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Why look for rare decays?

✓ Small Standard Model(SM) branching fraction and potential large new 
physics(NP) contributions 

✓ Often Flavour Changing Neutral Current(FCNC), which are not possible at 
tree level in SM 

✓ Sensitive to higher energy than direct searches due to virtual contributions 
✓ NP can change rates or properties 
✓ SM forbidden decays → hint for new physics

Indirect searches 
to look for new particles ! H+

H0,h0

q̄
<latexit sha1_base64="L7pDKRgPJ52yO9Rb363Qv/FNLVk=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTOTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1On7WKb3s4FddWpODrRI3IJUoUBzYH/0hxFJQio04VipnuvE2kux1IxwOqv0E0VjTCZ4RHuGChxS5aX5uTN0ZJQhCiJpSmiUqz8nUhwqNQ190xliPVZ/vUz8z+slOrjwUibiRFNB5ouChCMdoex3NGSSEs2nhmAimbkVkTGWmGiTUCUP4TLD2ffLi6R9UnPrtfrtabVxVcRRhgM4hGNw4RwacANNaAGBCTzCM7xYsfVkvVpv89aSVczswy9Y71+yHY/x</latexit>

q
<latexit sha1_base64="4qNdKBl3IpavMAMzn+ZokAyLwS0=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwVRIrPnZFNy5bsA9oQ5lMb9qxk0mcmQgl9AvcuFDErZ/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSaFFQx7KrkcUcCagpZnm0I0kkMDj0PEm16nfeQCpWChu9TQCNyAjwXxGiTZS835QrthVOwNeJE5OKihHY1D+6A9DGgcgNOVEqZ5jR9pNiNSMcpiV+rGCiNAJGUHPUEECUG6SHTrDR0YZYj+UpoTGmfpzIiGBUtPAM50B0WP110vF/7xerP0LN2EiijUIOl/kxxzrEKdf4yGTQDWfGkKoZOZWTMdEEqpNNqUshMsUZ98vL5L2SdWpVWvN00r9Ko+jiA7QITpGDjpHdXSDGqiFKAL0iJ7Ri3VnPVmv1tu8tWDlM/voF6z3L/RljSw=</latexit>

�̃+
<latexit sha1_base64="R/u+WUQqrxtX+kZYjrmRXHwTGhA=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIsgCCW14mNXdOOygn1AE8tkctMOnTyYmQglZOPGX3HjQhG3/oM7/8ZJGkStBy4czrl35t7jRIwKaZqfWmlufmFxqbxcWVldW9/QN7c6Iow5gTYJWch7DhbAaABtSSWDXsQB+w6DrjO+zPzuHXBBw+BGTiKwfTwMqEcJlkoa6LtW/kbisBhSS1LmQmKREU1vk8N0oFfNmpnDmCX1glRRgdZA/7DckMQ+BJIwLES/bkbSTjCXlDBIK1YsIMJkjIfQVzTAPgg7yTdIjX2luIYXclWBNHL150SCfSEmvqM6fSxH4q+Xif95/Vh6Z3ZCgyiWEJDpR17MDBkaWSSGSzkQySaKYMKp2tUgI8wxkSq4Sh7CeYaT75NnSeeoVm/UGtfH1eZFEUcZ7aA9dIDq6BQ10RVqoTYi6B49omf0oj1oT9qr9jZtLWnFzDb6Be39C9G4mYw=</latexit>

�̃�
<latexit sha1_base64="woxVv/8KKnHrcrULf36B/rnsg0k=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgxpJa8bErunFZwT6giWUyuWmHTh7MTIQSsnHjr7hxoYhb/8Gdf+MkDaLWAxcO59w7c+9xIkaFNM1PrTQ3v7C4VF6urKyurW/om1sdEcacQJuELOQ9BwtgNIC2pJJBL+KAfYdB1xlfZn73DrigYXAjJxHYPh4G1KMESyUN9F0rfyNxWAypJSlzIbHIiKa3yWE60KtmzcxhzJJ6QaqoQGugf1huSGIfAkkYFqJfNyNpJ5hLShikFSsWEGEyxkPoKxpgH4Sd5Bukxr5SXMMLuapAGrn6cyLBvhAT31GdPpYj8dfLxP+8fiy9MzuhQRRLCMj0Iy9mhgyNLBLDpRyIZBNFMOFU7WqQEeaYSBVcJQ/hPMPJ98mzpHNUqzdqjevjavOiiKOMdtAeOkB1dIqa6Aq1UBsRdI8e0TN60R60J+1Ve5u2lrRiZhv9gvb+BdTCmY4=</latexit>

q̃
<latexit sha1_base64="Y89xEKLSBKoIktFqyEcGxy52/h4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWx4mNXdOOygn1AE8pkctMOnTycmQglBPwVNy4Ucet3uPNvTNIgaj1w4XDOvXPnHifiTCrD+NQqC4tLyyvV1dra+sbmlr6905VhLCh0aMhD0XeIBM4C6CimOPQjAcR3OPScyVXu9+5BSBYGt2oage2TUcA8RonKpKG+ZxVvJA6PIbUU4y4kd+lQrxsNowCeJ2ZJ6qhEe6h/WG5IYx8CRTmRcmAakbITIhSjHNKaFUuICJ2QEQwyGhAfpJ0Uq1N8mCku9kKRVaBwof6cSIgv5dR3sk6fqLH86+Xif94gVt65nbAgihUEdLbIizlWIc6zwC4TQBWfZoRQwbK/YjomglCVJVYrQrjIcfp98jzpHjfMZqN5c1JvXZZxVNE+OkBHyERnqIWuURt1EEUJekTP6EV70J60V+1t1lrRypld9Ava+xeMqpam</latexit> l̃

<latexit sha1_base64="/u8Ou9BEQJxfK7PQgyGz4CVpuYM=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqqRWfOyKblxWsA9oQplMbtqhk0mYmQglBPwVNy4Ucet3uPNvTNIgaj1w4XDOvXPnHjfiTGnL+jQWFpeWV1Yra9X1jc2tbXNnt6vCWFLo0JCHsu8SBZwJ6GimOfQjCSRwOfTcyXXu9+5BKhaKOz2NwAnISDCfUaIzaWju28UbictjSG3NuAcJT4dmzapbBfA8aZSkhkq0h+aH7YU0DkBoyolSg4YVaSchUjPKIa3asYKI0AkZwSCjggSgnKRYneKjTPGwH8qshMaF+nMiIYFS08DNOgOix+qvl4v/eYNY+xdOwkQUaxB0tsiPOdYhzrPAHpNANZ9mhFDJsr9iOiaSUJ0lVi1CuMxx9n3yPOme1BvNevP2tNa6KuOooAN0iI5RA52jFrpBbdRBFCXoET2jF+PBeDJejbdZ64JRzuyhXzDevwCFEZah</latexit>
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Measurement of  B0(s)→µ+μ-

✓B→µµ is the flagship of rare b decays. 
✓B→µµ are heavily suppressed in SM:
‣ FCNC processes, only proceed through EW 

penguin, box diagrams(suppressed by [mw/mt]2). 
‣ Cabibbo suppressed: |Vtq|2 

‣ Helicity suppressed: [mμ/mB] 2

B0
(s) !µ+µ�

: the flagship of very rare decays

Standard Model

b! s`+`� and b! d`+`� like FCNC

Both loop diagrams and helicity
suppression, so heavily suppressed

I In SMa: B(B0

s ! µ+µ�) ⇡ 4 ⇥ 10�9

and B(B0 ! µ+µ�) ⇡ 1 ⇥ 10�10

Theoretically clean and experimentally
favourable

New physics scenarios

New particles in loops

Sensitive to (pseudo)scalars
(no helicity suppression)

Specific: e.g. certain SUSY

models, multiple Higgs models

a[Phys. Rev. Lett. 112, 101801 (2014)]

Maarten van Veghel (Nikhef) Very rare decays at LHC March 11th, 2018 3 / 18

b̄
<latexit sha1_base64="g9oLm0fOnyBSo1s1v6pWEAaKBHQ=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy4r2Ae0ocxMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89JBZcG9f9dEpLyyura+X1ysbm1vZOdXevraNEUdaikYhUl2DNBJesZbgRrBsrhkMiWIdMbjK/88CU5pG8N9OY+SEeSR5wio2VOn2CVUpmg2rNrbs50CLxClKDAs1B9aM/jGgSMmmowFr3PDc2foqV4VSwWaWfaBZjOsEj1rNU4pBpP83PnaEjqwxREClb0qBc/TmR4lDraUhsZ4jNWP/1MvE/r5eY4NJPuYwTwySdLwoSgUyEst/RkCtGjZhagqni9lZEx1hhamxClTyEqwzn3y8vkvZJ3Tutn96d1RrXRRxlOIBDOAYPLqABt9CEFlCYwCM8w4sTO0/Oq/M2by05xcw+/ILz/gWbUo/i</latexit>

t
<latexit sha1_base64="uHHGlcIMmbVqS9DQGhDIRMG0fsw=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLregF48JmAWSIfR0apI2PQvdPUII+QIvHhTx6id582/smQyixgcFj/eqqKrnxYIrbdufVmFpeWV1rbhe2tjc2t4p7+61VJRIhk0WiUh2PKpQ8BCbmmuBnVgiDTyBbW98k/rtB5SKR+GdnsToBnQYcp8zqo3U0P1yxa7aGcgicXJSgRz1fvmjN4hYEmComaBKdR071u6USs2ZwFmplyiMKRvTIXYNDWmAyp1mh87IkVEGxI+kqVCTTP05MaWBUpPAM50B1SP110vF/7xuov1Ld8rDONEYsvkiPxFERyT9mgy4RKbFxBDKJDe3EjaikjJtsillIVylOP9+eZG0TqrOafW0cVapXedxFOEADuEYHLiAGtxCHZrAAOERnuHFureerFfrbd5asPKZffgF6/0L+PGNLw==</latexit>

W+
<latexit sha1_base64="0H9g5zsga+/JYGFp1nZghxYwZnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkms+HErevFYwbSFNpbNdtMu3WzC7kYoob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPz/JgzpW3701pYXFpeWS2tldc3Nre2Kzu7LRUlklCXRDySHR8rypmgrmaa004sKQ59Ttv++Drz2w9UKhaJOz2JqRfioWABI1gbyW3fp8fTfqVq1+wcaJ44BalCgWa/8tEbRCQJqdCEY6W6jh1rL8VSM8LptNxLFI0xGeMh7RoqcEiVl+bHTtGhUQYoiKQpoVGu/pxIcajUJPRNZ4j1SP31MvE/r5vo4MJLmYgTTQWZLQoSjnSEss/RgElKNJ8Ygolk5lZERlhiok0+5TyEywxn3y/Pk9ZJzanX6ren1cZVEUcJ9uEAjsCBc2jADTTBBQIMHuEZXixhPVmv1tusdcEqZvbgF6z3L6vhjrs=</latexit>

W�
<latexit sha1_base64="Fn6jsRLu1Y9BytIrH3kevfkjAis=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRW/LgVvXisYNpCG8tmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btIgan0w8Hhvhpl5fsyZ0rb9aS0sLi2vrJbWyusbm1vblZ3dlooSSahLIh7Jjo8V5UxQVzPNaSeWFIc+p21/fJ357QcqFYvEnZ7E1AvxULCAEayN5Lbv0+Npv1K1a3YONE+cglShQLNf+egNIpKEVGjCsVJdx461l2KpGeF0Wu4lisaYjPGQdg0VOKTKS/Njp+jQKAMURNKU0ChXf06kOFRqEvqmM8R6pP56mfif1010cOGlTMSJpoLMFgUJRzpC2edowCQlmk8MwUQycysiIywx0Safch7CZYaz75fnSeuk5tRr9dvTauOqiKME+3AAR+DAOTTgBprgAgEGj/AML5awnqxX623WumAVM3vwC9b7F67rjr0=</latexit> µ�

<latexit sha1_base64="pJCWvB8Rns0CZmGS3xp6BkIoqWE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GDZGfNyCXjxGMA9I1jA7mU2GzMwuM7NCWPIRXjwo4tXv8ebfOLtZRI0FDUVVN91dfsSZNq776SwsLi2vrBbWiusbm1vbpZ3dlg5jRWiThDxUHR9rypmkTcMMp51IUSx8Ttv++Dr12w9UaRbKOzOJqCfwULKAEWys1O6J+D45nvZLZbfiZkDzpJqTMuRo9EsfvUFIYkGlIRxr3a26kfESrAwjnE6LvVjTCJMxHtKupRILqr0kO3eKDq0yQEGobEmDMvXnRIKF1hPh206BzUj/9VLxP68bm+DCS5iMYkMlmS0KYo5MiNLf0YApSgyfWIKJYvZWREZYYWJsQsUshMsUZ98vz5PWSaVaq9RuT8v1qzyOAuzDARxBFc6hDjfQgCYQGMMjPMOLEzlPzqvzNmtdcPKZPfgF5/0LW8CPuA==</latexit>

µ+
<latexit sha1_base64="sWqQzPkrXGgxWJHNNRRcNpa205U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIWyM+LgFvXiMYB6QrGF2MpsMmZldZmaFsOQjvHhQxKvf482/cXaziBoLGoqqbrq7/IgzbVz301lYXFpeWS2sFdc3Nre2Szu7LR3GitAmCXmoOj7WlDNJm4YZTjuRolj4nLb98XXqtx+o0iyUd2YSUU/goWQBI9hYqd0T8X1yPO2Xym7FzYDmSTUnZcjR6Jc+eoOQxIJKQzjWult1I+MlWBlGOJ0We7GmESZjPKRdSyUWVHtJdu4UHVplgIJQ2ZIGZerPiQQLrSfCt50Cm5H+66Xif143NsGFlzAZxYZKMlsUxByZEKW/owFTlBg+sQQTxeytiIywwsTYhIpZCJcpzr5fnietk0q1VqndnpbrV3kcBdiHAziCKpxDHW6gAU0gMIZHeIYXJ3KenFfnbda64OQze/ALzvsXWLaPtg==</latexit>

⌫
<latexit sha1_base64="98Gl86ccJDisuJqbqOKzww4DVUQ=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcXycCuOjUnB1okbkGqUKA5sD/6w4gkIRWacKxUz3Vi7aVYakY4nVX6iaIxJhM8oj1DBQ6p8tL81Bk6MsoQBZE0JTTK1Z8TKQ6Vmoa+6QyxHqu/Xib+5/USHVx4KRNxoqkg80VBwpGOUPY3GjJJieZTQzCRzNyKyBhLTLRJp5KHcJnh7PvlRdI+qbn1Wv32tNq4KuIowwEcwjG4cA4NuIEmtIDACB7hGV4sbj1Zr9bbvLVkFTP78AvW+xd3q44O</latexit>

B0
s

<latexit sha1_base64="wmbj/Fe5TOZ2OErPnQniflRBE2o=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqqRWfOxK3bisYB/SxjKZTtqhM0mYmQgl5CvcuFDErZ/jzr9xkgZR64ELh3Pu5d573JAzpW370yosLa+srhXXSxubW9s75d29jgoiSWibBDyQPRcryplP25ppTnuhpFi4nHbd6VXqdx+oVCzwb/UspI7AY595jGBtpLvmMFbJfWwnw3LFrtoZ0CKp5aQCOVrD8sdgFJBIUF8TjpXq1+xQOzGWmhFOk9IgUjTEZIrHtG+ojwVVTpwdnKAjo4yQF0hTvkaZ+nMixkKpmXBNp8B6ov56qfif14+0d+HEzA8jTX0yX+RFHOkApd+jEZOUaD4zBBPJzK2ITLDERJuMSlkIlynOvl9eJJ2Taq1erd+cVhrNPI4iHMAhHEMNzqEB19CCNhAQ8AjP8GJJ68l6td7mrQUrn9mHX7DevwDoGZCd</latexit>

✓SM predictions:
‣  SM branching fractions are small 
‣  theoretical uncertainty: 4-5 %

Ref: 
M. Beneke et al JHEP 10 (2019 )232

<latexit sha1_base64="tIexn7vLXQB7yFABBKOSC9vME8c="></latexit>

B(B0
s ! µ+µ�) = (3.66± 0.14)⇥ 10�9

<latexit sha1_base64="38VALYwrKrnxtIZLqYuVSoYO1ZQ="></latexit>

B(B0 ! µ+µ�) = (1.03± 0.05)⇥ 10�10

https://link.springer.com/article/10.1007/JHEP10(2019)232
https://link.springer.com/article/10.1007/JHEP10(2019)232
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Measurement of  B0(s)→µ+μ-

✓What we measure: 
‣ Branching fractions:  Precision measurement of B0

s →µ+μ-  and look for 
first evidence of B0→µ+μ- 

‣ Effective lifetime: the heavier of two B0
s  mass eigenstates can decay to 

dimuon in SM; NP scenario may alter the prediction

⌧µ+µ� ⌘
R1
0 t�(Bs(t) ! µ+µ�)dt
R1
0 �(Bs(t) ! µ+µ�)dt

=
⌧B0

s

(1� y2s)

✓
1 + 2Aµ+µ�

�� ys + y2s

1 +Aµ+µ�

��

◆

<latexit sha1_base64="pTtYduk1CThjuzQx36aQ1AMg3io="></latexit>

Aµ+µ�

�� ⌘ �R(�)/(1 + |�|2)
<latexit sha1_base64="whYya7JN5eBbJzJYrGUj/C5DR74="></latexit>

ys ⌘ ⌧B0
s
��s/2

<latexit sha1_base64="qMbDpdEdOF2pGNhmmKWHbWFb3SQ="></latexit>

s
<latexit sha1_base64="d0SkknmjHALu9tUEssf1X4Gl4nQ=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLregF48JmAWSIfR0apI2PQvdPUII+QIvHhTx6id582/smQyixgcFj/eqqKrnxYIrbdufVmFpeWV1rbhe2tjc2t4p7+61VJRIhk0WiUh2PKpQ8BCbmmuBnVgiDTyBbW98k/rtB5SKR+GdnsToBnQYcp8zqo3UUP1yxa7aGcgicXJSgRz1fvmjN4hYEmComaBKdR071u6USs2ZwFmplyiMKRvTIXYNDWmAyp1mh87IkVEGxI+kqVCTTP05MaWBUpPAM50B1SP110vF/7xuov1Ld8rDONEYsvkiPxFERyT9mgy4RKbFxBDKJDe3EjaikjJtsillIVylOP9+eZG0TqrOafW0cVapXedxFOEADuEYHLiAGtxCHZrAAOERnuHFureerFfrbd5asPKZffgF6/0L922NLg==</latexit>

✓ New particles in loops 
✓ Sensitive to (pseudo)scalars : no helicity 

suppression  
✓ Some of the new physics scenarios may 

boost the decay rates
B0

s
<latexit sha1_base64="wmbj/Fe5TOZ2OErPnQniflRBE2o=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqqRWfOxK3bisYB/SxjKZTtqhM0mYmQgl5CvcuFDErZ/jzr9xkgZR64ELh3Pu5d573JAzpW370yosLa+srhXXSxubW9s75d29jgoiSWibBDyQPRcryplP25ppTnuhpFi4nHbd6VXqdx+oVCzwb/UspI7AY595jGBtpLvmMFbJfWwnw3LFrtoZ0CKp5aQCOVrD8sdgFJBIUF8TjpXq1+xQOzGWmhFOk9IgUjTEZIrHtG+ojwVVTpwdnKAjo4yQF0hTvkaZ+nMixkKpmXBNp8B6ov56qfif14+0d+HEzA8jTX0yX+RFHOkApd+jEZOUaD4zBBPJzK2ITLDERJuMSlkIlynOvl9eJJ2Taq1erd+cVhrNPI4iHMAhHEMNzqEB19CCNhAQ8AjP8GJJ68l6td7mrQUrn9mHX7DevwDoGZCd</latexit>

b̄
<latexit sha1_base64="g9oLm0fOnyBSo1s1v6pWEAaKBHQ=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy4r2Ae0ocxMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89JBZcG9f9dEpLyyura+X1ysbm1vZOdXevraNEUdaikYhUl2DNBJesZbgRrBsrhkMiWIdMbjK/88CU5pG8N9OY+SEeSR5wio2VOn2CVUpmg2rNrbs50CLxClKDAs1B9aM/jGgSMmmowFr3PDc2foqV4VSwWaWfaBZjOsEj1rNU4pBpP83PnaEjqwxREClb0qBc/TmR4lDraUhsZ4jNWP/1MvE/r5eY4NJPuYwTwySdLwoSgUyEst/RkCtGjZhagqni9lZEx1hhamxClTyEqwzn3y8vkvZJ3Tutn96d1RrXRRxlOIBDOAYPLqABt9CEFlCYwCM8w4sTO0/Oq/M2by05xcw+/ILz/gWbUo/i</latexit>

t
<latexit sha1_base64="uHHGlcIMmbVqS9DQGhDIRMG0fsw=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLregF48JmAWSIfR0apI2PQvdPUII+QIvHhTx6id582/smQyixgcFj/eqqKrnxYIrbdufVmFpeWV1rbhe2tjc2t4p7+61VJRIhk0WiUh2PKpQ8BCbmmuBnVgiDTyBbW98k/rtB5SKR+GdnsToBnQYcp8zqo3U0P1yxa7aGcgicXJSgRz1fvmjN4hYEmComaBKdR071u6USs2ZwFmplyiMKRvTIXYNDWmAyp1mh87IkVEGxI+kqVCTTP05MaWBUpPAM50B1SP110vF/7xuov1Ld8rDONEYsvkiPxFERyT9mgy4RKbFxBDKJDe3EjaikjJtsillIVylOP9+eZG0TqrOafW0cVapXedxFOEADuEYHLiAGtxCHZrAAOERnuHFureerFfrbd5asPKZffgF6/0L+PGNLw==</latexit>

W�
<latexit sha1_base64="Fn6jsRLu1Y9BytIrH3kevfkjAis=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRW/LgVvXisYNpCG8tmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btIgan0w8Hhvhpl5fsyZ0rb9aS0sLi2vrJbWyusbm1vblZ3dlooSSahLIh7Jjo8V5UxQVzPNaSeWFIc+p21/fJ357QcqFYvEnZ7E1AvxULCAEayN5Lbv0+Npv1K1a3YONE+cglShQLNf+egNIpKEVGjCsVJdx461l2KpGeF0Wu4lisaYjPGQdg0VOKTKS/Njp+jQKAMURNKU0ChXf06kOFRqEvqmM8R6pP56mfif1010cOGlTMSJpoLMFgUJRzpC2edowCQlmk8MwUQycysiIywx0Safch7CZYaz75fnSeuk5tRr9dvTauOqiKME+3AAR+DAOTTgBprgAgEGj/AML5awnqxX623WumAVM3vwC9b7F67rjr0=</latexit>

µ+
<latexit sha1_base64="sWqQzPkrXGgxWJHNNRRcNpa205U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIWyM+LgFvXiMYB6QrGF2MpsMmZldZmaFsOQjvHhQxKvf482/cXaziBoLGoqqbrq7/IgzbVz301lYXFpeWS2sFdc3Nre2Szu7LR3GitAmCXmoOj7WlDNJm4YZTjuRolj4nLb98XXqtx+o0iyUd2YSUU/goWQBI9hYqd0T8X1yPO2Xym7FzYDmSTUnZcjR6Jc+eoOQxIJKQzjWult1I+MlWBlGOJ0We7GmESZjPKRdSyUWVHtJdu4UHVplgIJQ2ZIGZerPiQQLrSfCt50Cm5H+66Xif143NsGFlzAZxYZKMlsUxByZEKW/owFTlBg+sQQTxeytiIywwsTYhIpZCJcpzr5fnietk0q1VqndnpbrV3kcBdiHAziCKpxDHW6gAU0gMIZHeIYXJ3KenFfnbda64OQze/ALzvsXWLaPtg==</latexit>

µ�
<latexit sha1_base64="pJCWvB8Rns0CZmGS3xp6BkIoqWE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GDZGfNyCXjxGMA9I1jA7mU2GzMwuM7NCWPIRXjwo4tXv8ebfOLtZRI0FDUVVN91dfsSZNq776SwsLi2vrBbWiusbm1vbpZ3dlg5jRWiThDxUHR9rypmkTcMMp51IUSx8Ttv++Dr12w9UaRbKOzOJqCfwULKAEWys1O6J+D45nvZLZbfiZkDzpJqTMuRo9EsfvUFIYkGlIRxr3a26kfESrAwjnE6LvVjTCJMxHtKupRILqr0kO3eKDq0yQEGobEmDMvXnRIKF1hPh206BzUj/9VLxP68bm+DCS5iMYkMlmS0KYo5MiNLf0YApSgyfWIKJYvZWREZYYWJsQsUshMsUZ98vz5PWSaVaq9RuT8v1qzyOAuzDARxBFc6hDjfQgCYQGMMjPMOLEzlPzqvzNmtdcPKZPfgF5/0LW8CPuA==</latexit>

X0
<latexit sha1_base64="nIyBcJqIfOedWP6WaVaJsi/j2is=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ms+HErevFYwbSFNpbNdtMu3WzC7kYoob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPz/JgzpW370yotLa+srpXXKxubW9s71d29tooSSahLIh7Jro8V5UxQVzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN5HbvU3s2qNbsup0DLRKnIDUo0BpUP/rDiCQhFZpwrFTPsWPtpVhqRjidVfqJojEmEzyiPUMFDqny0vzYGToyyhAFkTQlNMrVnxMpDpWahr7pDLEeq79eJv7n9RIdXHgpE3GiqSDzRUHCkY5Q9jkaMkmJ5lNDMJHM3IrIGEtMtMmnkodwmeHs++VF0j6pO4164/a01rwq4ijDARzCMThwDk24gRa4QIDBIzzDiyWsJ+vVepu3lqxiZh9+wXr/ArUCjsE=</latexit>

X+
<latexit sha1_base64="1WNdzbnmu/hf0rNqFWSaWH+uxW4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkms+HErevFYwbSFNpbNdtMu3WzC7kYoob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPz/JgzpW3701pYXFpeWS2tldc3Nre2Kzu7LRUlklCXRDySHR8rypmgrmaa004sKQ59Ttv++Drz2w9UKhaJOz2JqRfioWABI1gbye3cp8fTfqVq1+wcaJ44BalCgWa/8tEbRCQJqdCEY6W6jh1rL8VSM8LptNxLFI0xGeMh7RoqcEiVl+bHTtGhUQYoiKQpoVGu/pxIcajUJPRNZ4j1SP31MvE/r5vo4MJLmYgTTQWZLQoSjnSEss/RgElKNJ8Ygolk5lZERlhiok0+5TyEywxn3y/Pk9ZJzanX6ren1cZVEUcJ9uEAjsCBc2jADTTBBQIMHuEZXixhPVmv1tusdcEqZvbgF6z3L61pjrw=</latexit>

‣ 2HDM:  
‣ MSSM:

B / tan4�
<latexit sha1_base64="g0rSMiSidyJmVT7IzcnK2Df8Dnw=">AAACCXicbVDLSsNAFJ34tr6iLt0MFsFVSbX42JW6calgtdDEcjOdtoOTSZi5EUro1o2/4saFIm79A3f+jZMaRK0HBg7n3Mvcc8JECoOe9+FMTc/Mzs0vLJaWlldW19z1jUsTp5rxJotlrFshGC6F4k0UKHkr0RyiUPKr8OYk969uuTYiVhc4THgQQV+JnmCAVuq41I8ABwxk1hhRP9FxgjFFUNdZbeSHHKHjlr2KNwadJNWClEmBs4777ndjlkZcIZNgTLvqJRhkoFEwyUclPzU8AXYDfd62VEHETZCNk4zojlW6tBdr+xTSsfpzI4PImGEU2sn8bvPXy8X/vHaKvaMgEypJkSv29VEvlTRPa2uhXaE5Qzm0BJgW9lbKBqCBoS2vNC7hOMfBd+RJcrlXqe5X9s9r5XqjqGOBbJFtskuq5JDUySk5I03CyB15IE/k2bl3Hp0X5/VrdMopdjbJLzhvn+I+mpc=</latexit>

, M(H+)

B / tan6�
<latexit sha1_base64="pjxkWy1mUx/vOpaCS3p57+V5AvE="></latexit>

⌧Bs!µ+µ� = (1.609± 0.010) ps
<latexit sha1_base64="tgBT0/GS3h1WzPLxuh3+VsFRCiY="></latexit>

Aµ+µ�

�� = +1 !
<latexit sha1_base64="CQ4fA8DcHwXqu8brHZ33TxCquZs="></latexit>SM Ref: HFLAV, Y.Amhis et al.,  

Eur.Phys.J.C 77(2017)895

https://arxiv.org/abs/1612.07233
https://arxiv.org/abs/1612.07233
https://arxiv.org/abs/1612.07233
https://arxiv.org/abs/1612.07233
https://arxiv.org/abs/1612.07233
https://arxiv.org/abs/1612.07233
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Analysis aspects
✓Signal B0

(s)→µµ :
‣ two muons from same displaced vertex 
‣ mass around m(B0

(s)) 
‣ momentum aligned with flight direction

✓Background:
‣ two semileptonic B decays 
‣ one semileptonic B  and one misidentified hadron 
‣ rare background from single B meson decays:

๏ peaking B→KK/K𝛑,  
๏ non peaking B0

s →K+μ-𝜈, 𝜦b→p+μ-𝜈 

✓The goal: high signal efficiency,  strong background rejection !

μ+

μ-B
<latexit sha1_base64="ZC9g1J3c06WC0pv9NrAt79GzL/A="></latexit>

B̄
<latexit sha1_base64="N6/rxbmKnAhQeCIP3npe/uOx4lk="></latexit>

μ+

μ-
B

<latexit sha1_base64="ZC9g1J3c06WC0pv9NrAt79GzL/A="></latexit>

B̄
<latexit sha1_base64="N6/rxbmKnAhQeCIP3npe/uOx4lk="></latexit>

μ+

μ-
B

<latexit sha1_base64="ZC9g1J3c06WC0pv9NrAt79GzL/A="></latexit>

B̄
<latexit sha1_base64="N6/rxbmKnAhQeCIP3npe/uOx4lk="></latexit>

K+

𝛑-

Flat shape
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Methodology
✓Measurement of B0

s → μ+μ- relative to normalization channel 
( B+→J/ψ(μ+μ-)K+  ):

Experimental aspects

B

µ
_ µ
B

B

µ

B

_

µ

• Signal B ! µ+µ�

. two muons from one decay vertex

• Background
. combinatorial (from sidebands)

two semileptonic (B) decays (gluon splitting)
one semileptonic (B) decay and one misidentified hadron

. rare single B decays (from MC simulation)
non-peaking, e.g. B0

s
! K

�
µ

+
⌫, ⇤b ! pµ

+
⌫

peaking, e.g. B0
s
! K

+
K

�, shifted into B
0 mass region (wrong mass hypothesis)

• ‘Master’ formula:

B(B0
s
! µ

+
µ
�) =

n
obs
B

0
s

N(B+ ! J/ K+)

A
B+

A
B

0
s

"
ana

B+

"
ana

B
0
s

"
µ

B+

"
µ

B
0
s

"
trig

B+

"
trig

B
0
s

fu

fs

B(B+ ! J/ [µ+
µ
�]K)

. Other applications
• for known B (lhs), predict corresponding n

obs

! expected background numbers (independent of luminosity (in MC)
• use other processes, e.g. B0

s
! J/ �, for measuring e.g. B(B0

s
! J/ �)

! cross-checks

Urs Langenegger Status report BMM4 (2018/08/27) 3

Acceptance efficiency 
Selection efficiency 
Muon identification efficiency 
Trigger efficiency 
B-hadronization composition, for Bs only 
(PDG average : fs/fu = 0.252 ±0.012)

✓Analysis steps

Similar trigger and 
selection to reduce 
systematics

‣ event classification with boosted decision tree(BDT) 
‣ unbinned (extended) maximum likelihood fits to selected events

• branching fraction                                and  
• effective lifetime ⌧µ+µ�

<latexit sha1_base64="EAOhXqPz4fAOIBa3XFgWZzAJ2ps="></latexit>

B(B0
s ! µ+µ�)

<latexit sha1_base64="MLQUZdBZs6flCKP/OgqhqMUej2Y="></latexit>

B(B0 ! µ+µ�)
<latexit sha1_base64="XRvx65DT54/6ff9DZwFE0u3EDpw="></latexit>
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Multi-variate analysis 

✓ Boosted decision tree
‣ discriminating variables: isolation, well- 

reconstructed secondary vertex, pointing 
angle, track dca

✓ Combined (re-)analysis of Run 1(25 fb-1) and 
2016(36fb-1) datasets

✓ BDT training
‣ signal: Bs → μ+μ- MC simulation 
‣ background : data dimuon sidebands 
‣ avoid selection bias

• split data randomly into three subsets(0,1,2) 
• train on 0, test on 1, apply on 2 etc. 
• each channel have 3 BDTs
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C
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Background (data sideband)
 (simulation)−µ+µ → s

0B

CMS  (7 TeV)-15 fb

‣ separations of data into ‘channels’ (central and forward)

✓ Optimal BDT discriminator binning
‣ Asimov data for significance estimation 
‣ 14 categories for BF and 8 categories for effective 

lifetime
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Ref: CMS JHEP 04 (2020) 188  

https://link.springer.com/article/10.1007/JHEP04(2020)188
https://link.springer.com/article/10.1007/JHEP04(2020)188
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Simulation Vs reality

✓ Comparison of normalization samples in sideband subtracted data and MC

✓ Fits to invariant mass
‣ Signal: double Gaussian with common mean 
‣ background:

• combinatorial: exponential function 
• partial reco’ed bg: error function 
• B+→J/ψ𝜋+ : triple Gaussian, fixed to 4% of signal

shape from MC

Partial 2016 data
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 [GeV]Kµµm

2000
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G
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Data
Total fit

+Kψ J/→ +B
Comb. background

X+Kψ J/→   B
+πψ J/→ +B

CMS  (13 TeV)-116 fb

‣ Difference accounted for in systematics

fraction of 
2016 data

Ref: CMS JHEP 04 (2020) 188  

https://link.springer.com/article/10.1007/JHEP04(2020)188
https://link.springer.com/article/10.1007/JHEP04(2020)188
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9

CMS results

High BDT

Ref: CMS JHEP 04 (2020) 188  

Channel Branching fraction Sign.
(0bs)

B0
s →µ+μ- 5.6 σ

B0   →µ+μ- 0.6 σ
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Low BDT

2D contour

(2.9+0.7
�0.6(exp)± 0.2(fs/fu))⇥ 10�9

<latexit sha1_base64="Zg52UI2hMUmOx9RvpKZFKVPzxo0="></latexit>

(0.8+1.4
�1.3)⇥ 10�10

<latexit sha1_base64="UjUuTU9OjDO1/EHHxXqZv3gSWwg="></latexit>

B
<latexit sha1_base64="Or3zh/B/VnebftP7G4vKdyIpr5I="></latexit>

✓UML fit to invariant mass (M(μμ)) in the 14 
BDT categories

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
9−10×

)−µ+µ → 0(BΒ

1−10

1

 C
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−
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CMS  (7 TeV)-1 (8 TeV) + 5 fb-1 (13 TeV) + 20 fb-136 fb

Observed
Expected (med.)

1 s.d.)±Expected (

3.6 ⨉ 10 -10 

3.1 ⨉ 10 -10 

✓ Frequentist CLs method for upper limit   
✓   (B0→µµ) < 3.6 ⨉ 10 -10 @ 95% C.L 
✓ Results are consistent with SM as well as with 

other experiments

https://link.springer.com/article/10.1007/JHEP04(2020)188
https://link.springer.com/article/10.1007/JHEP04(2020)188


10

CMS results

2D UML
sPlot

1.70+ 0.61/� 0.44
<latexit sha1_base64="LdRaGEpGz1k1J+K3rF1YODQFws0="></latexit>

⌧µ+µ�(ps)
<latexit sha1_base64="4coA+60jGrfaNyCkxrFsaHHpHyM="></latexit>

⌧Bs!µ+µ� = (1.609± 0.010) ps
<latexit sha1_base64="tgBT0/GS3h1WzPLxuh3+VsFRCiY="></latexit>

SM
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mass projection

decay time projection

Aµ+µ�

�� = +1 !
<latexit sha1_base64="CQ4fA8DcHwXqu8brHZ33TxCquZs="></latexit>
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Data
Fit

decay time projection 
from sPlot

1.55+ 0.52/� 0.33
<latexit sha1_base64="OfsFBOuKsm3k+7FbKNcXIxPj+ng=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARBDEmjfWxK7pxWcE+oA1lMpm0QyeZMDMRSsjGX3HjQhG3foY7/8akDaLWAxcO59zLvfe4EaNSmeanNje/sLi0XFopr66tb2zqW9styWOBSRNzxkXHRZIwGpKmooqRTiQIClxG2u7oOvfb90RIysM7NY6IE6BBSH2Kkcqkvr7bcznzEsuo1eCRadSqJ8emYdtpX6+YhjkBnCVWQSqgQKOvf/Q8juOAhAozJGXXMiPlJEgoihlJy71YkgjhERqQbkZDFBDpJJMHUniQKR70ucgqVHCi/pxIUCDlOHCzzgCpofzr5eJ/XjdW/oWT0DCKFQnxdJEfM6g4zNOAHhUEKzbOCMKCZrdCPEQCYZVlVp6EcJnj7PvlWdKqGpZt2LenlfpVEUcJ7IF9cAgscA7q4AY0QBNgkIJH8AxetAftSXvV3qatc1oxswN+QXv/AjWYk7Y=</latexit>

✓ Method 1: 2D UML fit to invariant mass (M(μμ)) and decay 
time: Simultaneous fit to 8 categories.(primary method) 

✓ Method 2: And sPlot weight from the BF; binned likelihood 
fit with efficiency and resolution 

✓ Consistent with SM as well as with previous measurements

Ref: CMS JHEP 04 (2020) 188  

https://link.springer.com/article/10.1007/JHEP04(2020)188
https://link.springer.com/article/10.1007/JHEP04(2020)188
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ATLAS + CMS +LHCb results
✓  Based on binned 2D profile likelihoods, 
✓  Apply the analytic model on the combined 2D 

likelihood histogram to obtain the combined 
branching fractions

1 2 3 4 5

9−10×

)9−) (10−µ+µ → s
0B(Β

0

0.1

0.2

0.3

0.4

0.5

0.6
9−10× )9−

) (
10

−
µ+

µ 
→ 0 B(

Β

ATLAS, CMS, LHCb - Summer 2020

2011 - 2016 data
Preliminary

SM

ATLAS
CMS
LHCb
Combined

Channel Branching fraction

B0
s →µ+μ- 

B0   →μ+μ- 

(2.69+0.37
�0.35)⇥ 10�9

<latexit sha1_base64="K5npyAYgDYhcO/fRXUdqAj3W5XU="></latexit>

(0.6± 0.7)⇥ 10�10
<latexit sha1_base64="FY6Xz0MWa+o/nQ77UDZ1031UJuc="></latexit>

CMS-PAS-BPH-20-003  
LHCb-CONF-2020-002  
ATLAS-CONF-2020-049

✓ Upper limit for B0 
 and ratio of BF
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0Bτ
0
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ln
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CMS, LHCb - Summer 2020

2011 - 2016 data
Preliminary

SM

Compatible 
with the  SM in 

2D;  2.1 σ

Upper Limit @90(95)% CL

B(B0 ! µ+µ�)
<latexit sha1_base64="z1VVt0hwb0YhA+86RBoJfPSZnrs="></latexit>

< 0.052(0.060)
<latexit sha1_base64="0krUHEqDMUwAZ5TIto6hgmyz4qk="></latexit>

< 1.6(1.9)⇥ 10�10
<latexit sha1_base64="REg1T6BDMKxMTP6qgtjBscxI3Qk="></latexit>

✓ Effective lifetime, obtain from the sum of1D log-
likelihood curves,

Exp.

CMS+LHCb 1.91+ 0.37/� 0.35
<latexit sha1_base64="20n2qIfAdUNDLyFkAEoF6sf0S6U="></latexit>

⌧µ+µ�(ps)
<latexit sha1_base64="4coA+60jGrfaNyCkxrFsaHHpHyM="></latexit>‣ Compatible with SM

<latexit sha1_base64="yvtRM7nfN63ch2aHlisWf3wFCiM="></latexit>

R = B(B0)/B(B0
s )

http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
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Search for τ→3μ decay
✓  τ→3μ transition

‣ doesn’t conserve lepton family number 
‣ doesn’t involve neutrinos in the final state 
‣ allowed by neutrino oscillation 

3Update on the τ→3µ search in the HF channel (2017 data)

v !→3" transition
ü doesn’t conserve the lepton family number
ü doesn’t involve neutrinos in the final state

Ø Charged Lepton Flavour Violation (CLFV)

Neutrino flavor violation → CLFV (e.g. !→3") also allowed

v Suppressed in the Standard Model
Branching Ratio !→3" (SM) ~ *(10./0)
arXiv:hep-ph/9810484

v Enhanced BR in SUSY, 2HDM
!→3" (BSM) ~ *(10.2)

The rates for CLFV processes are expected to provide 
information regarding the nature of new physics 

Motivations

✓  Suppressed in the Standard Model.
‣ Branching ratio  τ→3μ(SM) ~O(10 -14) 
‣ Enhanced BR by SUSY, 2HDM

μ-

μ+

μ-
τ -

⌫̃
<latexit sha1_base64="mFmQo4x5136C4KbiuONXTrrG5M8="></latexit>

τ→3μ(BSM) ~O(10 -8)

✓Stringent limit by lepton collider;
‣ Belle: BF  τ→3μ(SM) < 2.1 ⨉10 -8 @ 90% CL 
‣ Babar: BF  τ→3μ(SM) < 3.3 ⨉10 -8 @ 90% CL

✓ limit by hadron collider;
‣ LHCb(LHC): BF  τ→3μ(SM) < 4.6 ⨉10 -8 @ 90% CL 
‣ ATLAS(LHC): BF  τ→3μ(SM) < 3.8 ⨉10 -7 @ 90% CL

Ref: Phys. Rev. D81 (2010)111101

Ref: JHEP 02(2015)121

Ref: Phys. Lett.B687 (2010)139143

Ref: Eur. Phys. J. C(2016) 76:232

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.111101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.111101
https://link.springer.com/article/10.1007/JHEP02(2015)121
https://link.springer.com/article/10.1007/JHEP02(2015)121
https://arxiv.org/abs/1001.3221
https://arxiv.org/abs/1001.3221
https://arxiv.org/abs/1601.03567
https://arxiv.org/abs/1601.03567


13

Selection and normalization
✓  First search for τ→3μ transition in CMS using 33.2 fb-1 of 2016 data.
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✓  Sources of τ
‣  Heavy flavor(HF) decay(D, B): large cross section; low pT, 

high η; high background 
‣  W decay: small cross section; high pT; low background; 

large missing energy

✓  Normalization:(HF decay )
μ+ μ- D±

s ! �⇡± !
<latexit sha1_base64="NJuSG/RDz1iAGEok1sLi2Vo/FoU="></latexit>

⇡±
<latexit sha1_base64="ka9Lb5vQSTr1tXnDYzubyjCEXyo="></latexit>

‣  Selected with signal trigger 
‣  Template fit to proper decay length 

in data to evaluate the fraction of Ds 

candidates from B meson decay

‣  Trigger: two muons and a track with mass and vertex 
requirements,(two muon pT> 3 GeV, track pT> 1.2 GeV ) 

‣  vertex displaced from beam spot >2σ 
‣  mass in 1.62 -2.00 GeV

✓  τ selection

HF decay

W decay

μ+

μ-Ds
τ μ+

PV

SV

<latexit sha1_base64="iRmQ2NKW+mk14J3vsMGSMXhMA34="></latexit>

Ds ! �(2µ)⇡

<latexit sha1_base64="vp6wufyntysU6n4LRIUdX0H9wVY="></latexit>

D± ! �(2µ)⇡

PV SV

𝜏+

𝜈𝜏

𝜇+
𝜇+

𝜇-

BPH-17-004

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html


Analysis strategy
✓ To suppress the background the BDT is trained on sideband data and signal 

MC sample 
✓ Six categories for HF decay; based on BDT score and mass resolution

Nsig(D) = N
B(Ds ! ⌧⌫)

B(Ds ! �⇡ ! µµ⇡)

A3µ(D)

A2µ⇡

✏3µreco
✏2µ⇡reco

✏2µtrig.sig

✏2µtrig(µµ⇡)
B(⌧ ! 3µ)

<latexit sha1_base64="3MtwoPFJQSUXWOS07PByUWb0USY="></latexit>

Nsig(B) = f
B(B ! ⌧ + ...)

B(B ! Ds + ...)B(Ds ! ⌧⌫)

A3µ(B)

A3µ(D)
Nsig(D)

<latexit sha1_base64="I1RoIJUbmIkcFAOxLgbvIjxrED8="></latexit>

✓ Signal from Ds

Signal from direct B meson decay
Normalization channel yield

Acceptance and efficiency correction

Fraction from decay length fit

14

✓ Two categories for W decay; based on pseudo-rapidity(barrel and endcap)

✓ Signal from W

Integrated luminosity

Acceptance efficiency 
combined efficiency

<latexit sha1_base64="+spHDwntBxYiTHvI3PhXGhLnDts="></latexit>

B(⌧ ! 3µ) =
Nsig(W )

L�(pp ! W +X)B(W ! ⌧⌫)A3µ(W )✏3µ(W )

BPH-17-004

Ref: Phys. Lett. B 759 (2016) 601,Phys. Rev. D 98 (2018) 030001

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html
https://arxiv.org/abs/1603.09222
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
https://arxiv.org/abs/1603.09222
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
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Figure 2: Trimuon invariant mass distributions in the six independent event categories used in
the heavy-flavor analysis and defined in the text: A1, A2, B1, B2, C1, C2. The data are shown
with filled circles and vertical bars representing the statistical uncertainty. The background-
only fit and the expected signal for B(t ! 3µ) = 10�7 are shown with solid and dashed lines,
respectively.
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HF decay
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8.0⇥ 10�8
<latexit sha1_base64="0xp3zV+ZtEpxNVIhaNMjdryw6f4="></latexit>

6.9⇥ 10�8

<latexit sha1_base64="piagjWYmdEpdaU8IYLsmUVk7K8Q="></latexit>

20⇥ 10�8
<latexit sha1_base64="NaNOIpunAtiSFWefRspQpIhEzf0="></latexit>

13⇥ 10�8

<latexit sha1_base64="t6LqkQ8J0LJYtkf/4o6UCr/f9C4="></latexit>

9.2⇥ 10�8
<latexit sha1_base64="V1aLRv7qowhRq2s2uyJbGUT1Rew="></latexit>

10.0⇥ 10�8

✓ Simultaneous unbinned maximum likelihood fit performed 
over eight categories(6+2) 

✓ Upper limit using modified frequentist CLs method
8
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Figure 2: Trimuon invariant mass distributions in the six independent event categories used in
the heavy-flavor analysis and defined in the text: A1, A2, B1, B2, C1, C2. The data are shown
with filled circles and vertical bars representing the statistical uncertainty. The background-
only fit and the expected signal for B(t ! 3µ) = 10�7 are shown with solid and dashed lines,
respectively.

HF decay Different categories

W decay

W decay

No excess 
observed

No excess 
observed

✓ Similar sensitivity to LHCb and Babar 
✓ 4 times away from current most restrictive one(Belle)

BPH-17-004

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html
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Summary
Two main topics were discussed today:

✓   B0
(s) →µ+μ- : 

‣ The very rare decay B0
s →µ+μ-  has been clearly observed. More data are 

required to precisely measure the properties of B0
s mesons and to observe 

B0→µ+μ- decay in the near future.

✓  τ→3μ : 
‣ Three-muon mass fit performed in eight categories(HF and W production 

mode) 
‣ No excess observed 
‣ Upper limit set at 90% CL : BF(τ→3μ) < 8.0 ⨉ 10-8

Thank you !

Ref: CMS JHEP 04 (2020) 188 

Ref:BPH-17-004

CMS-PAS-BPH-20-003  
LHCb-CONF-2020-002  
ATLAS-CONF-2020-049

https://link.springer.com/article/10.1007/JHEP04(2020)188
https://link.springer.com/article/10.1007/JHEP04(2020)188
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-17-004/index.html
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
http://cds.cern.ch/record/2727216/files/
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Figure 8: Dimuon invariant mass distributions in the unblinded data, in the four intervals of BDT output. Superim-
posed is the result of the maximum-likelihood fit. The total fit is shown as a continuous line, with the dashed lines
corresponding to the observed signal component, the b ! µµX background, and the continuum background. The
signal components are grouped in one single curve, including both the B0

s ! µ+µ� and the (negative) B0 ! µ+µ�
component. The curve representing the peaking B0

(s) ! hh0 background lies very close to the horizontal axis in all
BDT bins.

and 7.9 ± 2.6 events respectively in the four intervals of BDT output. For comparison, the total expected
numbers of signal events according to the SM prediction are 91 and 10 for Ns and Nd respectively, equally
distributed among the three intervals with the highest signal-to-background ratio.

In those three BDT intervals, in the unblinded signal region, a total of 1951 events in the full mass range of
4766–5966 MeV are used in the likelihood fit to signal and background. Without applying any bounds on
the values of the fitted parameters, the values determined by the fit are Ns = 80 ± 22 and Nd = �12 ± 20,
where the uncertainties correspond to likelihood variations satisfying �2� ln(L) = 1. The likelihood
includes the systematic uncertainties discussed above, but statistical uncertainties largely dominate. The
result is consistent with the expectation from simulation. The uncertainties in the result of the fit are
discussed in Section 11, where the measured values of the branching fractions are presented.
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Figure 8: Dimuon invariant mass distributions in the unblinded data, in the four intervals of BDT output. Superim-
posed is the result of the maximum-likelihood fit. The total fit is shown as a continuous line, with the dashed lines
corresponding to the observed signal component, the b ! µµX background, and the continuum background. The
signal components are grouped in one single curve, including both the B0

s ! µ+µ� and the (negative) B0 ! µ+µ�
component. The curve representing the peaking B0

(s) ! hh0 background lies very close to the horizontal axis in all
BDT bins.

and 7.9 ± 2.6 events respectively in the four intervals of BDT output. For comparison, the total expected
numbers of signal events according to the SM prediction are 91 and 10 for Ns and Nd respectively, equally
distributed among the three intervals with the highest signal-to-background ratio.

In those three BDT intervals, in the unblinded signal region, a total of 1951 events in the full mass range of
4766–5966 MeV are used in the likelihood fit to signal and background. Without applying any bounds on
the values of the fitted parameters, the values determined by the fit are Ns = 80 ± 22 and Nd = �12 ± 20,
where the uncertainties correspond to likelihood variations satisfying �2� ln(L) = 1. The likelihood
includes the systematic uncertainties discussed above, but statistical uncertainties largely dominate. The
result is consistent with the expectation from simulation. The uncertainties in the result of the fit are
discussed in Section 11, where the measured values of the branching fractions are presented.
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Figure 1: (a) Dimuon invariant mass distribution for the partially reconstructed background (as categorised in
Section 4), from simulation, before the final selection against continuum is applied but after all other requirements.
The di�erent components are shown as stacked histograms, normalised according to world-averaged measured
branching fractions. The SM expectations for the B0

(s) ! µ
+µ� signals are also shown for comparison. Continuum

background is not included here. (b) Invariant mass distribution of the B0
(s) ! hh0 peaking background components

after the complete signal selection is applied. The B0
s ! ⇡+⇡� and B0 ! K+K� contributions are negligible on this

scale. In both plots the vertical dashed lines indicate the blinded analysis region. Distributions are normalised to the
expected yield for the integrated luminosity of 26.3 fb�1.

the SM signal predictions in Figure 1(a) after applying the preliminary selection criteria described in
Section 3.

Finally, the peaking background is due to B0
(s) ! hh0 decays containing two hadrons misidentified as

muons. The distributions in Figure 1(b), obtained from simulation, show that these decays populate the
signal region. This component is further discussed in Section 5.

5 Hadron misidentification

In the preliminary selection, muon candidates are formed from the combination of tracks reconstructed
independently in the ID and MS. The performance of the muon reconstruction in ATLAS is presented in
Ref. [28]. Additional studies were performed to evaluate the amount of background related to hadrons
erroneously identified as muons.

Detailed simulation studies were performed for the B0
(s) ! hh0 channel with a full G����4-based

simulation [23] of all systems of the ATLAS detector. The vast majority of background events from particle
misidentification are due to decays in flight of kaons and pions, in which the muon receives most of the
energy of the parent meson. Hence this background is generally related to true muons measured in the MS,
but not produced promptly in the decay of a B meson.

The muon candidate is required to pass tight muon requirements in the preliminary selection, which are
based on the profile of energy deposits in the calorimeters as well as on tighter ID–MS matching criteria
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Figure 10: Likelihood contours for the combination of the Run 1 and 2015–2016 Run 2 results (shaded areas). The
contours are obtained from the combined likelihoods of the two analyses, for values of �2� ln (L) equal to 2.3, 6.2
and 11.8. The empty contours represent the result from 2015–2016 Run 2 data alone. The SM prediction with
uncertainties is indicated.

13 Conclusions

A study of the rare decays of B0
s and B0 mesons into oppositely charged muon pairs is presented, based on

36.2 fb�1 of 13 TeV LHC proton–proton collision data collected by the ATLAS experiment in 2015 and
2016.

For the B0
s the branching fraction is determined to be B(B0

s ! µ+µ�) =
⇣
3.2+1.1

�1.0

⌘
⇥ 10�9, where

the uncertainty includes both the statistical and systematic contributions. The result is consistent
with the analysis expectation of

⇣
3.6+1.1

�1.0

⌘
⇥ 10�9 in the SM hypothesis. For the B0 an upper limit

B(B0 ! µ+µ�) < 4.3 ⇥ 10�10 is placed at the 95% confidence level, with an expected upper bound of
7.1 ⇥ 10�10 in the SM hypothesis. The limit is compatible with the SM prediction.

The result presented in this paper is combined with the ATLAS result from the full Run 1 dataset to
obtain B(B0

s ! µ+µ�) =
⇣
2.8+0.8

�0.7

⌘
⇥ 10�9 and B(B0 ! µ+µ�) < 2.1 ⇥ 10�10. All the results presented

are compatible with the branching fractions predicted by the SM as well as with currently available
experimental results.
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Combined 1D likelihood curve
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