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About the universality (or not) of  
loop induced beauty decays.  



The strength of flavour 
physics and indirect searches 
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Standard Model 

New Physics
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Effective Field Theory 

4hep-ph/9806303
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Effective Field Theory 
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Effective Field Theory 
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Effective Field Theory 



SD: Wilson coefficients +  perturbative  

Effective Field Theory 

LD: Local operators + non perturbative 
(LCSR, Lattice, etc. )  
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SD: Wilson coefficients +  perturbative  

Effective Field Theory 

LD: Local operators + non perturbative 
(LCSR, Lattice, etc. )  
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Why we always talk about q2 ?



Charmonia  

Photon pole  
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1403.8044 1506.08777

A collection of tensions 

Large effort to develop optimised variables to cancel hadronic uncertainties from LD. 
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“The” observable 

A powerful probe to look for NP in an indirect way. 
Today, we discuss three papers: 1705.05802, 1903.09252, 2103.11769
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1909.02519

What can we expect in the SM 
1605.07633
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Assuming V-A currents 

https://indico.in2p3.fr/event/18845/
https://indico.in2p3.fr/event/18845/


1909.02519

What can we expect in the SM 

1605.07633
https://indico.in2p3.fr/event/18845/15

https://indico.in2p3.fr/event/18845/
https://indico.in2p3.fr/event/18845/


1507.03414

A bit of complication

16
Why we call it RpK ➝ This will be true for all “complicated” final states. 
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A few particularities 

Was observed already & CPV :  1703.00256

First observation: 1912.08139

17



Counting from mass fits From simulation
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What we measure 





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.



What we reconstruct 
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Trigger

1812.10790

Electrons  pT > 2700/2400 MeV in 2012/2016 

Muons      pT > 1700/1800 MeV in 2012/2016



σ ∝1/ml2  

Energy loss ∝ Ee  
Energy loss ∝ material 
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Bremsstrahlung 

Match electron tracks to photon clusters in the ECAL 

Correct electron momenta by “attaching” photons. 


Three categories of events: 0, 1,  > 1 photons 

Different invariant mass shapes due to under- or over-correcting 

ECAL resolution is worse than tracker. 

Bin migration included in systematics.



From V. Lisovskyi

Electrons vs muons
Even after Bremsstrahlung recovery, electrons still have degraded momentum, mass, q2 resolution.

Particle ID and track reconstruction efficiencies also larger for muons than for electrons.
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Get the differences between 
electron and muon efficiencies 

fully under control
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signal signal

J/Ψ J/Ψ

Ψ(2S)Ψ(2S)

part reco
part reco

Looking closer
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signal signal

J/Ψ J/Ψ

Ψ(2S)Ψ(2S)

part reco
part reco

Looking closer
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Suppressing backgrounds

28

Combinatorial background   
Train an MVA  (BDT, NN) against it. 
Using simulation for signal and  
upper sidebands for background.  

Identical selection between rare and control mode. 

Particle misidentifications:  
PID efficiencies measured using  
high-purity calibration samples.  
Tag & probe technique. 



Partially reconstructed background 

29 1408.1137

 Cascade b → c → s decays having same “visible” final state.  
 Or from excited states of final state hadrons. 
 Usually located below the signal peak so of less concern for muon mode.  



Suppressing backgrounds
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 Use the momentum balance for electron mode to reduce the background. 

1705.05802 a.k.a HOP ! 
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Example of vetos 

1302.1213

⇤b
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Invariant mass fits 

 Signal and background shapes determined from calibrated simulation. 
J/Ψ leakage constraint from the fit to the resonant mode. 
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When bremsstrahlung photons are added.
non trivial signal shape 

from simulation 

A closer look

Partially reconstructed  
background 
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Invariant mass fits 



First observation ! 

Invariant mass fits 
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Calibration of simulation

38

To get the reliable efficiencies, correct the simulation in a data-driven way. 
Corrections are applied in terms of per-event or per-track weights. 

Examples: 
Decay model m(pK) spectrum. 
Correcting the generated quantities: 
• Event multiplicity. 
• Kinematics of the b-decay. 
• Lifetime of the Λb. 

1902.06794



Calibration of simulation

39

Most of corrections are computed by comparing the distributions of variables in J/Ψ mode 
of data and simulation samples. 
Simulation is re-weighted to match the data. 
10-folding technique to reduce correlations. 

1902.06794

Trigger PID



Efficiency calibration 
summary

40

After calibration, very good data/simulation agreement in all key observables.



rJ/ = 1.045± 0.006± 0.045
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Result of the cross-checks 
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Compatibility with unity observed for all the modes ! 



Compatible with unity and flat on  
kinematic and topological variables

42

rJ/ 
<latexit sha1_base64="MXe/hhUN73G2R0jukF7yihZbNNc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiZWfOyKbsRVBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzSIWg9cOJxzL/fe40WcKW3bn1ZhYXFpeaW4Wlpb39jcKm/vtFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9Sv/1ApWKhuNOTiLoBHgrmM4K1ke5lP7k56kWKTfvlil21M6B54uSkAjka/fJHbxCSOKBCE46V6jp2pN0ES80Ip9NSL1Y0wmSMh7RrqMABVW6SXTxFB0YZID+UpoRGmfpzIsGBUpPAM50B1iP110vF/7xurP1zN2EiijUVZLbIjznSIUrfRwMmKdF8YggmkplbERlhiYk2IZWyEC5SnH6/PE9ax1WnVq3dnlTql3kcRdiDfTgEB86gDtfQgCYQEPAIz/BiKevJerXeZq0FK5/ZhV+w3r8AlYuQ/w==</latexit>

⇤b
<latexit sha1_base64="N6mb1asrsLJ7r0U9YSnOZ4hjT4k=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy5cVLAPaUOZTCbt0MkkzEyEEvoVblwo4tbPceffOEmDqPXAwOGcc5l7jxdzprRtf1qlhcWl5ZXyamVtfWNzq7q901ZRIgltkYhHsuthRTkTtKWZ5rQbS4pDj9OON77K/M4DlYpF4k5PYuqGeChYwAjWRrrv35iojwfeoFqz63YONE+cgtSgQHNQ/ej7EUlCKjThWKmeY8faTbHUjHA6rfQTRWNMxnhIe4YKHFLlpvnCU3RgFB8FkTRPaJSrPydSHCo1CT2TDLEeqb9eJv7n9RIdnLspE3GiqSCzj4KEIx2h7HrkM0mJ5hNDMJHM7IrICEtMtOmokpdwkeH0++R50j6qO8f149uTWuOyqKMMe7APh+DAGTTgGprQAgIhPMIzvFjSerJerbdZtGQVM7vwC9b7F5h7kGk=</latexit>



rJ/ 
<latexit sha1_base64="MXe/hhUN73G2R0jukF7yihZbNNc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiZWfOyKbsRVBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzSIWg9cOJxzL/fe40WcKW3bn1ZhYXFpeaW4Wlpb39jcKm/vtFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9Sv/1ApWKhuNOTiLoBHgrmM4K1ke5lP7k56kWKTfvlil21M6B54uSkAjka/fJHbxCSOKBCE46V6jp2pN0ES80Ip9NSL1Y0wmSMh7RrqMABVW6SXTxFB0YZID+UpoRGmfpzIsGBUpPAM50B1iP110vF/7xurP1zN2EiijUVZLbIjznSIUrfRwMmKdF8YggmkplbERlhiYk2IZWyEC5SnH6/PE9ax1WnVq3dnlTql3kcRdiDfTgEB86gDtfQgCYQEPAIz/BiKevJerXeZq0FK5/ZhV+w3r8AlYuQ/w==</latexit>

43B+
<latexit sha1_base64="Sn1kL66ZFgQixQbZ1pX1U+I9+kA=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBEEoSRWfOxK3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57vIgzpW3701pYXFpeWS2sFdc3Nre2Szu7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1746vUbz9QqVgo7vQkom6Ah4L5jGBtpNv6/XG/VLYrdgY0T5yclCFHo1/66A1CEgdUaMKxUl3HjrSbYKkZ4XRa7MWKRpiM8ZB2DRU4oMpNslOn6NAoA+SH0pTQKFN/TiQ4UGoSeKYzwHqk/nqp+J/XjbV/4SZMRLGmgswW+TFHOkTp32jAJCWaTwzBRDJzKyIjLDHRJp1iFsJlirPvl+dJ66TiVCvVm9NyrZ7HUYB9OIAjcOAcanANDWgCgSE8wjO8WNx6sl6tt1nrgpXP7MEvWO9fx4iNmg==</latexit>



Cross-checks

Relative population of bremsstrahlung categories compared between 
data and simulation.

44
B0

<latexit sha1_base64="gopVroXDDvu6/bz1E6Zaxnmwz4g=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRWfOxK3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yVXqdx6oVCwUd3oaUTfAI8F8RrA20m3j3h6UK3bVzoAWiZOTCuRoDsof/WFI4oAKTThWqufYkXYTLDUjnM5K/VjRCJMJHtGeoQIHVLlJduoMHRlliPxQmhIaZerPiQQHSk0Dz3QGWI/VXy8V//N6sfYv3ISJKNZUkPkiP+ZIhyj9Gw2ZpETzqSGYSGZuRWSMJSbapFPKQrhMcfb98iJpn1SdWrV2c1qpN/I4inAAh3AMDpxDHa6hCS0gMIJHeIYXi1tP1qv1Nm8tWPnMPvyC9f4FzxyNnw==</latexit>



NIM A555, 356-369 (2005)

Cross-checks

45 B0
<latexit sha1_base64="gopVroXDDvu6/bz1E6Zaxnmwz4g=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRWfOxK3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yVXqdx6oVCwUd3oaUTfAI8F8RrA20m3j3h6UK3bVzoAWiZOTCuRoDsof/WFI4oAKTThWqufYkXYTLDUjnM5K/VjRCJMJHtGeoQIHVLlJduoMHRlliPxQmhIaZerPiQQHSk0Dz3QGWI/VXy8V//N6sfYv3ISJKNZUkPkiP+ZIhyj9Gw2ZpETzqSGYSGZuRWSMJSbapFPKQrhMcfb98iJpn1SdWrV2c1qpN/I4inAAh3AMDpxDHa6hCS0gMIJHeIYXi1tP1qv1Nm8tWPnMPvyC9f4FzxyNnw==</latexit>



Fit construction

46

Close your eyes and hope for the best !



Fit construction
Simultaneous fit to electron and muon mode,  
in various data-taking and trigger categories.

47⇤b
<latexit sha1_base64="N6mb1asrsLJ7r0U9YSnOZ4hjT4k=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQqPnZFNy5cVLAPaUOZTCbt0MkkzEyEEvoVblwo4tbPceffOEmDqPXAwOGcc5l7jxdzprRtf1qlhcWl5ZXyamVtfWNzq7q901ZRIgltkYhHsuthRTkTtKWZ5rQbS4pDj9OON77K/M4DlYpF4k5PYuqGeChYwAjWRrrv35iojwfeoFqz63YONE+cgtSgQHNQ/ej7EUlCKjThWKmeY8faTbHUjHA6rfQTRWNMxnhIe4YKHFLlpvnCU3RgFB8FkTRPaJSrPydSHCo1CT2TDLEeqb9eJv7n9RIdnLspE3GiqSCzj4KEIx2h7HrkM0mJ5hNDMJHM7IrICEtMtOmokpdwkeH0++R50j6qO8f149uTWuOyqKMMe7APh+DAGTTgGprQAgIhPMIzvFjSerJerbdZtGQVM7vwC9b7F5h7kGk=</latexit>



Fit construction

Observables 
From resonant fit 
From corrected simulation 
From the PDG 

48



Systematic treatment 

Uncorrelated:  
Gaussian constraints included in the mass fit :  
 MC corrections, normalisation mode uncertainties.  

Correlated:  
Gaussian smearing of likelihood profile :  
Decay model corrections, fit model, mcorr cut efficiency, q2 migration.

Uncertainty treatment depending on whether there is correlation  
between data taking and trigger categories:  

49



Systematic treatment 
Decay model

Simulation 
 illustration purpose 

Fit model  
Variations of the signal & backgrounds. 

50



Log likelihood profile

51

Statistical only 
Statistical + systematics 

First test of LU in b-baryons

Inverting likelihood profile 

⇤b
<latexit sha1_base64="w5pC+ZWarSxlkGFYWARTmkeUHKw=">AAAB8nicbVDLSsNAFJ3UV42vqks3g0VwVVIrPnZFNy5cVLAPSEOZTCbt0MkkzNwIJfQz3LhQxK1f486/cdIGUeuBgcM55zL3Hj8RXIPjfFqlpeWV1bXyur2xubW9U9nd6+g4VZS1aSxi1fOJZoJL1gYOgvUSxUjkC9b1x9e5331gSvNY3sMkYV5EhpKHnBIwktu/NdGADHzbHlSqTs2ZAS+SekGqqEBrUPnoBzFNIyaBCqK1W3cS8DKigFPBpnY/1SwhdEyGzDVUkohpL5utPMVHRglwGCvzJOCZ+nMiI5HWk8g3yYjASP/1cvE/z00hvPAyLpMUmKTzj8JUYIhxfj8OuGIUxMQQQhU3u2I6IopQMC3NS7jMcfZ98iLpnNTqjVrj7rTavCrqKKMDdIiOUR2doya6QS3URhTF6BE9oxcLrCfr1XqbR0tWMbOPfsF6/wIHipCR</latexit>



All the results
1705.05802

1912.08139

52

All results are statistically dominated.  
Within these uncertainties,  

the pattern is in the same direction ie :  
a deficit of muons… 

2103.11769



Interpretation
Interpretation of the result in terms of NP is tricky with current setup,  
with more data : 
- Study rich structure in m(pK) spectrum. 
- Split low and middle q2 bins: [0.1, 1] and [1, 6] GeV/c4 . 

53

Remember we had: 



A prospect
Interpretation of the result in terms of NP is tricky with current setup,  
with more data : 
- Study rich structure in m(pK) spectrum. 
- Split low and middle q2 bins: [0.1, 1] and [1, 6] GeV/c4 . 

54

Λ(1520)



Example of global fits

55

Best fits using “clean” point to tensions with the SM.

2103.12504



EFT WG @CERN

Another example

Similar picture including more observables. 

56

https://indico.cern.ch/event/1011800/
https://indico.cern.ch/event/1011800/


Is there something “funny” happening with the muons ? 

57

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



What to expect for LHCb?

58
1812.07638  
1808.08865



Conclusion 

We are looking forward to new results and theory work 
 see what happens to these flavour anomalies.

59



60



https://indico.in2p3.fr/event/20198/

https://indico.in2p3.fr/event/20198/
https://indico.in2p3.fr/event/20198/


About the significance 

3.1 standard deviations 



What about the muon g-2? 



2103.12504



Who’s your favorite LQ?

Requires UV  
completion 

There appears to be a few scenarios which can accommodate the anomalies including  
those seen in semi-leptonic tree level decays. 



WET

SMEFT 1903.10434





CMS 



RK- cross-checks 



Electron tracking 

1909.02957



Electron tracking 

1909.02957



Electron tracking 

1909.02957



Profiles from RK*

73



RpK q2    windows

74



Systematic uncertainties

RK* 
75



PID performances @ LHCb

76



RK* 
77

RK*- HOP 



Trigger schemes
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Partially reconstructed 
backgrounds 
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Predictions 

RK* 
80



Yields

81



Log plots - control modes

82



Luminosities @ LHCb

83





Λb

Background vetos



1908.01848

much more similar to muons at Belle.Electrons are a  challenge at LHCb



•  The SPD and the PS consist of a plane of scintillator tiles (2.5 radiation
lengths, but to only ∼6% hadronic interaction lengths)
•  The ECAL has shashlik-type construction, i.e. a stack of alternating slices
of lead absorber and scintillator (25 radiation lengths)
•  The HCAL is a sampling device made from iron and scintillator tiles being
orientated parallel to the beam axis (5.6 interaction lengths)

Calorimeter
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Cross-checks

B0
<latexit sha1_base64="gopVroXDDvu6/bz1E6Zaxnmwz4g=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRWfOxK3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9xkgZR64ELh3Pu5d57vIgzpW370yosLa+srhXXSxubW9s75d29tgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yVXqdx6oVCwUd3oaUTfAI8F8RrA20m3j3h6UK3bVzoAWiZOTCuRoDsof/WFI4oAKTThWqufYkXYTLDUjnM5K/VjRCJMJHtGeoQIHVLlJduoMHRlliPxQmhIaZerPiQQHSk0Dz3QGWI/VXy8V//N6sfYv3ISJKNZUkPkiP+ZIhyj9Gw2ZpETzqSGYSGZuRWSMJSbapFPKQrhMcfb98iJpn1SdWrV2c1qpN/I4inAAh3AMDpxDHa6hCS0gMIJHeIYXi1tP1qv1Nm8tWPnMPvyC9f4FzxyNnw==</latexit>
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