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Motivation
• Theories Beyond the Standard Model may contain exotic 

stable CHArged Massive Particles, or CHAMPs, of mass     , 
electric charge       and abundance  

• May arise from: 

• Exotic color-neutral matter added to SM 

• Exotic heavy colored states that hadronize with SM quarks 

• Hidden        . Dark photon kinetically mixed with our photon 
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Outline
• Collapse of CHAMPs into the Galactic Disk 

• Three Key Rates In the Galactic Disk 

• Acceleration and Ejection from the Galaxy 

• Diffusion into the Disk and the Local CHAMP Flux 

• Direct Detection of Accelerated CHAMP Cosmic Rays 



Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time, ttherm < t
coll
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Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time,
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<latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit>

t
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< t
coll

<latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit>

T = T
cool

⇡ 104 K
<latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit>



Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time,
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<latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit>
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<latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit>
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<latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit>

TX/m = Tvir/mp
<latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit>

t
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< t
coll

<latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit>

T = T
cool

⇡ 104 K
<latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit>



• If            , number density of CHAMPs in MW disk  
about 100x greater if collapse, m/q2 . 105 GeV

<latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit><latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit><latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit><latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit>

fX < 1
<latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit><latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit><latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit><latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit>

• Collapsing CHAMPs ruled out if fX =
⌦X

⌦DM
= 1

<latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit><latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit><latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit><latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit>

Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time,
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<latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit>
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<latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit>
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<latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit>

TX/m = Tvir/mp
<latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit>
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Collapse of CHAMPs Into Galactic Disks: Post-Reionization

Milky Way
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Three Key Rates in the Disk

• Three key rates determine fate of CHAMPs residing 
in the disk:

(1) Thermalization rate in      
Interstellar Medium (ISM)

(2) SN Shock encounter rate

(3) Escape rate from the disk

Decelerate X to thermal speeds

Accelerate X to shock speeds  
and beyond

ISM magnetic field confines X to disk



Rate 1: Thermalization in ISM
ISM Phase n

tot

(cm�3) n
e

(cm�3) T (K) Fractional Volume f

Hot Ionized 3⇥ 10�3 3⇥ 10�3 5⇥ 105 0.5
Warm Ionized 0.3 0.2 8⇥ 103 0.15
Warm Neutral 0.5 0.05 8⇥ 103 0.3
Cold Neutral 50 < 0.1 80 0.04
Molecular > 300 < 0.1 10 0.01
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• Thermalization dominated by Warm Ionized Medium

Three Key Rates In Galactic Disks 
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Rate 2: Shock Encounter
• Expected rate to encounter a SN shock of speed vs
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• Rate at which CHAMPs are accelerated is tied to the rate of encountering 
strong shocks

�Enc(vs) =
VSN (vs)

VDisk
�SN
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Fermi Acceleration
Three Key Rates In Galactic Disks 



Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
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Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
<latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit><latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit><latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit><latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit>

• If X slower than shock         accelerated to shock speed

• If X faster than shock         repeatedly reflect off shock
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• Easier to Fermi-accelerate CHAMPs since large m or small q allow 
X to remain supra-thermal between encountering shocks

Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
<latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit><latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit><latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit><latexit sha1_base64="U3jKHwUQSQ/53izvNRPevaVJQpc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxMRdFnUhcsK9gFNKJPppB06SYaZm2IJ/QA3/oobF4q49QPc+TdO2iy09cDA4ZxzuXOPLwXXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhRlDVoLGLV9olmgkesARwEa0vFSOgL1vKH15nfGjGleRzdw1gyLyT9iAecEjBSt1R2b5gAgiV2iZQqfsgY8JBpXBl1NT7FoxOTsqv2FHiRODkpoxz1bunL7cU0CVkEVBCtO44twUuJAk4FmxTdRDNJ6JD0WcfQiJh1Xjo9ZoKPjdLDQazMiwBP1d8TKQm1Hoe+SYYEBnrey8T/vE4CwaWX8kgmwCI6WxQkAkOMs2ZwjytGQYwNIVRx81dMB0QRCqa/oinBmT95kTTPqo5dde7Oy7WrvI4COkRHqIIcdIFq6BbVUQNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Ayp7mcE=</latexit>

Exponential momentum gain, first-order Fermi acceleration

Probability(p > p0 | p0) =
p0
p

<latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit><latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit><latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit><latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit>

f =
dn

dp
= n0

p0
p2

<latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit><latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit><latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit><latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit>

• If X slower than shock         accelerated to shock speed

• If X faster than shock         repeatedly reflect off shock
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• Easier to Fermi-accelerate CHAMPs since large m or small q allow 
X to remain supra-thermal between encountering shocks

Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
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Exponential momentum gain, first-order Fermi acceleration

Probability(p > p0 | p0) =
p0
p
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• If X slower than shock         accelerated to shock speed

• If X faster than shock         repeatedly reflect off shock

Three Key Rates In Galactic Disks 

• Max momentum set by tacc = 8
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• Easier to Fermi-accelerate CHAMPs since large m or small q allow 
X to remain supra-thermal between encountering shocks

Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
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Exponential momentum gain, first-order Fermi acceleration

Probability(p > p0 | p0) =
p0
p

<latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit><latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit><latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit><latexit sha1_base64="NjmoPcoyn78DRUieJIojq9c5ZA8=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMyIUDdK0Y3LCvYBnVIyaaYNzcyE5I5YxvkUN/6KGxeK6E6/xvSx0NYDCSfn3MvNPb4UXIPjfFkLi0vLK6u5tfz6xubWtr2zW9dxoiir0VjEqukTzQSPWA04CNaUipHQF6zhD65GfuOOKc3j6BaGkrVD0ot4wCkBI3XssgfsHtKqin3ic8FhmBUlvsCy42DvGD+MLsOP8Dn2AkVoah5ZKrOOXXBKzhh4nrhTUkBTVDv2p9eNaRKyCKggWrdcR0I7JQo4FSzLe4lmktAB6bGWoREJmW6n4wUzfGiULg5iZU4EeKz+7khJqPUw9E1lSKCvZ72R+J/XSiA4a6c8kgmwiE4GBYnAEONRWrjLFaMghoYQqrj5K6Z9YnIAk2nehODOrjxP6icl1ym5N6eFyuU0jhzaRweoiFxURhV0jaqohih6RM/oFb1ZT9aL9W59TEoXrGnPHvoD6/sH5/qhiA==</latexit>

f =
dn

dp
= n0

p0
p2

<latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit><latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit><latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit><latexit sha1_base64="McpUGBMZKOdjWc1dYV4u0Eq0NC0=">AAACEHicbVDLSgMxFM34rPU16tJNsIiuSqYIuhGKblxWsA9o65DJZNrQTCYkGaEM8wlu/BU3LhRx69Kdf2PazkJbD1w4Oedecu8JJGfaIPTtLC2vrK6tlzbKm1vbO7vu3n5LJ6kitEkSnqhOgDXlTNCmYYbTjlQUxwGn7WB0PfHbD1Rplog7M5a0H+OBYBEj2FjJd08ieAl7kcIkC0WehTK3b+GjQpM+yjN5X8t9t4KqaAq4SLyCVECBhu9+9cKEpDEVhnCsdddD0vQzrAwjnOblXqqpxGSEB7RrqcAx1f1selAOj60SwihRtoSBU/X3RIZjrcdxYDtjbIZ63puI/3nd1EQX/YwJmRoqyOyjKOXQJHCSDgyZosTwsSWYKGZ3hWSIbRLGZli2IXjzJy+SVq3qoap3e1apXxVxlMAhOAKnwAPnoA5uQAM0AQGP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AUDCcIw==</latexit>

• If X slower than shock         accelerated to shock speed

• If X faster than shock         repeatedly reflect off shock
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• Max momentum set by tacc = 8
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Rate 3: Escape from the Disk
• CHAMPs diffuse through the ISM by resonantly scattering off 

magnetic irregularities on the scale 

k =
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<latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit>
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<latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit>

• Observed steady-state cosmic ray secondary to primary spallation 
ratios at various rigidities implies              and leads to a mean free patha ⇡ .5

<latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit>

Three Key Rates In Galactic Disks 

� / Ra
<latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit>

Mean free path Rigidity
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<latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit>



Rate 3: Escape from the Disk
• CHAMPs diffuse through the ISM by resonantly scattering off 

magnetic irregularities on the scale 

k =
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<latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit>

r
gyro

=
�mv

qB
<latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit>

• Observed steady-state cosmic ray secondary to primary spallation 
ratios at various rigidities implies              and leads to a mean free patha ⇡ .5

<latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit>
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<latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit><latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit><latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit><latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit>

Three Key Rates In Galactic Disks 
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<latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit>

Mean free path Rigidity
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<latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit>



Rate 3: Escape from the Disk
• CHAMPs diffuse through the ISM by resonantly scattering off 

magnetic irregularities on the scale 
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<latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit><latexit sha1_base64="ertwcLZaaUoeUceh9HXLpztWFW0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewDmhAm00k7dDITZiZCCMGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKEUU46mmpG+okkKA4Z6YWTm6nfeyBSUcHvdZYQP0YjTiOKkTZSYB9N4BX0Iolw3vQSWuQyyEeZFEUR2HWn4cwAl4lbkjoo0Q7sL28ocBoTrjFDSg1cJ9F+jqSmmJGi5qWKJAhP0IgMDOUoJsrPZy8U8NQoQxgJaYprOFN/T+QoViqLQ9MZIz1Wi95U/M8bpDq69HPKk1QTjueLopRBLeA0DzikkmDNMkMQltTcCvEYmTy0Sa1mQnAXX14m3WbDdRru3Xm9dV3GUQXH4AScARdcgBa4BW3QARg8gmfwCt6sJ+vFerc+5q0Vq5w5BH9gff4AU9KXZg==</latexit>
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<latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit><latexit sha1_base64="pToJ2zTBFPaDW1n8Hla0NWiOAiA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdCOUunFZwT6gCWEynaRDZ5I4MymEkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2FUKsv6Niorq2vrG9XN2tb2zu6euX/QlXEqMOngmMWi7yNJGI1IR1HFSD8RBHGfkZ4/vpn6vQkRksbRvcoS4nIURjSgGCkteeax8PIwE3EBr6ETCIRzJ0ScI8jhpMgfYKvwzLrVsGaAy8QuSR2UaHvmlzOMccpJpDBDUg5sK1FujoSimJGi5qSSJAiPUUgGmkaIE+nms1cKeKqVIQxioStScKb+nsgRlzLjvu7kSI3kojcV//MGqQqu3JxGSapIhOeLgpRBFcNpLnBIBcGKZZogLKi+FeIR0oEonV5Nh2AvvrxMuucN22rYdxf1ZquMowqOwAk4Aza4BE1wC9qgAzB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwBq9eaOQ==</latexit>

• Observed steady-state cosmic ray secondary to primary spallation 
ratios at various rigidities implies              and leads to a mean free patha ⇡ .5

<latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit><latexit sha1_base64="51LGi9gExYAEFufxRhR3IQ2m1UY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2FroLiWbZtvQbBKSrFiW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h+0jcw0oS0iudSdGBvKmaAtyyynHaUpTmNOH+LRzdR/eKTaMCnu7VjRKMUDwRJGsHVSiFGIldLyCdUvetWaX/dnQMskKEgNCjR71a+wL0mWUmEJx8Z0A1/ZKMfaMsLppBJmhipMRnhAu44KnFIT5bObJ+jEKX2USO1KWDRTf0/kODVmnMauM8V2aBa9qfif181schXlTKjMUkHmi5KMIyvRNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TNpn9cCvB3fntcZ1EUcZjuAYTiGAS2jALTShBQQUPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP+UPkOw=</latexit>
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<latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit><latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit><latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit><latexit sha1_base64="GF4H0kj5peMlV81OnC4jFul8lh8="></latexit>

Three Key Rates In Galactic Disks 
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<latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit><latexit sha1_base64="EU0JQF5n1p6N+P03AYR+qLyGrIc=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdFl047KKfUBnLJlMpg3NJCHJCMNQf8WNC0Xc+iHu/BvTdhbaeiBwOOdccu+JJKPaeN63s7K6tr6xWdmqbu/s7u27B4cdLTKFSRsLJlQvQpowyknbUMNITyqC0oiRbjS+nvrdR6I0Ffze5JKEKRpymlCMjJUGbi1gNhwjGEglpBHw7gEN3LrX8GaAy8QvSR2UaA3cryAWOEsJN5ghrfu+J01YIGUoZmRSDTJNJMJjNCR9SzlKiQ6L2fITeGKVGCZC2ccNnKm/JwqUap2nkU2myIz0ojcV//P6mUkuw4JymRnC8fyjJGPQHjltAsZUEWxYbgnCitpdIR4hhbCxfVVtCf7iycukc9bwvYZ/e15vXpV1VMAROAanwAcXoAluQAu0AQY5eAav4M15cl6cd+djHl1xypka+APn8wc0ZJR3</latexit>

Mean free path Rigidity
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B = p/q
<latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit><latexit sha1_base64="gCN9IDi/JH3QDqid1l4L94Uiunc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qIoBuh1I3LKvYBbQiT6aQdOplJZyaFEOrGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaDm4nfHBGpqOAPOo2JF6EepyHFSBvJtw/vYYcMEzqC0s96qRTjKryG8dnQt0tO2ZkCLhI3JyWQo+bbX52uwElEuMYMKdV2nVh7GZKaYkbGxU6iSIzwAPVI21COIqK8bPrBGJ4YpQtDIU1xDafq74kMRUqlUWA6I6T7at6biP957USHV15GeZxowvFsUZgwqAWcxAG7VBKsWWoIwpKaWyHuI4mwNqEVTQju/MuLpHFedp2ye3dRqlTzOArgCByDU+CCS1ABt6AG6gCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/K7CWDA==</latexit>
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Repeated shocks

Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection
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<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

Speed
<latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit>



Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

Speed
<latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit>

dn

d ln v
/ R3

SN / v�2

<latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit><latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit><latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit><latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit>



Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
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v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>



Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

@f

@t
=

@(p�therm(p)f)

@p
<latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>



Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

@f

@t
=

@(p�therm(p)f)

@p
<latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>



Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum
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Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

t ⇡ 1/�SH
<latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>



Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum
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Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

t ⇡ 1/�SH
<latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p�2
<latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>

p�2.5/v
<latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit>



Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

t ⇡ 1/�SH
<latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p�2
<latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>

p�2.5/v
<latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit>

n = 0.2 cm-3

n = 1.0 cm-3
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Fraction of Milky Way Champs Never Reaching Critical Speed

• To be Fermi-accelerated, CHAMPs 
must encounter critical shock   vs = v1

<latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit><latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit><latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit><latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit>

fremain ⇡ exp

�
��A ⇥ 10

10
yr

�
<latexit sha1_base64="V2e5cLIeOKxL5FCrs6d0k/jR75I="></latexit><latexit sha1_base64="V2e5cLIeOKxL5FCrs6d0k/jR75I="></latexit><latexit sha1_base64="V2e5cLIeOKxL5FCrs6d0k/jR75I="></latexit><latexit sha1_base64="V2e5cLIeOKxL5FCrs6d0k/jR75I="></latexit>

�A = �enc(vs = v1)
<latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit><latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit><latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit><latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit>



Diffusion into Disk and Local Flux

x
⇠ 3 kpc

<latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit><latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit><latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit><latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit>

30 kpc
<latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit><latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit><latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit><latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit>

*Not actual size

@n(t, z)

@t
= D

@2n(t, z)

@z2
� �A ✓(z +Hdisk/2) ✓(Hdisk/2� z)n(t, z)

<latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit><latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit><latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit><latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit>

dnA(t)

dt
= �A n(t, 0)� �esc nA(t), nA(0) = 0

<latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit><latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit><latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit><latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit>

Collapse:

Don’t collapse: n(0, z) = n(t,±Hc/2) = fXn0,
<latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit><latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit><latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit><latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit>

Milky Way disk and confinement region

n(0, z) = 100 fXn0 ✓(z +Hdisk/2) ✓(Hdisk/2� z), n(t,±Hc/2) . n0
<latexit sha1_base64="7GR/vrsIhU2CJaNJVa340So43IY="></latexit><latexit sha1_base64="7GR/vrsIhU2CJaNJVa340So43IY="></latexit><latexit sha1_base64="7GR/vrsIhU2CJaNJVa340So43IY="></latexit><latexit sha1_base64="7GR/vrsIhU2CJaNJVa340So43IY="></latexit>

n0 ⇡ 0.3

m
GeV/cm3

<latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit><latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit><latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit><latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit>



Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>



Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

(1)  CHAMPs can easily reach underground detectors



Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

(2)  CHAMPs below              can impart nuclear recoils above the         
threshold of experiments like XENON1T

1 GeV
<latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit>

⇠ keV
<latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit>

(1)  CHAMPs can easily reach underground detectors



Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

(2)  CHAMPs below              can impart nuclear recoils above the         
threshold of experiments like XENON1T

1 GeV
<latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit>

⇠ keV
<latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit>

(3)  CHAMPs are strongly ionizing and produce             ionization losses in 
detectors like MAJORANA

dE/dx

<latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit><latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit><latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit><latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit>

(1)  CHAMPs can easily reach underground detectors



Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

(4)  Relativistic CHAMPs emit or induce Cherenkov light when traveling 
through water detectors like Super Kamiokande

(2)  CHAMPs below              can impart nuclear recoils above the         
threshold of experiments like XENON1T

1 GeV
<latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit>

⇠ keV
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(3)  CHAMPs are strongly ionizing and produce             ionization losses in 
detectors like MAJORANA
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(1)  CHAMPs can easily reach underground detectors



Barriers to Detection
• CHAMPs must travel ‘upstream’ through solar wind
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Barriers to Detection
• CHAMPs must travel ‘upstream’ through solar wind
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Nuclear Recoil at Underground Detectors
Direct Detection of Accelerated CHAMP Cosmic Rays
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Electron recoils, vetoed

Vetoed, too much ionization losses



Induced/Emitted Cherenkov Light
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Direct Detection of Accelerated CHAMP Cosmic Rays

• Relativistic CHAMPs passing through water may deposit enough energy to accelerate 
electrons to speeds > 0.75c, which emit detectable Cherenkov light in Super-K 

Vetoed by OD PMTs

• Relativistic CHAMPs passing through Antarctic ice may produce more Cherenkov 
photons than IceCube’s dark count



Ionization Particle Searches
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Direct Detection of Accelerated CHAMP Cosmic Rays

• As q grows, CHAMPs yield significant ionization

• Experiments typically scintillation detectors. with constraints in form of upper bound on 
CHAMP flux �(p > p0) =

Z p
max

p0

dnA

dp
v dp
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Ionization Particle Searches
Direct Detection of Accelerated CHAMP Cosmic Rays

• As q grows, CHAMPs yield significant ionization

• Experiments are typically scintillation detectors with constraints in form of upper bound on 
CHAMP flux �(p > p0) =

Z p
max

p0

dnA

dp
v dp
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CHAMP Dark Matter
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CHAMP DM

Direct Detection of Accelerated CHAMP Cosmic Rays



Summary
• For                     ,  CHAMPS unaffected by 

thermalization, Fermi acceleration and diffusion 

• For                     , there is a large flux of accelerated 
CHAMPs in the disk today 

• Nuclear/electron recoil experiments, Cherenkov 
and ionization detectors place stringent bounds on  

• X excluded as dark matter for    above        for any 

m . 1010q GeV
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q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

m
<latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit>


