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Talk outline

 Lepton Flavour Universality violation

 LFUV tests in LHCb

 Charged Current : b  ctn decays (t vs m)

 Neutral Current : b  s l+l- decays (e vs m)

 Theoretical interpretation(s) of LFUV present hints

 Potential link with Dark Matter

 LFUV prospects in LHCb

 Conclusion
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Flavour physics in the SM

 Some key assumptions
 Lepton Universality

 Lepton Number conservation

 Lepton Flavour conservation (only for charged leptons)

 Baryon Number conservation

 FCNC suppression

 Many many free parameters: 
 Quarks and leptons masses

 Lifetimes

 CKM and PMNS matrices

 ’’Ugly ’’ but works damn well !!
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We need to search for the profound difference
between the three leptons!
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From G. Isidori, talk at HC2NP , Tenerife, 2019



LFUV tests in charged current
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Rich potential NP reach in a tree-level decay !!!
Charged Higgs Leptoquarks

H-

Solid and precise SM prediction for BD(*)tn decays at 1-2% level
Large BR:  1% for B°D*tn



R(D*) LHCb muonic result (2015)

 First R(D*) measurement from a difference source 
than B factories

 3D Fit to the muon distribution in (Mmiss, El , q
2)

 Compatible with SM expectation (0.258±0.05)

but larger as all other R(D*) measurements so far…
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Measurement of B°D*tn with t 3p decay
LHCb-PAPER-2017-017, LHCb-PAPER-2017-027

PRL 120,171802 (2018)/PRD 97,072013(2018)
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Vertex topology of  usual  
B decays in D*3p(X)



Key requirement: detached 3p vertex
LHCb-PAPER-2017-017, LHCb-PAPER-2017-027

PRL 120,171802 (2018)/PRD 97,072013(2018)
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D*3pX background 
rejected by 3 orders
of magnitude!



Fit results
LHCb-PAPER-2017-017, LHCb-PAPER-2017-027

PRL 120,171802 (2018)/PRD 97,072013(2018)
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 A BDT is constructed to distinguish
3p from t decays from 3p from Ds

The 3D  template binned likelihood fit 
results for  lifetime and q2 in four BDT 
bins.

 The increase in signal purity (red) as 
function of BDT is very clearly seen, 
as well as the decrease of the Ds

component (orange) 

B
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R(D)-R(D*) results
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Present discrepancy with SM : 3.08 s  



LFUV tests in neutral current B decays

Dark Matter workshop, DESY, June 3rd 2020

11



RK and RK* results from LHCb
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First LFUV test with B baryons :  

measurement of RpK using LbpKl+l-

Dark Matter workshop, DESY, June 3rd 2020
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pKl+l- mass distributions



R(pK) results
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Electron efficiency controlled through
LbpKJ/y, J:ye+e-

First LFUV measurement in the baryonic
world !



A unique mediator can explain all anomalies !
a vector leptoquark with mass in the TeV range
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Large litterature devoted to links between B 
physics anomaly and Dark Matter

 Many references can be found in a recent paper by 
D.G. Cerdeno et al., arxiv:1902.01789

Dark Matter workshop, DESY, June 3rd 2020
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Lepto-Quark portal to Dark Matter, 
Soo-Min Choi et al., 
JHEP 10 (2018) 104, [1807.06547].

Scalar Dark Matter particle mass vs 
couplings in leptoquark model 
consistent with the B anomalies
Lot of parameter space still available. 
Future experiments such as Xenon 1T 
(blue) can test these types of models
(The red and black solid lines
correspond to the correct DM relic
density)



LFUV Prospects in LHCb :
a very large comprehensive program
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arXiv:1903.03102

 More statistics
 Full Run2 dataset ( 6 fb-1)= ~6-10 times Run1 dataset (3 fb-1) (higher

energy- better trigger conditions)

 Future statistical precision on R(D*) 2-3 % range

 More particles
 CC muonic : R(D°)-R(D*), R(D+),R(Lc),R(pp),R(Ds),R(J/y)

 CC hadronic: R(Lc),R(D**),R(J/y),R(D°),R(D+),R(Dc)

 NC R(f), R(t)

 More informations
 D* polarisation 

 Limits on NP through effective Wilson coefficients

 t polarisation

 ….



Conclusion

 LFUV violation hints still present in charged current and 
neutral current B decays

 Recent result from LHCb : 

 No stones are going to be left unturned in the next
coming years! With all tools in hand, a definitive answer
on the present anomalies could be given before the end 
of the decade!!

 Very interesting theoretical ideas coming up from the 
current anomalies, giving an exciting coherent picture
(too good to be true?)

 Potential links with Dark Matter being actively explored!

Dark Matter workshop, DESY, June 3rd 2020
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Important consequences for the channel pptt
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At the 
border of 
sensitivy of 
HL-LHC ! 


