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Recent results in B physics at the LHC

regarding EFTs



Search for NP in Flavour Physics at the LHC

• Look for observables in B physics
• where a SM precise prediction is available

• Experimentally acccessible with good accuracy

• Interpretation of any potential deviation in terms of EFTs

• Three large categories of such observables:
• CP violation and CKM angles : will not adress these today

• FCNC decays and in particular b➔sl+l- transitions 

• Semileptonic decays and in particular b➔ctn transitions
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FCNC decays at the LHC: b➔sl+l- decays

• Heavily suppressed in the SM: good ground to search for new Physics

• Detailed in Rafael Coutinho’s presentation at this workshop

• Several interesting other recent results to be mentioned:

• R(K) from CMS  

• Lb➔L(1520)µ+µ- LHCb-PAPER-2022-050

• Lb➔pKg LHCb-ANA-2020-046 

• C7 from B°➔K*°e+e- at low q2 LHCb-PAPER_2020-020
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https://indico.cern.ch/event/1296757/timetable/#39-effective-couplings-in-b0to


Another important b➔s transition: Bs➔µ+µ-
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Nice BR result from CMS 



Bs➔µ+µ- lifetimes
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JHEP 09 (2023) 199
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Lepton Flavour Universality
• Lepton Flavour Universality is one of many « ad hoc » symmetries and 

« pillars » of the Standard Model
• Baryon number, lepton number, (charged) lepton flavour,…

• It postulates that the properties of the three charged leptons (e,m,t) 
are the exactly the same beside their mass.This does not need to be
the case in many New Physics models

• First hints of Lepton Flavour Universality violation appeared 10 years
ago with BABAR publication regarding semi-tauonic B decays. This field
became « the hottest game » in town with results coming both from
charged and neutral currents
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R(D(*)) measurements in LHCb
R(D)=BR(B→Dtn)/BR(B→Dmn)

t-→m-nt nm                           t
-→ p –p+p – (p 0 )nt

• Pros

• Direct measurement of R(D,D*)  

• High statistics

• Cons

• Double charm background 
control must be very good 
(mostly D+)

• Sensitive to D** m-nm

• Pros
• The possibility to measure the t vertex is

the key to reject the background and 
obtain a high purity sample

• The 3p dynamics of the t decay is very
specific : possible to distinguish t decays
from the main double charm
background from Ds decays

• Cons
• Access to R(D) requires an external BR

• Lower statistics
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R(D*) measurement with hadronic t decays
Vertex topology of the usual B decay

100 times larger than the signal
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Selection: detached vertex
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BR(Ds→3pX)=32.8% ± 0.9% 
BES-III arxiv:2212.13072

LHCb simulation
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LHCb-PAPER-2022-052
arxiv:2305.01463
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LHCb-PAPER-2022-052
arxiv:2305.01463
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LHCb-PAPER-2022-052
arxiv:2305.01463
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Deviation from SM : 3.3 s



Semitauonic prospects in LHCb
• Many more semitauonic results expected soon using the muonic and 

hadronic t decay channel : 
• R(D*), R(D°), R(D+) using the full Run2 data

• R(D+)

• Work is also ongoing on R(Ds), R(J/y), full angular analysis

FPCP Conference Lyon, May 30 2023 17

Rev. Mod. Phys. 94, 015003 (2022)



D* polarization LHCb-PAPER-2023-020 arXiv:2311.05224
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https://arxiv.org/abs/2311.05224


D*  polarization and NP
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Importance of 
the Ds➔ppp

control sample



Systematic uncertainty
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D* polarization LHCb results
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Reminder Belle Unpublished : FL D*=0.60 ± 0.09 arXiv:1903.03102



Variation of the D* polarization wrt to Wilson 
coefficients in leptoquark-based EFTs

based on HAMMER F. Bernlochner et al.,  Eur. Phys. J. C 80, 883 (2020)
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LHCb 1s band 

Vector leptoquarks

Scalar leptoquarks
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Not needed
anymore! 

Slide from S.Iguro, CKM 2023 



LHCb measurement of R(Lc) 
with hadronic t decays
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R(Λ𝑐
+)=0.242 ± 0.026 (stat) ± 0.040 (syst) ± 0.059 (ext)

(SM expectation=0.324 ± 0.004)
F. Bernlochner et al., Physical Review D 99 055008 (2019) 
with input from W. Detmold, C. Lehner, S. Meinel,
Physical Review D 92 034503 (2015) 

LHCb-PAPER-2021-044 
arxiv:2201:03497



R(Lc) measurement in LHCb
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LHCb-PAPER-2021-044 
arxiv:2201:03497



R(J/y) in CMS 
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Reminder LHCb-PAPER-2017-035



Search for Lepton Number Violation
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A. Angelescu et al.

LHCb BR(B°➔K*µt)<10-5  LHCb-PAPER-2022-021
BELLE BR(B+

➔Kµt)<0.6 10-5 Phys. Rev. Lett. 130, 261802
CMS-PAS-BPH-21-005



Direct searches for leptoquarks at the LHC
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Slide borrowed from Vojtech Pleskot, Talk given of CKM2023

ATLAS



Conclusion

• Strong potential to constraint EFT models with leptoquarks and other NP 
mediators using semitauonic decays:
• Using measured yields with various final states spins
• Using differential information D* polarization : New LHCb result !
Significant potential to exclude some of the 
Wilson coefficents range in leptoquarks-based EFTs
Joint work with theorists would be great!
• Ambitious program in LHCb to measure
the full angular distributions in D*tn decays

D. Hill et al, JHEP11(2019)133

• Search is going on in parallel
• for lepton number violation t-→m- m+ m- , B→ K m t, ...
• for direct observation of NP at high PT

• Very large experimental effort on FCNC  studies
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