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Where are we today ? 
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The LHCb detector
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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.





The case flavour physics  
and indirect searches 
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“The SM is fantastic but it’s not the end of the story”



Today’s menu

✤ CP violation,Ɣ, φs, Bs-mixing.  

✤ Very rare decays, b → sl+l- angular analyses + LU.  

✤ A touch of spectroscopy. 
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CP violation 

Origin of CP violation 
 in the SM 

ParametrisationBuild Unitarity triangle 

Goal: constrain sides and angles. 
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Landscape before the LHC(b)
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We had the B-factories  
and the Tevatron.



Bs mixing 
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Time evolution :



Bs mixing 
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Which decays should we use?
Frequency Phase 

Flavour specific decay 
Purely hadronic final state.

Mixture of CP odd and CP even  
Dimuon in the final state. 



Bs mixing 
2104.04421

After reconstruction and selection  
Perform a time dependent analyse with flavour tagging 
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Bs Phases 
After reconstruction and selection  

Perform a time dependent analyse with flavour tagging 
And use angular information to spectate  

The CP odd and CP even components in the final state.  

1906.08356
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Everything nicely compatible with the Standard Model 



Bs Phases 
After reconstruction and selection  

Perform a time dependent analyse with flavour tagging 
And use angular information to spectate  

The CP odd and CP even components in the final state.  

1906.08356
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https://hflav.web.cern.ch



https://arxiv.org/abs/2110.02350

Democratic Ɣ
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Multiscale  
problem

EFT
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Theoretically clean (or not)
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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�
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B0 ! K⇤µ+µ�
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• 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. 

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



But also…
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B0 ! K⇤e+e�
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q2 2 [0.0008, 0.257] GeV/c2
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Angular analysis @ very low q2

Access to photon polarisation !

LH
C

b-PAPER-2020-020
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B0 ! K⇤e+e�
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•  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�
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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


Adding a bit of complication
Benefit from the diversity of b-hadrons production @ the LHC  

27 arXiv:2111.10194
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Bobeth et al. PR
L  112 101801

B0
q ! `+`�
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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�
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https://doi.org/10.1007/JHEP04(2020)188
https://doi.org/10.1007/JHEP04(2020)188


ATLAS, CMS & LHCb combination 

30

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



arXiv:2108.09284

More recently… 



Adding more complexity to the Feynman diagrams 

32



“The” observable 

A powerful probe to look for NP in an indirect way. 
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Lepton Universality 
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34JHEP 05 (2020) 040 JHEP 08 (2017) 055PRL 122 (2019) 191801

Are we seeing a coherent pattern in the data ?

⇤b ! pK`+`�
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B+ ! K+`+`�
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B0 ! K⇤`+`�
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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


And more recently, were added 
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Is there something “funny” happening with the muons ? 

36

Only more data analysed and improvements in the theory will tell us.



K.Trabelsi



Flavour Anomalies Workshop @ CERN

Where people debate, where people agree

Model building… 
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https://indico.cern.ch/event/1055780/contributions/4454282/attachments/2331140/3972619/b2sll_EFT.pdf
https://indico.cern.ch/event/1055780/contributions/4454282/attachments/2331140/3972619/b2sll_EFT.pdf


arXiv:2109.01056 
arXiv:1507.03414 

Beyond mesons and baryons
About 50 years after the predictions from Gell-Mann and Zweig 
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Overall…many new hadrons 
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Conclusion 

Did we discover NP ? Yes no maybe ?  
We are looking forward to new results from LHCb (Run3), 

Belle 2, ATLAS/CMS  
and obviously theory work.  
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Bs phases 


