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Standard Model 

New Physics

searches in an indirect way

One the goals of flavour physics 
mesons

baryons

exotics 
hadrons
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What we know 



Effective Field Theory 
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Effective Field Theory 
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SD: Wilson coefficients +  perturbative  

Effective Field Theory 

LD: Local operators + non perturbative 
(LCSR, Lattice, etc. )  
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6 see slides ! 

Too good not to mention ! 
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Let us start 
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b ! s`+`� angular analyses

<latexit sha1_base64="n20fiDTfI2bDQgny0MwOzMVy36Q=">AAACGnicbVDLSsNAFJ34rPVVdelmsAiCWBIpqLuiG5cVbBWaWG6mt3VwMgkzEzGEfIcbf8WNC0XciRv/xulj4evAcA/n3Mude8JEcG1c99OZmp6ZnZsvLZQXl5ZXVitr620dp4phi8UiVpchaBRcYstwI/AyUQhRKPAivDkZ+he3qDSP5bnJEgwiGEje5wyMlboVL/RNTLWPQlzlu8W47hXUj8L4LqcgB6kAZSuITKMuKO1Wqm7NHYH+Jd6EVMkEzW7l3e/FLI1QGiZA647nJibIQRnOBBZlP9WYALuBAXYslRChDvLRaQXdtkqP9mNlnzR0pH6fyCHSOotC2xmBuda/vaH4n9dJTf8wyLlMUoOSjRf1U0FtGsOcaI8rZEZklgBT3P6VsmtQwIxNs2xD8H6f/Je092tevXZ0Vq82jidxlMgm2SI7xCMHpEFOSZO0CCP35JE8kxfnwXlyXp23ceuUM5nZID/gfHwBOV2g/w==</latexit>

LHCb PRL 125 (2020) 011802 
CMS PRL B781 (2018) 517  
ATLAS JHEP 10 (2018) 048  

Belle PRL 118 (2017) 111801

Many observables: 
* Decay rates or ratio of lepton flavours. 
* Angular asymmetries. 
* decay rates as a function of angles of decay products give access to large range of obs. (with small theory uncertainties).  
* Helps to deduce nature of New Physics models.

https://doi.org/10.1103/PhysRevLett.125.011802
https://doi.org/10.1103/PhysRevLett.125.011802


Optimise the observables which are expressed in an different basis Pi   

Si 8 CP-averaged observables are extracted from the fit  

The fit is performed in both basis Si and Pi ! 

Angular expressions
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B0 ! K⇤µ+µ�

<latexit sha1_base64="I6f9goN0XEpJElaDvr5yXGEuUGE=">AAACBXicbVBLSwMxGMzWV62vVY96CBZBFMuuFNRbqRfBSwX7gO62ZNO0hibZJckKZdmLF/+KFw+KePU/ePPfmLZ70NaBkGHm+0hmgohRpR3n28otLC4tr+RXC2vrG5tb9vZOQ4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81geDX2mw9EKhqKOz2KiM/RQNA+xUgbqWvvVzuJk3o6hDed5Dj1eNxJTqbXadq1i07JmQDOEzcjRZCh1rW/vF6IY06Exgwp1XadSPsJkppiRtKCFysSITxEA9I2VCBOlJ9MUqTw0Cg92A+lOULDifp7I0FcqREPzCRH+l7NemPxP68d6/6Fn1ARxZoIPH2oHzNoQo8rgT0qCdZsZAjCkpq/QnyPJMLaFFcwJbizkedJ46zklkuXt+VipZrVkQd74AAcARecgwq4BjVQBxg8gmfwCt6sJ+vFerc+pqM5K9vZBX9gff4A82KYQQ==</latexit>



B0 ! K⇤µ+µ�

<latexit sha1_base64="I6f9goN0XEpJElaDvr5yXGEuUGE=">AAACBXicbVBLSwMxGMzWV62vVY96CBZBFMuuFNRbqRfBSwX7gO62ZNO0hibZJckKZdmLF/+KFw+KePU/ePPfmLZ70NaBkGHm+0hmgohRpR3n28otLC4tr+RXC2vrG5tb9vZOQ4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81geDX2mw9EKhqKOz2KiM/RQNA+xUgbqWvvVzuJk3o6hDed5Dj1eNxJTqbXadq1i07JmQDOEzcjRZCh1rW/vF6IY06Exgwp1XadSPsJkppiRtKCFysSITxEA9I2VCBOlJ9MUqTw0Cg92A+lOULDifp7I0FcqREPzCRH+l7NemPxP68d6/6Fn1ARxZoIPH2oHzNoQo8rgT0qCdZsZAjCkpq/QnyPJMLaFFcwJbizkedJ46zklkuXt+VipZrVkQd74AAcARecgwq4BjVQBxg8gmfwCt6sJ+vFerc+pqM5K9vZBX9gff4A82KYQQ==</latexit>

• 5D fit B and K* mass + angles. 
• Use 8 q2 bins.  
• 4D (q2 and angles) acceptance 

correction is convoluted into the fit 
PDF 

• simultaneous fit of Run 1 & 2016 
data samples. 

12 LHCb Phys. Rev. Lett. 125 (2020) 011802
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B0 ! K⇤µ+µ�

<latexit sha1_base64="I6f9goN0XEpJElaDvr5yXGEuUGE=">AAACBXicbVBLSwMxGMzWV62vVY96CBZBFMuuFNRbqRfBSwX7gO62ZNO0hibZJckKZdmLF/+KFw+KePU/ePPfmLZ70NaBkGHm+0hmgohRpR3n28otLC4tr+RXC2vrG5tb9vZOQ4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81geDX2mw9EKhqKOz2KiM/RQNA+xUgbqWvvVzuJk3o6hDed5Dj1eNxJTqbXadq1i07JmQDOEzcjRZCh1rW/vF6IY06Exgwp1XadSPsJkppiRtKCFysSITxEA9I2VCBOlJ9MUqTw0Cg92A+lOULDifp7I0FcqREPzCRH+l7NemPxP68d6/6Fn1ARxZoIPH2oHzNoQo8rgT0qCdZsZAjCkpq/QnyPJMLaFFcwJbizkedJ46zklkuXt+VipZrVkQd74AAcARecgwq4BjVQBxg8gmfwCt6sJ+vFerc+pqM5K9vZBX9gff4A82KYQQ==</latexit>

Theory predictions from  
S. Descotes Genon et al. JHEP 12 (2014) 125, 

 A. Khojamirian et al. JHEP 09 (2010) 089

Very good agreement between Run1 & 2016 data 
  
Local discrepancies between 2.5 and  2.9 
for P’5 in middle q2 bins. 

Global fits to the Wilson coefficients  
Indicate tension of 2.9 standard deviations ! 

Phys. Rev. Lett. 125 (2020) 011802



B+ ! K⇤+(! KS⇡)µ
+µ�

<latexit sha1_base64="6XuyqJEfMxS3cXkpPSL6lvsBCh0=">AAACE3icbVBLSwMxGMzWV62vVY9egkWoLZZdKai3Ui+Cl4r2Ad3tkk1TG5p9kGSFsux/8OJf8eJBEa9evPlvzG570NaBkGHm+0hm3JBRIQ3jW8stLa+sruXXCxubW9s7+u5eWwQRx6SFAxbwrosEYdQnLUklI92QE+S5jHTc8WXqdx4IFzTw7+QkJLaH7n06pBhJJTl6udGPK4klA3jdj8uVpJRR5xZaIT22vChz0+skcfSiUTUywEVizkgRzNB09C9rEODII77EDAnRM41Q2jHikmJGkoIVCRIiPEb3pKeojzwi7DjLlMAjpQzgMODq+BJm6u+NGHlCTDxXTXpIjsS8l4r/eb1IDs/tmPphJImPpw8NIwZV7rQgOKCcYMkmiiDMqforxCPEEZaqxoIqwZyPvEjap1WzVr24qRXrjVkdeXAADkEJmOAM1MEVaIIWwOARPINX8KY9aS/au/YxHc1ps5198Afa5w/jNJz1</latexit>

Angular analysis 

Results in agreement with the SM predictions ! 
14

C
M

S-PAS-BPH
-15-009

3D fit done in three q2 signal bins and to the combination of bins. 

Statistical uncertainties extracted using profiled 
Feldman-Cousins techniques.  

Dominant systematic uncertainty from background  
angular description. 

M.Algueró et al. PRD 99 075017



Where muons can’t go 
Measurement of the left and right handed components of C7(’)

Prediction from the SM

15A.Paul et al JHEP04(2017)027

https://doi.org/10.1007/JHEP04(2017)027
https://doi.org/10.1007/JHEP04(2017)027


Radiative decays
Measurement of the left and right handed components of C7(’)

Prediction from the SM

16A.Paul et al JHEP04(2017)027

Sneak peek of what to expect from Belle II !  

Belle2-note-PL-2019-021

https://doi.org/10.1007/JHEP04(2017)027
https://doi.org/10.1007/JHEP04(2017)027
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B0 ! K⇤e+e�

<latexit sha1_base64="4YDwMtN7Jt+jqX3fOKJsyCxckzA=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARRLHMSEHdlboR3FSwD2inJZOmNTTzIMkIZRjc+CtuXCji1q9w59+YaWehrQcSDufcS3KOG3ImlWV9G7mFxaXllfxqYW19Y3PL3N5pyCAShNZJwAPRcrGknPm0rpjitBUKij2X06Y7ukr95gMVkgX+nRqH1PHw0GcDRrDSUs/cq3ZjK+moAN104+OEduOT9DpNCj2zaJWsCdA8sTNShAy1nvnV6Qck8qivCMdStm0rVE6MhWKE06TQiSQNMRnhIW1r6mOPSieeREjQoVb6aBAIfXyFJurvjRh7Uo49V096WN3LWS8V//PakRpcODHzw0hRn0wfGkQc6cRpH6jPBCWKjzXBRDD9V0TuscBE6dbSEuzZyPOkcVayy6XL23KxUs3qyMM+HMAR2HAOFbiGGtSBwCM8wyu8GU/Gi/FufExHc 0a2swt/YHz+AOMhlns=</latexit>

q2 2 [0.0008, 0.257] GeV/c2

<latexit sha1_base64="6CgTQ/YG0DTW5VEk2x7zh8t0WBE=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQkDpTKq27ogtdVrAPmI4lk6ZtaCYzJhmxDPMNbvwVNy4UcevKnX9j2s5CWw8EDuecy809XsioVJb1bWQWFpeWV7KrubX1jc0tc3unIYNIYFLHAQtEy0OSMMpJXVHFSCsUBPkeI01veDH2m/dESBrwGzUKieujPqc9ipHSUsc8uruNi0mbcscqWJZVOYZWoXhadmHb94KHGF6SRnKCx5mOmZ9ENOA8sVOSBylqHfOr3Q1w5BOuMENSOrYVKjdGQlHMSJJrR5KECA9RnziacuQT6caTkxJ4oJUu7AVCP67gRP09ESNfypHv6aSP1EDOemPxP8+JVK/ixpSHkSIcTxf1IgZVAMf9wC4VBCs20gRhQfVfIR4ggbDSLeZ0CfbsyfOkUSzYpcLZdSlfPU/ryII9sA8OgQ3KoAquQA3UAQaP4Bm8gjfjyXgx3o2PaTRjpDO74A+Mzx+4dJsJ</latexit>

Angular analysis @ very low q2

Access to photon polarisation !

LH
C

b-PAPER-2020-020
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B0 ! K⇤e+e�

<latexit sha1_base64="4YDwMtN7Jt+jqX3fOKJsyCxckzA=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARRLHMSEHdlboR3FSwD2inJZOmNTTzIMkIZRjc+CtuXCji1q9w59+YaWehrQcSDufcS3KOG3ImlWV9G7mFxaXllfxqYW19Y3PL3N5pyCAShNZJwAPRcrGknPm0rpjitBUKij2X06Y7ukr95gMVkgX+nRqH1PHw0GcDRrDSUs/cq3ZjK+moAN104+OEduOT9DpNCj2zaJWsCdA8sTNShAy1nvnV6Qck8qivCMdStm0rVE6MhWKE06TQiSQNMRnhIW1r6mOPSieeREjQoVb6aBAIfXyFJurvjRh7Uo49V096WN3LWS8V//PakRpcODHzw0hRn0wfGkQc6cRpH6jPBCWKjzXBRDD9V0TuscBE6dbSEuzZyPOkcVayy6XL23KxUs3qyMM+HMAR2HAOFbiGGtSBwCM8wyu8GU/Gi/FufExHc0a2swt/YHz+AOMhlns=</latexit>

•  4D-fit to B mass and angles. 

• When possible backgrounds  
    modelled using data. 

• Main systematics from signal 
acceptance and angular 
background modelling. 

• Fit procedure thoroughly tested 
with pseudo-experiments  

LH
C

b-PAPER-2020-020
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B0 ! K⇤e+e�

<latexit sha1_base64="4YDwMtN7Jt+jqX3fOKJsyCxckzA=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARRLHMSEHdlboR3FSwD2inJZOmNTTzIMkIZRjc+CtuXCji1q9w59+YaWehrQcSDufcS3KOG3ImlWV9G7mFxaXllfxqYW19Y3PL3N5pyCAShNZJwAPRcrGknPm0rpjitBUKij2X06Y7ukr95gMVkgX+nRqH1PHw0GcDRrDSUs/cq3ZjK+moAN104+OEduOT9DpNCj2zaJWsCdA8sTNShAy1nvnV6Qck8qivCMdStm0rVE6MhWKE06TQiSQNMRnhIW1r6mOPSieeREjQoVb6aBAIfXyFJurvjRh7Uo49V096WN3LWS8V//PakRpcODHzw0hRn0wfGkQc6cRpH6jPBCWKjzXBRDD9V0TuscBE6dbSEuzZyPOkcVayy6XL23KxUs3qyMM+HMAR2HAOFbiGGtSBwCM8wyu8GU/Gi/FufExHc0a2swt/YHz+AOMhlns=</latexit>

Results

Even if still statistically limited  
best sensitivity to right-handed  

quark coupling C7’ 

 D. Straub et al. arXiv:1810.08132 LHCb-PAPER-2020-020

https://arxiv.org/abs/1810.08132
https://arxiv.org/abs/1810.08132


Now we go down by a few 
order of magnitudes 
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Bobeth et al. PR
L  112 101801

B0
q ! `+`�

<latexit sha1_base64="zzJZfmLKKourRxwuTz/JRZ4JNSg=">AAACB3icbVDNS8MwHE3n15xfVY+CBIcgiKOVgXob8+JxgvuAtStplm1haVqTVBilNy/+K148KOLVf8Gb/43p1oNuPgh5vPf7kbznR4xKZVnfRmFpeWV1rbhe2tjc2t4xd/daMowFJk0cslB0fCQJo5w0FVWMdCJBUOAz0vbH15nffiBC0pDfqUlE3AANOR1QjJSWPPOw7iX3aS+xUkeF0CGM9ZLTdHafpSXPLFsVawq4SOyclEGOhmd+Of0QxwHhCjMkZde2IuUmSCiKGUlLTixJhPAYDUlXU44CIt1kmiOFx1rpw0Eo9OEKTtXfGwkKpJwEvp4MkBrJeS8T//O6sRpcugnlUawIx7OHBjGDOnJWCuxTQbBiE00QFlT/FeIREggrXV1Wgj0feZG0zit2tXJ1Wy3X6nkdRXAAjsAJsMEFqIEb0ABNgMEjeAav4M14Ml6Md+NjNlow8p198AfG5w96nZkS</latexit>

Branching fraction prediction in the SM: 

 

Beneke et al. JH
EP10(2019)232

Theoretically clean observable 

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.112.101801&v=fcf21342
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.112.101801&v=fcf21342
https://doi.org/10.1007/JHEP04(2020)188
https://doi.org/10.1007/JHEP04(2020)188


LHCb Phys. Rev. Lett. 118, 191801  CMS JHEP04(2020)188ATLAS JHEP04(2019)098

"seen” across the ring ! B0
s ! µ+µ�

<latexit sha1_base64="NdM1iuE9tLyg0bcOz3QhdD8ni0Q=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBLEkUlB3pW5cVrAPaNIwmU7aoZNJmJkIJcSNv+LGhSJu/Qt3/o3TNAutHrjcwzn3MnOPHzMqlWV9GaWl5ZXVtfJ6ZWNza3vH3N3ryCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNefXM/87j0Rkkb8Tk1j4oZoxGlAMVJa8syDpicHqZU5KnLCZJCeZnk7yzyzatWsHPAvsQtSBQVanvnpDCOchIQrzJCUfduKlZsioShmJKs4iSQxwhM0In1NOQqJdNP8ggwea2UIg0jo4grm6s+NFIVSTkNfT4ZIjeWiNxP/8/qJCi7dlPI4UYTj+UNBwqCK4CwOOKSCYMWmmiAsqP4rxGMkEFY6tIoOwV48+S/pnNfseu3qtl5tNIs4yuAQHIETYIML0AA3oAXaAIMH8ARewKvxaDwbb8b7fLRkFDv74BeMj2+Vo5cA</latexit>
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https://doi.org/10.1007/JHEP04(2020)188
https://doi.org/10.1007/JHEP04(2020)188


ATLAS, CMS & LHCb combination 

23

Results compatible with the SM within 2.1 standard deviations in 2D plane.LHCB-CONF-2020-002 
CMS PAS BPH-20-003 
ATLAS-CONF-2020-049



ATLAS, CMS & LHCb combination 
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Results compatible with the SM within 2.1 standard deviations in 2D plane.LHCB-CONF-2020-002 
CMS PAS BPH-20-003 
ATLAS-CONF-2020-049

What about the electrons ? 



Lepton Universality 
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25JHEP 05 (2020) 040 JHEP 08 (2017) 055PRL 122 (2019) 191801

Are we seeing a coherent pattern in the data ?

⇤b ! pK`+`�

<latexit sha1_base64="DoejC2HPNqG2xQA4anPFH3mEcP4=">AAACCnicbVDNS8MwHE3n15xfVY9eokMQxNHKQL0NvQh6mOA+YK0lTdMtLE1Lkgqj9OzFf8WLB0W8+hd4878x23rQ6Q9CHu+9H8l7fsKoVJb1ZZTm5hcWl8rLlZXVtfUNc3OrLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDHWO/dESBrzWzVKiBuhPqchxUhpyjN3nWttDpDnQ0fFMLmCDmHsLjvMp/dR7plVq2ZNBv4FdgGqoJimZ346QYzTiHCFGZKyZ1uJcjMkFMWM5BUnlSRBeIj6pKchRxGRbjaJksN9zQQwjIU+XMEJ+3MjQ5GUo8jXzgipgZzVxuR/Wi9V4ambUZ6kinA8fShMGdShx73AgAqCFRtpgLCg+q8QD5BAWOn2KroEezbyX9A+rtn12tlNvdo4L+oogx2wBw6ADU5AA1yCJmgBDB7AE3gBr8aj8Wy8Ge9Ta8kodrbBrzE+vgEfc5nv</latexit>

B+ ! K+`+`�

<latexit sha1_base64="In8dSK+wx+NYE3DgAA2r0nrJn8w=">AAACCHicbVDNS8MwHE3n15xfVY8eDA5BEEcrA/U25kXwMsF9wFpHmqVbWJqWJBVG6dGL/4oXD4p49U/w5n9j2vWg0wchj/d+P5L3vIhRqSzryygtLC4tr5RXK2vrG5tb5vZOR4axwKSNQxaKnockYZSTtqKKkV4kCAo8Rrre5DLzu/dESBryWzWNiBugEac+xUhpaWDuN++S49RRIbzOCHQIY7mS3yfpwKxaNSsH/EvsglRBgdbA/HSGIY4DwhVmSMq+bUXKTZBQFDOSVpxYkgjhCRqRvqYcBUS6SR4khYdaGUI/FPpwBXP150aCAimngacnA6TGct7LxP+8fqz8czehPIoV4Xj2kB8zqHNnrcAhFQQrNtUEYUH1XyEeI4Gw0t1VdAn2fOS/pHNas+u1i5t6tdEs6iiDPXAAjoANzkADXIEWaAMMHsATeAGvxqPxbLwZ77PRklHs7IJfMD6+AbyTmTE=</latexit>

B0 ! K⇤`+`�

<latexit sha1_base64="04WPB+728nmQqnaoCnBYCeVc7ow=">AAACCHicbVDLSgMxFL1TX7W+Rl26MFgEUSwzUlB3pW4ENxXsAzrTkknTGpp5kGSEMszSjb/ixoUibv0Ed/6NaTsLbT0QcjjnXpJzvIgzqSzr28gtLC4tr+RXC2vrG5tb5vZOQ4axILROQh6Klocl5SygdcUUp61IUOx7nDa94dXYbz5QIVkY3KlRRF0fDwLWZwQrLXXN/WonsVJHheimkxynyKGcd5KTdHqfpl2zaJWsCdA8sTNShAy1rvnl9EIS+zRQhGMp27YVKTfBQjHCaVpwYkkjTIZ4QNuaBtin0k0mQVJ0qJUe6odCn0Chifp7I8G+lCPf05M+Vvdy1huL/3ntWPUv3IQFUaxoQKYP9WOOdO5xK6jHBCWKjzTBRDD9V0TuscBE6e4KugR7NvI8aZyV7HLp8rZcrFSzOvKwBwdwBDacQwWuoQZ1IPAIz/AKb8aT8WK8Gx/T0ZyR7ezCHxifP8MYmTU=</latexit>

https://doi.org/https://
https://doi.org/https://
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1103/PhysRevLett.122.191801
https://doi.org/10.1103/PhysRevLett.122.191801
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B0
s ! e+e�

<latexit sha1_base64="g+HD/rCbzFCriG2xhgGDl0Vbtlo=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARBLHMSEHdlbpxWcE+oJ0OmfROG5p5kGSEMowbf8WNC0Xc+hfu/BszbRdaPZBwOOdeknO8mDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LRomg0KQRj0THIxI4C6GpmOLQiQWQwOPQ9sbXud++ByFZFN6pSQxOQIYh8xklSkuueVB3U5n1UyvrqQhDPz3N9HWWlVyzbFWsKfBfYs9JGc3RcM3P3iCiSQChopxI2bWtWDkpEYpRDlmpl0iICR2TIXQ1DUkA0kmnCTJ8rJUB9iOhT6jwVP25kZJAykng6cmAqJFc9HLxP6+bKP/SSVkYJwpCOnvITzjWYfM68IAJoIpPNCFUMP1XTEdEEKp0aXkJ9mLkv6R1XrGrlavbarlWn9dRRIfoCJ0gG12gGrpBDdREFD2gJ/SCXo1H49l4M95nowVjvrOPfsH4+Aa7FpZw</latexit>

Phys. Rev. Lett. 124 (2020) 211802

ℬ(B0 → e+e−) < 2.5 × 10−9ℬ(B0
s → e+e−) < 9.4 × 10−9

No significant signal; limits set @ 90%CL

https://doi.org/10.1103/PhysRevLett.124.211802
https://doi.org/10.1103/PhysRevLett.124.211802


Now let’s test the forbidden



B+ ! K+µ+e�, B+ ! K+µ�e+, B0 ! K0
sµ

±e⌥

<latexit sha1_base64="a5jUQimRxMLG/JT9ZPaOY/BHvHc="></latexit>

see slides 
Many BSM models predict LFV [L. Glashow et al. PRL 114, 091801] 

3.2 standard deviations a  
BR is also quoted.  However the limit from LHCb 

LH
C

b PRL 123 241802

 Could be a statistical fluctuation ? 

searches 

https://indico.cern.ch/event/868940/contributions/3815656/attachments/2083227/3499502/ICHEP2020_Debashis_slides.pdf
https://indico.cern.ch/event/868940/contributions/3815656/attachments/2083227/3499502/ICHEP2020_Debashis_slides.pdf
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.123.241802&v=d2d3444b
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.123.241802&v=d2d3444b


Let us not forget about the third family of Leptons  ! 

B+ ! K+⌧+µ�

<latexit sha1_base64="HWoSID5YSS+w1/+wTVmThfwrRyU=">AAACCnicbZDLSgMxFIbP1Futt1GXbqJFEMQyIwV1V+pGcFPBXqAdSyZN29BMZkgyQhlm7cZXceNCEbc+gTvfxrSdhVYPhHz85xyS//cjzpR2nC8rt7C4tLySXy2srW9sbtnbOw0V xpLQOgl5KFs+VpQzQeuaaU5bkaQ48Dlt+qPLSb95T6ViobjV44h6AR4I1mcEayN17f3qXXKcoo4O0XVGOJ5BYO6TFHXtolNypoX+gptBEbKqde3PTi8kcUCFJhwr1XadSHsJlpoRTtNCJ1Y0wmSEB7RtUOCAKi+ZWknRoVF6qB9Kc4RGU/XnRoIDpcaBbyYDrIdqvjcR/+u1Y90/9xImolhTQWYP9WOOjPFJLqjHJCWajw1gIpn5KyJDLDHRJr2CCcGdt/wXGqclt1y6uCkXK9UsjjzswQEcgQtnUIErqEEdCDzAE7zAq/VoPVtv1vtsNGdlO7vwq6yPbzGhmVc=</latexit>

LH
C

b arXiv:2003.04352

Example of a theoretical model that  
predicts  the existence of LQ
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for ex: Cornella et al. arXiv:1903.11517

http://arxiv.org/abs/2003.04352
http://arxiv.org/abs/2003.04352
https://arxiv.org/abs/1909.12524
https://arxiv.org/abs/1909.12524


Let’s change flavours



Boer et al PRD 93 074001

31

Let’s change families ! 

https://arxiv.org/abs/1510.00311
https://arxiv.org/abs/1510.00311


BaBar Phys. Rev. D 101, 112003 (2020) 1-2 orders of magnitude more stringent constraints!

Decay chains : 

D0 ! X0e±µ⌥

<latexit sha1_base64="WDtqT/f9jNBiRBZY9N1TYwOfoMg=">AAACCHicbZC7TsMwFIYdrqXcAowMWFRITFWCKgFbBQyMRaIXqUkrx3Vaq3Zi2Q5SFWVk4VVYGECIlUdg421w2gzQ8kuWPv3nHB2fPxCMKu0439bS8srq2nppo7y5tb2za+/tt1ScSEyaOGax7ARIEUYj0tRUM9IRkiAeMNIOxtd5vf1ApKJxdK8ngvgcDSMaUoy0sfr20U0vdTJPx7CTA+mlnuAZ9HhiiIusb1ecqjMVXAS3gAoo1OjbX94gxgknkcYMKdV1HaH9FElNMSNZ2UsUEQiP0ZB0DUaIE+Wn00MyeGKcAQxjaV6k4dT9PZEirtSEB6aTIz1S87Xc/K/WTXR44ac0EokmEZ4tChMGzd15KnBAJcGaTQwgLKn5K8QjJBHWJruyCcGdP3kRWmdVt1a9vKtV6ldFHCVwCI7BKXDBOaiDW9AATYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fvJ6Z1Q==</latexit>

searches

Extended unbinned maximum likelihood  
fit to Δm to extract the signal yield 



• Four rare charm decays  and 
:  

•  and weak annihilation diagrams 
•dominated by light resonances ( ) 

•excluded the region  
MeV  

• Four weak-annihilation decays  and 
 

• Eight  LFV modes ( ) 

• Nine  and  LNV modes 

• Normalised and calibrated with 

D+ → π+ℓ+ℓ−

D+
s → K+ℓ+ℓ−

c → uℓ+ℓ−

η, ρ, ω, ϕ → ℓ+ℓ−

525 < m(ℓ+ℓ−) < 1250

D+ → K+ℓ+ℓ−

D+
s → π+ℓ+ℓ−

D+
(s) → h+ℓ+ℓ′�− h = π, K

D+
(s) → h−ℓ+ℓ+ D+

(s) → h−ℓ+ℓ′�+

D+
(s) → π+ϕ(ℓ+ℓ−)

Searches for 25 rare and forbidden decays 
LHCb-PAPER-2020-007

33

Normalisation

LFV

LNV
Even if mis-identified components are 

significant, all the data is described 
well by background only models. 

23 world’s best limits !



How about testing symmetries 



DCS of D decays Will give more constraint to understand SU(3) flavor  
symmetry and its break effects.

BES III arXiv:2007.07674

First  
evidence! 
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DCS of D decays Will give more constraint to understand SU(3) flavor  
symmetry and its break effects.

BES III arXiv:2007.07674

First  
evidence! 

Expectation: 

 H
. Lipkin arXiv:0210166 

H
.C

heng arXiv:1001.0987

36

Large isospin violation in these decays  
probably due to final state interactions.  

First observation & 
 measurement of branching fraction ! 



Conclusion
The field of flavour physics and rare decays in particular is very exciting. 

  
We are “seeing” a coherent pattern of tensions in b-decays 

which opens the route to many interesting studies and questions to be addressed. 

We are pursuing the exploration of rare and forbidden charm decays. 

These are exciting times…really.  

We are looking forward to see if these patterns hold and lead to even more  
curious results.  

Thank you ! 
37

Phys. R
ev. Lett. 125 (2020) 011802
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Be safe keep & looking for cool things. 
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The LHCb detector 



The LHCb detector

40

JINST 3 (2008) S080005
Int. J. Mod. Phys. A 30 (2015) 1530022

• Good vertex and impact parameter resolution σ (IP) = 15+29/pT   mm. 
• Excellent momentum resolution ~ 25 MeV/c2  two-body decays. 
• Excellent particle ID ( μ-ID 97% for (π → μ) misID of 1-3%). 
• Versatile & efficient trigger.





σ ∝1/ml2  

Energy loss ∝ Ee  
Energy loss ∝ material 

42

Bremsstrahlung @ LHCb

Electrons emit bremsstrahlung photons when cross the material  
Match electron tracks to photon clusters in the ECAL  
Correct electron momenta by “attaching” photons.  

Three categories of events: 0, 1, > 1 photons attached to dielectron pair  
Different invariant mass shapes due to under- or over-correcting  
ECAL resolution is worse than tracker. 



Majorana neutrino Oscillating SM neutrino 
43

How can these decays be enhanced ? 



B(D0 ! K�⇡+e+e�) = (4.0±+0.5± 9.2± 0.1)⇥ 10�6

<latexit sha1_base64="GO2wdpazZPiCRbMl9fUFD5virJ0="></latexit>

44 Phys. Rev. Lett. 122, 081802  



23 world’s best limits !

45

2017-18 dataset yet to be analysed.
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B0 ! K⇤µ+µ�

<latexit sha1_base64="I6f9goN0XEpJElaDvr5yXGEuUGE=">AAACBXicbVBLSwMxGMzWV62vVY96CBZBFMuuFNRbqRfBSwX7gO62ZNO0hibZJckKZdmLF/+KFw+KePU/ePPfmLZ70NaBkGHm+0hmgohRpR3n28otLC4tr+RXC2vrG5tb9vZOQ4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81geDX2mw9EKhqKOz2KiM/RQNA+xUgbqWvvVzuJk3o6hDed5Dj1eNxJTqbXadq1i07JmQDOEzcjRZCh1rW/vF6IY06Exgwp1XadSPsJkppiRtKCFysSITxEA9I2VCBOlJ9MUqTw0Cg92A+lOULDifp7I0FcqREPzCRH+l7NemPxP68d6/6Fn1ARxZoIPH2oHzNoQo8rgT0qCdZsZAjCkpq/QnyPJMLaFFcwJbizkedJ46zklkuXt+VipZrVkQd74AAcARecgwq4BjVQBxg8gmfwCt6sJ+vFerc+pqM5K9vZBX9gff4A82KYQQ==</latexit>

2398± 57

<latexit sha1_base64="caJieK2+HSnbweeEBJASCFHKNPs=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiBrgRvXjERD4ibEi3dKGh7W7argkh/AsvHjTGq//Gm//GAntQ8CWTvLw3k5l5QcyZNq777WQ2Nre2d7K7ub39g8Oj/PFJS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDv3209UaRbJBzOJqS/wULKQEWys9Fi6qlV7sUDXlX6+4BbdBdA68VJSgBSNfv6rN4hIIqg0hGOtu54bG3+KlWGE01mul2gaYzLGQ9q1VGJBtT9dXDxDF1YZoDBStqRBC/X3xBQLrScisJ0Cm5Fe9ebif143MWHVnzIZJ4ZKslwUJhyZCM3fRwOmKDF8YgkmitlbERlhhYmxIeVsCN7qy+ukVSp65WLtvlyo36RxZOEMzuESPKhAHe6gAU0gIOEZXuHN0c6L8+58LFszTjpzCn/gfP4Afz2PhQ==</latexit>

2187± 53

<latexit sha1_base64="Y60TS1r7xrN7cIbOLFWAN8T5nmY=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVZJaad0V3bisYB+QhjKZTtqh8wgzE6GEfoYbF4q49Wvc+TdO2iy09cCFwzn3cu89YcyoNq777RQ2Nre2d4q7pb39g8Oj8vFJV8tEYdLBkknVD5EmjArSMdQw0o8VQTxkpBdO7zK/90SUplI8mllMAo7GgkYUI2Mlv+Y1G4OYw+ur0rBccavuAnCdeDmpgBztYflrMJI44UQYzJDWvufGJkiRMhQzMi8NEk1ihKdoTHxLBeJEB+ni5Dm8sMoIRlLZEgYu1N8TKeJaz3hoOzkyE73qZeJ/np+YqBmkVMSJIQIvF0UJg0bC7H84oopgw2aWIKyovRXiCVIIG5tSFoK3+vI66daqXr1681CvtG7zOIrgDJyDS+CBBmiBe9AGHYCBBM/gFbw5xnlx3p2PZWvByWdOwR84nz+psY+R</latexit>

Very “clean" Invariant mass distribution necessitates a simple fit  

Signal extraction 



LHCb contributors to parallel session  
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