlI488/DSOYHkPj11AoFwWoNOTLPUQSweIK+dZZ5ZtqrWRPC/sXNTBrkanvnl9CKchIQrzJCUXduKlZsioShmJCs5iSQxwkPUJ11tOQqJdNPJIRms6KQHg0joxxWcpH8nUhRKOQp93RkiNZCLtXH4W6vMrVLBhZtSHieKcDzdFCQMqgiOscAeFQQrNtIGYUH1ZyEeII1EaXilCYWz2fGLZkahVavaVtW+tcr1q5xHERyAI3AMbHAO6uAGNEATYPAInsEreDOejBfj3fiYthaMfGYfzMn4/AFYf5lr</latexit>



• One can think of transitions between disconnected vacua.

E

Instanton 

sphaleron unstable solution sitting on 
top of the energy barrier 

quantum tunneling

Esph ≃ 9TeV
<latexit sha1_base64="p7NCtKLpHmXcLxgQVeT+0zRZ89A="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="DBAd22kzjAFcTahi1+wepoZXhXs="></latexit><latexit sha1_base64="n5F3YGh1pPixcHkz5oUCogzoVNY="></latexit>

[Klinkhamer, Manton ’84]

• At zero temperature/energy, the instanton rate is exponentially small:

⟨NCS |NCS + 1⟩instanton
<latexit sha1_base64="GzZW4FBRu2QpQ7pqYiuv2cai51Q=">AAACHXicZZBNS8NAEIYn9avWr6pHL4ulIAgl0YMei714kopWBVPCZrttl242YXcilNgf4kn/iSdBQbx4EP+Nm7aIHwMLD+87w+y8YSKFQdf9dAozs3PzC8XF0tLyyupaeX3jwsSpZrzFYhnrq5AaLoXiLRQo+VWiOY1CyS/DQSP3L2+4NiJW5zhMeDuiPSW6glG0UlDe9yVVPcnJSZA1zkbkdgq7HvH12AkyX0dEKINUYaxGpBSUK27NHRf5D94UKvVtKDwAQDMov/udmKURV8gkNebacxNsZ1SjYJKPSn5qeELZgPb4tUVFI27a2fi4EalapUO6sbZPIRmrPycyGhkzjELbGVHsm79eLn571V+rsHvYzoRKUuSKTTZ1U0kwJnlUpCM0ZyiHFijTwn6WsD7VlKENNE/B+3vzf7jYq3luzTu1cRzBpIqwBduwAx4cQB2OoQktYHAHj/AML8698+S8Om+T1oIzndmEX+V8fAEp8KIA</latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="gDNjhDdQ7lPElREZF56jYsBWWdw="></latexit><latexit sha1_base64="LPZw+XumHh7sdkmdabWYCN5O27M=">AAACHXicZZDLSsNAFIYn9VbrrerSzWApCEJJFNRlsRtXUtFeoAlhMp20QyeTMHMilNgHceWjuBIUxI0L8W1M21RsPTDw8f/ncOb8XiS4BtP8NnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb1MZ+654pzUN5B8OIOQHpSe5zSiCV3OKpLYjsCYav3aR2O8IPGRxb2FYTx01sFWAuNRAJoRzhglssmRVzUvg/WBmUUFZ1t/hpd0MaB0wCFUTrjmVG4CREAaeCjQp2rFlE6ID0WCdFSQKmnWRy3AiXU6WL/VClTwKeqH8nEhJoPQy8tDMg0NeL3lj89cpzq8C/cBIuoxiYpNNNfiwwhHgcFe5yxSiIYQqEKp5+FtM+UYRCGug0hbPZ8YswS6F5UrHMinVjlqqXWR55dIAO0RGy0DmqoitURw1E0SN6Rq/ozXgyXox342PamjOymX00V8bXD9CQoQs=</latexit>

∼ e−S[Acl]
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∼ e−180
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2π
αW
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• At temperature around TeV, the sphaleron rate is order 1.



• One can think of transitions between disconnected vacua.

E

Instanton 

sphaleron unstable solution sitting on 
top of the energy barrier 

quantum tunneling

Esph ≃ 9TeV
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[Klinkhamer, Manton ’84]

• At zero temperature/energy, the instanton rate is exponentially small:

⟨NCS |NCS + 1⟩instanton
<latexit sha1_base64="GzZW4FBRu2QpQ7pqYiuv2cai51Q=">AAACHXicZZBNS8NAEIYn9avWr6pHL4ulIAgl0YMei714kopWBVPCZrttl242YXcilNgf4kn/iSdBQbx4EP+Nm7aIHwMLD+87w+y8YSKFQdf9dAozs3PzC8XF0tLyyupaeX3jwsSpZrzFYhnrq5AaLoXiLRQo+VWiOY1CyS/DQSP3L2+4NiJW5zhMeDuiPSW6glG0UlDe9yVVPcnJSZA1zkbkdgq7HvH12AkyX0dEKINUYaxGpBSUK27NHRf5D94UKvVtKDwAQDMov/udmKURV8gkNebacxNsZ1SjYJKPSn5qeELZgPb4tUVFI27a2fi4EalapUO6sbZPIRmrPycyGhkzjELbGVHsm79eLn571V+rsHvYzoRKUuSKTTZ1U0kwJnlUpCM0ZyiHFijTwn6WsD7VlKENNE/B+3vzf7jYq3luzTu1cRzBpIqwBduwAx4cQB2OoQktYHAHj/AML8698+S8Om+T1oIzndmEX+V8fAEp8KIA</latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="gDNjhDdQ7lPElREZF56jYsBWWdw="></latexit><latexit sha1_base64="LPZw+XumHh7sdkmdabWYCN5O27M=">AAACHXicZZDLSsNAFIYn9VbrrerSzWApCEJJFNRlsRtXUtFeoAlhMp20QyeTMHMilNgHceWjuBIUxI0L8W1M21RsPTDw8f/ncOb8XiS4BtP8NnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb1MZ+654pzUN5B8OIOQHpSe5zSiCV3OKpLYjsCYav3aR2O8IPGRxb2FYTx01sFWAuNRAJoRzhglssmRVzUvg/WBmUUFZ1t/hpd0MaB0wCFUTrjmVG4CREAaeCjQp2rFlE6ID0WCdFSQKmnWRy3AiXU6WL/VClTwKeqH8nEhJoPQy8tDMg0NeL3lj89cpzq8C/cBIuoxiYpNNNfiwwhHgcFe5yxSiIYQqEKp5+FtM+UYRCGug0hbPZ8YswS6F5UrHMinVjlqqXWR55dIAO0RGy0DmqoitURw1E0SN6Rq/ozXgyXox342PamjOymX00V8bXD9CQoQs=</latexit>

∼ e−S[Acl]
<latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="69c162CA+EEMC1+uOQPKqw2bQ4s=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkLtRl1Y3LivYBTQyT6aQdOpmEmYlQQhZ+iitBQdz6Ha78G6dpKlYPXDiccy/33uPHjEplWV9GaWFxaXmlvFpZW9/Y3DK3d9oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8UdXE7/zQISkEb9T45i4IRpwGlCMlJY8c8+RNHSOILlPj297F16KWeZmnlm16lYO+J/YBamCAk3P/HT6EU5CwhVmSMqebcXKTZFQFDOSVZxEkhjhERqQnqYchUS6aX5+Bmta6cMgErq4grn6eyJFoZTj0NedIVJD+debiD9ebW6VCs7dlPI4UYTj6aYgYVBFcBIG7FNBsGJjTRAWVB8L8RAJhJWOrJKncDp7/i+ZpdA+qdtW3b6xqo3LIo8y2AcH4BDY4Aw0wDVoghbAIAVP4AW8Go/Gs/FmvE9bS0YxswvmYHx8A/qilVo=</latexit><latexit sha1_base64="69c162CA+EEMC1+uOQPKqw2bQ4s=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkLtRl1Y3LivYBTQyT6aQdOpmEmYlQQhZ+iitBQdz6Ha78G6dpKlYPXDiccy/33uPHjEplWV9GaWFxaXmlvFpZW9/Y3DK3d9oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8UdXE7/zQISkEb9T45i4IRpwGlCMlJY8c8+RNHSOILlPj297F16KWeZmnlm16lYO+J/YBamCAk3P/HT6EU5CwhVmSMqebcXKTZFQFDOSVZxEkhjhERqQnqYchUS6aX5+Bmta6cMgErq4grn6eyJFoZTj0NedIVJD+debiD9ebW6VCs7dlPI4UYTj6aYgYVBFcBIG7FNBsGJjTRAWVB8L8RAJhJWOrJKncDp7/i+ZpdA+qdtW3b6xqo3LIo8y2AcH4BDY4Aw0wDVoghbAIAVP4AW8Go/Gs/FmvE9bS0YxswvmYHx8A/qilVo=</latexit>

∼ e−180
<latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="mEnUFx1qqnuDg1x+Iu8UKmzydn0=">AAAB+XicZVDLSgMxFM34rPXRUZdugqXgQkvGhXZZdOOygn1AZyyZNG1Dk8yQZIQy9EtcCQri1k9x5d+YTqdi64ELh3Pu5d57wpgzbRD6dtbWNza3tgs7xd29/YOSe3jU0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTsc38789hNVmkXywUxiGgg8lGzACDZW6rklXzPhn0P6mF54NTTtuWVURRngf+LlpAxyNHrul9+PSCKoNIRjrbseik2QYmUY4XRa9BNNY0zGeEi7lkosqA7S7PAprFilDweRsiUNzNS/EykWWk9EaDsFNiO96s3EX6+ytMoMakHKZJwYKsl80yDh0ERwFgPsM0WJ4RNLMFHMHgvJCCtMjA2rmKVwtXh+lSxSaF1WPVT17lG5fpPnUQAn4BScAQ9cgzq4Aw3QBAQk4Bm8gjcndV6cd+dj3rrm5DPHYAnO5w+iTZJF</latexit><latexit sha1_base64="mEnUFx1qqnuDg1x+Iu8UKmzydn0=">AAAB+XicZVDLSgMxFM34rPXRUZdugqXgQkvGhXZZdOOygn1AZyyZNG1Dk8yQZIQy9EtcCQri1k9x5d+YTqdi64ELh3Pu5d57wpgzbRD6dtbWNza3tgs7xd29/YOSe3jU0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTsc38789hNVmkXywUxiGgg8lGzACDZW6rklXzPhn0P6mF54NTTtuWVURRngf+LlpAxyNHrul9+PSCKoNIRjrbseik2QYmUY4XRa9BNNY0zGeEi7lkosqA7S7PAprFilDweRsiUNzNS/EykWWk9EaDsFNiO96s3EX6+ytMoMakHKZJwYKsl80yDh0ERwFgPsM0WJ4RNLMFHMHgvJCCtMjA2rmKVwtXh+lSxSaF1WPVT17lG5fpPnUQAn4BScAQ9cgzq4Aw3QBAQk4Bm8gjcndV6cd+dj3rrm5DPHYAnO5w+iTZJF</latexit>= e−

2π
αW

<latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="KEYkcVbl55EEVVw1NgtGGf+aJ5s=">AAACCXicZZDLSsNAFIYn9VbrLerShYOl4EJL0oW6EYpuXFawF2himEwn7dDJJMxMhBKydOWjuBIUxK2P4Mq3cdqmYusPAz//OYcz5/NjRqWyrG+jsLS8srpWXC9tbG5t75i7ey0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8Prcb39QISkEb9To5i4IepzGlCMlI488/DSOYHkPj11AoFwWoNOTLPUQSweIK+dZZ5ZtqrWRPC/sXNTBrkanvnl9CKchIQrzJCUXduKlZsioShmJCs5iSQxwkPUJ11tOQqJdNPJIRms6KQHg0joxxWcpH8nUhRKOQp93RkiNZCLtXH4W6vMrVLBhZtSHieKcDzdFCQMqgiOscAeFQQrNtIGYUH1ZyEeII1EaXilCYWz2fGLZkahVavaVtW+tcr1q5xHERyAI3AMbHAO6uAGNEATYPAInsEreDOejBfj3fiYthaMfGYfzMn4/AFYf5lr</latexit><latexit sha1_base64="KEYkcVbl55EEVVw1NgtGGf+aJ5s=">AAACCXicZZDLSsNAFIYn9VbrLerShYOl4EJL0oW6EYpuXFawF2himEwn7dDJJMxMhBKydOWjuBIUxK2P4Mq3cdqmYusPAz//OYcz5/NjRqWyrG+jsLS8srpWXC9tbG5t75i7ey0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8Prcb39QISkEb9To5i4IepzGlCMlI488/DSOYHkPj11AoFwWoNOTLPUQSweIK+dZZ5ZtqrWRPC/sXNTBrkanvnl9CKchIQrzJCUXduKlZsioShmJCs5iSQxwkPUJ11tOQqJdNPJIRms6KQHg0joxxWcpH8nUhRKOQp93RkiNZCLtXH4W6vMrVLBhZtSHieKcDzdFCQMqgiOscAeFQQrNtIGYUH1ZyEeII1EaXilCYWz2fGLZkahVavaVtW+tcr1q5xHERyAI3AMbHAO6uAGNEATYPAInsEreDOejBfj3fiYthaMfGYfzMn4/AFYf5lr</latexit>

• At temperature around TeV, the sphaleron rate is order 1.

• What about the zero-temperature but high energy?



• One can think of transitions between disconnected vacua.

E

Instanton 

sphaleron unstable solution sitting on 
top of the energy barrier 

quantum tunneling

Esph ≃ 9TeV
<latexit sha1_base64="p7NCtKLpHmXcLxgQVeT+0zRZ89A="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="fm+jwWicEhRhfGpkVcEfa/lTtII="></latexit><latexit sha1_base64="DBAd22kzjAFcTahi1+wepoZXhXs="></latexit><latexit sha1_base64="n5F3YGh1pPixcHkz5oUCogzoVNY="></latexit>

[Klinkhamer, Manton ’84]

• At zero temperature/energy, the instanton rate is exponentially small:

⟨NCS |NCS + 1⟩instanton
<latexit sha1_base64="GzZW4FBRu2QpQ7pqYiuv2cai51Q=">AAACHXicZZBNS8NAEIYn9avWr6pHL4ulIAgl0YMei714kopWBVPCZrttl242YXcilNgf4kn/iSdBQbx4EP+Nm7aIHwMLD+87w+y8YSKFQdf9dAozs3PzC8XF0tLyyupaeX3jwsSpZrzFYhnrq5AaLoXiLRQo+VWiOY1CyS/DQSP3L2+4NiJW5zhMeDuiPSW6glG0UlDe9yVVPcnJSZA1zkbkdgq7HvH12AkyX0dEKINUYaxGpBSUK27NHRf5D94UKvVtKDwAQDMov/udmKURV8gkNebacxNsZ1SjYJKPSn5qeELZgPb4tUVFI27a2fi4EalapUO6sbZPIRmrPycyGhkzjELbGVHsm79eLn571V+rsHvYzoRKUuSKTTZ1U0kwJnlUpCM0ZyiHFijTwn6WsD7VlKENNE/B+3vzf7jYq3luzTu1cRzBpIqwBduwAx4cQB2OoQktYHAHj/AML8698+S8Om+T1oIzndmEX+V8fAEp8KIA</latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="bChAqkWYU7cVeO0VRf7Mzh9VYQQ="></latexit><latexit sha1_base64="gDNjhDdQ7lPElREZF56jYsBWWdw="></latexit><latexit sha1_base64="LPZw+XumHh7sdkmdabWYCN5O27M=">AAACHXicZZDLSsNAFIYn9VbrrerSzWApCEJJFNRlsRtXUtFeoAlhMp20QyeTMHMilNgHceWjuBIUxI0L8W1M21RsPTDw8f/ncOb8XiS4BtP8NnJLyyura/n1wsbm1vZOcXevqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb1MZ+654pzUN5B8OIOQHpSe5zSiCV3OKpLYjsCYav3aR2O8IPGRxb2FYTx01sFWAuNRAJoRzhglssmRVzUvg/WBmUUFZ1t/hpd0MaB0wCFUTrjmVG4CREAaeCjQp2rFlE6ID0WCdFSQKmnWRy3AiXU6WL/VClTwKeqH8nEhJoPQy8tDMg0NeL3lj89cpzq8C/cBIuoxiYpNNNfiwwhHgcFe5yxSiIYQqEKp5+FtM+UYRCGug0hbPZ8YswS6F5UrHMinVjlqqXWR55dIAO0RGy0DmqoitURw1E0SN6Rq/ozXgyXox342PamjOymX00V8bXD9CQoQs=</latexit>

∼ e−S[Acl]
<latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="yUryVAFDzuayi+tmMriGdeqGSWQ=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkbnRZdeOyon1AE8NkOmmHzkzCzEQoIQs/xZWgIG79Dlf+jdM2iLUHLhzOuZd77wkTRpV2nG+rtLS8srpWXq9sbG5t79i7e20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1xO88EqloLO71OCE+RwNBI4qRNlJgH3iKcu8Ekofs9K53GWSY5X4e2FWn7kwBF4lbkCoo0AzsL68f45QToTFDSvVcJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn0/NzWDNKH0axNCU0nKp/JzLElRrz0HRypIfqvzcRf73a3CodXfgZFUmqicCzTVHKoI7hJAzYp5JgzcaGICypORbiIZIIaxNZxaTg/v95kbTP6q5Td2+dauOqyKMMDsEROAYuOAcNcAOaoAUwyMAzeAVv1pP1Yr1bH7PWklXM7IM5WJ8/9BiVSw==</latexit><latexit sha1_base64="69c162CA+EEMC1+uOQPKqw2bQ4s=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkLtRl1Y3LivYBTQyT6aQdOpmEmYlQQhZ+iitBQdz6Ha78G6dpKlYPXDiccy/33uPHjEplWV9GaWFxaXmlvFpZW9/Y3DK3d9oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8UdXE7/zQISkEb9T45i4IRpwGlCMlJY8c8+RNHSOILlPj297F16KWeZmnlm16lYO+J/YBamCAk3P/HT6EU5CwhVmSMqebcXKTZFQFDOSVZxEkhjhERqQnqYchUS6aX5+Bmta6cMgErq4grn6eyJFoZTj0NedIVJD+debiD9ebW6VCs7dlPI4UYTj6aYgYVBFcBIG7FNBsGJjTRAWVB8L8RAJhJWOrJKncDp7/i+ZpdA+qdtW3b6xqo3LIo8y2AcH4BDY4Aw0wDVoghbAIAVP4AW8Go/Gs/FmvE9bS0YxswvmYHx8A/qilVo=</latexit><latexit sha1_base64="69c162CA+EEMC1+uOQPKqw2bQ4s=">AAAB/3icZVDLSsNAFJ3UV62vqLhyM1gKLrQkLtRl1Y3LivYBTQyT6aQdOpmEmYlQQhZ+iitBQdz6Ha78G6dpKlYPXDiccy/33uPHjEplWV9GaWFxaXmlvFpZW9/Y3DK3d9oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8UdXE7/zQISkEb9T45i4IRpwGlCMlJY8c8+RNHSOILlPj297F16KWeZmnlm16lYO+J/YBamCAk3P/HT6EU5CwhVmSMqebcXKTZFQFDOSVZxEkhjhERqQnqYchUS6aX5+Bmta6cMgErq4grn6eyJFoZTj0NedIVJD+debiD9ebW6VCs7dlPI4UYTj6aYgYVBFcBIG7FNBsGJjTRAWVB8L8RAJhJWOrJKncDp7/i+ZpdA+qdtW3b6xqo3LIo8y2AcH4BDY4Aw0wDVoghbAIAVP4AW8Go/Gs/FmvE9bS0YxswvmYHx8A/qilVo=</latexit>

∼ e−180
<latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="QaGkOdnzvP/Bxx2pmxwBsesmcQU=">AAAB+XicZVBNSwMxEM36WetHVz16CZaCBy1ZL/ZY9OKxgv2Abi3ZdLYNTXaXJCuUpb/Ek6AgXv0pnvw3pu0itn0w8Hhvhpl5QSK4NoT8OBubW9s7u4W94v7B4VHJPT5p6ThVDJosFrHqBFSD4BE0DTcCOokCKgMB7WB8N/Pbz6A0j6NHM0mgJ+kw4iFn1Fip75Z8zaV/ieEpu/JqZNp3y6RK5sDrxMtJGeVo9N1vfxCzVEJkmKBadz2SmF5GleFMwLTopxoSysZ0CF1LIypB97L54VNcscoAh7GyFRk8V/9PZFRqPZGB7ZTUjPSqNxP/vMrSKhPWehmPktRAxBabwlRgE+NZDHjAFTAjJpZQprg9FrMRVZQZG1bRpuCt/rxOWtdVj1S9B1Ku3+Z5FNAZOkcXyEM3qI7uUQM1EUMpekFv6N3JnFfnw/lctG44+cwpWoLz9Qubw5I2</latexit><latexit sha1_base64="mEnUFx1qqnuDg1x+Iu8UKmzydn0=">AAAB+XicZVDLSgMxFM34rPXRUZdugqXgQkvGhXZZdOOygn1AZyyZNG1Dk8yQZIQy9EtcCQri1k9x5d+YTqdi64ELh3Pu5d57wpgzbRD6dtbWNza3tgs7xd29/YOSe3jU0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTsc38789hNVmkXywUxiGgg8lGzACDZW6rklXzPhn0P6mF54NTTtuWVURRngf+LlpAxyNHrul9+PSCKoNIRjrbseik2QYmUY4XRa9BNNY0zGeEi7lkosqA7S7PAprFilDweRsiUNzNS/EykWWk9EaDsFNiO96s3EX6+ytMoMakHKZJwYKsl80yDh0ERwFgPsM0WJ4RNLMFHMHgvJCCtMjA2rmKVwtXh+lSxSaF1WPVT17lG5fpPnUQAn4BScAQ9cgzq4Aw3QBAQk4Bm8gjcndV6cd+dj3rrm5DPHYAnO5w+iTZJF</latexit><latexit sha1_base64="mEnUFx1qqnuDg1x+Iu8UKmzydn0=">AAAB+XicZVDLSgMxFM34rPXRUZdugqXgQkvGhXZZdOOygn1AZyyZNG1Dk8yQZIQy9EtcCQri1k9x5d+YTqdi64ELh3Pu5d57wpgzbRD6dtbWNza3tgs7xd29/YOSe3jU0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTsc38789hNVmkXywUxiGgg8lGzACDZW6rklXzPhn0P6mF54NTTtuWVURRngf+LlpAxyNHrul9+PSCKoNIRjrbseik2QYmUY4XRa9BNNY0zGeEi7lkosqA7S7PAprFilDweRsiUNzNS/EykWWk9EaDsFNiO96s3EX6+ytMoMakHKZJwYKsl80yDh0ERwFgPsM0WJ4RNLMFHMHgvJCCtMjA2rmKVwtXh+lSxSaF1WPVT17lG5fpPnUQAn4BScAQ9cgzq4Aw3QBAQk4Bm8gjcndV6cd+dj3rrm5DPHYAnO5w+iTZJF</latexit>= e−

2π
αW

<latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="O21EYN148hvDwSS4OCNzQmoxYJ4=">AAACCXicZVDLSsNAFJ3UV62vqEsXDpaCCy1JN7oRim5cVrAPaGKZTCft0MlkmJkIJWTpyk9xJSiIWz/BlX/jtA1i2wMXDufcy733BIJRpR3nxyqsrK6tbxQ3S1vbO7t79v5BS8WJxKSJYxbLToAUYZSTpqaakY6QBEUBI+1gdDPx249EKhrzez0WxI/QgNOQYqSN1LOPr7wzSB7Scy+UCKc16AmapR5iYoh67Szr2WWn6kwBl4mbkzLI0ejZ314/xklEuMYMKdV1HaH9FElNMSNZyUsUEQiP0IB0DeUoIspPp49ksGKUPgxjaYprOFX/T6QoUmocBaYzQnqoFr2J+OdV5lbp8NJPKReJJhzPNoUJgzqGk1hgn0qCNRsbgrCk5liIh8hEok14JZOCu/jzMmnVqq5Tde+ccv06z6MIjsAJOAUuuAB1cAsaoAkweAIv4A28W8/Wq/Vhfc5aC1Y+cwjmYH39AlH1mVw=</latexit><latexit sha1_base64="KEYkcVbl55EEVVw1NgtGGf+aJ5s=">AAACCXicZZDLSsNAFIYn9VbrLerShYOl4EJL0oW6EYpuXFawF2himEwn7dDJJMxMhBKydOWjuBIUxK2P4Mq3cdqmYusPAz//OYcz5/NjRqWyrG+jsLS8srpWXC9tbG5t75i7ey0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8Prcb39QISkEb9To5i4IepzGlCMlI488/DSOYHkPj11AoFwWoNOTLPUQSweIK+dZZ5ZtqrWRPC/sXNTBrkanvnl9CKchIQrzJCUXduKlZsioShmJCs5iSQxwkPUJ11tOQqJdNPJIRms6KQHg0joxxWcpH8nUhRKOQp93RkiNZCLtXH4W6vMrVLBhZtSHieKcDzdFCQMqgiOscAeFQQrNtIGYUH1ZyEeII1EaXilCYWz2fGLZkahVavaVtW+tcr1q5xHERyAI3AMbHAO6uAGNEATYPAInsEreDOejBfj3fiYthaMfGYfzMn4/AFYf5lr</latexit><latexit sha1_base64="KEYkcVbl55EEVVw1NgtGGf+aJ5s=">AAACCXicZZDLSsNAFIYn9VbrLerShYOl4EJL0oW6EYpuXFawF2himEwn7dDJJMxMhBKydOWjuBIUxK2P4Mq3cdqmYusPAz//OYcz5/NjRqWyrG+jsLS8srpWXC9tbG5t75i7ey0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+8Prcb39QISkEb9To5i4IepzGlCMlI488/DSOYHkPj11AoFwWoNOTLPUQSweIK+dZZ5ZtqrWRPC/sXNTBrkanvnl9CKchIQrzJCUXduKlZsioShmJCs5iSQxwkPUJ11tOQqJdNPJIRms6KQHg0joxxWcpH8nUhRKOQp93RkiNZCLtXH4W6vMrVLBhZtSHieKcDzdFCQMqgiOscAeFQQrNtIGYUH1ZyEeII1EaXilCYWz2fGLZkahVavaVtW+tcr1q5xHERyAI3AMbHAO6uAGNEATYPAInsEreDOejBfj3fiYthaMfGYfzMn4/AFYf5lr</latexit>

• At temperature around TeV, the sphaleron rate is order 1.

• What about the zero-temperature but high energy?

Setting limits on vacuum transitions from the LHC This talk
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<latexit sha1_base64="HiUUt9anQT9u6b8OLojaGt6F4vA="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="MQAf3eMnnJ040vcFvm/95FJg85Y="></latexit><latexit sha1_base64="erEnSVUwLyAewBDVwn7GKvjHEek="></latexit>

• The change of NCS is related to the following quantity:
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<latexit sha1_base64="HiUUt9anQT9u6b8OLojaGt6F4vA="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="MQAf3eMnnJ040vcFvm/95FJg85Y="></latexit><latexit sha1_base64="erEnSVUwLyAewBDVwn7GKvjHEek="></latexit>

• The change of NCS is related to the following quantity:

=<latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="fIc9EIilQJw+V3DUx27rYWku9SU=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8qBeh6MVjC/YD2lA220m7dLMJuxuhhP4CT4KCePUnefLfuE1TsfXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6PyscnbRUlkmKLRjySXZ8o5ExgSzPNsRtLJKHPseNP7ud+5wmlYpF41NMYvZCMBAsYJdpIzdtBueLUnAz2f+LmpAI5GoPyV38Y0SREoSknSvVcJ9ZeSqRmlOOs1E8UxoROyAh7hgoSovLS7NCZXTXK0A4iaUpoO1P/TqQkVGoa+qYzJHqs1r25+OtVV1bp4MZLmYgTjYIuNgUJt3Vkz9+2h0wi1XxqCKGSmWNtOiaSUG3CKWUpXC2fXyfLFNqXNdepuU2nUr/L8yjCGZzDBbhwDXV4gAa0gALCM7zCmzWxXqx362PRWrDymVNYgfX5AxB+jPc=</latexit><latexit sha1_base64="fIc9EIilQJw+V3DUx27rYWku9SU=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8qBeh6MVjC/YD2lA220m7dLMJuxuhhP4CT4KCePUnefLfuE1TsfXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6PyscnbRUlkmKLRjySXZ8o5ExgSzPNsRtLJKHPseNP7ud+5wmlYpF41NMYvZCMBAsYJdpIzdtBueLUnAz2f+LmpAI5GoPyV38Y0SREoSknSvVcJ9ZeSqRmlOOs1E8UxoROyAh7hgoSovLS7NCZXTXK0A4iaUpoO1P/TqQkVGoa+qYzJHqs1r25+OtVV1bp4MZLmYgTjYIuNgUJt3Vkz9+2h0wi1XxqCKGSmWNtOiaSUG3CKWUpXC2fXyfLFNqXNdepuU2nUr/L8yjCGZzDBbhwDXV4gAa0gALCM7zCmzWxXqx362PRWrDymVNYgfX5AxB+jPc=</latexit>

anomaly
<latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="cKOnnc9uhs+J13Uf50OHZcnTBbQ=">AAAB9XicZZDLSgMxFIbPeK31VnWpi2ApuCozLtRl0Y3LCvYC7VAyaaYNTTJjklGGoc/hSlAQtz6MK9/GdNqKrT8Efv5zDufkC2LOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjeTeuuRKs0ieW/SmPoCDyQLGcHGRn7WVQJhGQnM03GvVHarbi7033gzU66dQK56r/TV7UckEVQawrHWHc+NjZ9hZRjhdFzsJprGmIzwgHaslVhQ7Wf50WNUsUkfhZGyTxqUp38nMiy0TkVgOwU2Q71cm4S/tcrCKhNe+RmTcWKoJNNNYcKRidAEAeozRYnhqTWYKGaPRWSIFSbGgirmFC7mn182cwrN86rnVr07i+N6igMKcAyncAYeXEINbqEODSDwAM/wCm/Ok/PivDsf09YVZzZzBAtyPn8AC9aS0g==</latexit><latexit sha1_base64="w0fw65p6hitbuDWJvYFLEVTAZjk=">AAAB9XicZVDLSgNBEOyNrxhfUY9eBkPAU9j1oB6DXjxGMA9IljA7mSRD5rHOzCrLku/wJCiIVz/Gk3/jZrMREwsaiqpuuruCkDNjXffbKaytb2xuFbdLO7t7+wflw6OWUZEmtEkUV7oTYEM5k7RpmeW0E2qKRcBpO5jczPz2I9WGKXlv45D6Ao8kGzKCbSr5SU8LhKUSmMfTfrni1twM6D/xclKBHI1++as3UCQSVFrCsTFdzw2tn2BtGeF0WupFhoaYTPCIdlMqsaDGT7Kjp6iaKgM0VDotaVGm/p1IsDAmFkHaKbAdm1VvJv561aVVdnjlJ0yGkaWSzDcNI46sQrMI0IBpSiyPU4KJZumxiIyxxsSmQZWyFC4Wz6+SRQqt85rn1rw7t1K/zvMowgmcwhl4cAl1uIUGNIHAAzzDK7w5T86L8+58zFsLTj5zDEtwPn8AjneSdg==</latexit>

∆NF
<latexit sha1_base64="WfMbtMwJY9eEacQ6wXtkrEqb7d4=">AAAB8nicZVDLSgNBEOyNrxhfUfHkZTAEPIVdL3oMKuJJIpgHJkuYnUySIbOzy0yvEELAD/DoRUFBvPo3nvwbJw/EJAUNRVU33V1BLIVB1/1xUkvLK6tr6fXMxubW9k52d69iokQzXmaRjHQtoIZLoXgZBUpeizWnYSB5NehdjPzqA9dGROoO+zH3Q9pRoi0YRSvdNy65REpumlfNbM4tuGOQReJNSa548PL0CAClZva70YpYEnKFTFJj6p4boz+gGgWTfJhpJIbHlPVoh9ctVTTkxh+MLx6SvFVapB1pWwrJWP0/MaChMf0wsJ0hxa6Z90bin5efWYXtM38gVJwgV2yyqZ1IghEZ/U9aQnOGsm8JZVrYYwnrUk0Z2pQyNgVv/udFUjkpeG7Bu7VxnMMEaTiEIzgGD06hCNdQgjIwUPAMb/DuoPPqfDifk9aUM53Zhxk4X7/M/pJY</latexit><latexit sha1_base64="d+mqtW8gy2uYc26lqBdnhsRX684=">AAAB8nicZVDLSgNBEOyNr5j4iIonL4MxkFPY9aLHoCKeJIJ5YBLC7GSSDJmdXWZ6hRDiF3j0oqAgXv0bT/6NkwdiYkFDUdVNd5cfSWHQdb+dxNLyyupacj2V3tjc2s7s7FZMGGvGyyyUoa751HApFC+jQMlrkeY08CWv+v3zsV+959qIUN3iIOLNgHaV6AhG0Up3jQsukZLr1mUrk3UL7gTkP/FmJFvcf358yB+lS63MV6MdsjjgCpmkxtQ9N8LmkGoUTPJRqhEbHlHWp11et1TRgJvmcHLxiOSs0iadUNtSSCbq34khDYwZBL7tDCj2zKI3Fn+93Nwq7Jw2h0JFMXLFpps6sSQYkvH/pC00ZygHllCmhT2WsB7VlKFNKWVT8BZ//k8qxwXPLXg3No4zmCIJB3AIefDgBIpwBSUoAwMFT/AKbw46L8678zFtTTizmT2Yg/P5Az8Jkq0=</latexit><latexit sha1_base64="d+mqtW8gy2uYc26lqBdnhsRX684=">AAAB8nicZVDLSgNBEOyNr5j4iIonL4MxkFPY9aLHoCKeJIJ5YBLC7GSSDJmdXWZ6hRDiF3j0oqAgXv0bT/6NkwdiYkFDUdVNd5cfSWHQdb+dxNLyyupacj2V3tjc2s7s7FZMGGvGyyyUoa751HApFC+jQMlrkeY08CWv+v3zsV+959qIUN3iIOLNgHaV6AhG0Up3jQsukZLr1mUrk3UL7gTkP/FmJFvcf358yB+lS63MV6MdsjjgCpmkxtQ9N8LmkGoUTPJRqhEbHlHWp11et1TRgJvmcHLxiOSs0iadUNtSSCbq34khDYwZBL7tDCj2zKI3Fn+93Nwq7Jw2h0JFMXLFpps6sSQYkvH/pC00ZygHllCmhT2WsB7VlKFNKWVT8BZ//k8qxwXPLXg3No4zmCIJB3AIefDgBIpwBSUoAwMFT/AKbw46L8678zFtTTizmT2Yg/P5Az8Jkq0=</latexit><latexit sha1_base64="d+mqtW8gy2uYc26lqBdnhsRX684=">AAAB8nicZVDLSgNBEOyNr5j4iIonL4MxkFPY9aLHoCKeJIJ5YBLC7GSSDJmdXWZ6hRDiF3j0oqAgXv0bT/6NkwdiYkFDUdVNd5cfSWHQdb+dxNLyyupacj2V3tjc2s7s7FZMGGvGyyyUoa751HApFC+jQMlrkeY08CWv+v3zsV+959qIUN3iIOLNgHaV6AhG0Up3jQsukZLr1mUrk3UL7gTkP/FmJFvcf358yB+lS63MV6MdsjjgCpmkxtQ9N8LmkGoUTPJRqhEbHlHWp11et1TRgJvmcHLxiOSs0iadUNtSSCbq34khDYwZBL7tDCj2zKI3Fn+93Nwq7Jw2h0JFMXLFpps6sSQYkvH/pC00ZygHllCmhT2WsB7VlKFNKWVT8BZ//k8qxwXPLXg3No4zmCIJB3AIefDgBIpwBSUoAwMFT/AKbw46L8678zFtTTizmT2Yg/P5Az8Jkq0=</latexit><latexit sha1_base64="kKEnyCyx0iupiSp+P/0PH5wNsyw=">AAAB8nicZVDLSgNBEJyNr5j4iIonL4MayCnselCPQUU8SQTzwGQJs5NJMmR2dpnpFcISv8CjFwUF8erfePJvnGwSMbGgoajqprvLCwXXYNvfVmphcWl5Jb2aya6tb2zmtrarOogUZRUaiEDVPaKZ4JJVgINg9VAx4nuC1bz++civ3TOleSBvYRAy1yddyTucEjDSXfOCCSD4unXZyh3YRTsB/k+cCTko7T4/PhQOs+VW7qvZDmjkMwlUEK0bjh2CGxMFnAo2zDQjzUJC+6TLGoZK4jPtxsnFQ5w3Sht3AmVKAk7UvxMx8bUe+J7p9An09Lw3En+9/Mwq6Jy6MZdhBEzS8aZOJDAEePQ/bnPFKIiBIYQqbo7FtEcUoWBSyiQpHE+fnyfTFKpHRccuOjcmjjM0RhrtoX1UQA46QSV0hcqogiiS6Am9ojcLrBfr3foYt6asycwOmoH1+QNFk5K8</latexit><latexit sha1_base64="7fwLhOhsn20UVfntvaTn62WFcdY=">AAAB8nicZVBNS8NAEN3Ur1q/qh69LJaCp5J4UI9FRTxJBfuBbSib7aRdutmE3YlQSv+FJ0FBvPpvPPlvTNNUbH0w8Hhvhpl5XiSFQdv+tnIrq2vrG/nNwtb2zu5ecf+gYcJYc6jzUIa65TEDUiioo0AJrUgDCzwJTW94NfWbT6CNCNUDjiJwA9ZXwhecYSI9dq5BIqN33ZtusWRX7BT0P3EyUiIZat3iV6cX8jgAhVwyY9qOHaE7ZhoFlzApdGIDEeND1od2QhULwLjj9OIJLSdKj/qhTkohTdW/E2MWGDMKvKQzYDgwy95U/PXKC6vQv3DHQkUxguKzTX4sKYZ0+j/tCQ0c5SghjGuRHEv5gGnGMUmpkKZwNn9+mcxTaJxWHLvi3Nul6mWWR54ckWNyQhxyTqrkltRInXCiyDN5JW8WWi/Wu/Uxa81Z2cwhWYD1+QMmg5Bt</latexit>

SU(2) charged fermion



∆NCS =
g2

16π2

∫
Tr

[
Fµν F̃

µν
]
d4x

<latexit sha1_base64="HiUUt9anQT9u6b8OLojaGt6F4vA="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="MQAf3eMnnJ040vcFvm/95FJg85Y="></latexit><latexit sha1_base64="erEnSVUwLyAewBDVwn7GKvjHEek="></latexit>

• The change of NCS is related to the following quantity:

=<latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="fIc9EIilQJw+V3DUx27rYWku9SU=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8qBeh6MVjC/YD2lA220m7dLMJuxuhhP4CT4KCePUnefLfuE1TsfXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6PyscnbRUlkmKLRjySXZ8o5ExgSzPNsRtLJKHPseNP7ud+5wmlYpF41NMYvZCMBAsYJdpIzdtBueLUnAz2f+LmpAI5GoPyV38Y0SREoSknSvVcJ9ZeSqRmlOOs1E8UxoROyAh7hgoSovLS7NCZXTXK0A4iaUpoO1P/TqQkVGoa+qYzJHqs1r25+OtVV1bp4MZLmYgTjYIuNgUJt3Vkz9+2h0wi1XxqCKGSmWNtOiaSUG3CKWUpXC2fXyfLFNqXNdepuU2nUr/L8yjCGZzDBbhwDXV4gAa0gALCM7zCmzWxXqx362PRWrDymVNYgfX5AxB+jPc=</latexit><latexit sha1_base64="fIc9EIilQJw+V3DUx27rYWku9SU=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8qBeh6MVjC/YD2lA220m7dLMJuxuhhP4CT4KCePUnefLfuE1TsfXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6PyscnbRUlkmKLRjySXZ8o5ExgSzPNsRtLJKHPseNP7ud+5wmlYpF41NMYvZCMBAsYJdpIzdtBueLUnAz2f+LmpAI5GoPyV38Y0SREoSknSvVcJ9ZeSqRmlOOs1E8UxoROyAh7hgoSovLS7NCZXTXK0A4iaUpoO1P/TqQkVGoa+qYzJHqs1r25+OtVV1bp4MZLmYgTjYIuNgUJt3Vkz9+2h0wi1XxqCKGSmWNtOiaSUG3CKWUpXC2fXyfLFNqXNdepuU2nUr/L8yjCGZzDBbhwDXV4gAa0gALCM7zCmzWxXqx362PRWrDymVNYgfX5AxB+jPc=</latexit> {
<latexit sha1_base64="6e2obH3e6t4WYAFI0fs2MSj6YB8=">AAAB6nicZVDLSgNBEOyNrxhfUY9ehoSAp7DrxRyDXjxGMQ9IljA7mU2GzM4uM71CWPIHngQF8eLBP/Lk3zh5ICYpaCiquunuChIpDLruj5Pb2t7Z3cvvFw4Oj45PiqdnLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9NDL+sWyW3XnIJvEW5JyvQS5TwBo9IvfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bXzolFasMSBhrWwrJXP0/kdHImEkU2M6I4sisezPxz6usrMKw5mdCJSlyxRabwlQSjMnsbzIQmjOUE0so08IeS9iIasrQplOwKXjrP2+S1lXVc6vevY3jBhbIwwWU4BI8uIY63EEDmsAghGd4hTdHOi/Ou/OxaM05y5lzWIHz9Qt5IY6Q</latexit><latexit sha1_base64="i0I5vH+xOCpnkn63EZNsV8argyg=">AAAB6nicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eo5gHJCHMTmaTIbOzy0yvEJb8gSdBQTx48Qf8Fk/+jZMHYpKChqKqm+4uP5bCoOv+OJm19Y3Nrex2bmd3b/8gf3hUN1GiGa+xSEa66VPDpVC8hgIlb8aa09CXvOEPbyZ+45FrIyL1gKOYd0LaVyIQjKKV7ttpN190y+4UZJV4c1KsFCDzcfJ1Vu3mv9u9iCUhV8gkNabluTF2UqpRMMnHuXZieEzZkPZ5y1JFQ2466fTSMSlZpUeCSNtSSKbq/4mUhsaMQt92hhQHZtmbiH9eaWEVBledVKg4Qa7YbFOQSIIRmfxNekJzhnJkCWVa2GMJG1BNGdp0cjYFb/nnVVK/KHtu2buzcVzDDFk4hQKcgweXUIFbqEINGATwBC/w6kjn2Xlz3metGWc+cwwLcD5/Aaf2j3I=</latexit><latexit sha1_base64="i0I5vH+xOCpnkn63EZNsV8argyg=">AAAB6nicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eo5gHJCHMTmaTIbOzy0yvEJb8gSdBQTx48Qf8Fk/+jZMHYpKChqKqm+4uP5bCoOv+OJm19Y3Nrex2bmd3b/8gf3hUN1GiGa+xSEa66VPDpVC8hgIlb8aa09CXvOEPbyZ+45FrIyL1gKOYd0LaVyIQjKKV7ttpN190y+4UZJV4c1KsFCDzcfJ1Vu3mv9u9iCUhV8gkNabluTF2UqpRMMnHuXZieEzZkPZ5y1JFQ2466fTSMSlZpUeCSNtSSKbq/4mUhsaMQt92hhQHZtmbiH9eaWEVBledVKg4Qa7YbFOQSIIRmfxNekJzhnJkCWVa2GMJG1BNGdp0cjYFb/nnVVK/KHtu2buzcVzDDFk4hQKcgweXUIFbqEINGATwBC/w6kjn2Xlz3metGWc+cwwLcD5/Aaf2j3I=</latexit><latexit sha1_base64="i0I5vH+xOCpnkn63EZNsV8argyg=">AAAB6nicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eo5gHJCHMTmaTIbOzy0yvEJb8gSdBQTx48Qf8Fk/+jZMHYpKChqKqm+4uP5bCoOv+OJm19Y3Nrex2bmd3b/8gf3hUN1GiGa+xSEa66VPDpVC8hgIlb8aa09CXvOEPbyZ+45FrIyL1gKOYd0LaVyIQjKKV7ttpN190y+4UZJV4c1KsFCDzcfJ1Vu3mv9u9iCUhV8gkNabluTF2UqpRMMnHuXZieEzZkPZ5y1JFQ2466fTSMSlZpUeCSNtSSKbq/4mUhsaMQt92hhQHZtmbiH9eaWEVBledVKg4Qa7YbFOQSIIRmfxNekJzhnJkCWVa2GMJG1BNGdp0cjYFb/nnVVK/KHtu2buzcVzDDFk4hQKcgweXUIFbqEINGATwBC/w6kjn2Xlz3metGWc+cwwLcD5/Aaf2j3I=</latexit><latexit sha1_base64="boikjOBqQGR40ZxvJfoFmFuQ77A=">AAAB6nicZVDLSsNAFL2pr1pfVcGNLoaWgquSuFCXRTcuq9gHtKFMppN26GQSZiZCCf0DV4KCuHDjD/gtrvwbp0krth64cDjnXu69x4s4U9q2v63cyura+kZ+s7C1vbO7V9w/aKowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG11P/dYDlYqF4l6PI+oGeCCYzwjWRrrrJr1i2a7aKdB/4sxIuVaC3PvR50m9V/zq9kMSB1RowrFSHceOtJtgqRnhdFLoxopGmIzwgHYMFTigyk3SSyeoYpQ+8kNpSmiUqn8nEhwoNQ480xlgPVTL3lT89SoLq7R/6SZMRLGmgmSb/JgjHaLp36jPJCWajw3BRDJzLCJDLDHRJp1CmsL5/PllMk+heVZ17Kpza+K4ggx5OIYSnIIDF1CDG6hDAwj48AjP8GJx68l6td6y1pw1mzmEBVgfP66Aj4E=</latexit><latexit sha1_base64="vuUsa68+mVVlLIgSUfrRUxea/k0=">AAAB6nicZVBNS8NAEJ34WetX1aOXxVLwVBIP6rHoxWMV+wFtKJvtpl262YTdiVBC/4EnQUG8+o88+W/ctqnY+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OmiVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0O/VbT1wbEatHHCfcj+hAiVAwilZ66Ga9UtmtujOQ/8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkIpV+iSMtS2FZKb+nchoZMw4CmxnRHFoVr2p+OtVllZheO1nQiUpcsXmm8JUEozJ9G/SF5ozlGNLKNPCHkvYkGrK0KZTnKVwuXh+lSxSaF5UPbfq3bvl2k2eRwFO4QzOwYMrqMEd1KEBDEJ4hld4c6Tz4rw7H/PWNSefOYElOJ8/H9CNmw==</latexit>

∆Nqb1
<latexit sha1_base64="bwbrxMbM6qAehvy/KbDzAQC1Qbg="></latexit><latexit sha1_base64="eu/WTw1bUjUqetMfYPjJwXjRBAw="></latexit><latexit sha1_base64="eu/WTw1bUjUqetMfYPjJwXjRBAw="></latexit><latexit sha1_base64="eu/WTw1bUjUqetMfYPjJwXjRBAw="></latexit><latexit sha1_base64="R4EFP95Z3sSRb/yz+yJNdT4v/Yo="></latexit><latexit sha1_base64="9zUrjkCIs8HNjozd8yxIJaY1zgM="></latexit>

∆Nqg1
<latexit sha1_base64="Y1Fv16f4Q+JTPgU2f6Ugc8K2rgE=">AAAB+nicdVBNSwMxEJ31s9avVY9egqXgaUmKqz0W9eBJFKwKdl2yaVqD2Q+TbKGs/SeeBAURPPlPPPlvTFsVFXww8Hhvhpl5USaFNhi/OxOTU9Mzs6W58vzC4tKyu7J6qtNcMd5kqUzVeUQ1lyLhTSOM5OeZ4jSOJD+LrveG/lmPKy3S5MT0Mx7EtJuIjmDUWCl03dY+l4aiw7C4CclldxC6FezhbX+L1BH2fEzqxLek5hOMa4h4eIRKA/svDQA4Ct23VjtlecwTwyTV+oLgzAQFVUYwyQflVq55Rtk17fILSxMacx0Uo8sHqGqVNuqkylZi0Ej9OVHQWOt+HNnOmJor/dcbit9e9dcq06kHhUiy3PCEjTd1colMioY5oLZQnBnZt4QyJeyxiF1RRZmxaZVtCl+vov/Jac0j2CPHNo5dGKME67ABm0BgBxpwAEfQBAY9uIMHeHRunXvnyXket044nzNr8AvO6wfB5ZUM</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="cgY//rScT8vilBvlFX5xyJFbzuY=">AAAB+nicZVDLSgMxFM34rPU16tJNUAquhqQ4tSsp6sKFSAXbKm0dMmlag5mHSaZQxv6JK0FBBFf+iSv/xnSqYvXAhcM593LvPX4suNIIfVhT0zOzc/O5hfzi0vLKqr22XldRIimr0UhE8sInigkesprmWrCLWDIS+II1/JvDkd/oM6l4FJ7rQczaAemFvMsp0UbybLt1xIQm8NRLbz181Rt69jZyUMndxWWIHBfhMnYNKboYoSLEDsqwXUHu6744uax69nurE9EkYKGmgijVxCjW7ZRIzalgw3wrUSwm9Ib0WNPQkARMtdPs8iEsGKUDu5E0FWqYqb8nUhIoNQh80xkQfa3+eiPxxytMrNLdcjvlYZxoFtLxpm4ioI7gKAfY4ZJRLQaGECq5ORbSayIJ1SatfJZCKXsV/iffKdSLDkYOPjNxHIAxcmATbIEdgMEeqIBjUAU1QEEf3INH8GTdWQ/Ws/Uybp2yvmY2wASst08ztZYq</latexit><latexit sha1_base64="mngcSICyculzKXJTBEY1UlAFRBw=">AAAB+nicZVDLSgMxFM3UV62vUZdugqXgakiKrV0WdeFKKtgHtHXIpGkbmnmYZApl7J+4EhTErX/iyr8xnVaxeuDC4Zx7ufceLxJcaYQ+rczK6tr6RnYzt7W9s7tn7x80VBhLyuo0FKFseUQxwQNW11wL1ookI74nWNMbXcz85phJxcPgVk8i1vXJIOB9Tok2kmvbnUsmNIHXbnLv4rvB1LXzyEHl0imuQOSUEK7gkiHFEkaoCLGDUuTBAjXX/uj0Qhr7LNBUEKXaGEW6mxCpORVsmuvEikWEjsiAtQ0NiM9UN0kvn8KCUXqwH0pTgYap+nsiIb5SE98znT7RQ/XXm4k/XmFple5XugkPolizgM439WMBdQhnOcAel4xqMTGEUMnNsZAOiSRUm7RyaQrl9FX4n3yn0Cg6GDn4BuWr54s8suAIHIMTgMEZqIIrUAN1QMEYPIJn8GI9WE/Wq/U2b81Yi5lDsATr/QumjpOI</latexit>

∆Nqr1
<latexit sha1_base64="JM+W8S+LjWcmbPNrPa/REp4WR8k=">AAAB+nicdVDLSgNBEOz1GeNr1aOXwSDkIGE3hiTegnrwJBHMA8y6zE4mOmT24cxsIKz5E0+Cgnj1H/wAT978FGcTFSNY0FBUddPd5UWcSWVZ78bM7Nz8wmJmKbu8srq2bm5sNmUYC0IbJOShaHtYUs4C2lBMcdqOBMW+x2nL6x+lfmtAhWRhcK6GEXV8fBWwHiNYack1zc4x5QqjUze5ce1LMXLNnFU4qJaLpTKyCpZVsYt2SoqV0n4J2VpJkavt5V8/AKDumm+dbkhinwaKcCzlhW1FykmwUIxwOsp2YkkjTPr4il5oGmCfSicZXz5Cu1rpol4odAUKjdXfEwn2pRz6nu70sbqWf71U/PF2p1apXtVJWBDFigZksqkXc6RClOaAukxQovhQE0wE08cico0FJkqnldUpfL+K/ifNYsG2CvaZjuMQJsjANuxAHmyoQA1OoA4NIDCAO3iAR+PWuDeejOdJ64zxNbMFUzBePgHGkJXL</latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="2PyQFnN5iWTwsQNe/LGyKZaWwX4="></latexit><latexit sha1_base64="OQcoPpxlQjnT31YX7L+ovc7kN7U=">AAAB+nicZVDLSgMxFM3UV62vUZdugqXgqmRqaeuuqAtXUsE+oB2HTJq2oZmHSaZQxv6JK0FB3PonrvwbM9MqVg9cOJxzL/fe44acSYXQp5FZWV1b38hu5ra2d3b3zP2DlgwiQWiTBDwQHRdLyplPm4opTjuhoNhzOW2744vEb0+okCzwb9U0pLaHhz4bMIKVlhzT7F1SrjC8duJ7x7oTM8fMo+JZrVIqVyAqIlS1SlZCStXyaRlaWkmQBws0HPOj1w9I5FFfEY6l7FooVHaMhWKE01muF0kaYjLGQ9rV1McelXacXj6DBa304SAQunwFU/X3RIw9Kaeeqzs9rEbyr5eIP15haZUa1OyY+WGkqE/mmwYRhyqASQ6wzwQlik81wUQwfSwkIywwUTqtXJpCJX0V/iffKbRKRQsVrRuUr58v8siCI3AMToAFqqAOrkADNAEBE/AInsGL8WA8Ga/G27w1YyxmDsESjPcvyM+Tnw==</latexit>

∆Nℓ1<latexit sha1_base64="A0ocvvDjb3HdTK4ozX8pKpYcz8c=">AAAB+3icZVDJSgNBEK2JW4zbRI9eWkPAU5jxosegHjxJBLNAEoaeTiVp0rPQ3aOEIeCPeBIUxKtf4slP8aSdBTHJg4LHe1VU1fNjwZV2nC8rs7K6tr6R3cxtbe/s7tn5/ZqKEsmwyiIRyYZPFQoeYlVzLbARS6SBL7DuDy7Hfv0epeJReKeHMbYD2gt5lzOqjeTZ+dYVCk3JjZe2UAjPHXl2wSk5E5Bl4s5IoXz08/0IABXP/mx1IpYEGGomqFJN14l1O6VScyZwlGslCmPKBrSHTUNDGqBqp5PTR6RolA7pRtJUqMlE/T+R0kCpYeCbzoDqvlr0xuKfV5xbpbvn7ZSHcaIxZNNN3UQQHZFxEKTDJTIthoZQJrk5lrA+lZRpE1fOpOAu/rxMaqcl1ym5tyaOC5giC4dwDCfgwhmU4RoqUAUGD/AEL/Bqjaxn6816n7ZmrNnMAczB+vgF7fWWiQ==</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="fPTtwzdiaWOko7xwjri6hrhycO4=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jx4HILLuhJIpgFMsPQ06kkTXoWunuUMORTPAkK4tUv8eSneNLOJiY+KHi8V0VVPT/mTCrL+jQyC4tLyyvZ1dza+sbmlpnfrskoERSqNOKRaPhEAmchVBVTHBqxABL4HOp+73zo1+9BSBaFd6ofgxuQTsjajBKlJc/MOxfAFcE3XuoA55498MyCVbJGwP+JPSGF8t73l7i6PK145ofTimgSQKgoJ1I2bStWbkqEYpTDIOckEmJCe6QDTU1DEoB009HpA1zUSgu3I6ErVHik/p1ISSBlP/B1Z0BUV857Q/HXK86sUu0TN2VhnCgI6XhTO+FYRXgYBG4xAVTxviaECqaPxbRLBKFKx5UbpXA0fX6eTFOoHZZsq2Tf6jjO0BhZtIv20QGy0TEqo2tUQVVE0QN6RM/oxRgYT8ar8TZuzRiTmR00A+P9B+mxl08=</latexit><latexit sha1_base64="exXUMb/aF8wzK0wsKgo9KFKe1so=">AAAB+3icZVBNS8NAEN3Ur1q/Uj16WSwFTyXxoB6LevAkFewHNCFstpN26WYTdjdKCf0pngQF8eov8eS/MU1TsfXBwOO9GWbm+TFnSlvWt1FaW9/Y3CpvV3Z29/YPzOphR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6Prj65nffQSpWCQe9CQGNyRDwQJGic4kz6w6N8A1wXde6gDnnj31zJrVsHLg/8QuSA0VaHnmlzOIaBKC0JQTpfq2FWs3JVIzymFacRIFMaFjMoR+RgUJQblpfvoU1zNlgINIZiU0ztW/EykJlZqEftYZEj1Sq95M/PXqS6t0cOmmTMSJBkHnm4KEYx3hWRB4wCRQzScZIVSy7FhMR0QSqrO4KnkK54vnV8kihc5Zw7Ya9r1Va14VeZTRMTpBp8hGF6iJblELtRFFT+gZvaI3Y2q8GO/Gx7y1ZBQzR2gJxucPGYeTvw==</latexit>

× 3 flavour
<latexit sha1_base64="73vafpkBaaMcdgnpqSwr8pu1nqc=">AAACA3icZVDLSgMxFL3jq7W+Rl2Jm2ApuChlRhe6LLpxWcE+oFNKJs20oZnMkGQKZSi68VNcCQri1q9w5Ye41vSB2PZC4HDOvffkHj/mTGnH+bJWVtfWNzLZzdzW9s7unr1/UFNRIgmtkohHsuFjRTkTtKqZ5rQRS4pDn9O6378e6/UBlYpF4k4PY9oKcVewgBGsDdW2jzzNQqqQVzz3iqknQxRwPDDbR20775ScSaFl4M5Avpz5+X4AgErb/vQ6EUlCKjThWKmm68S6lWKpGeF0lPMSRWNM+rhLmwYKbHxb6eSEESoYpoOCSJonNJqw/ydSHCo1DH3TGWLdU4vamPzTCnNWOrhspUzEiaaCTJ2ChCMdoXEgqMMkJZoPDcBEMvNZRHpYYqJNbDmTgrt48zKonZVcp+TemjiuYFpZOIYTOAUXLqAMN1CBKhC4hyd4gVfr0Xq23qz3aeuKNZs5hLmyPn4BtTiZug==</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="12b1VIrr2SxiDuuc8kxCX3d3W6Q=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjIIKbopuXFawD+iUkkkzbWgyMySZQhmKC3HrX3QlKIhbv8KVH+Ja02krtl4IHM65957c44aMSmVZn0ZqaXllNZ1Zy65vbG5tmzu7VRlEApMKDlgg6i6ShFGfVBRVjNRDQRB3Gam5vauxXusTIWng36pBSJocdXzqUYyUplrmvqMoJxI6hROnEDuCQ4+hvt4+bJk5q2glBf8DewpypfT31/3o4rHcMj+cdoAjTnyFGZKyYVuhasZIKIoZGWadSJIQ4R7qkIaGPtK+zTg5YQjzmmlDLxD6+Qom7N+JGHEpB9zVnRyprlzUxuSvlp+zUt55M6Z+GCni44mTFzGoAjgOBLapIFixgQYIC6o/C3EXCYSVji2bpHA6O34RzFKoHhdtq2jf6DguwaQy4AAcgiNggzNQAtegDCoAgzswAs/gxXgwnoxX423SmjKmM3tgroz3H6pkmzo=</latexit><latexit sha1_base64="sm6pS37f/wSVeCVNll9KMr77e7E=">AAACA3icZVDLSgMxFM3UV62vUVfiJlgKLkqZUVCXRTcuK9gHOEPJpJk2NMkMSaZQhuLKT3ElKIhbv8KVf2M6nYqtFwKHc+69J/cEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHwZqq3R0QqGol7PY6Jz1Ff0JBipA3VtY88TTlR0Kuee9XUkxyGDI3M9knXLjs1Jyv4H7g5KIO8Gl37y+tFOOFEaMyQUg+uE2s/RVJTzMik5CWKxAgPUZ88GCiQ8fXT7IQJrBimB8NImic0zNi/EyniSo15YDo50gO1rE3JX62yYKXDKz+lIk40EXjmFCYM6ghOA4E9KgnWbGwAwpKaz0I8QBJhbWIrZSlczI9fBvMUWmc116m5d065fp3nUQTH4AScAhdcgjq4BQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK585BAtlff4ACYqXDg==</latexit>

anomaly
<latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="cKOnnc9uhs+J13Uf50OHZcnTBbQ=">AAAB9XicZZDLSgMxFIbPeK31VnWpi2ApuCozLtRl0Y3LCvYC7VAyaaYNTTJjklGGoc/hSlAQtz6MK9/GdNqKrT8Efv5zDufkC2LOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjeTeuuRKs0ieW/SmPoCDyQLGcHGRn7WVQJhGQnM03GvVHarbi7033gzU66dQK56r/TV7UckEVQawrHWHc+NjZ9hZRjhdFzsJprGmIzwgHaslVhQ7Wf50WNUsUkfhZGyTxqUp38nMiy0TkVgOwU2Q71cm4S/tcrCKhNe+RmTcWKoJNNNYcKRidAEAeozRYnhqTWYKGaPRWSIFSbGgirmFC7mn182cwrN86rnVr07i+N6igMKcAyncAYeXEINbqEODSDwAM/wCm/Ok/PivDsf09YVZzZzBAtyPn8AC9aS0g==</latexit><latexit sha1_base64="w0fw65p6hitbuDWJvYFLEVTAZjk=">AAAB9XicZVDLSgNBEOyNrxhfUY9eBkPAU9j1oB6DXjxGMA9IljA7mSRD5rHOzCrLku/wJCiIVz/Gk3/jZrMREwsaiqpuuruCkDNjXffbKaytb2xuFbdLO7t7+wflw6OWUZEmtEkUV7oTYEM5k7RpmeW0E2qKRcBpO5jczPz2I9WGKXlv45D6Ao8kGzKCbSr5SU8LhKUSmMfTfrni1twM6D/xclKBHI1++as3UCQSVFrCsTFdzw2tn2BtGeF0WupFhoaYTPCIdlMqsaDGT7Kjp6iaKgM0VDotaVGm/p1IsDAmFkHaKbAdm1VvJv561aVVdnjlJ0yGkaWSzDcNI46sQrMI0IBpSiyPU4KJZumxiIyxxsSmQZWyFC4Wz6+SRQqt85rn1rw7t1K/zvMowgmcwhl4cAl1uIUGNIHAAzzDK7w5T86L8+58zFsLTj5zDEtwPn8AjneSdg==</latexit>
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]
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<latexit sha1_base64="HiUUt9anQT9u6b8OLojaGt6F4vA="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="MQAf3eMnnJ040vcFvm/95FJg85Y="></latexit><latexit sha1_base64="erEnSVUwLyAewBDVwn7GKvjHEek="></latexit>

• The change of NCS is related to the following quantity:

=<latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="oOkSrOTONDP88C/Ly4kWWJmUctQ=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J40YtQ9OKxBfsBbSib7aRdutmE3Y1QQn+BJ0FBvPqTPPlv3LZBbPtg4PHeDDPzgkRwbVz3xylsbe/s7hX3SweHR8cn5dOzto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2AkmD3O/84xK81g+mWmCfkRHkoecUWOl5t2gXHFr7gJkk3g5qUCOxqD83R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMVK0yJGGsbElDFur/iYxGWk+jwHZG1Iz1ujcX/7zqyioT3voZl0lqULLlpjAVxMRk/jYZcoXMiKkllClujyVsTBVlxoZTsil46z9vkvZ1zXNrXtOt1O/zPIpwAZdwBR7cQB0eoQEtYIDwAm/w7kycV+fD+Vy2Fpx85hxW4Hz9Agn0jOg=</latexit><latexit sha1_base64="fIc9EIilQJw+V3DUx27rYWku9SU=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8qBeh6MVjC/YD2lA220m7dLMJuxuhhP4CT4KCePUnefLfuE1TsfXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6PyscnbRUlkmKLRjySXZ8o5ExgSzPNsRtLJKHPseNP7ud+5wmlYpF41NMYvZCMBAsYJdpIzdtBueLUnAz2f+LmpAI5GoPyV38Y0SREoSknSvVcJ9ZeSqRmlOOs1E8UxoROyAh7hgoSovLS7NCZXTXK0A4iaUpoO1P/TqQkVGoa+qYzJHqs1r25+OtVV1bp4MZLmYgTjYIuNgUJt3Vkz9+2h0wi1XxqCKGSmWNtOiaSUG3CKWUpXC2fXyfLFNqXNdepuU2nUr/L8yjCGZzDBbhwDXV4gAa0gALCM7zCmzWxXqx362PRWrDymVNYgfX5AxB+jPc=</latexit><latexit sha1_base64="fIc9EIilQJw+V3DUx27rYWku9SU=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8qBeh6MVjC/YD2lA220m7dLMJuxuhhP4CT4KCePUnefLfuE1TsfXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6PyscnbRUlkmKLRjySXZ8o5ExgSzPNsRtLJKHPseNP7ud+5wmlYpF41NMYvZCMBAsYJdpIzdtBueLUnAz2f+LmpAI5GoPyV38Y0SREoSknSvVcJ9ZeSqRmlOOs1E8UxoROyAh7hgoSovLS7NCZXTXK0A4iaUpoO1P/TqQkVGoa+qYzJHqs1r25+OtVV1bp4MZLmYgTjYIuNgUJt3Vkz9+2h0wi1XxqCKGSmWNtOiaSUG3CKWUpXC2fXyfLFNqXNdepuU2nUr/L8yjCGZzDBbhwDXV4gAa0gALCM7zCmzWxXqx362PRWrDymVNYgfX5AxB+jPc=</latexit> {
<latexit sha1_base64="6e2obH3e6t4WYAFI0fs2MSj6YB8=">AAAB6nicZVDLSgNBEOyNrxhfUY9ehoSAp7DrxRyDXjxGMQ9IljA7mU2GzM4uM71CWPIHngQF8eLBP/Lk3zh5ICYpaCiquunuChIpDLruj5Pb2t7Z3cvvFw4Oj45PiqdnLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9NDL+sWyW3XnIJvEW5JyvQS5TwBo9IvfvUHM0ogrZJIa0/XcBP2MahRM8mmhlxqeUDamQ961VNGIGz+bXzolFasMSBhrWwrJXP0/kdHImEkU2M6I4sisezPxz6usrMKw5mdCJSlyxRabwlQSjMnsbzIQmjOUE0so08IeS9iIasrQplOwKXjrP2+S1lXVc6vevY3jBhbIwwWU4BI8uIY63EEDmsAghGd4hTdHOi/Ou/OxaM05y5lzWIHz9Qt5IY6Q</latexit><latexit sha1_base64="i0I5vH+xOCpnkn63EZNsV8argyg=">AAAB6nicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eo5gHJCHMTmaTIbOzy0yvEJb8gSdBQTx48Qf8Fk/+jZMHYpKChqKqm+4uP5bCoOv+OJm19Y3Nrex2bmd3b/8gf3hUN1GiGa+xSEa66VPDpVC8hgIlb8aa09CXvOEPbyZ+45FrIyL1gKOYd0LaVyIQjKKV7ttpN190y+4UZJV4c1KsFCDzcfJ1Vu3mv9u9iCUhV8gkNabluTF2UqpRMMnHuXZieEzZkPZ5y1JFQ2466fTSMSlZpUeCSNtSSKbq/4mUhsaMQt92hhQHZtmbiH9eaWEVBledVKg4Qa7YbFOQSIIRmfxNekJzhnJkCWVa2GMJG1BNGdp0cjYFb/nnVVK/KHtu2buzcVzDDFk4hQKcgweXUIFbqEINGATwBC/w6kjn2Xlz3metGWc+cwwLcD5/Aaf2j3I=</latexit><latexit sha1_base64="i0I5vH+xOCpnkn63EZNsV8argyg=">AAAB6nicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eo5gHJCHMTmaTIbOzy0yvEJb8gSdBQTx48Qf8Fk/+jZMHYpKChqKqm+4uP5bCoOv+OJm19Y3Nrex2bmd3b/8gf3hUN1GiGa+xSEa66VPDpVC8hgIlb8aa09CXvOEPbyZ+45FrIyL1gKOYd0LaVyIQjKKV7ttpN190y+4UZJV4c1KsFCDzcfJ1Vu3mv9u9iCUhV8gkNabluTF2UqpRMMnHuXZieEzZkPZ5y1JFQ2466fTSMSlZpUeCSNtSSKbq/4mUhsaMQt92hhQHZtmbiH9eaWEVBledVKg4Qa7YbFOQSIIRmfxNekJzhnJkCWVa2GMJG1BNGdp0cjYFb/nnVVK/KHtu2buzcVzDDFk4hQKcgweXUIFbqEINGATwBC/w6kjn2Xlz3metGWc+cwwLcD5/Aaf2j3I=</latexit><latexit sha1_base64="i0I5vH+xOCpnkn63EZNsV8argyg=">AAAB6nicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eo5gHJCHMTmaTIbOzy0yvEJb8gSdBQTx48Qf8Fk/+jZMHYpKChqKqm+4uP5bCoOv+OJm19Y3Nrex2bmd3b/8gf3hUN1GiGa+xSEa66VPDpVC8hgIlb8aa09CXvOEPbyZ+45FrIyL1gKOYd0LaVyIQjKKV7ttpN190y+4UZJV4c1KsFCDzcfJ1Vu3mv9u9iCUhV8gkNabluTF2UqpRMMnHuXZieEzZkPZ5y1JFQ2466fTSMSlZpUeCSNtSSKbq/4mUhsaMQt92hhQHZtmbiH9eaWEVBledVKg4Qa7YbFOQSIIRmfxNekJzhnJkCWVa2GMJG1BNGdp0cjYFb/nnVVK/KHtu2buzcVzDDFk4hQKcgweXUIFbqEINGATwBC/w6kjn2Xlz3metGWc+cwwLcD5/Aaf2j3I=</latexit><latexit sha1_base64="boikjOBqQGR40ZxvJfoFmFuQ77A=">AAAB6nicZVDLSsNAFL2pr1pfVcGNLoaWgquSuFCXRTcuq9gHtKFMppN26GQSZiZCCf0DV4KCuHDjD/gtrvwbp0krth64cDjnXu69x4s4U9q2v63cyura+kZ+s7C1vbO7V9w/aKowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG11P/dYDlYqF4l6PI+oGeCCYzwjWRrrrJr1i2a7aKdB/4sxIuVaC3PvR50m9V/zq9kMSB1RowrFSHceOtJtgqRnhdFLoxopGmIzwgHYMFTigyk3SSyeoYpQ+8kNpSmiUqn8nEhwoNQ480xlgPVTL3lT89SoLq7R/6SZMRLGmgmSb/JgjHaLp36jPJCWajw3BRDJzLCJDLDHRJp1CmsL5/PllMk+heVZ17Kpza+K4ggx5OIYSnIIDF1CDG6hDAwj48AjP8GJx68l6td6y1pw1mzmEBVgfP66Aj4E=</latexit><latexit sha1_base64="vuUsa68+mVVlLIgSUfrRUxea/k0=">AAAB6nicZVBNS8NAEJ34WetX1aOXxVLwVBIP6rHoxWMV+wFtKJvtpl262YTdiVBC/4EnQUG8+o88+W/ctqnY+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OmiVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0O/VbT1wbEatHHCfcj+hAiVAwilZ66Ga9UtmtujOQ/8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkIpV+iSMtS2FZKb+nchoZMw4CmxnRHFoVr2p+OtVllZheO1nQiUpcsXmm8JUEozJ9G/SF5ozlGNLKNPCHkvYkGrK0KZTnKVwuXh+lSxSaF5UPbfq3bvl2k2eRwFO4QzOwYMrqMEd1KEBDEJ4hld4c6Tz4rw7H/PWNSefOYElOJ8/H9CNmw==</latexit>

∆Nqb1
<latexit sha1_base64="bwbrxMbM6qAehvy/KbDzAQC1Qbg="></latexit><latexit sha1_base64="eu/WTw1bUjUqetMfYPjJwXjRBAw="></latexit><latexit sha1_base64="eu/WTw1bUjUqetMfYPjJwXjRBAw="></latexit><latexit sha1_base64="eu/WTw1bUjUqetMfYPjJwXjRBAw="></latexit><latexit sha1_base64="R4EFP95Z3sSRb/yz+yJNdT4v/Yo="></latexit><latexit sha1_base64="9zUrjkCIs8HNjozd8yxIJaY1zgM="></latexit>

∆Nqg1
<latexit sha1_base64="Y1Fv16f4Q+JTPgU2f6Ugc8K2rgE=">AAAB+nicdVBNSwMxEJ31s9avVY9egqXgaUmKqz0W9eBJFKwKdl2yaVqD2Q+TbKGs/SeeBAURPPlPPPlvTFsVFXww8Hhvhpl5USaFNhi/OxOTU9Mzs6W58vzC4tKyu7J6qtNcMd5kqUzVeUQ1lyLhTSOM5OeZ4jSOJD+LrveG/lmPKy3S5MT0Mx7EtJuIjmDUWCl03dY+l4aiw7C4CclldxC6FezhbX+L1BH2fEzqxLek5hOMa4h4eIRKA/svDQA4Ct23VjtlecwTwyTV+oLgzAQFVUYwyQflVq55Rtk17fILSxMacx0Uo8sHqGqVNuqkylZi0Ej9OVHQWOt+HNnOmJor/dcbit9e9dcq06kHhUiy3PCEjTd1colMioY5oLZQnBnZt4QyJeyxiF1RRZmxaZVtCl+vov/Jac0j2CPHNo5dGKME67ABm0BgBxpwAEfQBAY9uIMHeHRunXvnyXket044nzNr8AvO6wfB5ZUM</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="cgY//rScT8vilBvlFX5xyJFbzuY=">AAAB+nicZVDLSgMxFM34rPU16tJNUAquhqQ4tSsp6sKFSAXbKm0dMmlag5mHSaZQxv6JK0FBBFf+iSv/xnSqYvXAhcM593LvPX4suNIIfVhT0zOzc/O5hfzi0vLKqr22XldRIimr0UhE8sInigkesprmWrCLWDIS+II1/JvDkd/oM6l4FJ7rQczaAemFvMsp0UbybLt1xIQm8NRLbz181Rt69jZyUMndxWWIHBfhMnYNKboYoSLEDsqwXUHu6744uax69nurE9EkYKGmgijVxCjW7ZRIzalgw3wrUSwm9Ib0WNPQkARMtdPs8iEsGKUDu5E0FWqYqb8nUhIoNQh80xkQfa3+eiPxxytMrNLdcjvlYZxoFtLxpm4ioI7gKAfY4ZJRLQaGECq5ORbSayIJ1SatfJZCKXsV/iffKdSLDkYOPjNxHIAxcmATbIEdgMEeqIBjUAU1QEEf3INH8GTdWQ/Ws/Uybp2yvmY2wASst08ztZYq</latexit><latexit sha1_base64="mngcSICyculzKXJTBEY1UlAFRBw=">AAAB+nicZVDLSgMxFM3UV62vUZdugqXgakiKrV0WdeFKKtgHtHXIpGkbmnmYZApl7J+4EhTErX/iyr8xnVaxeuDC4Zx7ufceLxJcaYQ+rczK6tr6RnYzt7W9s7tn7x80VBhLyuo0FKFseUQxwQNW11wL1ookI74nWNMbXcz85phJxcPgVk8i1vXJIOB9Tok2kmvbnUsmNIHXbnLv4rvB1LXzyEHl0imuQOSUEK7gkiHFEkaoCLGDUuTBAjXX/uj0Qhr7LNBUEKXaGEW6mxCpORVsmuvEikWEjsiAtQ0NiM9UN0kvn8KCUXqwH0pTgYap+nsiIb5SE98znT7RQ/XXm4k/XmFple5XugkPolizgM439WMBdQhnOcAel4xqMTGEUMnNsZAOiSRUm7RyaQrl9FX4n3yn0Cg6GDn4BuWr54s8suAIHIMTgMEZqIIrUAN1QMEYPIJn8GI9WE/Wq/U2b81Yi5lDsATr/QumjpOI</latexit>

∆Nqr1
<latexit sha1_base64="JM+W8S+LjWcmbPNrPa/REp4WR8k=">AAAB+nicdVDLSgNBEOz1GeNr1aOXwSDkIGE3hiTegnrwJBHMA8y6zE4mOmT24cxsIKz5E0+Cgnj1H/wAT978FGcTFSNY0FBUddPd5UWcSWVZ78bM7Nz8wmJmKbu8srq2bm5sNmUYC0IbJOShaHtYUs4C2lBMcdqOBMW+x2nL6x+lfmtAhWRhcK6GEXV8fBWwHiNYack1zc4x5QqjUze5ce1LMXLNnFU4qJaLpTKyCpZVsYt2SoqV0n4J2VpJkavt5V8/AKDumm+dbkhinwaKcCzlhW1FykmwUIxwOsp2YkkjTPr4il5oGmCfSicZXz5Cu1rpol4odAUKjdXfEwn2pRz6nu70sbqWf71U/PF2p1apXtVJWBDFigZksqkXc6RClOaAukxQovhQE0wE08cico0FJkqnldUpfL+K/ifNYsG2CvaZjuMQJsjANuxAHmyoQA1OoA4NIDCAO3iAR+PWuDeejOdJ64zxNbMFUzBePgHGkJXL</latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="2PyQFnN5iWTwsQNe/LGyKZaWwX4="></latexit><latexit sha1_base64="OQcoPpxlQjnT31YX7L+ovc7kN7U=">AAAB+nicZVDLSgMxFM3UV62vUZdugqXgqmRqaeuuqAtXUsE+oB2HTJq2oZmHSaZQxv6JK0FB3PonrvwbM9MqVg9cOJxzL/fe44acSYXQp5FZWV1b38hu5ra2d3b3zP2DlgwiQWiTBDwQHRdLyplPm4opTjuhoNhzOW2744vEb0+okCzwb9U0pLaHhz4bMIKVlhzT7F1SrjC8duJ7x7oTM8fMo+JZrVIqVyAqIlS1SlZCStXyaRlaWkmQBws0HPOj1w9I5FFfEY6l7FooVHaMhWKE01muF0kaYjLGQ9rV1McelXacXj6DBa304SAQunwFU/X3RIw9Kaeeqzs9rEbyr5eIP15haZUa1OyY+WGkqE/mmwYRhyqASQ6wzwQlik81wUQwfSwkIywwUTqtXJpCJX0V/iffKbRKRQsVrRuUr58v8siCI3AMToAFqqAOrkADNAEBE/AInsGL8WA8Ga/G27w1YyxmDsESjPcvyM+Tnw==</latexit>

∆Nℓ1<latexit sha1_base64="A0ocvvDjb3HdTK4ozX8pKpYcz8c=">AAAB+3icZVDJSgNBEK2JW4zbRI9eWkPAU5jxosegHjxJBLNAEoaeTiVp0rPQ3aOEIeCPeBIUxKtf4slP8aSdBTHJg4LHe1VU1fNjwZV2nC8rs7K6tr6R3cxtbe/s7tn5/ZqKEsmwyiIRyYZPFQoeYlVzLbARS6SBL7DuDy7Hfv0epeJReKeHMbYD2gt5lzOqjeTZ+dYVCk3JjZe2UAjPHXl2wSk5E5Bl4s5IoXz08/0IABXP/mx1IpYEGGomqFJN14l1O6VScyZwlGslCmPKBrSHTUNDGqBqp5PTR6RolA7pRtJUqMlE/T+R0kCpYeCbzoDqvlr0xuKfV5xbpbvn7ZSHcaIxZNNN3UQQHZFxEKTDJTIthoZQJrk5lrA+lZRpE1fOpOAu/rxMaqcl1ym5tyaOC5giC4dwDCfgwhmU4RoqUAUGD/AEL/Bqjaxn6816n7ZmrNnMAczB+vgF7fWWiQ==</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="fPTtwzdiaWOko7xwjri6hrhycO4=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jx4HILLuhJIpgFMsPQ06kkTXoWunuUMORTPAkK4tUv8eSneNLOJiY+KHi8V0VVPT/mTCrL+jQyC4tLyyvZ1dza+sbmlpnfrskoERSqNOKRaPhEAmchVBVTHBqxABL4HOp+73zo1+9BSBaFd6ofgxuQTsjajBKlJc/MOxfAFcE3XuoA55498MyCVbJGwP+JPSGF8t73l7i6PK145ofTimgSQKgoJ1I2bStWbkqEYpTDIOckEmJCe6QDTU1DEoB009HpA1zUSgu3I6ErVHik/p1ISSBlP/B1Z0BUV857Q/HXK86sUu0TN2VhnCgI6XhTO+FYRXgYBG4xAVTxviaECqaPxbRLBKFKx5UbpXA0fX6eTFOoHZZsq2Tf6jjO0BhZtIv20QGy0TEqo2tUQVVE0QN6RM/oxRgYT8ar8TZuzRiTmR00A+P9B+mxl08=</latexit><latexit sha1_base64="exXUMb/aF8wzK0wsKgo9KFKe1so=">AAAB+3icZVBNS8NAEN3Ur1q/Uj16WSwFTyXxoB6LevAkFewHNCFstpN26WYTdjdKCf0pngQF8eov8eS/MU1TsfXBwOO9GWbm+TFnSlvWt1FaW9/Y3CpvV3Z29/YPzOphR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6Prj65nffQSpWCQe9CQGNyRDwQJGic4kz6w6N8A1wXde6gDnnj31zJrVsHLg/8QuSA0VaHnmlzOIaBKC0JQTpfq2FWs3JVIzymFacRIFMaFjMoR+RgUJQblpfvoU1zNlgINIZiU0ztW/EykJlZqEftYZEj1Sq95M/PXqS6t0cOmmTMSJBkHnm4KEYx3hWRB4wCRQzScZIVSy7FhMR0QSqrO4KnkK54vnV8kihc5Zw7Ya9r1Va14VeZTRMTpBp8hGF6iJblELtRFFT+gZvaI3Y2q8GO/Gx7y1ZBQzR2gJxucPGYeTvw==</latexit>

× 3 flavour
<latexit sha1_base64="73vafpkBaaMcdgnpqSwr8pu1nqc=">AAACA3icZVDLSgMxFL3jq7W+Rl2Jm2ApuChlRhe6LLpxWcE+oFNKJs20oZnMkGQKZSi68VNcCQri1q9w5Ye41vSB2PZC4HDOvffkHj/mTGnH+bJWVtfWNzLZzdzW9s7unr1/UFNRIgmtkohHsuFjRTkTtKqZ5rQRS4pDn9O6378e6/UBlYpF4k4PY9oKcVewgBGsDdW2jzzNQqqQVzz3iqknQxRwPDDbR20775ScSaFl4M5Avpz5+X4AgErb/vQ6EUlCKjThWKmm68S6lWKpGeF0lPMSRWNM+rhLmwYKbHxb6eSEESoYpoOCSJonNJqw/ydSHCo1DH3TGWLdU4vamPzTCnNWOrhspUzEiaaCTJ2ChCMdoXEgqMMkJZoPDcBEMvNZRHpYYqJNbDmTgrt48zKonZVcp+TemjiuYFpZOIYTOAUXLqAMN1CBKhC4hyd4gVfr0Xq23qz3aeuKNZs5hLmyPn4BtTiZug==</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="12b1VIrr2SxiDuuc8kxCX3d3W6Q=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjIIKbopuXFawD+iUkkkzbWgyMySZQhmKC3HrX3QlKIhbv8KVH+Ja02krtl4IHM65957c44aMSmVZn0ZqaXllNZ1Zy65vbG5tmzu7VRlEApMKDlgg6i6ShFGfVBRVjNRDQRB3Gam5vauxXusTIWng36pBSJocdXzqUYyUplrmvqMoJxI6hROnEDuCQ4+hvt4+bJk5q2glBf8DewpypfT31/3o4rHcMj+cdoAjTnyFGZKyYVuhasZIKIoZGWadSJIQ4R7qkIaGPtK+zTg5YQjzmmlDLxD6+Qom7N+JGHEpB9zVnRyprlzUxuSvlp+zUt55M6Z+GCni44mTFzGoAjgOBLapIFixgQYIC6o/C3EXCYSVji2bpHA6O34RzFKoHhdtq2jf6DguwaQy4AAcgiNggzNQAtegDCoAgzswAs/gxXgwnoxX423SmjKmM3tgroz3H6pkmzo=</latexit><latexit sha1_base64="sm6pS37f/wSVeCVNll9KMr77e7E=">AAACA3icZVDLSgMxFM3UV62vUVfiJlgKLkqZUVCXRTcuK9gHOEPJpJk2NMkMSaZQhuLKT3ElKIhbv8KVf2M6nYqtFwKHc+69J/cEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHwZqq3R0QqGol7PY6Jz1Ff0JBipA3VtY88TTlR0Kuee9XUkxyGDI3M9knXLjs1Jyv4H7g5KIO8Gl37y+tFOOFEaMyQUg+uE2s/RVJTzMik5CWKxAgPUZ88GCiQ8fXT7IQJrBimB8NImic0zNi/EyniSo15YDo50gO1rE3JX62yYKXDKz+lIk40EXjmFCYM6ghOA4E9KgnWbGwAwpKaz0I8QBJhbWIrZSlczI9fBvMUWmc116m5d065fp3nUQTH4AScAhdcgjq4BQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK585BAtlff4ACYqXDg==</latexit>

• ΔNCS is related to the change of SU(2) charged fermion numbers. 

anomaly
<latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="cKOnnc9uhs+J13Uf50OHZcnTBbQ=">AAAB9XicZZDLSgMxFIbPeK31VnWpi2ApuCozLtRl0Y3LCvYC7VAyaaYNTTJjklGGoc/hSlAQtz6MK9/GdNqKrT8Efv5zDufkC2LOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjeTeuuRKs0ieW/SmPoCDyQLGcHGRn7WVQJhGQnM03GvVHarbi7033gzU66dQK56r/TV7UckEVQawrHWHc+NjZ9hZRjhdFzsJprGmIzwgHaslVhQ7Wf50WNUsUkfhZGyTxqUp38nMiy0TkVgOwU2Q71cm4S/tcrCKhNe+RmTcWKoJNNNYcKRidAEAeozRYnhqTWYKGaPRWSIFSbGgirmFC7mn182cwrN86rnVr07i+N6igMKcAyncAYeXEINbqEODSDwAM/wCm/Ok/PivDsf09YVZzZzBAtyPn8AC9aS0g==</latexit><latexit sha1_base64="w0fw65p6hitbuDWJvYFLEVTAZjk=">AAAB9XicZVDLSgNBEOyNrxhfUY9eBkPAU9j1oB6DXjxGMA9IljA7mSRD5rHOzCrLku/wJCiIVz/Gk3/jZrMREwsaiqpuuruCkDNjXffbKaytb2xuFbdLO7t7+wflw6OWUZEmtEkUV7oTYEM5k7RpmeW0E2qKRcBpO5jczPz2I9WGKXlv45D6Ao8kGzKCbSr5SU8LhKUSmMfTfrni1twM6D/xclKBHI1++as3UCQSVFrCsTFdzw2tn2BtGeF0WupFhoaYTPCIdlMqsaDGT7Kjp6iaKgM0VDotaVGm/p1IsDAmFkHaKbAdm1VvJv561aVVdnjlJ0yGkaWSzDcNI46sQrMI0IBpSiyPU4KJZumxiIyxxsSmQZWyFC4Wz6+SRQqt85rn1rw7t1K/zvMowgmcwhl4cAl1uIUGNIHAAzzDK7w5T86L8+58zFsLTj5zDEtwPn8AjneSdg==</latexit>
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ûL

∆n = 1

|ΔNCS| = 1 transition 
creates 12 fermions 
altogether!

Party at collider!



• The LO Matrix Element in the instanton background
∫

DqDWDφ q(x1) · · · q(x12)W (y1) · · ·W (ynW )φ(z1) · · ·φ(znh) exp(−SE)
<latexit sha1_base64="im/AbGSyMn3aCSgxzOlToV7sOfo="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XUHzBIdAOtdM3UjoMRdDkF13AXo="></latexit><latexit sha1_base64="YVS97ViuOdinheVQWjoW8eRcTag="></latexit>

iM ∼
<latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit>

LSZ
<latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit>



• The LO Matrix Element in the instanton background
∫

DqDWDφ q(x1) · · · q(x12)W (y1) · · ·W (ynW )φ(z1) · · ·φ(znh) exp(−SE)
<latexit sha1_base64="im/AbGSyMn3aCSgxzOlToV7sOfo="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XUHzBIdAOtdM3UjoMRdDkF13AXo="></latexit><latexit sha1_base64="YVS97ViuOdinheVQWjoW8eRcTag="></latexit>

iM ∼
<latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit>

LSZ
<latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit>

v
[ (x− x0)2

(x− x0)2 + ρ2

]1/2

<latexit sha1_base64="KCk2NHvwImfji6/Z4L5MA+UrE1M="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Slf6UoZdaKd+Ny2+EHoPWqPCKsc="></latexit><latexit sha1_base64="Ctcc6+Pbuuq0MuTv/Qvnmzw3lms="></latexit>

φinst(x)
<latexit sha1_base64="1P6e60VEn8uIvo9EFn+c0pm0qkI="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="jKdCO7hC1JhUq+NM9smk7ccJYgw="></latexit><latexit sha1_base64="6e+WZ7AfNaWW7USS+aOqDWmrsnY="></latexit>

≃<latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="myBbUHdkmMxFfQTCg0BUyo6yAAk="></latexit><latexit sha1_base64="myBbUHdkmMxFfQTCg0BUyo6yAAk="></latexit>

2ρ2

g
Uab

η̄bµν(x− x0)ν
(x− x0)2[(x− x0)2 + ρ2]

<latexit sha1_base64="fz7ZKXqmwthabBArg3HWYqmwamQ="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="xp/jTakQdZwNC3p/XUxbLuFZibg="></latexit><latexit sha1_base64="HHgphYVIJ8UC0r0NqGRrDXGYI+Q="></latexit>

Wµa
inst ≃

<latexit sha1_base64="kkwbPR18VJFdESxLamI7K3yeVFo=">AAACBXicZVC7SgNBFL0bXzG+Vi3TDMaAVdi10TJoYxnBPCAbw+xkkgyZmV1nZoWwpLDyL9JaCQpi60dY+TdOHohJDlw4nHMv994Txpxp43k/TmZtfWNzK7ud29nd2z9wD49qOkoUoVUS8Ug1QqwpZ5JWDTOcNmJFsQg5rYeD64lff6RKs0jemWFMWwL3JOsygo2V2m6+3k4DJRCT2ozu00AkCI9QoJmgD2234JW8KdAq8eekUD4djxEAVNrud9CJSCKoNIRjrZu+F5tWipVhhNNRLkg0jTEZ4B5tWiqxoLqVTp8YoaJVOqgbKVvSoKn6fyLFQuuhCG2nwKavl72J+OcVF1aZ7mUrZTJODJVktqmbcGQiNIkEdZiixPChJZgoZo9FpI8VJsYGl7Mp+Ms/r5Laecn3Sv6tjeMKZshCHk7gDHy4gDLcQAWqQOAJXuAN3p1n59X5cD5nrRlnPnMMC3C+fgG3tpoX</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="oHc8/sQ+S8IN4mkmmmLIuTnw14M=">AAACBXicZVC7SgNBFJ2NrxhfUcs0gzFgFXYt1DJoYxnBPCAbl9nJbDI4M7vOzAph2cLKf7BIayUoiK0fYeXfONkkYuKBC4dz7uXee/yIUaVt+9vKLS2vrK7l1wsbm1vbO8XdvaYKY4lJA4cslG0fKcKoIA1NNSPtSBLEfUZa/u3F2G/dE6loKK71MCJdjvqCBhQjbSSvWGp5iSs5pELp9CZxeQxRCl1FObnzimW7ameA/4kzJeXa4WhUyj/l6l7xy+2FOOZEaMyQUh3HjnQ3QVJTzEhacGNFIoRvUZ90DBWIE9VNsidSWDFKDwahNCU0zNS/EwniSg25bzo50gO16I3FX68yt0oHZ92EiijWRODJpiBmUIdwHAnsUUmwZkNDEJbUHAvxAEmEtQmukKVwMnt+kcxSaB5XHbvqXJk4zsEEeVACB+AIOOAU1MAlqIMGwOABPINX8GY9Wi/Wu/Uxac1Z05l9MAfr8weTVJrF</latexit><latexit sha1_base64="Zte0JRDJ6xF0UXnxMTNqWO6XH3s=">AAACBXicZVDLSsNAFJ34rPUVddnNYCm4KokLdVl047KCfUBTw2Q6aYfOTOLMRCghC1d+iitBQdz6Ea78G6dpKrYeuHA4517uvSeIGVXacb6tldW19Y3N0lZ5e2d3b98+OGyrKJGYtHDEItkNkCKMCtLSVDPSjSVBPGCkE4yvpn7ngUhFI3GrJzHpczQUNKQYaSP5dqXjp57kkAqls7vU4wlEGfQU5eTet6tO3ckB/xO3IFVQoOnbX94gwgknQmOGlOq5Tqz7KZKaYkayspcoEiM8RkPSM1QgTlQ/zZ/IYM0oAxhG0pTQMFf/TqSIKzXhgenkSI/UsjcVf73awiodXvRTKuJEE4Fnm8KEQR3BaSRwQCXBmk0MQVhScyzEIyQR1ia4cp7C2fz5ZTJPoX1ad526e+NUG5dFHiVQAcfgBLjgHDTANWiCFsDgETyDV/BmPVkv1rv1MWtdsYqZI7AA6/MHXxyYZg==</latexit>

orientation
<latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="05o0hNAnvxve7NqIWD14tHchKBI=">AAAB+XicZZDLSgMxFIYzXmu9tOrSTbAUXA0Z0druim5cVrAXaIeSSdM2NJMMSUYoQ5/ElaAgbn0UV76NmekoVg8Efr5zzR9EnGmD0Keztr6xubVd2Cnu7u0flMqHRx0tY0Vom0guVS/AmnImaNsww2kvUhSHAafdYHaT5rsPVGkmxb2ZR9QP8USwMSPYWDQslwYqhFIxKkxOKsi9RF6jVoPIRci7qHtWNBp1C6FnSRoVkEdrWP4YjCSJQzuAcKx130OR8ROsDCOcLoqDWNMIkxme0L6VAodU+0l2+AJWLRnBsVT2CQMz+rsjwaHW8zCwlSE2U/03l8KfXHVllRnX/YSJKDZUkOWmccyhkTC1AY6YosTwuRWYKGaPhWSKFSbGmlXMXKhlX4X/xbcLnXPXQ653hyrN69yPAjgBp+AMeOAKNMEtaIE2ICAGj+AZvDiJ8+S8Om/L0jUn7zkGK+G8fwHslZPH</latexit><latexit sha1_base64="05o0hNAnvxve7NqIWD14tHchKBI=">AAAB+XicZZDLSgMxFIYzXmu9tOrSTbAUXA0Z0druim5cVrAXaIeSSdM2NJMMSUYoQ5/ElaAgbn0UV76NmekoVg8Efr5zzR9EnGmD0Keztr6xubVd2Cnu7u0flMqHRx0tY0Vom0guVS/AmnImaNsww2kvUhSHAafdYHaT5rsPVGkmxb2ZR9QP8USwMSPYWDQslwYqhFIxKkxOKsi9RF6jVoPIRci7qHtWNBp1C6FnSRoVkEdrWP4YjCSJQzuAcKx130OR8ROsDCOcLoqDWNMIkxme0L6VAodU+0l2+AJWLRnBsVT2CQMz+rsjwaHW8zCwlSE2U/03l8KfXHVllRnX/YSJKDZUkOWmccyhkTC1AY6YosTwuRWYKGaPhWSKFSbGmlXMXKhlX4X/xbcLnXPXQ653hyrN69yPAjgBp+AMeOAKNMEtaIE2ICAGj+AZvDiJ8+S8Om/L0jUn7zkGK+G8fwHslZPH</latexit>

position
<latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="/xlMLi2TTThT6k0Y1otc7xdYYzU=">AAAB9HicZVDLSsNAFL2pr1pfVZe6GCwFVyGppa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1TF6oGBc8+5lzv3eDFnUlnWh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgk7j0sKWch7SqmOL2PBcWBx2nfm15nfn9GhWRReKfmMXUDPA6ZzwhWWnIcEaA4kiwrhuWKZV62GrV6A1mmZTXtmp2RWrN+UUe2VjJU2qeQozMsvzujiCQBDRXhWMqBbcXKTbFQjHC6KDmJpDEmUzymA01DHFDppvmfF6iqlRHyI6FfqFCu/p5IcSDlPPB0Z4DVRP71MvHHq66sUn7LTVkYJ4qGZLnJTzhSEcoSQCMmKFF8rgkmQp9OEJlggYnSOZXyFBr5qeg/+U6hVzNty7RvdRxXyzigCCdwBudgQxPacAMd6AKBGB7gCZ6NmfFovBivy9aC8TVzDCsw3j4BkbGSlg==</latexit><latexit sha1_base64="DMoj6xyhg8B6HUR3jiBEvHaeYpA=">AAAB9HicZVDLSgMxFM3UV62vqks3wVJwNWRqaeuu6MZlBVsLnaFk0kwbmpkMSaZQhv6GK0FB3PozrvwbM9MqVg8Ezj3nXm7u8WPOlEbo0ypsbG5t7xR3S3v7B4dH5eOTnhKJJLRLBBey72NFOYtoVzPNaT+WFIc+pw/+9CbzH2ZUKiaiez2PqRficcQCRrA2kuvKEMZCsawYlivIvmo1avUGRDZCTafmZKTWrF/WoWOUDBWwQmdY/nBHgiQhjTThWKmBg2LtpVhqRjhdlNxE0RiTKR7TgaERDqny0vzPC1g1yggGQpoXaZirvydSHCo1D33TGWI9UX+9TPzxqmurdNDyUhbFiaYRWW4KEg61gFkCcMQkJZrPDcFEmtMJJBMsMdEmp1KeQiM/Ff4n3yn0araDbOcOVdrXqzyK4AycgwvggCZog1vQAV1AQAwewTN4sWbWk/VqvS1bC9Zq5hSswXr/AhRhkjo=</latexit>

size
<latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="yuJ2fhflGviD2R4CqxV+yb/Ctrw=">AAAB8HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5cV7APaoWTSTBuaZIYkI9ShP+FKUBC3/o4r/8ZMW8XqgQuHc+7l3nuCWHBjEfr0Nja3tnd2c3v5/YPDo+PCyWnHRImmrE0jEeleQAwTXLG25VawXqwZkYFg3WB6nfnde6YNj9SdncXMl2SseMgpsU7qDbSEhj+wYaGIygghjDHMCK5VkSONRr2C6xBnlkMRrNAaFj4Go4gmkilLBTGmj1Fs/ZRoy6lg8/wgMSwmdErGrO+oIpIZP13cO4clp4xgGGlXysKF+nsiJdKYmQxcpyR2Yv56mfjjldZW2bDup1zFiWWKLjeFiYA2gtn3cMQ1o1bMHCFUc3cspBOiCbUuo/wiheriVfiffKfQqZQxKuNbVGxerfLIgXNwAS4BBjXQBDegBdqAAgEewTN48bT35L16b8vWDW81cwbW4L1/Ab6VkEw=</latexit><latexit sha1_base64="yuJ2fhflGviD2R4CqxV+yb/Ctrw=">AAAB8HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5cV7APaoWTSTBuaZIYkI9ShP+FKUBC3/o4r/8ZMW8XqgQuHc+7l3nuCWHBjEfr0Nja3tnd2c3v5/YPDo+PCyWnHRImmrE0jEeleQAwTXLG25VawXqwZkYFg3WB6nfnde6YNj9SdncXMl2SseMgpsU7qDbSEhj+wYaGIygghjDHMCK5VkSONRr2C6xBnlkMRrNAaFj4Go4gmkilLBTGmj1Fs/ZRoy6lg8/wgMSwmdErGrO+oIpIZP13cO4clp4xgGGlXysKF+nsiJdKYmQxcpyR2Yv56mfjjldZW2bDup1zFiWWKLjeFiYA2gtn3cMQ1o1bMHCFUc3cspBOiCbUuo/wiheriVfiffKfQqZQxKuNbVGxerfLIgXNwAS4BBjXQBDegBdqAAgEewTN48bT35L16b8vWDW81cwbW4L1/Ab6VkEw=</latexit>

• Evaluate it at the instanton configuration:



• The LO Matrix Element in the instanton background
∫

DqDWDφ q(x1) · · · q(x12)W (y1) · · ·W (ynW )φ(z1) · · ·φ(znh) exp(−SE)
<latexit sha1_base64="im/AbGSyMn3aCSgxzOlToV7sOfo="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XUHzBIdAOtdM3UjoMRdDkF13AXo="></latexit><latexit sha1_base64="YVS97ViuOdinheVQWjoW8eRcTag="></latexit>

iM ∼
<latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit>

LSZ
<latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit>

v
[ (x− x0)2

(x− x0)2 + ρ2

]1/2

<latexit sha1_base64="KCk2NHvwImfji6/Z4L5MA+UrE1M="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Slf6UoZdaKd+Ny2+EHoPWqPCKsc="></latexit><latexit sha1_base64="Ctcc6+Pbuuq0MuTv/Qvnmzw3lms="></latexit>

φinst(x)
<latexit sha1_base64="1P6e60VEn8uIvo9EFn+c0pm0qkI="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="jKdCO7hC1JhUq+NM9smk7ccJYgw="></latexit><latexit sha1_base64="6e+WZ7AfNaWW7USS+aOqDWmrsnY="></latexit>

≃<latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="myBbUHdkmMxFfQTCg0BUyo6yAAk="></latexit><latexit sha1_base64="myBbUHdkmMxFfQTCg0BUyo6yAAk="></latexit>

2ρ2

g
Uab

η̄bµν(x− x0)ν
(x− x0)2[(x− x0)2 + ρ2]

<latexit sha1_base64="fz7ZKXqmwthabBArg3HWYqmwamQ="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="xp/jTakQdZwNC3p/XUxbLuFZibg="></latexit><latexit sha1_base64="HHgphYVIJ8UC0r0NqGRrDXGYI+Q="></latexit>

Wµa
inst ≃

<latexit sha1_base64="kkwbPR18VJFdESxLamI7K3yeVFo=">AAACBXicZVC7SgNBFL0bXzG+Vi3TDMaAVdi10TJoYxnBPCAbw+xkkgyZmV1nZoWwpLDyL9JaCQpi60dY+TdOHohJDlw4nHMv994Txpxp43k/TmZtfWNzK7ud29nd2z9wD49qOkoUoVUS8Ug1QqwpZ5JWDTOcNmJFsQg5rYeD64lff6RKs0jemWFMWwL3JOsygo2V2m6+3k4DJRCT2ozu00AkCI9QoJmgD2234JW8KdAq8eekUD4djxEAVNrud9CJSCKoNIRjrZu+F5tWipVhhNNRLkg0jTEZ4B5tWiqxoLqVTp8YoaJVOqgbKVvSoKn6fyLFQuuhCG2nwKavl72J+OcVF1aZ7mUrZTJODJVktqmbcGQiNIkEdZiixPChJZgoZo9FpI8VJsYGl7Mp+Ms/r5Laecn3Sv6tjeMKZshCHk7gDHy4gDLcQAWqQOAJXuAN3p1n59X5cD5nrRlnPnMMC3C+fgG3tpoX</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="oHc8/sQ+S8IN4mkmmmLIuTnw14M=">AAACBXicZVC7SgNBFJ2NrxhfUcs0gzFgFXYt1DJoYxnBPCAbl9nJbDI4M7vOzAph2cLKf7BIayUoiK0fYeXfONkkYuKBC4dz7uXee/yIUaVt+9vKLS2vrK7l1wsbm1vbO8XdvaYKY4lJA4cslG0fKcKoIA1NNSPtSBLEfUZa/u3F2G/dE6loKK71MCJdjvqCBhQjbSSvWGp5iSs5pELp9CZxeQxRCl1FObnzimW7ameA/4kzJeXa4WhUyj/l6l7xy+2FOOZEaMyQUh3HjnQ3QVJTzEhacGNFIoRvUZ90DBWIE9VNsidSWDFKDwahNCU0zNS/EwniSg25bzo50gO16I3FX68yt0oHZ92EiijWRODJpiBmUIdwHAnsUUmwZkNDEJbUHAvxAEmEtQmukKVwMnt+kcxSaB5XHbvqXJk4zsEEeVACB+AIOOAU1MAlqIMGwOABPINX8GY9Wi/Wu/Uxac1Z05l9MAfr8weTVJrF</latexit><latexit sha1_base64="Zte0JRDJ6xF0UXnxMTNqWO6XH3s=">AAACBXicZVDLSsNAFJ34rPUVddnNYCm4KokLdVl047KCfUBTw2Q6aYfOTOLMRCghC1d+iitBQdz6Ea78G6dpKrYeuHA4517uvSeIGVXacb6tldW19Y3N0lZ5e2d3b98+OGyrKJGYtHDEItkNkCKMCtLSVDPSjSVBPGCkE4yvpn7ngUhFI3GrJzHpczQUNKQYaSP5dqXjp57kkAqls7vU4wlEGfQU5eTet6tO3ckB/xO3IFVQoOnbX94gwgknQmOGlOq5Tqz7KZKaYkayspcoEiM8RkPSM1QgTlQ/zZ/IYM0oAxhG0pTQMFf/TqSIKzXhgenkSI/UsjcVf73awiodXvRTKuJEE4Fnm8KEQR3BaSRwQCXBmk0MQVhScyzEIyQR1ia4cp7C2fz5ZTJPoX1ad526e+NUG5dFHiVQAcfgBLjgHDTANWiCFsDgETyDV/BmPVkv1rv1MWtdsYqZI7AA6/MHXxyYZg==</latexit>

orientation
<latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="05o0hNAnvxve7NqIWD14tHchKBI=">AAAB+XicZZDLSgMxFIYzXmu9tOrSTbAUXA0Z0druim5cVrAXaIeSSdM2NJMMSUYoQ5/ElaAgbn0UV76NmekoVg8Efr5zzR9EnGmD0Keztr6xubVd2Cnu7u0flMqHRx0tY0Vom0guVS/AmnImaNsww2kvUhSHAafdYHaT5rsPVGkmxb2ZR9QP8USwMSPYWDQslwYqhFIxKkxOKsi9RF6jVoPIRci7qHtWNBp1C6FnSRoVkEdrWP4YjCSJQzuAcKx130OR8ROsDCOcLoqDWNMIkxme0L6VAodU+0l2+AJWLRnBsVT2CQMz+rsjwaHW8zCwlSE2U/03l8KfXHVllRnX/YSJKDZUkOWmccyhkTC1AY6YosTwuRWYKGaPhWSKFSbGmlXMXKhlX4X/xbcLnXPXQ653hyrN69yPAjgBp+AMeOAKNMEtaIE2ICAGj+AZvDiJ8+S8Om/L0jUn7zkGK+G8fwHslZPH</latexit><latexit sha1_base64="05o0hNAnvxve7NqIWD14tHchKBI=">AAAB+XicZZDLSgMxFIYzXmu9tOrSTbAUXA0Z0druim5cVrAXaIeSSdM2NJMMSUYoQ5/ElaAgbn0UV76NmekoVg8Efr5zzR9EnGmD0Keztr6xubVd2Cnu7u0flMqHRx0tY0Vom0guVS/AmnImaNsww2kvUhSHAafdYHaT5rsPVGkmxb2ZR9QP8USwMSPYWDQslwYqhFIxKkxOKsi9RF6jVoPIRci7qHtWNBp1C6FnSRoVkEdrWP4YjCSJQzuAcKx130OR8ROsDCOcLoqDWNMIkxme0L6VAodU+0l2+AJWLRnBsVT2CQMz+rsjwaHW8zCwlSE2U/03l8KfXHVllRnX/YSJKDZUkOWmccyhkTC1AY6YosTwuRWYKGaPhWSKFSbGmlXMXKhlX4X/xbcLnXPXQ653hyrN69yPAjgBp+AMeOAKNMEtaIE2ICAGj+AZvDiJ8+S8Om/L0jUn7zkGK+G8fwHslZPH</latexit>

position
<latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="/xlMLi2TTThT6k0Y1otc7xdYYzU=">AAAB9HicZVDLSsNAFL2pr1pfVZe6GCwFVyGppa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1TF6oGBc8+5lzv3eDFnUlnWh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgk7j0sKWch7SqmOL2PBcWBx2nfm15nfn9GhWRReKfmMXUDPA6ZzwhWWnIcEaA4kiwrhuWKZV62GrV6A1mmZTXtmp2RWrN+UUe2VjJU2qeQozMsvzujiCQBDRXhWMqBbcXKTbFQjHC6KDmJpDEmUzymA01DHFDppvmfF6iqlRHyI6FfqFCu/p5IcSDlPPB0Z4DVRP71MvHHq66sUn7LTVkYJ4qGZLnJTzhSEcoSQCMmKFF8rgkmQp9OEJlggYnSOZXyFBr5qeg/+U6hVzNty7RvdRxXyzigCCdwBudgQxPacAMd6AKBGB7gCZ6NmfFovBivy9aC8TVzDCsw3j4BkbGSlg==</latexit><latexit sha1_base64="DMoj6xyhg8B6HUR3jiBEvHaeYpA=">AAAB9HicZVDLSgMxFM3UV62vqks3wVJwNWRqaeuu6MZlBVsLnaFk0kwbmpkMSaZQhv6GK0FB3PozrvwbM9MqVg8Ezj3nXm7u8WPOlEbo0ypsbG5t7xR3S3v7B4dH5eOTnhKJJLRLBBey72NFOYtoVzPNaT+WFIc+pw/+9CbzH2ZUKiaiez2PqRficcQCRrA2kuvKEMZCsawYlivIvmo1avUGRDZCTafmZKTWrF/WoWOUDBWwQmdY/nBHgiQhjTThWKmBg2LtpVhqRjhdlNxE0RiTKR7TgaERDqny0vzPC1g1yggGQpoXaZirvydSHCo1D33TGWI9UX+9TPzxqmurdNDyUhbFiaYRWW4KEg61gFkCcMQkJZrPDcFEmtMJJBMsMdEmp1KeQiM/Ff4n3yn0araDbOcOVdrXqzyK4AycgwvggCZog1vQAV1AQAwewTN4sWbWk/VqvS1bC9Zq5hSswXr/AhRhkjo=</latexit>

size
<latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="yuJ2fhflGviD2R4CqxV+yb/Ctrw=">AAAB8HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5cV7APaoWTSTBuaZIYkI9ShP+FKUBC3/o4r/8ZMW8XqgQuHc+7l3nuCWHBjEfr0Nja3tnd2c3v5/YPDo+PCyWnHRImmrE0jEeleQAwTXLG25VawXqwZkYFg3WB6nfnde6YNj9SdncXMl2SseMgpsU7qDbSEhj+wYaGIygghjDHMCK5VkSONRr2C6xBnlkMRrNAaFj4Go4gmkilLBTGmj1Fs/ZRoy6lg8/wgMSwmdErGrO+oIpIZP13cO4clp4xgGGlXysKF+nsiJdKYmQxcpyR2Yv56mfjjldZW2bDup1zFiWWKLjeFiYA2gtn3cMQ1o1bMHCFUc3cspBOiCbUuo/wiheriVfiffKfQqZQxKuNbVGxerfLIgXNwAS4BBjXQBDegBdqAAgEewTN48bT35L16b8vWDW81cwbW4L1/Ab6VkEw=</latexit><latexit sha1_base64="yuJ2fhflGviD2R4CqxV+yb/Ctrw=">AAAB8HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5cV7APaoWTSTBuaZIYkI9ShP+FKUBC3/o4r/8ZMW8XqgQuHc+7l3nuCWHBjEfr0Nja3tnd2c3v5/YPDo+PCyWnHRImmrE0jEeleQAwTXLG25VawXqwZkYFg3WB6nfnde6YNj9SdncXMl2SseMgpsU7qDbSEhj+wYaGIygghjDHMCK5VkSONRr2C6xBnlkMRrNAaFj4Go4gmkilLBTGmj1Fs/ZRoy6lg8/wgMSwmdErGrO+oIpIZP13cO4clp4xgGGlXysKF+nsiJdKYmQxcpyR2Yv56mfjjldZW2bDup1zFiWWKLjeFiYA2gtn3cMQ1o1bMHCFUc3cspBOiCbUuo/wiheriVfiffKfQqZQxKuNbVGxerfLIgXNwAS4BBjXQBDegBdqAAgEewTN48bT35L16b8vWDW81cwbW4L1/Ab6VkEw=</latexit>

• Evaluate it at the instanton configuration:

σ(nW , nh) ∼
∫

|M|2 · dΦPS
<latexit sha1_base64="2moJsx4DHtWo4L7slCDzEHrMfQ0="></latexit><latexit sha1_base64="AMcYqyzNr8lTiYlzcvTIu/wnNGs="></latexit><latexit sha1_base64="AMcYqyzNr8lTiYlzcvTIu/wnNGs="></latexit><latexit sha1_base64="AMcYqyzNr8lTiYlzcvTIu/wnNGs="></latexit><latexit sha1_base64="LTFC01ovc8pdgo/I8gAzXCZVSHY="></latexit><latexit sha1_base64="5R1tZq+Lur2S4sxdP8wiSN6p1vU="></latexit>

• Integration over orientation, position, size and phase-space:



• The LO Matrix Element in the instanton background

[Ringwald ’90, Espinosa ’90]

∫
DqDWDφ q(x1) · · · q(x12)W (y1) · · ·W (ynW )φ(z1) · · ·φ(znh) exp(−SE)

<latexit sha1_base64="im/AbGSyMn3aCSgxzOlToV7sOfo="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XOA//vyPji1bAnO5MCs5E68MStk="></latexit><latexit sha1_base64="XUHzBIdAOtdM3UjoMRdDkF13AXo="></latexit><latexit sha1_base64="YVS97ViuOdinheVQWjoW8eRcTag="></latexit>

iM ∼
<latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="4B8KsYoKLanX1MRyMSZVmzDSCig=">AAAB+3icZVBNS8NAEJ3Ur1q/Uj16WSwFD1ISL3osevEiVLAf0ISy2W7apZtN2N0oJeSneBIUxKu/xJP/xm0bxLYPBh7vzTAzL0g4U9pxfqzSxubW9k55t7K3f3B4ZFePOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJrczv/tEpWKxeNTThPoRHgkWMoK1kQZ2laHMI5ij+xx5F55i0cCuOQ1nDrRO3ILUoEBrYH97w5ikERWacKxU33US7WdYakY4zSteqmiCyQSPaN9QgSOq/Gx+eo7qRhmiMJamhEZz9f9EhiOlplFgOiOsx2rVm4l/Xn1plQ6v/YyJJNVUkMWmMOVIx2gWBBoySYnmU0Mwkcwci8gYS0y0iatiUnBXf14nncuG6zTcB6fWvCnyKMMpnME5uHAFTbiDFrSBwDO8wBu8W7n1an1Yn4vWklXMnMASrK9fagyTQw==</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit><latexit sha1_base64="D6L+ZaICho9hAxwOlcPt6Dumdys=">AAAB+3icZVDLSsNAFJ3UV62vVJduBkvBhZTEhbosunEjVLAPaEKZTCft0JlJmJkoJeRTXAkK4tYvceXfOE1TsfXAhcM593LvPUHMqNKO822V1tY3NrfK25Wd3b39A7t62FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JzNBI0pBhpIw3sKoWphxGDdxn0zjxF+cCuOQ0nB/xP3ILUQIHWwP7yhhFOOBEaM6RU33Vi7adIaooZySpeokiM8ASNSN9QgThRfpqfnsG6UYYwjKQpoWGu/p1IEVdqygPTyZEeq1VvJv569aVVOrzyUyriRBOB55vChEEdwVkQcEglwZpNDUFYUnMsxGMkEdYmrkqewsXi+VWySKFz3nCdhnvv1JrXRR5lcAxOwClwwSVoglvQAm2AwRN4Bq/gzcqsF+vd+pi3lqxi5ggswfr8AXCWk1I=</latexit>

LSZ
<latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="zBgX7awZEi4o0/qSRepoKfLUY7k=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrRY9FLx48VLQf2C4lm2bb0CS7JlmhLP0RngQF8erv8eS/Md0uYtsHA4/3ZpiZF8ScaeO6P05hbX1jc6u4XdrZ3ds/KB8etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1MlWaRfDCTmPoCDyULGcHGSu2eEuj2/rFfrrg1NwNaJV5OKpCj0S9/9wYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu4UVa0yQGGkbEmDMvX/RIqF1hMR2E6BzUgvezPxz6surDLhpZ8yGSeGSjLfFCYcmQjNnkcDpigxfGIJJorZYxEZYYWJsRGVbAre8s+rpHVe89yad+dW6ld5HkU4gVM4Aw8uoA430IAmEBjDC7zBu/PkvDofzue8teDkM8ewAOfrFxwAjzs=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit><latexit sha1_base64="F+ngYZ/X9rvBvbF+ALqe09uvdBw=">AAAB73icZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0WvXjwUNF+YLuUbJptQ5PsmmSFUvojPAkK4tXf48l/Y7rdiq0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK+mfvOJKs0ieW9GMfUF7ksWMoKNlZodJdDN3UO3WHIrbgr0n3gZKUGGWrf41elFJBFUGsKx1m3PjY0/xsowwumk0Ek0jTEZ4j5tWyqxoNofp+dOUNkqPRRGypY0KFX/Toyx0HokAtspsBnoZW8q/nrlhVUmvPDHTMaJoZLMNoUJRyZC0+dRjylKDB9Zgoli9lhEBlhhYmxEhTSFs/nzy2SeQuO04rkV79YtVS+zPPJwBMdwAh6cQxWuoQZ1IDCEZ3iFN+fReXHenY9Za87JZg5hAc7nDyKKj0o=</latexit>

v
[ (x− x0)2

(x− x0)2 + ρ2

]1/2

<latexit sha1_base64="KCk2NHvwImfji6/Z4L5MA+UrE1M="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Fg1cuhagbLYHdycQcdkf/jLVsAA="></latexit><latexit sha1_base64="Slf6UoZdaKd+Ny2+EHoPWqPCKsc="></latexit><latexit sha1_base64="Ctcc6+Pbuuq0MuTv/Qvnmzw3lms="></latexit>

φinst(x)
<latexit sha1_base64="1P6e60VEn8uIvo9EFn+c0pm0qkI="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="c8Nhw8uvTHA0O3D00uhPbekE+kE="></latexit><latexit sha1_base64="jKdCO7hC1JhUq+NM9smk7ccJYgw="></latexit><latexit sha1_base64="6e+WZ7AfNaWW7USS+aOqDWmrsnY="></latexit>

≃<latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="77+R8vNUu8fdtTQVZsnP/kvk/aU="></latexit><latexit sha1_base64="myBbUHdkmMxFfQTCg0BUyo6yAAk="></latexit><latexit sha1_base64="myBbUHdkmMxFfQTCg0BUyo6yAAk="></latexit>

2ρ2

g
Uab

η̄bµν(x− x0)ν
(x− x0)2[(x− x0)2 + ρ2]

<latexit sha1_base64="fz7ZKXqmwthabBArg3HWYqmwamQ="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="vhw//dmVCugGrNVUyffdFyKE+8Y="></latexit><latexit sha1_base64="xp/jTakQdZwNC3p/XUxbLuFZibg="></latexit><latexit sha1_base64="HHgphYVIJ8UC0r0NqGRrDXGYI+Q="></latexit>

Wµa
inst ≃

<latexit sha1_base64="kkwbPR18VJFdESxLamI7K3yeVFo=">AAACBXicZVC7SgNBFL0bXzG+Vi3TDMaAVdi10TJoYxnBPCAbw+xkkgyZmV1nZoWwpLDyL9JaCQpi60dY+TdOHohJDlw4nHMv994Txpxp43k/TmZtfWNzK7ud29nd2z9wD49qOkoUoVUS8Ug1QqwpZ5JWDTOcNmJFsQg5rYeD64lff6RKs0jemWFMWwL3JOsygo2V2m6+3k4DJRCT2ozu00AkCI9QoJmgD2234JW8KdAq8eekUD4djxEAVNrud9CJSCKoNIRjrZu+F5tWipVhhNNRLkg0jTEZ4B5tWiqxoLqVTp8YoaJVOqgbKVvSoKn6fyLFQuuhCG2nwKavl72J+OcVF1aZ7mUrZTJODJVktqmbcGQiNIkEdZiixPChJZgoZo9FpI8VJsYGl7Mp+Ms/r5Laecn3Sv6tjeMKZshCHk7gDHy4gDLcQAWqQOAJXuAN3p1n59X5cD5nrRlnPnMMC3C+fgG3tpoX</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="4kU/3S15OoPsUtBOsP4Z8cimfzE=">AAACBXicZVDLSsNAFJ3UV62vqMtuBmvBVUnc6LLoxmUF+4Amhsl00g6dmcSZiVBCFq78BxfduhIUxK0f4cq/cfpAbD1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDi8nfvueSEVjcaNHCfE56gsaUYy0kQK73A4yT3JIhdL5bebxFKIceopychfYFafmTAH/E3dOKvXj8bhcfCo0AvvL68U45URozJBSXddJtJ8hqSlmJC95qSIJwkPUJ11DBeJE+dn0iRxWjdKDUSxNCQ2n6t+JDHGlRjw0nRzpgVr2JuKvV11YpaNzP6MiSTUReLYpShnUMZxEAntUEqzZyBCEJTXHQjxAEmFtgiuZFNzln/+T1mnNdWrutYnjAsxQBGVwBE6AC85AHVyBBmgCDB7AM3gFb9aj9WK9Wx+z1oI1nzkEC7A+fwCMypq2</latexit><latexit sha1_base64="oHc8/sQ+S8IN4mkmmmLIuTnw14M=">AAACBXicZVC7SgNBFJ2NrxhfUcs0gzFgFXYt1DJoYxnBPCAbl9nJbDI4M7vOzAph2cLKf7BIayUoiK0fYeXfONkkYuKBC4dz7uXee/yIUaVt+9vKLS2vrK7l1wsbm1vbO8XdvaYKY4lJA4cslG0fKcKoIA1NNSPtSBLEfUZa/u3F2G/dE6loKK71MCJdjvqCBhQjbSSvWGp5iSs5pELp9CZxeQxRCl1FObnzimW7ameA/4kzJeXa4WhUyj/l6l7xy+2FOOZEaMyQUh3HjnQ3QVJTzEhacGNFIoRvUZ90DBWIE9VNsidSWDFKDwahNCU0zNS/EwniSg25bzo50gO16I3FX68yt0oHZ92EiijWRODJpiBmUIdwHAnsUUmwZkNDEJbUHAvxAEmEtQmukKVwMnt+kcxSaB5XHbvqXJk4zsEEeVACB+AIOOAU1MAlqIMGwOABPINX8GY9Wi/Wu/Uxac1Z05l9MAfr8weTVJrF</latexit><latexit sha1_base64="Zte0JRDJ6xF0UXnxMTNqWO6XH3s=">AAACBXicZVDLSsNAFJ34rPUVddnNYCm4KokLdVl047KCfUBTw2Q6aYfOTOLMRCghC1d+iitBQdz6Ea78G6dpKrYeuHA4517uvSeIGVXacb6tldW19Y3N0lZ5e2d3b98+OGyrKJGYtHDEItkNkCKMCtLSVDPSjSVBPGCkE4yvpn7ngUhFI3GrJzHpczQUNKQYaSP5dqXjp57kkAqls7vU4wlEGfQU5eTet6tO3ckB/xO3IFVQoOnbX94gwgknQmOGlOq5Tqz7KZKaYkayspcoEiM8RkPSM1QgTlQ/zZ/IYM0oAxhG0pTQMFf/TqSIKzXhgenkSI/UsjcVf73awiodXvRTKuJEE4Fnm8KEQR3BaSRwQCXBmk0MQVhScyzEIyQR1ia4cp7C2fz5ZTJPoX1ad526e+NUG5dFHiVQAcfgBLjgHDTANWiCFsDgETyDV/BmPVkv1rv1MWtdsYqZI7AA6/MHXxyYZg==</latexit>

orientation
<latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="SrDxy2lbGUmHBWUBnyeNBJ6N98M=">AAAB+XicdZDLSgMxFIYzXmu9tOrSTbAUXA2JaG13RTcuK9gLtEPJpJk2NJkZkoxQhj6JK0FB3PoornwbM+0oVvBA4Oc71/x+LLg2CH06a+sbm1vbhZ3i7t7+Qal8eNTRUaIoa9NIRKrnE80ED1nbcCNYL1aMSF+wrj+9yfLdB6Y0j8J7M4uZJ8k45AGnxFg0LJcGSsJIcRaanFSQe4lwo1aDyEUIX9SxFY1G3UKILcmiAvJoDcsfg1FEE2kHUEG07mMUGy8lynAq2Lw4SDSLCZ2SMetbGRLJtJcuDp/DqiUjGETKvtDABf3dkRKp9Uz6tlISM9F/cxn8yVVXVpmg7qU8jBPDQrrcFCQCmghmNsARV4waMbOCUMXtsZBOiCLUWLOK1oXvr8L/RefcxcjFd6jSvM79KIATcArOAAZXoAluQQu0AQUJeATP4MVJnSfn1Xlblq45ec8xWAnn/QvmC5O4</latexit><latexit sha1_base64="05o0hNAnvxve7NqIWD14tHchKBI=">AAAB+XicZZDLSgMxFIYzXmu9tOrSTbAUXA0Z0druim5cVrAXaIeSSdM2NJMMSUYoQ5/ElaAgbn0UV76NmekoVg8Efr5zzR9EnGmD0Keztr6xubVd2Cnu7u0flMqHRx0tY0Vom0guVS/AmnImaNsww2kvUhSHAafdYHaT5rsPVGkmxb2ZR9QP8USwMSPYWDQslwYqhFIxKkxOKsi9RF6jVoPIRci7qHtWNBp1C6FnSRoVkEdrWP4YjCSJQzuAcKx130OR8ROsDCOcLoqDWNMIkxme0L6VAodU+0l2+AJWLRnBsVT2CQMz+rsjwaHW8zCwlSE2U/03l8KfXHVllRnX/YSJKDZUkOWmccyhkTC1AY6YosTwuRWYKGaPhWSKFSbGmlXMXKhlX4X/xbcLnXPXQ653hyrN69yPAjgBp+AMeOAKNMEtaIE2ICAGj+AZvDiJ8+S8Om/L0jUn7zkGK+G8fwHslZPH</latexit><latexit sha1_base64="05o0hNAnvxve7NqIWD14tHchKBI=">AAAB+XicZZDLSgMxFIYzXmu9tOrSTbAUXA0Z0druim5cVrAXaIeSSdM2NJMMSUYoQ5/ElaAgbn0UV76NmekoVg8Efr5zzR9EnGmD0Keztr6xubVd2Cnu7u0flMqHRx0tY0Vom0guVS/AmnImaNsww2kvUhSHAafdYHaT5rsPVGkmxb2ZR9QP8USwMSPYWDQslwYqhFIxKkxOKsi9RF6jVoPIRci7qHtWNBp1C6FnSRoVkEdrWP4YjCSJQzuAcKx130OR8ROsDCOcLoqDWNMIkxme0L6VAodU+0l2+AJWLRnBsVT2CQMz+rsjwaHW8zCwlSE2U/03l8KfXHVllRnX/YSJKDZUkOWmccyhkTC1AY6YosTwuRWYKGaPhWSKFSbGmlXMXKhlX4X/xbcLnXPXQ653hyrN69yPAjgBp+AMeOAKNMEtaIE2ICAGj+AZvDiJ8+S8Om/L0jUn7zkGK+G8fwHslZPH</latexit>

position
<latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="hnTkwiBNQ51+kJp5+OAGvZ8+heU=">AAAB9HicdVDLSsNAFL2pr1pfVZe6GCwFVyGJpa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1bFCh4YOPece7lzj59wJpVlfRiFtfWNza3idmlnd2//oHx41JVxKgjtkJjH4t7HknIW0Y5iitP7RFAc+pz2/Ml17vemVEgWR3dqllAvxKOIBYxgpSXXFSFKYsnyYlCuWOZls+7U6sgyLathO3ZOnEbtooZsreSotE5hgfag/O4OY5KGNFKEYyn7tpUoL8NCMcLpvOSmkiaYTPCI9jWNcEilly3+PEdVrQxREAv9IoUW6u+JDIdSzkJfd4ZYjeVfLxd/vOrKKhU0vYxFSapoRJabgpQjFaM8ATRkghLFZ5pgIvTpBJExFpgonVNJp/B9KvqfdB3Ttkz7VsdxtYwDinACZ3AONjSgBTfQhg4QSOABnuDZmBqPxovxumwtGF8zx7AC4+0TiyeShw==</latexit><latexit sha1_base64="/xlMLi2TTThT6k0Y1otc7xdYYzU=">AAAB9HicZVDLSsNAFL2pr1pfVZe6GCwFVyGppa27ohuXFWwrNKFMppN26OTBzKRQQn/DlaAgbv0ZV/6Nk1TF6oGBc8+5lzv3eDFnUlnWh1FYW9/Y3Cpul3Z29/YPyodHPRklgtAuiXgk7j0sKWch7SqmOL2PBcWBx2nfm15nfn9GhWRReKfmMXUDPA6ZzwhWWnIcEaA4kiwrhuWKZV62GrV6A1mmZTXtmp2RWrN+UUe2VjJU2qeQozMsvzujiCQBDRXhWMqBbcXKTbFQjHC6KDmJpDEmUzymA01DHFDppvmfF6iqlRHyI6FfqFCu/p5IcSDlPPB0Z4DVRP71MvHHq66sUn7LTVkYJ4qGZLnJTzhSEcoSQCMmKFF8rgkmQp9OEJlggYnSOZXyFBr5qeg/+U6hVzNty7RvdRxXyzigCCdwBudgQxPacAMd6AKBGB7gCZ6NmfFovBivy9aC8TVzDCsw3j4BkbGSlg==</latexit><latexit sha1_base64="DMoj6xyhg8B6HUR3jiBEvHaeYpA=">AAAB9HicZVDLSgMxFM3UV62vqks3wVJwNWRqaeuu6MZlBVsLnaFk0kwbmpkMSaZQhv6GK0FB3PozrvwbM9MqVg8Ezj3nXm7u8WPOlEbo0ypsbG5t7xR3S3v7B4dH5eOTnhKJJLRLBBey72NFOYtoVzPNaT+WFIc+pw/+9CbzH2ZUKiaiez2PqRficcQCRrA2kuvKEMZCsawYlivIvmo1avUGRDZCTafmZKTWrF/WoWOUDBWwQmdY/nBHgiQhjTThWKmBg2LtpVhqRjhdlNxE0RiTKR7TgaERDqny0vzPC1g1yggGQpoXaZirvydSHCo1D33TGWI9UX+9TPzxqmurdNDyUhbFiaYRWW4KEg61gFkCcMQkJZrPDcFEmtMJJBMsMdEmp1KeQiM/Ff4n3yn0araDbOcOVdrXqzyK4AycgwvggCZog1vQAV1AQAwewTN4sWbWk/VqvS1bC9Zq5hSswXr/AhRhkjo=</latexit>

size
<latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="Y0l3iivuh7NwJDUAQpcJzc8gEtE=">AAAB8HicdVDLSgMxFM3UV62vqks3wVJwVZIubLsrunFZwT6gHUomzbShSWZIMkId+hOuBAVx6++48m/MtFWs4IELh3Pu5d57glhwYxH69HIbm1vbO/ndwt7+weFR8fikY6JEU9amkYh0LyCGCa5Y23IrWC/WjMhAsG4wvc787j3Thkfqzs5i5ksyVjzklFgn9QZaQsMf2LBYQhWEEMYYZgTXLpEjjUa9iusQZ5ZDCazQGhY/BqOIJpIpSwUxpo9RbP2UaMupYPPCIDEsJnRKxqzvqCKSGT9d3DuHZaeMYBhpV8rChfp7IiXSmJkMXKckdmL+epn445XXVtmw7qdcxYllii43hYmANoLZ93DENaNWzBwhVHN3LKQTogm1LqOCS+H7Vfg/6VQrGFXwLSo1r1Z55MEZOAcXAIMaaIIb0AJtQIEAj+AZvHjae/Jevbdla85bzZyCNXjvX7gLkD0=</latexit><latexit sha1_base64="yuJ2fhflGviD2R4CqxV+yb/Ctrw=">AAAB8HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5cV7APaoWTSTBuaZIYkI9ShP+FKUBC3/o4r/8ZMW8XqgQuHc+7l3nuCWHBjEfr0Nja3tnd2c3v5/YPDo+PCyWnHRImmrE0jEeleQAwTXLG25VawXqwZkYFg3WB6nfnde6YNj9SdncXMl2SseMgpsU7qDbSEhj+wYaGIygghjDHMCK5VkSONRr2C6xBnlkMRrNAaFj4Go4gmkilLBTGmj1Fs/ZRoy6lg8/wgMSwmdErGrO+oIpIZP13cO4clp4xgGGlXysKF+nsiJdKYmQxcpyR2Yv56mfjjldZW2bDup1zFiWWKLjeFiYA2gtn3cMQ1o1bMHCFUc3cspBOiCbUuo/wiheriVfiffKfQqZQxKuNbVGxerfLIgXNwAS4BBjXQBDegBdqAAgEewTN48bT35L16b8vWDW81cwbW4L1/Ab6VkEw=</latexit><latexit sha1_base64="yuJ2fhflGviD2R4CqxV+yb/Ctrw=">AAAB8HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5cV7APaoWTSTBuaZIYkI9ShP+FKUBC3/o4r/8ZMW8XqgQuHc+7l3nuCWHBjEfr0Nja3tnd2c3v5/YPDo+PCyWnHRImmrE0jEeleQAwTXLG25VawXqwZkYFg3WB6nfnde6YNj9SdncXMl2SseMgpsU7qDbSEhj+wYaGIygghjDHMCK5VkSONRr2C6xBnlkMRrNAaFj4Go4gmkilLBTGmj1Fs/ZRoy6lg8/wgMSwmdErGrO+oIpIZP13cO4clp4xgGGlXysKF+nsiJdKYmQxcpyR2Yv56mfjjldZW2bDup1zFiWWKLjeFiYA2gtn3cMQ1o1bMHCFUc3cspBOiCbUuo/wiheriVfiffKfQqZQxKuNbVGxerfLIgXNwAS4BBjXQBDegBdqAAgEewTN48bT35L16b8vWDW81cwbW4L1/Ab6VkEw=</latexit>

• Evaluate it at the instanton configuration:

σ(nW , nh) ∼
∫

|M|2 · dΦPS
<latexit sha1_base64="2moJsx4DHtWo4L7slCDzEHrMfQ0="></latexit><latexit sha1_base64="AMcYqyzNr8lTiYlzcvTIu/wnNGs="></latexit><latexit sha1_base64="AMcYqyzNr8lTiYlzcvTIu/wnNGs="></latexit><latexit sha1_base64="AMcYqyzNr8lTiYlzcvTIu/wnNGs="></latexit><latexit sha1_base64="LTFC01ovc8pdgo/I8gAzXCZVSHY="></latexit><latexit sha1_base64="5R1tZq+Lur2S4sxdP8wiSN6p1vU="></latexit>

• Integration over orientation, position, size and phase-space:
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The layout of this paper is as follows. In the remainder 
of this section we describe the theoretical basis of elec- 
troweak BLNV. Section 2 is a discussion of our approach 
to modelling BLNV processes at supercolliders, based on 
the (rather uncertain) theoretical expectations, and of 
practical issues that arise in the construction of an event 
generator. We formulate two contrasting BLNV models, 
one based on leading-order matrix elements (LOME) and 
one using a simpler phase-space approach with fixed 
boson multiplicity. We also discuss the possible back- 
grounds to BLNV, and how we model the dominant 
background, which is expected to consist of B and L con- 
serving multi-W(Z) events. 

Section 3 contains the results of our Monte Carlo 
studies. We present results for the simpler model at three 
energies, including that proposed for the LHC. The 
LOME model requires a higher energy and so in that case 
we show results only at 40 TeV. We present our con- 
clusions in Sect. 4. Brief details of the HERBVI package, 
used to obtain the majority of the results in Sect. 3, are 
contained in an appendix. 

1.1 Instanton-indueed B and L violation 

Owing to the chiral anomaly [13-15] and the V-A struc- 
ture of weak interactions, B and L are not strictly conser- 
ved in the Standard Model [16, 17]. In the presence of 
nontrivial SU(2) gauge fields W~, the fermionic quantum 
numbers change according to 

AL~ = AL,  = AL, =  89 = - ANcs, (1) 

where 

=_ 2i9 W. Wj Wk ) Ncs ~ d 3 x e q k t r ( F i j W k -  3 , (2) 

denotes the Chern-Simons number of the gauge field, 
Fij is the SU(2) field strength, and C~w - 92/(470 the weak 
fine structure constant. As is suggested by eqs. (1) and (2), 
strong, nonperturbative gauge fields, of C(9-~), are 
needed in order to change the Chern-Simons number, or, 
equivalently, the fermion numbers, by an integer amount. 
This is reflected by the fact that there exists, on topological 
grounds, an energy barrier [18, 19] between gauge fields 
whose Chern Simons numbers differ by an integer. The 
minimum barrier height is given by the energy of a static 
saddle-point solution, the so called "sphaleron" [20, 21], 
which depends slightly on the Higgs mass, 

M~p 2B(mn/mw) mw = -~ 7 - 14 TeV, (3) 
~W 

where the parameter B is restricted to lie in the range 
1.57 _< B _< 2.72. At low energies ( ~  Msp), therefore, an- 
omalous BLNV processes are only possible by quantum 
tunnelling under the topological barrier, i.e. the corres- 
ponding amplitudes are exponentially suppressed by 
a tunnelling factor, 

BV e 2r~/~ 10- vs (4) 

which leads to unobservably small cross sections or decay 
rates [16, 17]. 

The amplitude (4) is expected to be enhanced when the 
process involves a large number of gauge and/or Higgs 
bosons. Consider the following BLNV process, which 
might be observable in high-energy proton-proton colli- 
sions: 

q + q --+ 7ci + 31+ nB W(Z) + nnH. (5) 

The amplitude for this process can be estimated by means 
of the instanton approach [16,17]. The instanton is 
a time-dependent tunnelling solution which interpolates 
between gauge fields whose Chern-Simons numbers differ 
by one unit and passes through sphaleron-like fields for 
particular values of its collective coordinates. It was found 
in refs. [1,2], by expanding the path integral about the 
instanton, that, in leading-order (LO) in the coupling C~w, 
the amplitudes for the processes (5) grow with multiplicity 
and par ton-parton centre of mass energy ~ like 
s~BV n.,n.co ~ (nn + nn)!c~(~"+n")/2e 2z/O:w 

x mw (nB + ,,,) (6) 
k n s m w /  

At high energies, these pointlike S-wave amplitudes viol- 
ate unitarity. Owing to the factorial growth of the am- 
plitudes (6) with the number of produced bosons, this 
violation of unitarity sets in at multiplicities of (9 (C~w 1) and 
at pa t ton-pat ton centre of mass energies of (5' (c~ w~ row), i.e. 
the sphaleron energy (3). 

The corresponding parton level cross section, 3Lo, due 
to the leading order matrix element (LOME) of instan- 
ton-induced BLNV (5), is given by [1,2] 

~BV = -- 2 n 2n[-F(n + 103/12)72 1 Cf# 2 v-  I . . . .  I .  - n ...... co , [ F(103/12) J nR!nn! 

x y ~ d3pi Eij01 d3pj 2(4E~-m2w) 
i=l ~ (2n)32Ej m2 

kn_l~l d3pk ~4 x(4 ) 
x (2zc)3 2Ek (2,~i ~, 

) < ( P i n - - ~ P i  ~ P j - -  ~ P k ) "  (7) 
i=1 j=l k=l 

In this expression nB is the number of vector bosons and 
n = nB + nn. The effective coupling constant f# is 
(# = 1.6x 10 -1~ GeV -14, (8) 

v = 2mw/9 is the Higgs field vacuum expectation value, 
and (~ is a numerical factor representing the effect of 
averaging and summing over incoming and outgoing 
states of the fermions. The leading order result ~Bv nn, nn LO, 
taken at the dominant multiplicities, is plotted in Fig. 1. 
As anticipated, it rises rapidly with centre of mass energy, 
and violates the S-wave unitarity bound (shown as 
a dashed line on the same plot) 

16~ o,,.~t(3)- • ,  (9) 

at an energy of order the sphaleron energy. 
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Section 3 contains the results of our Monte Carlo 
studies. We present results for the simpler model at three 
energies, including that proposed for the LHC. The 
LOME model requires a higher energy and so in that case 
we show results only at 40 TeV. We present our con- 
clusions in Sect. 4. Brief details of the HERBVI package, 
used to obtain the majority of the results in Sect. 3, are 
contained in an appendix. 
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needed in order to change the Chern-Simons number, or, 
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and (~ is a numerical factor representing the effect of 
averaging and summing over incoming and outgoing 
states of the fermions. The leading order result ~Bv nn, nn LO, 
taken at the dominant multiplicities, is plotted in Fig. 1. 
As anticipated, it rises rapidly with centre of mass energy, 
and violates the S-wave unitarity bound (shown as 
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16~ o,,.~t(3)- • ,  (9) 

at an energy of order the sphaleron energy. 

σLO(nW , nh) ∼
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The cross-section becomes very large for large nW and nh!

• Result



• The MC Event Generator (HERBVI) was developed by Gibbs and Webber 
based on the LO ME formula:
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Figure 1: Normalised distributions of the number of W , Z and � generated by HERBVI.

neighbouring energy activity within �R ⌘
p
��2 +�⌘2 < 0.4 (muons) or 0.3 (electrons

and photons). We require the scalar sum of the transverse momenta pT of the particles
within this cone (excluding the targeted object itself (lepton or photon)) to be less than 15%
(muons), 10% (electrons) or 12% (photons) of the pT of the targeted object. We demand
pT > 30 GeV for all objects (jets, leptons and photons) and |⌘| < 5 (jets), < 2.4 (muons)
and < 2.5 (electrons and photons).

3 Zero vs high boson multiplicity events

We begin this section by showing the boson multiplicity distributions obtained by HERBVI in
Fig. 1. The distributions are obtained as follows. First, the gauge boson multiplicity distri-
bution has been calculated in the symmetric phase using the leading-order matrix element
formula given in [12,13,27]. The distributions of Z and � are obtained by transforming the
neutral W bosons into Z and � with probabilities cos2 ✓W and sin2

✓W , respectively. One
can see in the figure that the W boson multiplicity peaks around 20. One the other hand,
the central value of the Z multiplicity is about a factor of 2 smaller. The number of photons
per event is rather modest but 2 or 3 photons are expected on average. We do not show
the Higgs boson multiplicity distribution because it is negligible compared to that of gauge
bosons.

We now compare various distributions obtained for the events with zero- (BaryoGEN) and
multi- (HERBVI) boson final states in Fig. 2. In this and the rest of the figures, the blue-
dashed and red-solid histograms correspond to the distributions for the zero- and multi-boson

4

√
s
∣∣
pp

= 13TeV
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O(30) EW gauge bosons are produced!

Festival at collider!



[Khoze, Ringwald ’91]

2. QCD (QFD) instantons [3, 2] are (constrained [30]) minima of the classical Euclidean Yang-
Mills action, localized in space and Euclidean time, with unit topological charge (Pontryagin
index) Q = 1. In Minkowski space-time, instantons describe tunneling transitions between clas-
sically degenerate, topologically inequivalent vacua, differing in their winding number (Chern-
Simons number) by one unit, △NCS = Q = 1 [31]. The corresponding energy barrier (“sphaleron
energy” [32]), under which the instantons tunnel, is inversely proportional to αg ≡ g2/(4π), the
fine-structure constant of the relevant gauge theory, and the effective instanton-size ρeff ,

Msp ∼
π

αg ρeff
∼
{

πMW

αW
∼ 10 TeV in QFD [32] ,

Q in QCD [19, 20, 21] ,
(1)

where Q is a large momentum transfer e.g. in deep-inelastic scattering (DIS), which should be
taken >∼ 10 GeV in order to be in the semi-classical, instanton-perturbative regime [20, 21, 22, 24].
As mentioned in Sect. 1, axial anomalies [1] force instanton-induced hard scattering processes to
be always associated with anomalous fermion-number violation [2], in particular B+L violation,
△B = △L = −ngen Q, in the case of QFD with ngen = 3 fermion generations, and chirality
violation, △Q5 = 2nf Q, in the case of QCD with typically nf = 3 light quark flavors.
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Figure 1: Illustration of a QFD instanton-induced process in proton-proton scattering (left) and
of a QCD instanton-induced process in deep-inelastic electron-proton scattering (right).

Instanton-induced total cross-sections for hard parton-parton (p1-p2) scattering processes (cf.
Fig. 1) are given in terms of an integral over the instanton-anti-instanton1 (IĪ) collective coordi-
nates (sizes ρ, ρ̄, IĪ distance R, relative color orientation U) [21] (see also [12, 13, 14, 33, 34])

σ̂(I)
p1p2 ∼

1

2 p1 · p2
Im

∫

d4R ei (p1+p2)·R (2)

×
∞
∫

0

dρ

∞
∫

0

dρ D(ρ)D(ρ)
∫

dU e
− 4π

αg
Ω
(

U,R
2

ρρ̄
, ρ̄
ρ
,...
)

[

ω

(

U,
R2

ρρ̄
,
ρ̄

ρ
, . . .

)]nfin

× F
(

√

−p21 ρ
)

F
(

√

−p21 ρ
)

F
(

√

−p22 ρ
)

F
(

√

−p22 ρ
)

Pg
p1p2 (U,R, ρ, ρ̄; p1 · p2) .

Here, the basic blocks arising in instanton-perturbation theory – the semi-classical expansion of
the corresponding path integral expression about the instanton solution – are i) the instanton-
size distribution D(ρ), ii) the function Ω, which takes into account the exponentiation of gauge

1Both an instanton and an anti-instanton enter here, since we write the cross-section (2) as a discontinuity of
the p1 p2 forward elastic scattering amplitude in the IĪ-background (cf. Fig. 1). Alternatively, one may calculate
the cross-section by taking the modulus squared of amplitudes in the single instanton-background.

3

1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,

q + q ! 7q̄ + 3¯̀+
X

nW,Z

nW,ZW (Z) +
X

nh

nhh, (1.1)

can be written in the form

�̂
BV
incl ⌘

X

nW ,nh

�̂
BV
nW ,nh

=
P (✏)

m
2
W

exp


�

4⇡

↵W
F (✏)

�
, (1.2)

where

✏ ⌘

p
ŝ

M0
(1.3)

is the quark-quark centre-of-mass energy
p
ŝ in terms of the scale

M0 ⌘
p
6⇡

mW

↵W
' 18.3 TeV , (1.4)

which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,

1

• The inclusive cross-section can be estimated using the dispersion 
relations (optical theorem). 
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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while the pre-exponential factor P reads [19, 23]\1
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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is the quark-quark centre-of-mass energy
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ŝ in terms of the scale
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p
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' 18.3 TeV , (1.4)

which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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2. QCD (QFD) instantons [3, 2] are (constrained [30]) minima of the classical Euclidean Yang-
Mills action, localized in space and Euclidean time, with unit topological charge (Pontryagin
index) Q = 1. In Minkowski space-time, instantons describe tunneling transitions between clas-
sically degenerate, topologically inequivalent vacua, differing in their winding number (Chern-
Simons number) by one unit, △NCS = Q = 1 [31]. The corresponding energy barrier (“sphaleron
energy” [32]), under which the instantons tunnel, is inversely proportional to αg ≡ g2/(4π), the
fine-structure constant of the relevant gauge theory, and the effective instanton-size ρeff ,

Msp ∼
π

αg ρeff
∼
{

πMW

αW
∼ 10 TeV in QFD [32] ,

Q in QCD [19, 20, 21] ,
(1)

where Q is a large momentum transfer e.g. in deep-inelastic scattering (DIS), which should be
taken >∼ 10 GeV in order to be in the semi-classical, instanton-perturbative regime [20, 21, 22, 24].
As mentioned in Sect. 1, axial anomalies [1] force instanton-induced hard scattering processes to
be always associated with anomalous fermion-number violation [2], in particular B+L violation,
△B = △L = −ngen Q, in the case of QFD with ngen = 3 fermion generations, and chirality
violation, △Q5 = 2nf Q, in the case of QCD with typically nf = 3 light quark flavors.
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Figure 1: Illustration of a QFD instanton-induced process in proton-proton scattering (left) and
of a QCD instanton-induced process in deep-inelastic electron-proton scattering (right).

Instanton-induced total cross-sections for hard parton-parton (p1-p2) scattering processes (cf.
Fig. 1) are given in terms of an integral over the instanton-anti-instanton1 (IĪ) collective coordi-
nates (sizes ρ, ρ̄, IĪ distance R, relative color orientation U) [21] (see also [12, 13, 14, 33, 34])
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Here, the basic blocks arising in instanton-perturbation theory – the semi-classical expansion of
the corresponding path integral expression about the instanton solution – are i) the instanton-
size distribution D(ρ), ii) the function Ω, which takes into account the exponentiation of gauge

1Both an instanton and an anti-instanton enter here, since we write the cross-section (2) as a discontinuity of
the p1 p2 forward elastic scattering amplitude in the IĪ-background (cf. Fig. 1). Alternatively, one may calculate
the cross-section by taking the modulus squared of amplitudes in the single instanton-background.
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is the quark-quark centre-of-mass energy
p
ŝ in terms of the scale
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' 18.3 TeV , (1.4)

which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,

1

• The inclusive cross-section can be estimated using the dispersion 
relations (optical theorem). 

Im
<latexit sha1_base64="mWNuo1R+TibUvsmgASfJ0ClbTf8=">AAAB7nicZVBNSwMxEJ2tX7V+VT16CZaCp5L1oseiF71VsB/QLiWbZtvYJLskWaEs/Q+eBAXx6v/x5L8xbRex7YOBx3szzMwLE8GNxfjHK2xsbm3vFHdLe/sHh0fl45OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4dua3n5k2PFaPdpKwQJKh4hGnxDqp1dMS3ct+uYJreA60TvycVCBHo1/+7g1imkqmLBXEmK6PExtkRF tOBZuWeqlhCaFjMmRdRxWRzATZ/NopqjplgKJYu1IWzdX/ExmRxkxk6DolsSOz6s3EP6+6tMpG10HGVZJapuhiU5QKZGM0+x0NuGbUiokjhGrujkV0RDSh1iVUcin4qz+vk9Zlzcc1/wFX6jd5HkU4g3O4AB+uoA530IAmUHiCF3iDdy/xXr0P73PRWvDymVNYgvf1C482ju4=</latexit><latexit sha1_base64="mWNuo1R+TibUvsmgASfJ0ClbTf8=">AAAB7nicZVBNSwMxEJ2tX7V+VT16CZaCp5L1oseiF71VsB/QLiWbZtvYJLskWaEs/Q+eBAXx6v/x5L8xbRex7YOBx3szzMwLE8GNxfjHK2xsbm3vFHdLe/sHh0fl45OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4dua3n5k2PFaPdpKwQJKh4hGnxDqp1dMS3ct+uYJreA60TvycVCBHo1/+7g1imkqmLBXEmK6PExtkRF tOBZuWeqlhCaFjMmRdRxWRzATZ/NopqjplgKJYu1IWzdX/ExmRxkxk6DolsSOz6s3EP6+6tMpG10HGVZJapuhiU5QKZGM0+x0NuGbUiokjhGrujkV0RDSh1iVUcin4qz+vk9Zlzcc1/wFX6jd5HkU4g3O4AB+uoA530IAmUHiCF3iDdy/xXr0P73PRWvDymVNYgvf1C482ju4=</latexit><latexit sha1_base64="mWNuo1R+TibUvsmgASfJ0ClbTf8=">AAAB7nicZVBNSwMxEJ2tX7V+VT16CZaCp5L1oseiF71VsB/QLiWbZtvYJLskWaEs/Q+eBAXx6v/x5L8xbRex7YOBx3szzMwLE8GNxfjHK2xsbm3vFHdLe/sHh0fl45OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4dua3n5k2PFaPdpKwQJKh4hGnxDqp1dMS3ct+uYJreA60TvycVCBHo1/+7g1imkqmLBXEmK6PExtkRF tOBZuWeqlhCaFjMmRdRxWRzATZ/NopqjplgKJYu1IWzdX/ExmRxkxk6DolsSOz6s3EP6+6tMpG10HGVZJapuhiU5QKZGM0+x0NuGbUiokjhGrujkV0RDSh1iVUcin4qz+vk9Zlzcc1/wFX6jd5HkU4g3O4AB+uoA530IAmUHiCF3iDdy/xXr0P73PRWvDymVNYgvf1C482ju4=</latexit><latexit sha1_base64="mWNuo1R+TibUvsmgASfJ0ClbTf8=">AAAB7nicZVBNSwMxEJ2tX7V+VT16CZaCp5L1oseiF71VsB/QLiWbZtvYJLskWaEs/Q+eBAXx6v/x5L8xbRex7YOBx3szzMwLE8GNxfjHK2xsbm3vFHdLe/sHh0fl45OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4dua3n5k2PFaPdpKwQJKh4hGnxDqp1dMS3ct+uYJreA60TvycVCBHo1/+7g1imkqmLBXEmK6PExtkRF tOBZuWeqlhCaFjMmRdRxWRzATZ/NopqjplgKJYu1IWzdX/ExmRxkxk6DolsSOz6s3EP6+6tMpG10HGVZJapuhiU5QKZGM0+x0NuGbUiokjhGrujkV0RDSh1iVUcin4qz+vk9Zlzcc1/wFX6jd5HkU4g3O4AB+uoA530IAmUHiCF3iDdy/xXr0P73PRWvDymVNYgvf1C482ju4=</latexit><latexit sha1_base64="gYs+t9ZVk1zrvKQuP2a2CXq+X4A=">AAAB7nicZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0Wveitgv2AdinZNNvGJtklyQpl6X/wJCiIV/+PJ/+N6XYrtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn57SeqNIvkg5nE1Bd4KFnICDZWavWUQHeiX664NTcD+k+8nFQgR6Nf/uoNIpIIKg3hWOuu58bGT7 EyjHA6LfUSTWNMxnhIu5ZKLKj20+zaKapaZYDCSNmSBmXq34kUC60nIrCdApuRXvVm4q9XXVplwis/ZTJODJVkvilMODIRmv2OBkxRYvjEEkwUs8ciMsIKE2MTKmUpXCyeXyWLFFrnNc+tefdupX6d51GEEziFM/DgEupwCw1oAoFHeIZXeHNi58V5dz7mrQUnnzmGJTifP5XAjv0=</latexit><latexit sha1_base64="gYs+t9ZVk1zrvKQuP2a2CXq+X4A=">AAAB7nicZVBNSwMxEJ2tX7V+VT16CZaCp7LrQT0Wveitgv2AdinZNNvGJtklyQpl6X/wJCiIV/+PJ/+N6XYrtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn57SeqNIvkg5nE1Bd4KFnICDZWavWUQHeiX664NTcD+k+8nFQgR6Nf/uoNIpIIKg3hWOuu58bGT7 EyjHA6LfUSTWNMxnhIu5ZKLKj20+zaKapaZYDCSNmSBmXq34kUC60nIrCdApuRXvVm4q9XXVplwis/ZTJODJVkvilMODIRmv2OBkxRYvjEEkwUs8ciMsIKE2MTKmUpXCyeXyWLFFrnNc+tefdupX6d51GEEziFM/DgEupwCw1oAoFHeIZXeHNi58V5dz7mrQUnnzmGJTifP5XAjv0=</latexit> ]

<latexit sha1_base64="Ut8yUnCWp9ZREnmdeWHY9F+xYss=">AAAB6XicZVDLSgNBEOyNrxhfUY9ehoSAp7DrxRyDXjwmYB6QLGF20psMmZ1dZmaFsOQLPAkK4knwkzz5N04eiEkKGoqqbrq7gkRwbVz3x8nt7O7tH+QPC0fHJ6dnxfOLto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akm93O/84RK81g+mmmCfkRHkoecUWOlpj8olt2quwDZJt6KlOslyH0CQGNQ/O4PY5ZGKA0TVOue5ybGz6gynAmcFfqpxoSyCR1hz1JJI9R+tjh0RipWGZIwVrakIQv1/0RGI62nUWA7I2rGetObi39eZW2VCWt+xmWSGpRsuSlMBTExmb9NhlwhM2JqCWWK22MJG1NFmbHhFGwK3ubP26R9U/Xcqte0cdzBEnm4ghJcgwe3UIcHaEALGCA8wyu8ORPnxXl3PpatOWc1cwlrcL5+AZpvjgw=</latexit><latexit sha1_base64="4YuqQhBY3E25wzbR6k4+xJJfVWw=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eEzAPSJYwO+kkQ2Znl5lZISz5Ak+Cgnjx4Bf4LZ78GycPxCQFDUVVN91dQSy4Nq7742Q2Nre2d7K7ub39g8Oj/PFJQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaju6nffESleSQfzDhGP6QDyfucUWOlmt/NF92yOwNZJ96CFCsFyHycfV1Uu/nvTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezQyekZJUe6UfKljRkpv6fSGmo9TgMbGdIzVCvelPxzystrTL9Gz/lMk4MSjbf1E8EMRGZvk16XCEzYmwJZYrbYwkbUkWZseHkbAre6s/rpHFV9tyyV7Nx3MIcWTiHAlyCB9dQgXuoQh0YIDzBC7w6I+fZeXPe560ZZzFzCktwPn8ByUSO7g==</latexit><latexit sha1_base64="4YuqQhBY3E25wzbR6k4+xJJfVWw=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eEzAPSJYwO+kkQ2Znl5lZISz5Ak+Cgnjx4Bf4LZ78GycPxCQFDUVVN91dQSy4Nq7742Q2Nre2d7K7ub39g8Oj/PFJQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaju6nffESleSQfzDhGP6QDyfucUWOlmt/NF92yOwNZJ96CFCsFyHycfV1Uu/nvTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezQyekZJUe6UfKljRkpv6fSGmo9TgMbGdIzVCvelPxzystrTL9Gz/lMk4MSjbf1E8EMRGZvk16XCEzYmwJZYrbYwkbUkWZseHkbAre6s/rpHFV9tyyV7Nx3MIcWTiHAlyCB9dQgXuoQh0YIDzBC7w6I+fZeXPe560ZZzFzCktwPn8ByUSO7g==</latexit><latexit sha1_base64="4YuqQhBY3E25wzbR6k4+xJJfVWw=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eEzAPSJYwO+kkQ2Znl5lZISz5Ak+Cgnjx4Bf4LZ78GycPxCQFDUVVN91dQSy4Nq7742Q2Nre2d7K7ub39g8Oj/PFJQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaju6nffESleSQfzDhGP6QDyfucUWOlmt/NF92yOwNZJ96CFCsFyHycfV1Uu/nvTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezQyekZJUe6UfKljRkpv6fSGmo9TgMbGdIzVCvelPxzystrTL9Gz/lMk4MSjbf1E8EMRGZvk16XCEzYmwJZYrbYwkbUkWZseHkbAre6s/rpHFV9tyyV7Nx3MIcWTiHAlyCB9dQgXuoQh0YIDzBC7w6I+fZeXPe560ZZzFzCktwPn8ByUSO7g==</latexit><latexit sha1_base64="4jNdiOUbSoFJ6fJdrTQjgbgZryI=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60E9Br14TMA8IFnC7KSTDJl9MDMrhCVf4ElQEC8e/AK/xZN/42STiIkFDUVVN91dXiS40rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxZFhnoQhly6MKBQ+wrrkW2IokUt8T2PRGt1O/+YBS8TC41+MIXZ8OAt7njGoj1dxuvmiX7RTkP3HmpFgpQOb95POs2s1/dXohi30MNBNUqbZjR9pNqNScCZzkOrHCiLIRHWDb0ID6qNwkPXRCSkbpkX4oTQWapOrfiYT6So19z3T6VA/VqjcVf73S0irdv3YTHkSxxoDNNvVjQXRIpm+THpfItBgbQpnk5ljChlRSpk04uTSFy8Xzq2SRQuOi7Nhlp2biuIEZsnAKBTgHB66gAndQhTowQHiEZ3ixRtaT9Wq9zVoz1nzmGJZgffwAz86O/Q==</latexit><latexit sha1_base64="duQZxfVSjHyVrIJm0DEbZKftR6I=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UI9FLx5bsB/QhrLZTtqlm03Y3Qil9Bd4EhTEqz/Jk//GbZqK1QcDj/dmmJkXJIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5W/idR1Sax/LBTBP0IzqSPOSMGis1/UG54tbcDOQ/8XJSgRyNQfmzP4xZGqE0TFCte56bGH9GleFM4LzUTzUmlE3oCHuWShqh9mfZoXNStcqQhLGyJQ3J1N8TMxppPY0C2xlRM9Z/vYX441XXVpnwxp9xmaQGJVtuClNBTEwWb5MhV8iMmFpCmeL2WMLGVFFmbDilLIWr1fN/ySqF9mXNc2te063Ub/M8inAG53ABHlxDHe6hAS1ggPAEL/DqTJxn5815X7YWnHzmFNbgfHwDQR6NFw==</latexit>

]
<latexit sha1_base64="Ut8yUnCWp9ZREnmdeWHY9F+xYss=">AAAB6XicZVDLSgNBEOyNrxhfUY9ehoSAp7DrxRyDXjwmYB6QLGF20psMmZ1dZmaFsOQLPAkK4knwkzz5N04eiEkKGoqqbrq7gkRwbVz3x8nt7O7tH+QPC0fHJ6dnxfOLto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akm93O/84RK81g+mmmCfkRHkoecUWOlpj8olt2quwDZJt6KlOslyH0CQGNQ/O4PY5ZGKA0TVOue5ybGz6gynAmcFfqpxoSyCR1hz1JJI9R+tjh0RipWGZIwVrakIQv1/0RGI62nUWA7I2rGetObi39eZW2VCWt+xmWSGpRsuSlMBTExmb9NhlwhM2JqCWWK22MJG1NFmbHhFGwK3ubP26R9U/Xcqte0cdzBEnm4ghJcgwe3UIcHaEALGCA8wyu8ORPnxXl3PpatOWc1cwlrcL5+AZpvjgw=</latexit> <latexit sha1_base64="4YuqQhBY3E25wzbR6k4+xJJfVWw=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eEzAPSJYwO+kkQ2Znl5lZISz5Ak+Cgnjx4Bf4LZ78GycPxCQFDUVVN91dQSy4Nq7742Q2Nre2d7K7ub39g8Oj/PFJQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaju6nffESleSQfzDhGP6QDyfucUWOlmt/NF92yOwNZJ96CFCsFyHycfV1Uu/nvTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezQyekZJUe6UfKljRkpv6fSGmo9TgMbGdIzVCvelPxzystrTL9Gz/lMk4MSjbf1E8EMRGZvk16XCEzYmwJZYrbYwkbUkWZseHkbAre6s/rpHFV9tyyV7Nx3MIcWTiHAlyCB9dQgXuoQh0YIDzBC7w6I+fZeXPe560ZZzFzCktwPn8ByUSO7g==</latexit> <latexit sha1_base64="4YuqQhBY3E25wzbR6k4+xJJfVWw=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eEzAPSJYwO+kkQ2Znl5lZISz5Ak+Cgnjx4Bf4LZ78GycPxCQFDUVVN91dQSy4Nq7742Q2Nre2d7K7ub39g8Oj/PFJQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaju6nffESleSQfzDhGP6QDyfucUWOlmt/NF92yOwNZJ96CFCsFyHycfV1Uu/nvTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezQyekZJUe6UfKljRkpv6fSGmo9TgMbGdIzVCvelPxzystrTL9Gz/lMk4MSjbf1E8EMRGZvk16XCEzYmwJZYrbYwkbUkWZseHkbAre6s/rpHFV9tyyV7Nx3MIcWTiHAlyCB9dQgXuoQh0YIDzBC7w6I+fZeXPe560ZZzFzCktwPn8ByUSO7g==</latexit> <latexit sha1_base64="4YuqQhBY3E25wzbR6k4+xJJfVWw=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60WPQS8eEzAPSJYwO+kkQ2Znl5lZISz5Ak+Cgnjx4Bf4LZ78GycPxCQFDUVVN91dQSy4Nq7742Q2Nre2d7K7ub39g8Oj/PFJQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaju6nffESleSQfzDhGP6QDyfucUWOlmt/NF92yOwNZJ96CFCsFyHycfV1Uu/nvTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezQyekZJUe6UfKljRkpv6fSGmo9TgMbGdIzVCvelPxzystrTL9Gz/lMk4MSjbf1E8EMRGZvk16XCEzYmwJZYrbYwkbUkWZseHkbAre6s/rpHFV9tyyV7Nx3MIcWTiHAlyCB9dQgXuoQh0YIDzBC7w6I+fZeXPe560ZZzFzCktwPn8ByUSO7g==</latexit> <latexit sha1_base64="4jNdiOUbSoFJ6fJdrTQjgbgZryI=">AAAB6XicZVDLSgNBEOyNrxhfUcGLHoaEgKew60E9Br14TMA8IFnC7KSTDJl9MDMrhCVf4ElQEC8e/AK/xZN/42STiIkFDUVVN91dXiS40rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxZFhnoQhly6MKBQ+wrrkW2IokUt8T2PRGt1O/+YBS8TC41+MIXZ8OAt7njGoj1dxuvmiX7RTkP3HmpFgpQOb95POs2s1/dXohi30MNBNUqbZjR9pNqNScCZzkOrHCiLIRHWDb0ID6qNwkPXRCSkbpkX4oTQWapOrfiYT6So19z3T6VA/VqjcVf73S0irdv3YTHkSxxoDNNvVjQXRIpm+THpfItBgbQpnk5ljChlRSpk04uTSFy8Xzq2SRQuOi7Nhlp2biuIEZsnAKBTgHB66gAndQhTowQHiEZ3ixRtaT9Wq9zVoz1nzmGJZgffwAz86O/Q==</latexit> <latexit sha1_base64="duQZxfVSjHyVrIJm0DEbZKftR6I=">AAAB6XicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UI9FLx5bsB/QhrLZTtqlm03Y3Qil9Bd4EhTEqz/Jk//GbZqK1QcDj/dmmJkXJIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5W/idR1Sax/LBTBP0IzqSPOSMGis1/UG54tbcDOQ/8XJSgRyNQfmzP4xZGqE0TFCte56bGH9GleFM4LzUTzUmlE3oCHuWShqh9mfZoXNStcqQhLGyJQ3J1N8TMxppPY0C2xlRM9Z/vYX441XXVpnwxp9xmaQGJVtuClNBTEwWb5MhV8iMmFpCmeL2WMLGVFFmbDilLIWr1fN/ySqF9mXNc2te063Ub/M8inAG53ABHlxDHe6hAS1ggPAEL/DqTJxn5815X7YWnHzmFNbgfHwDQR6NFw==</latexit>

17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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while the pre-exponential factor P reads [19, 23]\1

P (✏) =
⇡
15/2

1024

✓
3

2

◆ 2
3

d
2

✓
4⇡

↵W

◆7/2

✏
74
9
⇥
1 +O

�
✏
2/3

�⇤
, (1.6)

where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,
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\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,
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9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous
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1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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2. QCD (QFD) instantons [3, 2] are (constrained [30]) minima of the classical Euclidean Yang-
Mills action, localized in space and Euclidean time, with unit topological charge (Pontryagin
index) Q = 1. In Minkowski space-time, instantons describe tunneling transitions between clas-
sically degenerate, topologically inequivalent vacua, differing in their winding number (Chern-
Simons number) by one unit, △NCS = Q = 1 [31]. The corresponding energy barrier (“sphaleron
energy” [32]), under which the instantons tunnel, is inversely proportional to αg ≡ g2/(4π), the
fine-structure constant of the relevant gauge theory, and the effective instanton-size ρeff ,

Msp ∼
π

αg ρeff
∼
{

πMW

αW
∼ 10 TeV in QFD [32] ,

Q in QCD [19, 20, 21] ,
(1)

where Q is a large momentum transfer e.g. in deep-inelastic scattering (DIS), which should be
taken >∼ 10 GeV in order to be in the semi-classical, instanton-perturbative regime [20, 21, 22, 24].
As mentioned in Sect. 1, axial anomalies [1] force instanton-induced hard scattering processes to
be always associated with anomalous fermion-number violation [2], in particular B+L violation,
△B = △L = −ngen Q, in the case of QFD with ngen = 3 fermion generations, and chirality
violation, △Q5 = 2nf Q, in the case of QCD with typically nf = 3 light quark flavors.

p

p1

p2

p

IW IW

1

e

p1

p2

p

Is Is

1

Figure 1: Illustration of a QFD instanton-induced process in proton-proton scattering (left) and
of a QCD instanton-induced process in deep-inelastic electron-proton scattering (right).

Instanton-induced total cross-sections for hard parton-parton (p1-p2) scattering processes (cf.
Fig. 1) are given in terms of an integral over the instanton-anti-instanton1 (IĪ) collective coordi-
nates (sizes ρ, ρ̄, IĪ distance R, relative color orientation U) [21] (see also [12, 13, 14, 33, 34])
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Here, the basic blocks arising in instanton-perturbation theory – the semi-classical expansion of
the corresponding path integral expression about the instanton solution – are i) the instanton-
size distribution D(ρ), ii) the function Ω, which takes into account the exponentiation of gauge

1Both an instanton and an anti-instanton enter here, since we write the cross-section (2) as a discontinuity of
the p1 p2 forward elastic scattering amplitude in the IĪ-background (cf. Fig. 1). Alternatively, one may calculate
the cross-section by taking the modulus squared of amplitudes in the single instanton-background.
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colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,

q + q ! 7q̄ + 3¯̀+
X

nW,Z

nW,ZW (Z) +
X

nh

nhh, (1.1)

can be written in the form
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where
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is the quark-quark centre-of-mass energy
p
ŝ in terms of the scale

M0 ⌘
p
6⇡

mW

↵W
' 18.3 TeV , (1.4)

which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,

1

• The inclusive cross-section can be estimated using the dispersion 
relations (optical theorem). 

Im
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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while the pre-exponential factor P reads [19, 23]\1
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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and
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,
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9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous
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2

17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]

F (✏) = 1�
9

8
✏
4/3 +

9

16
✏
2
�

3

32

✓
4� 3

m
2
h

m
2
W

◆
✏
8/3 ln

1

✏
+O(✏8/3 · const) , (1.5)

while the pre-exponential factor P reads [19, 23]\1

P (✏) =
⇡
15/2

1024

✓
3

2

◆ 2
3

d
2

✓
4⇡

↵W

◆7/2

✏
74
9
⇥
1 +O

�
✏
2/3

�⇤
, (1.6)

where d ' 0.15.
Obviously, in the energy region mW ⌧

p
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fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.
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ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
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thorough phenomenological study was carried out in Ref. [27].
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1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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ŝ in terms of the scale

M0 ⌘
p
6⇡

mW

↵W
' 18.3 TeV , (1.4)

which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,

1

‘holy grail’ 
function

√
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2. QCD (QFD) instantons [3, 2] are (constrained [30]) minima of the classical Euclidean Yang-
Mills action, localized in space and Euclidean time, with unit topological charge (Pontryagin
index) Q = 1. In Minkowski space-time, instantons describe tunneling transitions between clas-
sically degenerate, topologically inequivalent vacua, differing in their winding number (Chern-
Simons number) by one unit, △NCS = Q = 1 [31]. The corresponding energy barrier (“sphaleron
energy” [32]), under which the instantons tunnel, is inversely proportional to αg ≡ g2/(4π), the
fine-structure constant of the relevant gauge theory, and the effective instanton-size ρeff ,

Msp ∼
π

αg ρeff
∼
{

πMW

αW
∼ 10 TeV in QFD [32] ,

Q in QCD [19, 20, 21] ,
(1)

where Q is a large momentum transfer e.g. in deep-inelastic scattering (DIS), which should be
taken >∼ 10 GeV in order to be in the semi-classical, instanton-perturbative regime [20, 21, 22, 24].
As mentioned in Sect. 1, axial anomalies [1] force instanton-induced hard scattering processes to
be always associated with anomalous fermion-number violation [2], in particular B+L violation,
△B = △L = −ngen Q, in the case of QFD with ngen = 3 fermion generations, and chirality
violation, △Q5 = 2nf Q, in the case of QCD with typically nf = 3 light quark flavors.
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Figure 1: Illustration of a QFD instanton-induced process in proton-proton scattering (left) and
of a QCD instanton-induced process in deep-inelastic electron-proton scattering (right).

Instanton-induced total cross-sections for hard parton-parton (p1-p2) scattering processes (cf.
Fig. 1) are given in terms of an integral over the instanton-anti-instanton1 (IĪ) collective coordi-
nates (sizes ρ, ρ̄, IĪ distance R, relative color orientation U) [21] (see also [12, 13, 14, 33, 34])

σ̂(I)
p1p2 ∼

1

2 p1 · p2
Im

∫

d4R ei (p1+p2)·R (2)

×
∞
∫

0

dρ

∞
∫

0

dρ D(ρ)D(ρ)
∫

dU e
− 4π

αg
Ω
(

U,R
2

ρρ̄
, ρ̄
ρ
,...
)

[

ω

(

U,
R2

ρρ̄
,
ρ̄

ρ
, . . .

)]nfin

× F
(

√

−p21 ρ
)

F
(

√

−p21 ρ
)

F
(

√

−p22 ρ
)

F
(

√

−p22 ρ
)

Pg
p1p2 (U,R, ρ, ρ̄; p1 · p2) .

Here, the basic blocks arising in instanton-perturbation theory – the semi-classical expansion of
the corresponding path integral expression about the instanton solution – are i) the instanton-
size distribution D(ρ), ii) the function Ω, which takes into account the exponentiation of gauge

1Both an instanton and an anti-instanton enter here, since we write the cross-section (2) as a discontinuity of
the p1 p2 forward elastic scattering amplitude in the IĪ-background (cf. Fig. 1). Alternatively, one may calculate
the cross-section by taking the modulus squared of amplitudes in the single instanton-background.

3

1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,

q + q ! 7q̄ + 3¯̀+
X

nW,Z

nW,ZW (Z) +
X

nh

nhh, (1.1)

can be written in the form

�̂
BV
incl ⌘

X

nW ,nh

�̂
BV
nW ,nh

=
P (✏)

m
2
W

exp


�

4⇡

↵W
F (✏)

�
, (1.2)

where

✏ ⌘

p
ŝ

M0
(1.3)

is the quark-quark centre-of-mass energy
p
ŝ in terms of the scale

M0 ⌘
p
6⇡

mW

↵W
' 18.3 TeV , (1.4)

which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,

1

• The inclusive cross-section can be estimated using the dispersion 
relations (optical theorem). 

Im
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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while the pre-exponential factor P reads [19, 23]\1
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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X
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X
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is the quark-quark centre-of-mass energy
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ŝ in terms of the scale
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which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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2. QCD (QFD) instantons [3, 2] are (constrained [30]) minima of the classical Euclidean Yang-
Mills action, localized in space and Euclidean time, with unit topological charge (Pontryagin
index) Q = 1. In Minkowski space-time, instantons describe tunneling transitions between clas-
sically degenerate, topologically inequivalent vacua, differing in their winding number (Chern-
Simons number) by one unit, △NCS = Q = 1 [31]. The corresponding energy barrier (“sphaleron
energy” [32]), under which the instantons tunnel, is inversely proportional to αg ≡ g2/(4π), the
fine-structure constant of the relevant gauge theory, and the effective instanton-size ρeff ,

Msp ∼
π

αg ρeff
∼
{

πMW

αW
∼ 10 TeV in QFD [32] ,

Q in QCD [19, 20, 21] ,
(1)

where Q is a large momentum transfer e.g. in deep-inelastic scattering (DIS), which should be
taken >∼ 10 GeV in order to be in the semi-classical, instanton-perturbative regime [20, 21, 22, 24].
As mentioned in Sect. 1, axial anomalies [1] force instanton-induced hard scattering processes to
be always associated with anomalous fermion-number violation [2], in particular B+L violation,
△B = △L = −ngen Q, in the case of QFD with ngen = 3 fermion generations, and chirality
violation, △Q5 = 2nf Q, in the case of QCD with typically nf = 3 light quark flavors.
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Figure 1: Illustration of a QFD instanton-induced process in proton-proton scattering (left) and
of a QCD instanton-induced process in deep-inelastic electron-proton scattering (right).

Instanton-induced total cross-sections for hard parton-parton (p1-p2) scattering processes (cf.
Fig. 1) are given in terms of an integral over the instanton-anti-instanton1 (IĪ) collective coordi-
nates (sizes ρ, ρ̄, IĪ distance R, relative color orientation U) [21] (see also [12, 13, 14, 33, 34])

σ̂(I)
p1p2 ∼

1

2 p1 · p2
Im

∫

d4R ei (p1+p2)·R (2)

×
∞
∫

0

dρ

∞
∫

0

dρ D(ρ)D(ρ)
∫

dU e
− 4π

αg
Ω
(

U,R
2

ρρ̄
, ρ̄
ρ
,...
)

[

ω

(

U,
R2

ρρ̄
,
ρ̄

ρ
, . . .

)]nfin

× F
(

√

−p21 ρ
)

F
(

√

−p21 ρ
)

F
(

√

−p22 ρ
)

F
(

√

−p22 ρ
)

Pg
p1p2 (U,R, ρ, ρ̄; p1 · p2) .

Here, the basic blocks arising in instanton-perturbation theory – the semi-classical expansion of
the corresponding path integral expression about the instanton solution – are i) the instanton-
size distribution D(ρ), ii) the function Ω, which takes into account the exponentiation of gauge

1Both an instanton and an anti-instanton enter here, since we write the cross-section (2) as a discontinuity of
the p1 p2 forward elastic scattering amplitude in the IĪ-background (cf. Fig. 1). Alternatively, one may calculate
the cross-section by taking the modulus squared of amplitudes in the single instanton-background.

3

1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,

q + q ! 7q̄ + 3¯̀+
X

nW,Z

nW,ZW (Z) +
X

nh

nhh, (1.1)

can be written in the form

�̂
BV
incl ⌘

X

nW ,nh

�̂
BV
nW ,nh

=
P (✏)

m
2
W

exp


�

4⇡

↵W
F (✏)

�
, (1.2)

where

✏ ⌘

p
ŝ

M0
(1.3)

is the quark-quark centre-of-mass energy
p
ŝ in terms of the scale

M0 ⌘
p
6⇡

mW

↵W
' 18.3 TeV , (1.4)

which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,

1

• The inclusive cross-section can be estimated using the dispersion 
relations (optical theorem). 

Im
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
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9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,
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\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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2

1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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ŝ

M0
(1.3)

is the quark-quark centre-of-mass energy
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which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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2. QCD (QFD) instantons [3, 2] are (constrained [30]) minima of the classical Euclidean Yang-
Mills action, localized in space and Euclidean time, with unit topological charge (Pontryagin
index) Q = 1. In Minkowski space-time, instantons describe tunneling transitions between clas-
sically degenerate, topologically inequivalent vacua, differing in their winding number (Chern-
Simons number) by one unit, △NCS = Q = 1 [31]. The corresponding energy barrier (“sphaleron
energy” [32]), under which the instantons tunnel, is inversely proportional to αg ≡ g2/(4π), the
fine-structure constant of the relevant gauge theory, and the effective instanton-size ρeff ,

Msp ∼
π

αg ρeff
∼
{

πMW

αW
∼ 10 TeV in QFD [32] ,

Q in QCD [19, 20, 21] ,
(1)

where Q is a large momentum transfer e.g. in deep-inelastic scattering (DIS), which should be
taken >∼ 10 GeV in order to be in the semi-classical, instanton-perturbative regime [20, 21, 22, 24].
As mentioned in Sect. 1, axial anomalies [1] force instanton-induced hard scattering processes to
be always associated with anomalous fermion-number violation [2], in particular B+L violation,
△B = △L = −ngen Q, in the case of QFD with ngen = 3 fermion generations, and chirality
violation, △Q5 = 2nf Q, in the case of QCD with typically nf = 3 light quark flavors.
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Figure 1: Illustration of a QFD instanton-induced process in proton-proton scattering (left) and
of a QCD instanton-induced process in deep-inelastic electron-proton scattering (right).

Instanton-induced total cross-sections for hard parton-parton (p1-p2) scattering processes (cf.
Fig. 1) are given in terms of an integral over the instanton-anti-instanton1 (IĪ) collective coordi-
nates (sizes ρ, ρ̄, IĪ distance R, relative color orientation U) [21] (see also [12, 13, 14, 33, 34])
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Here, the basic blocks arising in instanton-perturbation theory – the semi-classical expansion of
the corresponding path integral expression about the instanton solution – are i) the instanton-
size distribution D(ρ), ii) the function Ω, which takes into account the exponentiation of gauge

1Both an instanton and an anti-instanton enter here, since we write the cross-section (2) as a discontinuity of
the p1 p2 forward elastic scattering amplitude in the IĪ-background (cf. Fig. 1). Alternatively, one may calculate
the cross-section by taking the modulus squared of amplitudes in the single instanton-background.

3

1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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which is parametrically similar to the energy of the sphaleron, Esph = f(m2
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9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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• The inclusive cross-section can be estimated using the dispersion 
relations (optical theorem). 
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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while the pre-exponential factor P reads [19, 23]\1
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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17]. The ‘holy grail function’ F in the exponent is known in terms of an expansion in ✏,
whose first few terms are given by [18–22]
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where d ' 0.15.
Obviously, in the energy region mW ⌧

p
ŝ ⌧ M0, the inclusive cross-section for (B+L)-

violation is unobservably small, due to the tremendous exponential suppression factor,
exp(�4⇡/↵W ) ⇠ 10�162, typical for a quantum tunneling process. Nevertheless, it is ex-
ponentially growing in this energy region. Intriguingly, the characteristic scale for the expo-
nential growth is M0 and thus of the order of the sphaleron energy. One may interpret this
as a hint that the process proceeds via an intermediate virtual sphaleron-like field configura-
tion. This interpretation is also backed-up by the fact that the inclusive cross-section (1.2)
is dominated by a semi-classically large number of W (Z) and Higgs bosons [24],
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in line with the expectation from the decay of a sphaleron-like intermediate state [25]. Un-
fortunately, however, the perturbative expansion of the holy-grail function F in powers of ✏
breaks down around ✏ ⇠ 1 and therefore it is not possible to infer the size of the cross-section
at centre-of-mass energies relevant for the LHC.

The multi-boson events such as Eq. (1.1) lead to spectacular collider signatures. Accord-
ing to Eq. (1.7), one expects O(30) electroweak bosons in an event on average.\2 To study
collider signatures of Eq. (1.1), the event generator HERBVI [26] was developed, and the first
thorough phenomenological study was carried out in Ref. [27].

After the end of the SSC project in the early nineties, the motivation for theorists to
decide this question immediately dropped considerably and the research in this direction
essentially stopped.\3 However, a recent paper by Tye and Wong [34], presenting qualita-
tive arguments in favour of observable rates for electroweak (B + L)-violation, revived the

\1 The di↵erence in the energy dependence (i.e. the powers of ✏) between Eq. (1.6) and the formula in
Ref. [19] is due to the di↵erent number of fermions assumed. For the general case involving nf fermions,

P (✏) / ✏
14+5nf

9 .
\2 The number of Higgs bosons is only a few according to Eq. (1.8).
\3Instead, then the theory [28,29], phenomenology [30] and experimental searches [31–33] for the analogous

instanton-induced processes in QCD were developed.
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1 Introduction

The discovery of the Higgs boson at the LHC has marked the completion of the Standard
Model (SM) of electroweak and strong interactions. Moreover, so far, no compelling evi-
dence for physics beyond the SM has been observed at the LHC. In fact, the perturbative
SM predictions for hard, short distance dominated scattering processes are all verified ex-
perimentally to a remarkable precision.

Theory predicts, however, that there are also hard scattering processes in the SM whose
amplitudes are fundamentally non-perturbative. Their existence follows from axial anoma-
lies [1–3] in the SM, resulting in an anomalous violation of baryon plus lepton number,
B+L, in electroweak interactions [4,5]. They are induced by topological fluctuations of the
non-Abelian SU(2)L gauge fields, notably electroweak instantons [6, 7]. Anomalous B + L

violating processes are believed to be very important in the high temperature primordial
plasma after the big bang [8–10] and to have therefore a crucial impact on the evolution of
the baryon and lepton asymmetries of the universe (see Ref. [11] for a review).

A very interesting, albeit unsolved question is whether manifestations of such topologi-
cal fluctuations might be directly observable in high-energy scattering at present or future
colliders. This question has been raised originally in the late eighties in [12,13], but, despite
a lot of e↵ort, the actual size of the cross-sections in the relevant, tens of TeV energy regime
could not be determined.

Nevertheless, it has been established (for reviews, see Refs. [11,14,15]) that the inclusive
cross-section for electroweak (B + L)-violating processes,
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is the quark-quark centre-of-mass energy
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ŝ in terms of the scale
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which is parametrically similar to the energy of the sphaleron, Esph = f(m2
h/m

2
W )⇡mW/↵W ⇠

9 TeV – the static energy of a classically unstable saddle-point solution of the static bosonic
field equations of the electroweak theory, corresponding to the minimal barrier height be-
tween inequivalent vacua with di↵erent values of the Chern-Simons topological indexNCS [16,
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Cross-section grows 
rapidly with energy!
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It takes a time of order 4.5 M~ until the sphaleron radiation shows free-field
behavior. In order to demonstrate this, we gauge transform the solution of the
field equations into unitary gauge K(r, t) = 0, Fourier transform in r according to
eqs. (24)—(27) and check the free-field time dependence of the Fourier coefficients
ak, bk, Ck and hk.
Fig. 3 shows this time development of the k = lMw component of the Fourier

transformed Higgs field hk fitted with the harmonic time dependence of a free
field. It nicely satisfies the dispersion relation w

2 = k2 + M~
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Fig. 3. Time evolution of he Fourier component ofmomentum k = 1 M~of the Higgs field fitted to
free-field behaviour.

The Fourier coefficients ak, bk, Ck and hk provide us with the energy distribu-
tion of the outgoing wave (eq. (29)) which we interpret according to E(k) =

N(k)w(k) as multiplicity distribution of the Higgs particles and gauge bosons
plotted in fig. 4. We find an average multiplicity of 42.3 W-bosons and 7.6 Higgs
particles. The Higgs bosons carry about 11.5% of the available energy. The
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Fig. 4. Multiplicity distribution 4irk2N(k) of the final-state particles over the momentum k in units
ofM~.

[Hellmund, Kripfganz ’91]

• The time evolution of the sphaleron field configuration has been simulated 
numerically, and it found O(30) gauge bosons in the final state.



754 M. Helimund, J. Kripfganz / Decay ofthe sphaleron

2
E(r) r

1
t=0

0.8
t=1 0

~ 4I0tEM~~’I

Fig. 1. Radial energy distribution (in units ofM~)of the decaying sphaleron at different times (in units
ofM~’).

It takes a time of order 4.5 M~ until the sphaleron radiation shows free-field
behavior. In order to demonstrate this, we gauge transform the solution of the
field equations into unitary gauge K(r, t) = 0, Fourier transform in r according to
eqs. (24)—(27) and check the free-field time dependence of the Fourier coefficients
ak, bk, Ck and hk.
Fig. 3 shows this time development of the k = lMw component of the Fourier

transformed Higgs field hk fitted with the harmonic time dependence of a free
field. It nicely satisfies the dispersion relation w

2 = k2 + M~
1.

,CS—charge

110 2’O 3’O ~

Fig. 2. Time evolution of the Chern—Simons charge.

M. Heilmund, J. Kripfganz / Decay of the sphaleron 755

H

t

Fig. 3. Time evolution of he Fourier component ofmomentum k = 1 M~of the Higgs field fitted to
free-field behaviour.

The Fourier coefficients ak, bk, Ck and hk provide us with the energy distribu-
tion of the outgoing wave (eq. (29)) which we interpret according to E(k) =

N(k)w(k) as multiplicity distribution of the Higgs particles and gauge bosons
plotted in fig. 4. We find an average multiplicity of 42.3 W-bosons and 7.6 Higgs
particles. The Higgs bosons carry about 11.5% of the available energy. The

N

20.

15.

gauge bosons

10.

5.

Higgs

- I k[M]
1 2 3 4 5 6 W

Fig. 4. Multiplicity distribution 4irk2N(k) of the final-state particles over the momentum k in units
ofM~.

[Hellmund, Kripfganz ’91]

• These studies seem to suggest that many W-bosons are produced in the 
instanton BG, which produces a sphaleron-like field configuration at E ~ Esph, 
and vacuum transitions occur semi-classically in some sense.

3

Eqq > Esph, the Bloch wave is, to a very good approxi-
mation, simply a single mode of plane wave; so  is not
tunneling suppressed. In Ref.[1], we guesstimate the 
value (4) for the LHC 14 TeV proton-proton energy run
in the near future, in addition to the parton distribution
suppression factor. Comparing this to the bound (3), we
see that there is a roughly 70 orders-of-magnitude dis-
crepancy between the two estimates.

Here we like to explain our estimate of , which is
merely a (power-like) phase space suppression factor.
Admittedly, the estimate (4) is only an order of mag-
nitude guesstimate; nevertheless, its value strongly sug-
gests that (B + L)-violating events may be observed in
the laboratory, either at the LHC run at 14 TeV, or in
future high energy proton-proton colliders. This huge
discrepancy between (3) and (4) boils down to whether
(Eqq > Esph) contains an exponential suppression fac-
tor or not.

III. THE “FEW-TO-MANY” FACTOR

Numerical study [15] and theoretical arguments indi-
cate that the (B + L)-violating cross-section, or , goes
like,

 ⇠ e�4⇡/↵W ! e�2⇡/↵W (6)

as the incoming 2-particle scattering energy E ' 0 in-
creases to E � Esph, thus yielding the approximate
bound (3). The first exponential suppression factor is
the well-known instanton tunneling suppression, while
the second suppression factor is the so called “few-to-
many” factor.

As argued at times in the literature (see e.g., Ref.[26]
and recently in [27]), a big part of the exponential “few-
to-many” suppression factor (3) may be understood in
the following way. Intuitively, a sphaleron, like a soliton,
can be created from a coherent set of many fields, say
of order A/↵W of them, where A is a positive constant
of order of unity. Starting from a 2 W-boson scattering,
creating each additional W-boson needs a power of gauge
coupling g in the scattering amplitude, or a power of ↵W

in the cross-section. To reach that many (virtual and/or

real) W-bosons, we need to go to ↵A/↵W

W
order pertur-

batively in the cross-section, resulting in a suppression
factor of

exp

✓
�A| ln↵W |

↵W

◆
(7)

for ↵W ⌧ 1. Although this exponential suppression fac-
tor mimics a tunneling suppression, it is expected to be
present even if there is enough incoming energy to over-
come the tunneling barrier height; that is, this suppres-
sion factor is due to the conversion of point-particle en-
ergy to create a soliton-like object made up of a coherent
set of gauge fields (and Higgs bosons). Applying this in-
tuitive argument to the sphaleron, one may naively argue

that the (B + L)-violating process remains to be expo-
nentially suppressed even for incoming 2-body energies
way above the sphaleron energy.

FIG. 1. An example of how two hard incoming W-bosons can
give up their energy to a sphaleron. In the “few-to-many”
process, each additional W-boson costs a power of the gauge
coupling g while its coupling to the left sphaleron (denoted by
the shaded disc) gains back a factor of g�1. For a W-boson
propagating between 2 sphalerons, we gain a factor of 1/g2 for
an o↵-shell boson and a factor of 1/g4 for an on-shell boson.
The solid lines stand for the fermions.

However, the above argument is somewhat mis-
leading. Let Acl(x) and �cl(x) be the single classical
sphaleron solution (all spin-isospin indices suppressed),
where Acl(x) / e�mW r and �cl(x) / e�mHr at large
spatial distance r from the sphaleron. Let �A and �� be
the fluctuations about this classical solution,

A(x) = Acl(x)+ �A(x), �(x) = �cl(x)+ ��(x) (8)

Naively, one inserts the fluctuating fields into the rele-
vant Green’s function for a scattering process involving
k fermions, nW W-bosons and nH Higgs fields,

h (y1)... (yk)A(x1)...A(xnW
)�(z1)...�(znH

)i (9)

where A(xi) = �A(xi) and �(zj) = ��(zj). It was ob-
served by Ringwald [4] and Espinosa [5] that, to the
leading order approximation, the Green function for a
(B + L)-violating process involving nW W-bosons and
nH Higgs bosons is given by

h 1(y1).. 12(y12)Acl(x1)..Acl(xnW
)�cl(z1)..�cl(znH

)i
(10)

That is, it is the classical fields themselves that enter
into the Green’s function. Focusing on the gauge cou-
pling g, we see that the gauge-fixed Acl(x) / 1/g in the
constrained instanton solution [4],

Acl

µ
(x) (11)

=
i

g

(
�2 ⇢

2
�̄µ⌫x⌫

x2(x2+⇢2) +O((⇢v)2) |xE | < m�1
W

4⇡2⇢2�̄µ⌫@µGmW
(x) +O(⇢4v2) |xE | � m�1

W

,

where Gm(x) = mK1(m|x|)/(4⇡2
|x|). For a sphaleron,

we expect ⇢ ⇠ 1/mW . This means that, for a W-boson to
contribute to the formation of a sphaleron in the scatter-
ing amplitude, there is a power of 1/g from its coupling to
the sphaleron, canceling the power of g in its production,
as illustrated in FIG 1. So converting 2 hard W-bosons

• The time evolution of the sphaleron field configuration has been simulated 
numerically, and it found O(30) gauge bosons in the final state.



• More recently (2015), Tye and Wong claims that at zero temperature 
instanton rate overcomes the exponential suppression for E > Esph ~ 9 
TeV, if the periodicity of the EW potential is taken into account, due to 
resonant tunnelling.

E

Different paths coherently interfere at particular energies,

forming a conducing band structure

Resonant tunneling:



• This triggers many theoretical and phenomenological studies:
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• How does their simulation compare with (more realistic) multi-boson 
events? 

• However, they consider zero-boson final state.

interest in it and motivated phenomenological [35–40] and experimental studies. In particu-
lar, the CMS collaboration has recently reported their results of searching for signatures of
electroweak instanton-induced processes at the LHC [41].

There is, however, a remarkable di↵erence between the processes considered in the CMS
analysis and the virtual sphaleron-like processes discussed in the literature and briefly sum-
marised above. Following earlier studies [35] and for simplicity, CMS postulated the zero-
boson process

qq ! nqq + 3` (1.9)

where nq = 7, 9 or 11, and q/` represent quark/lepton or anti-quark/anti-lepton depending
on how the fermion lines are contracted with an e↵ective vertex in the instanton background
with topological charge�NCS = ±1. In the CMS analysis, the event generator BaryoGEN [42]
was used to simulate the process in Eq. (1.9).

In this paper we investigate the di↵erence in collider signatures between multi- and zero-
boson process (i.e. Eq. (1.1) and Eq. (1.9)) using the HERBVI and BaryoGEN event generators,
respectively. After comparing various distributions in section 3, we recast the original CMS
analysis and derive the cross-section upper limit on the sphaleron-like multi-boson process
in section 4. Section 5 is devoted to conclusions.

2 Event simulation

It has been suggested that the steeply-rising event rate of sphaleron-like processes can be
modelled by a sharp threshold behaviour as a function of the partonic centre-of-mass energy,
p
ŝ [43]. We therefore postulate the following partonic cross-section:

�̂(
p

ŝ) =
psph

m
2
W

⇥(
p

ŝ� Esph), (2.1)

where ⇥(x) is the Heaviside theta function; ⇥(x) = 1 for x � 0 and 0 otherwise, and Esph is
the partonic threshold energy. We take Esph = 9 TeV as the default value for our simulation
(later varying it by ±1 TeV), motivated by the fact that the sphaleron barrier height with
mh = 125 GeV is given by ⇠ 9.1 TeV [16]. In Eq. (2.1), the cross-section is normalised by
1/m2

W up to the dimensionless parameter psph, which controls the overall cross-section. The
same parametrisation is used in the CMS analysis [41].

The event samples for zero- and multi-boson final states are generated by BaryoGEN [42]
and HERBVI [26], respectively, for pp collisions at centre-of-mass energy

p
s = 13 TeV. Since

BaryoGEN only generates partonic final states from the hard process, the sample is passed to
Pythia 8 [44] to simulate the parton shower and hadronization. HERBVI is a hard process
generator interfaced to the Fortran HERWIG generator [45]. For this study we use the last
Fortran version HERWIG 6.521 [46].

The above hadronic samples are then passed to Delphes [47] to simulate the detector
response. We tune the parameters in Delphes in such a way that it emulates the CMS
analysis [41] as accurately as possible. Jets are reconstructed using the anti-kT algorithm with
cone size 0.4. Leptons (electrons and muons) and photons are required to be isolated from
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• CMS has published their search for sphaleron-like events.

2

growing in this energy region. Intriguingly, the charac-
teristic scale for the exponential growth is M0 and thus
of the order of the sphaleron energy. One may interprete
this as a hint that the process proceeds via an intermedi-
ate virtual sphaleron-like field configuration. This inter-
pretation is also backed-up by the fact that the inclusive
cross-section (I.2) is dominated by a semi-classically large
number of W (Z) and Higgs bosons [24],

hnW i =
4⇡

↵W

✓
3

8
✏
4/3 +O

�
✏
2
�◆

, (I.7)

and

hnHi '
4⇡

↵W

3

32
✏
2
, (I.8)

in-line with the expectation from the decay of a
sphaleron-like intermediate state [25]. Unfortunately,
however, the perturbative expansion of the holy-grail
function F in powers of ✏ breaks down around ✏ ⇠ 1
and therefore it is not possible to infer the size of the
cross-section at center-of-mass energies relevant for the
LHC.

After the end of the SSC project in the early nineties,
the motivation for the theorists to decide this question
immediately dropped considerably and the research in
this direction stopped essentially.⇤ However, a recent pa-
per by Tye and Wong [32], presenting qualitative argu-
ments in favor of observable rates for electroweak (B+L)-
violation, revived the interest in it and motivated the
CMS collaboration to search for signatures of electroweak
instanton-induced processes at the LHC [33].

+++++++++++++++++++++++++++++++++++

qq !

8
<

:
nqq + 3` (BaryoGEN)

7q + 3` +
P

nBB (HERBVI)
(I.9)

where nq = 7, 9 or 11 and we do not distinguish particles
and anti-particles in the above equation.

II. EVENT SIMULATION

It has been suggested that the steeply-rising event rate
of sphaleron-like processes can be modelled by a sharp
threshold behaviour as a function of the partonic centre-
of-mass energy,

p
ŝ [34]. We therefore postulate the fol-

lowing partonic cross-section:

�̂(
p

ŝ) =
psph

m
2
W

⇥(
p

ŝ� Esph), (II.1)

⇤ Instead, then the theory [26, 27], phenomenology [28] and exper-
imental searches for the analogue instanton-induced processes in
QCD [29–31] were developed.
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FIG. 1: Normalised distributions of the number of W , Z, �
and h generated by HERBVI.

where ⇥(x) is the Heaviside theta function; ⇥(x) = 1 for
x � 0 and 0 otherwise, and Esph is the partonic thresh-
old energy. We take Esph = 9 TeV as a default value for
our simulation motivated by the fact that the sphaleron
barrier height with mh = 125 GeV is given by ⇠ 9.1
TeV [16]. In Eq. (II.1), the cross-section is normalised
by 1/m2

W
up to the dimensionless parameter psph, which

controls the overall cross-section. The same parametri-
sation is used in the CMS analysis [33].

The event samples for zero and multi-boson final states
are generated by BaryoGEN [35] and HERBVI [39], re-
spectively. Since BaryoGEN only generates partonic fi-
nal states from the hard process, the sample is passed
to Pythia 8 [36] to simulate the parton shower and
hadronization. HERBVI is a hard process generator in-
terfaced to the Fortran HERWIG generator [41]. For this
study we use the last Fortran version HERWIG 6.521 [42].

The above hadronic samples are then passed to
Delphes to simulate the detector response. We tune the
parameters in Delphes in such a way that it emulates
the CMS analysis [33] as accurately as possible. Jets are
reconstructed using the anti-kT algorithm with cone size
0.4. Leptons (electrons and muons) and photons are re-
quired to be isolated from neighbouring energy activity
within �R ⌘

p
��2 +�⌘2 < 0.4 (muons) or 0.3 (elec-

trons and photons). We require the scalar sum of the
transverse momenta pT of the particles within this cone
(excluding the targeted object itself (lepton or photon))
to be less than 15% (muons), 10% (electrons) or 12%
(photons) of the pT of the targeted object. We demand
pT > 30 GeV for all objects (jets, leptons and photons)
and |⌘| < 5 (jets), < 2.4 (muons) and < 2.5 (electrons
and photons).

We use Delphes to simulate CMS detector.

[CMS-EXO-17-023]

Figure 3: The 13 TeV inclusive hadronic cross-section for sphaleron production with psph = 1
as a function of Esph in Eq. (2.1), obtained with the CT10 LO PDF set.

By comparing the number of observed events with the expected background contribution
in each signal region, CMS estimated a model-independent 95% CL upper limit on the
extra contribution to the signal region. We refer to this bound as N

max(a)
obs , where a labels

the signal region in question. CMS also estimated the “expected” upper limit, Nmax(a)
exp , by

assuming that exactly the same (fractional) number of events predicted by the background
was observed.

Our procedure for setting limits is as follows. First, we estimate the contribution from
sphaleron events to the signal region a, N (a)

sph, using the BaryoGEN or HERBVI Monte Carlo
simulation. These signal contributions are then compared with the corresponding expected
upper limits to identify the “most sensitive” signal region, a⇤, that gives the largest value
for N (a)

sph/N
max(a)
exp , i.e. 8a;N (a⇤)

sph /N
max(a⇤)
exp � N

(a)
sph/N

max(a)
exp . We then compare the signal con-

tribution with the observed upper limit only at the most sensitive signal region. We exclude
the signal hypothesis if N (a⇤)

sph /N
max(a⇤)
obs > 1.

In Table 1, we show the most sensitive signal region (a⇤ = (Nmin, S
min
T [TeV])⇤), the

signal e�ciency (✏(a
⇤)) at signal region a

⇤, and the observed upper limit for signal region a
⇤

(Nmax(a⇤)
obs ) for di↵erent values of the partonic threshold energy Esph. The signal e�ciency is

defined as the fraction of events that satisfy the condition employed by the signal region. In
particular, it satisfies the relation N

(a)
sph = � ·✏

(a⇤)
·Lint, where Lint is the integrated luminosity

and � is the inclusive hadronic cross-section obtained by convoluting the partonic cross-
section in Eq. (2.1) with the parton distribution functions (PDFs). in Fig. 3 we show the
inclusive hadronic cross-section with psph = 1 in Eq. (2.1), where the CT10 LO PDF set [48]
was used following the CMS analysis [41].

In Table 1, we see that Nmin = 11, Smin
T = 4.2 TeV is selected for the most sensitive
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• We model the partonic cross-section as: 

interest in it and motivated phenomenological [35–40] and experimental studies. In particu-
lar, the CMS collaboration has recently reported their results of searching for signatures of
electroweak instanton-induced processes at the LHC [41].

There is, however, a remarkable di↵erence between the processes considered in the CMS
analysis and the virtual sphaleron-like processes discussed in the literature and briefly sum-
marised above. Following earlier studies [35] and for simplicity, CMS postulated the zero-
boson process

qq ! nqq + 3` (1.9)

where nq = 7, 9 or 11, and q/` represent quark/lepton or anti-quark/anti-lepton depending
on how the fermion lines are contracted with an e↵ective vertex in the instanton background
with topological charge�NCS = ±1. In the CMS analysis, the event generator BaryoGEN [42]
was used to simulate the process in Eq. (1.9).

In this paper we investigate the di↵erence in collider signatures between multi- and zero-
boson process (i.e. Eq. (1.1) and Eq. (1.9)) using the HERBVI and BaryoGEN event generators,
respectively. After comparing various distributions in section 3, we recast the original CMS
analysis and derive the cross-section upper limit on the sphaleron-like multi-boson process
in section 4. Section 5 is devoted to conclusions.

2 Event simulation

It has been suggested that the steeply-rising event rate of sphaleron-like processes can be
modelled by a sharp threshold behaviour as a function of the partonic centre-of-mass energy,
p
ŝ [43]. We therefore postulate the following partonic cross-section:

�̂(
p

ŝ) =
psph

m
2
W

⇥(
p

ŝ� Esph), (2.1)

where ⇥(x) is the Heaviside theta function; ⇥(x) = 1 for x � 0 and 0 otherwise, and Esph is
the partonic threshold energy. We take Esph = 9 TeV as the default value for our simulation
(later varying it by ±1 TeV), motivated by the fact that the sphaleron barrier height with
mh = 125 GeV is given by ⇠ 9.1 TeV [16]. In Eq. (2.1), the cross-section is normalised by
1/m2

W up to the dimensionless parameter psph, which controls the overall cross-section. The
same parametrisation is used in the CMS analysis [41].

The event samples for zero- and multi-boson final states are generated by BaryoGEN [42]
and HERBVI [26], respectively, for pp collisions at centre-of-mass energy

p
s = 13 TeV. Since

BaryoGEN only generates partonic final states from the hard process, the sample is passed to
Pythia 8 [44] to simulate the parton shower and hadronization. HERBVI is a hard process
generator interfaced to the Fortran HERWIG generator [45]. For this study we use the last
Fortran version HERWIG 6.521 [46].

The above hadronic samples are then passed to Delphes [47] to simulate the detector
response. We tune the parameters in Delphes in such a way that it emulates the CMS
analysis [41] as accurately as possible. Jets are reconstructed using the anti-kT algorithm with
cone size 0.4. Leptons (electrons and muons) and photons are required to be isolated from
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Figure 2: The multiplicities of final-state objects with pT > 30 GeV; jets (top left), leptons
(top right), photons (bottom). The red-solid and blue-dashed histograms correspond to the
multi- and zero-boson events generated by HERBVI and BaryoGEN, respectively.

final state events, respectively.
The top left panel shows the jet multiplicity distributions. As expected, the distribution

for zero-boson final states peaks around Nj = 10, since 7, 9 or 11 quarks are present in the
final states coming from the hard interaction, although some extra jets can arise from initial-
and final-state QCD radiation. On the other hand, Nj peaks around 22 in the multi-boson
case. The extra jets are coming mainly from the decay of heavy electroweak bosons. It is
interesting that 99% of the multi-boson events have Nj � 15. In such a high jet multiplicity
region the Standard Model background is extremely low.

The lepton multiplicities are compared in the top right panel of Fig. 2. As can be seen,
the number of leptons in an event is much larger for the multi-boson process, since the extra
leptons are produced in the decay of the heavy bosons. While only ⇠ 20% of the zero-boson
events have N` > 1, this rate is ⇠ 40% for the multi-boson events.
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Figure 2: The multiplicities of final-state objects with pT > 30 GeV; jets (top left), leptons
(top right), photons (bottom). The red-solid and blue-dashed histograms correspond to the
multi- and zero-boson events generated by HERBVI and BaryoGEN, respectively.
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The top left panel shows the jet multiplicity distributions. As expected, the distribution

for zero-boson final states peaks around Nj = 10, since 7, 9 or 11 quarks are present in the
final states coming from the hard interaction, although some extra jets can arise from initial-
and final-state QCD radiation. On the other hand, Nj peaks around 22 in the multi-boson
case. The extra jets are coming mainly from the decay of heavy electroweak bosons. It is
interesting that 99% of the multi-boson events have Nj � 15. In such a high jet multiplicity
region the Standard Model background is extremely low.

The lepton multiplicities are compared in the top right panel of Fig. 2. As can be seen,
the number of leptons in an event is much larger for the multi-boson process, since the extra
leptons are produced in the decay of the heavy bosons. While only ⇠ 20% of the zero-boson
events have N` > 1, this rate is ⇠ 40% for the multi-boson events.
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Figure 2: The multiplicities of final-state objects with pT > 30 GeV; jets (top left), leptons
(top right), photons (bottom). The red-solid and blue-dashed histograms correspond to the
multi- and zero-boson events generated by HERBVI and BaryoGEN, respectively.
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The top left panel shows the jet multiplicity distributions. As expected, the distribution

for zero-boson final states peaks around Nj = 10, since 7, 9 or 11 quarks are present in the
final states coming from the hard interaction, although some extra jets can arise from initial-
and final-state QCD radiation. On the other hand, Nj peaks around 22 in the multi-boson
case. The extra jets are coming mainly from the decay of heavy electroweak bosons. It is
interesting that 99% of the multi-boson events have Nj � 15. In such a high jet multiplicity
region the Standard Model background is extremely low.

The lepton multiplicities are compared in the top right panel of Fig. 2. As can be seen,
the number of leptons in an event is much larger for the multi-boson process, since the extra
leptons are produced in the decay of the heavy bosons. While only ⇠ 20% of the zero-boson
events have N` > 1, this rate is ⇠ 40% for the multi-boson events.
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Esph [TeV] 8 8.5 9 9.5 10

(Nmin, S
min
T [TeV])⇤ (11, 4.2) (11, 4.2) (11, 4.2) (11, 4.2) (11, 4.2)

multi-boson ✏
(a⇤) [%] 94.8 97.5 99.2 99.6 99.9

N
max(a⇤)
obs 3.0 3.0 3.0 3.0 3.0

(Nmin, S
min
T [TeV])⇤ (9, 5.4) (9, 5.6) (9, 5.6) (8, 6.2) (8, 6.2)

Zero Boson ✏
(a⇤) [%] 37.7 40.5 45.3 50.5 57.5

N
max(a⇤)
obs 6.9 5.8 5.8 3.0 3.0

Table 1: The most sensitive signal region (a⇤ = (Nmin, S
min
T )⇤), the signal e�ciency (✏(a

⇤))

at signal region a
⇤, and the observed upper limit for signal region a

⇤ (Nmax(a⇤)
obs ) are shown

for di↵erent values of the partonic threshold energy Esph.

A large di↵erence is also found in the photon multiplicity distributions, shown in the
bottom panel of Fig. 2. For the zero-boson events, photons are produced only from QED
radiation or decays of hadrons, while for the multi-boson process, high-pT photons may
be produced also from the primary hard interaction. For the zero-boson case, ⇠ 85% of
events do not have any such photons and the probability of having more than one photon
is extremely small (< 1%). On the other hand, the photon multiplicity distribution peaks
around N� = 1 for the multi-boson case and has a tail towards the higher multiplicity region,
N� = 2, 3. For example, the rate of having three high-pT photons is as large as ⇠ 10%.

4 Limits on sphaleron process

The CMS collaboration has recently carried out an analysis searching for mini black holes and
sphalerons that could be produced by the 13 TeV proton-proton collisions at the LHC [41].
The dataset used was collected in 2016 and corresponds to an integrated luminosity of 35.9
fb�1. The events are recorded if they pass the trigger requirement of HT > 800 or 900 GeV,
depending on the period when the data was collected, where HT is defined as the scalar sum
of the pT of all jets reconstructed at the stage of the High Level Trigger.

The CMS analysis adopts a simple cut-and-count method. The cuts are imposed on the
two variables, N(pT > 70) and ST , where N(pT > 70) is the number of all reconstructed
objects (jets, leptons and photons) with pT > 70 GeV and ST is the sum of the transverse
missing energy, Emiss

T , and the scalar sum of the pT of all reconstructed objects with pT > 70

GeV; ST ⌘ E
miss
T +

PpT>70GeV
i p

(i)
T . The signal regions are labelled by (Nmin, Smin

T ), where the
events are counted if the conditions N(pT > 70) � Nmin and ST > S

min
T are both satisfied.

The following ranges were used for signal regions; Nmin = 3, ..., 11 and 3.8 < S
min
T /TeV < 8.

CMS performed a careful estimation of the Standard Model background. The dominant
background comes from QCD multi-jets, followed by V + jets, � + jets and tt̄ production.
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• In the CMS analysis the cuts impose on ST and multiplicity.
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Esph [TeV] 8 8.5 9 9.5 10

(Nmin, S
min
T [TeV])⇤ (11, 4.2) (11, 4.2) (11, 4.2) (11, 4.2) (11, 4.2)

multi-boson ✏
(a⇤) [%] 94.8 97.5 99.2 99.6 99.9

N
max(a⇤)
obs 3.0 3.0 3.0 3.0 3.0

(Nmin, S
min
T [TeV])⇤ (9, 5.4) (9, 5.6) (9, 5.6) (8, 6.2) (8, 6.2)

Zero Boson ✏
(a⇤) [%] 37.7 40.5 45.3 50.5 57.5

N
max(a⇤)
obs 6.9 5.8 5.8 3.0 3.0

Table 1: The most sensitive signal region (a⇤ = (Nmin, S
min
T )⇤), the signal e�ciency (✏(a

⇤))

at signal region a
⇤, and the observed upper limit for signal region a

⇤ (Nmax(a⇤)
obs ) are shown

for di↵erent values of the partonic threshold energy Esph.

A large di↵erence is also found in the photon multiplicity distributions, shown in the
bottom panel of Fig. 2. For the zero-boson events, photons are produced only from QED
radiation or decays of hadrons, while for the multi-boson process, high-pT photons may
be produced also from the primary hard interaction. For the zero-boson case, ⇠ 85% of
events do not have any such photons and the probability of having more than one photon
is extremely small (< 1%). On the other hand, the photon multiplicity distribution peaks
around N� = 1 for the multi-boson case and has a tail towards the higher multiplicity region,
N� = 2, 3. For example, the rate of having three high-pT photons is as large as ⇠ 10%.

4 Limits on sphaleron process

The CMS collaboration has recently carried out an analysis searching for mini black holes and
sphalerons that could be produced by the 13 TeV proton-proton collisions at the LHC [41].
The dataset used was collected in 2016 and corresponds to an integrated luminosity of 35.9
fb�1. The events are recorded if they pass the trigger requirement of HT > 800 or 900 GeV,
depending on the period when the data was collected, where HT is defined as the scalar sum
of the pT of all jets reconstructed at the stage of the High Level Trigger.

The CMS analysis adopts a simple cut-and-count method. The cuts are imposed on the
two variables, N(pT > 70) and ST , where N(pT > 70) is the number of all reconstructed
objects (jets, leptons and photons) with pT > 70 GeV and ST is the sum of the transverse
missing energy, Emiss

T , and the scalar sum of the pT of all reconstructed objects with pT > 70

GeV; ST ⌘ E
miss
T +

PpT>70GeV
i p

(i)
T . The signal regions are labelled by (Nmin, Smin

T ), where the
events are counted if the conditions N(pT > 70) � Nmin and ST > S

min
T are both satisfied.

The following ranges were used for signal regions; Nmin = 3, ..., 11 and 3.8 < S
min
T /TeV < 8.

CMS performed a careful estimation of the Standard Model background. The dominant
background comes from QCD multi-jets, followed by V + jets, � + jets and tt̄ production.
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Figure 5: The background predictions after normalization for inclusive multiplicities of N �
7, . . . , 11 (left to right, upper to lower). The gray band shows the shape uncertainty and the
red lines also include the normalization uncertainty. The bottom panels show the difference
between the data and the background prediction from the fit, divided by the overall uncer-
tainty, which includes the statistical uncertainty of data as well as the shape and normalization
uncertainties in the background prediction, added in quadrature. The N � 7 (N � 8, . . . , 11)
distributions also show contributions from benchmark BH (sphaleron) signals added to the
expected background.
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Figure 5: The background predictions after normalization for inclusive multiplicities of N �
7, . . . , 11 (left to right, upper to lower). The gray band shows the shape uncertainty and the
red lines also include the normalization uncertainty. The bottom panels show the difference
between the data and the background prediction from the fit, divided by the overall uncer-
tainty, which includes the statistical uncertainty of data as well as the shape and normalization
uncertainties in the background prediction, added in quadrature. The N � 7 (N � 8, . . . , 11)
distributions also show contributions from benchmark BH (sphaleron) signals added to the
expected background.



Figure 6: The 95% CL exclusion limits obtained by recasting CMS black hole-sphaleron
analysis [41] in the (Esph vs �) [left panel] and (Esph vs psph) [right panel] planes. The
light-red and light-blue regions are excluded for HERBVI and BaryoGEN, respectively.

multi-boson case. This can be seen also in Table 1, since the signal e�ciency, ✏(a
⇤), and the

observed upper limit, Nmax(a⇤)
obs , are almost independent of Esph for this case. Since ✏

(a⇤) and

N
max(a⇤)
obs are close to their highest and lowest values, respectively, there may be no room

to further improve the limit for the multi-boson case, except by increasing the integrated
luminosity or the collider energy.

In the case of the zero-boson final state, the cross-section limit is stronger for larger Esph,
since the larger the Esph, the higher the ST on average. On the other hand, the hadronic
cross-section decreases rapidly upon increasing the partonic threshold energy, due to the
PDF suppression for fixed psph. We show in the right panel of Fig. 6 the 95% CL excluded
regions in the (Esph vs psph) plane. As expected the limit on psph is weaker for larger Esph.
We superimpose in this plot the limit shown in the CMS analysis [41]. This should be
compared to the zero-boson limit obtained from our recasting of the analysis based on the
fast detector simulation with Delphes. One can see that our limit is on the conservative side
and reasonably close to the CMS limit.

5 Summary and conclusions

In this paper we compared various kinematical and multiplicity distributions between the
anomalous B + L violating processes with zero- and multi-boson final states. The former
final state was assumed in the recent CMS analysis [41] on searching for instanton-induced
processes at the LHC, whilst many theoretical studies suggest that the latter is more realistic.

We showed that there is a significant di↵erence in jet multiplicity distributions; the peak
positions are around 10 for zero-boson and 22 for multi-boson final states, for jets with
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Limits on Sphaleron-like process

σsph < 0.8 fb−1
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• The limit on the multi-boson cross-section:

interest in it and motivated phenomenological [35–40] and experimental studies. In particu-
lar, the CMS collaboration has recently reported their results of searching for signatures of
electroweak instanton-induced processes at the LHC [41].

There is, however, a remarkable di↵erence between the processes considered in the CMS
analysis and the virtual sphaleron-like processes discussed in the literature and briefly sum-
marised above. Following earlier studies [35] and for simplicity, CMS postulated the zero-
boson process

qq ! nqq + 3` (1.9)

where nq = 7, 9 or 11, and q/` represent quark/lepton or anti-quark/anti-lepton depending
on how the fermion lines are contracted with an e↵ective vertex in the instanton background
with topological charge�NCS = ±1. In the CMS analysis, the event generator BaryoGEN [42]
was used to simulate the process in Eq. (1.9).

In this paper we investigate the di↵erence in collider signatures between multi- and zero-
boson process (i.e. Eq. (1.1) and Eq. (1.9)) using the HERBVI and BaryoGEN event generators,
respectively. After comparing various distributions in section 3, we recast the original CMS
analysis and derive the cross-section upper limit on the sphaleron-like multi-boson process
in section 4. Section 5 is devoted to conclusions.

2 Event simulation

It has been suggested that the steeply-rising event rate of sphaleron-like processes can be
modelled by a sharp threshold behaviour as a function of the partonic centre-of-mass energy,
p
ŝ [43]. We therefore postulate the following partonic cross-section:

�̂(
p

ŝ) =
psph

m
2
W

⇥(
p

ŝ� Esph), (2.1)

where ⇥(x) is the Heaviside theta function; ⇥(x) = 1 for x � 0 and 0 otherwise, and Esph is
the partonic threshold energy. We take Esph = 9 TeV as the default value for our simulation
(later varying it by ±1 TeV), motivated by the fact that the sphaleron barrier height with
mh = 125 GeV is given by ⇠ 9.1 TeV [16]. In Eq. (2.1), the cross-section is normalised by
1/m2

W up to the dimensionless parameter psph, which controls the overall cross-section. The
same parametrisation is used in the CMS analysis [41].

The event samples for zero- and multi-boson final states are generated by BaryoGEN [42]
and HERBVI [26], respectively, for pp collisions at centre-of-mass energy

p
s = 13 TeV. Since

BaryoGEN only generates partonic final states from the hard process, the sample is passed to
Pythia 8 [44] to simulate the parton shower and hadronization. HERBVI is a hard process
generator interfaced to the Fortran HERWIG generator [45]. For this study we use the last
Fortran version HERWIG 6.521 [46].

The above hadronic samples are then passed to Delphes [47] to simulate the detector
response. We tune the parameters in Delphes in such a way that it emulates the CMS
analysis [41] as accurately as possible. Jets are reconstructed using the anti-kT algorithm with
cone size 0.4. Leptons (electrons and muons) and photons are required to be isolated from
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• We found that their analysis can be more tuned for multi-boson analysis by 

extending their range of Nmin cut for higher energy or luminosity options. 



Conclusions
• The rate of zero temperature, high energy instanton-induced process 

is still an open question. 

• Many studies suggest that such process may have observably large 
rate at collider if multiple gauge bosons are produced together with 
fermions.

• We recast CMS analysis and found the limit, 0.8 fb-1

• Their analysis can be more tuned for multi-boson final state by 
extending the range of Nmin cut for higher energy or lumi options.
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Figure 5: The ST distribution for the N = 11 multiplicity bin. The red-solid and blue-
dashed histograms correspond to HERBVI and BaryoGEN event generators.

In fact, the multi-boson signal e�ciencies are always & 95% in the most sensitive signal
region (Nmin, S

min
T )⇤ = (11, 4.2TeV). The larger the Nmin, the lower the Standard Model

background, and Nmin = 11 is therefore selected throughout Esph in the most sensitive signal
region for the multi-boson case.

We now look at the ST distributions in Fig. 5 with Nmin = 11. We see that the values
of ST are generally quite high. The distribution peaks around 6 TeV for the multi-boson
process and 7 TeV for the zero-boson one. This is expected because the ST variable is
designed to reflect the total energy of the event, Esph ⇠ 9 TeV. One can also see that ST is
generally lower in the multi-boson case compared to the zero boson case. This is because
more objects are rejected by the pT > 70 GeV cut. For the multi-boson process, the number
of primary partons (including those produced from heavy boson decays) may be estimated
as N0 ⇠ O(70) assuming nB ⇠ O(30) and each boson decays into two partons. Therefore,
the total event energy is distributed among N0 partons, yielding a large chance for each one
to be rejected by the pT > 70 GeV cut. However, the impact of this on ST is not very large.
More than 98% of the events are accepted by ST > 4 TeV for both zero- and multi-boson
samples.

The left panel of Fig. 6 shows the 95% CL exclusion limits in the (Esph vs �) plane. The

limit, � < �max, is obtained from �max · ✏
(a⇤)

·Lint = N
max(a⇤)
obs with Lint = 35.9 fb�1. One can

see that a stronger limit is placed on the multi-boson signal than on the zero-boson, although
CMS targets the latter in their analysis. As discussed above, this is because the multi-boson
processes give rise to larger multiplicity events, enabling one to go to a large Nmin region,
where the Standard Model background is extremely small, without losing signal. The cross-
section limit is given by �max ' 0.8 fb�1 throughout the range of Esph in the plot for the
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Figure 4: The inclusive multiplicity containing jets, leptons and photons with pT > 70 GeV.
The transverse momentum distributions of the hardest (left panel) and 10th hardest (right
panel) jets. The red-solid and blue-dashed histograms correspond to HERBVI and BaryoGEN

event generators.

signal region throughout the range of Esph for the multi-boson case, whilst Nmin = 8, 9
and S

min
T 2 [5.4, 6.2] are chosen for the most sensitive signal regions depending on Esph for

the zero-boson case. The tendency is clear that the multi-boson process favours the high
multiplicity and small ST regions, while the zero-boson process prefers the low multiplicity
and large ST regions in comparison.

To understand this, we first look at the N(pT > 70) distributions shown in the left panel
of Fig. 4. One can see that N(pT > 70) for the zero-boson case peaks around 8, which is
significantly lower than the typical multiplicity of the primary partons, N0 ⇠ 12, produced
from the hard interaction. In fact, only half of the events have N(pT > 70) � 8. The reason
for this may be understood as follows. Since the primary partons from the zero-boson
process are only quarks and leptons, N0 ⇠ 12 should be interpreted as the maximum of the
N(pT > 70) distribution rather than the average. In fact, among N0 partons at most three
of them may be neutrinos, which will of course not be counted in N(pT > 70). Furthermore,
the pT threshold of 70 GeV may have a large impact on the lower pT objects. To see this we
show the pT distributions of the 10th hardest object in the event in the right panel of Fig. 4.
We see from this plot that the distribution for the zero-boson case peaks near the lowest pT
bin, and only ⇠ 40% of the 10th hardest objects have pT > 70 GeV. This is not surprising
because large di↵erences in pT are expected between the hardest and softest primary objects.
For the multi-boson case, this e↵ect is much smaller because the event typically contains
many more than 10 primary objects, and the di↵erence in pT between the hardest and 10th
hardest objects is milder.

As seen in the right panel of Fig. 4, the lower tail of N(pT > 70) barely reaches 11 for
the multi-boson case. This means the the multi-boson signal need not pay any price for the
condition N(pT > 70) � Nmin, since CMS varies Nmin only up to 11 in their signal regions.
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