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LFU in the Standard Model

• In SM, Lepton flavor universality 
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Effects of New Physics

• Effects of New Physics, e.g., Leptoquark?
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Experimental test of LFU
• Well established in SM, e.g. W->lv
– Some tension 
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[LEP, PR 532 (2013) 119]
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The LHCb experiment 
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The LHCb trigger (Run-II)
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LHCb luminosity prospects
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* See Y. Li’s talk the LHCb upgrades  



Bremsstrahlung corrections
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LFU in B system, pre-LHCb
• R(D(*)), Babar reported deviation of ~3.2 σ

• No deviation seen in FCNC b->sll decays
LFU at LHCb

[Babar, PRD 88 (2013) 072012]
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R(D*) using munoic τ decays

• Measure R(D*) using munoic τ decays
– Pros: B(τ->μX)~17.4%, B vertex rec’ible
– Cros: no τ vertex
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R(D*), background
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R(D*), systematics
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R(D*), results

• 3D fits,
– Signal yields: 16 500 ± 1 670                                        
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R(D*) using 3-prong τ decays

• Measure R(D*) using 3-prong τ decays
– Pros: B(τ->3π±X)~9%+4%(≥1π0), B/τ vertex rec’ible
– Cros: soft π±, bkg; different from norm. decay
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R(D*), systematics
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BES-III can help
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R(D*), results

• Normalized to 

• 3D fits, R(D*)=0.286 ± 0.019 ± 0.025 ± 0.021
– Signal yields: 1273 ± 85

c.f. muonic: 16 500 ± 1 670 
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R(J/ψ) using munoic τ decays
• Measure R(J/ψ) using munoic τ decays
– Pros: 3μ, B(τ->μX)~17.4%
– Cros: small σ(Bc

+), no τ vertex

• Run-I, 1400 ± 300 signal (3σ)

LFU at LHCb
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R(J/ψ), systematics
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Recent update from Belle
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G. Caria, Moriond EW, March 19 



Summary of LFU in b->clν decays
• Deviations from SM seen by Babar/Belle/LHCb
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R(K), introduction
• Double ratio to control systematics 
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R(K), new results 
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• Include	2015+2016	
/0 = 0.84656.67856.698:6.6;6:6.69;

∼ 2.5= from SM



R(K*0), results with Run-I data
• Deviations from SM seen by LHCb (∼ 2.4%)
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R(pK), results with Run-I+2015/16

• UCAS started angular analysis 
of Λ"# → %&'ℓ)ℓ'
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444 ± 23 122 ± 17

012 3#.567869 :;<8/>? = 0.86'#.55)#.5D ± 0.05 Λ"# → %&'F)F'

[LHCb-PAPER-2019-040] 



Test of LFU in D decays
l LFU in the charm sector is a 

relatively unexplored area
l LHCb is expected to collect 

millions of D*+→D0π+, D0→h-ℓ+ν
events with Runs 1-2 datasets, 
about three orders of 
magnitude higher than BESIII 
statistics

l Measurement on the ratio of 

in bins of q2, which can be 
rec’ed with the cone-closure 
method [FERMILAB-THESIS-1995-05]
l Uncertainties will be dominated 

by systematics

BESIII [1810.03127, 1508.07560]



Preparations
• BDT-based line developed in 2015, better 

performance than the cut-based one 
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Expected sensitivity
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Mode !"#$ (& '()*) !"#$ (, '()*) (q2 [GeV2/c4])

B+®K+l+l- 1226±41 254±29 (q2: 1-6)

Bd®K*0l+l- 638±28 200±18 (q2: 0.045-6)

Bd®KSl+l- 176±17 ~30 (estimate)

Bs®fl+l- 435±23 ~80 (estimate) 

Lb®Ll+l- 368±25 ~70 (estimate)

Lb®pK-l+l- 600±44 ~120 (estimate)

• Signal yields with Run-I (3 fb-1) data



Prospects
• LHCb upgrades (2025: 23 fb-1, Upgrade-II: 300 fb-1)
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Observable Current 
LHCb LHCb 2025 Belle-II LHCb

Upgrade-II
ATLAS 
&CMS

!"(1 < &2 < 6 GeV) 0.1 0.025 0.036 0.007

!"∗(1 < &2 < 6 GeV) 0.1 0.031 0.032 0.008

!. 0.08 0.02

!/" 0.14 0.035 0.008

!(0∗) 0.026 0.0072 0.005 0.002

!(1/3) 0.24 0.071 0.02
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Person-power
• UCAS
– J. He
– Postdocs: N. Beliy (!"/$), A. Campoverde
– PhD students: W. Huang (!"/$), Y. Zhou, Z. Xiang, 

Y. Fan

• Wuhan Univ. 
– L. Sun
– PhD students: B. Fan (!%∗ update), L. Bian

LFU at LHCb Jibo HE/何吉波 (UCAS) 29



Summary

• Working on lepton flavor universality
– in semileptonic B/D decays, R(D(*)), R(J/ψ)
– in FCNC process, R(K)
and related analysis 

• Very strong competitions in LHCb
• Your continuous strong supports always 

appreciated
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