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Lepton Flavour Universality (LFU) & b decays
SM couplings of leptons (` ∈ {e, µ, τ}) to vector bosons are 昀氀avour-independent.

any sign of lepton 昀氀avour non-universality would indicate new physics (NP)

b s
昀氀avour-changing neutral current (FCNC)
NP can enter at tree-level

enhancement w.r.t. SM

b c
tree-level enhanced
di昀昀erent process complementary NP
sensitivity
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The bigger picture

If NP is at high mass scales, e昀昀ect on b-decays is short-distance
⇒ describe using He昀昀 ∝ −

∑

i CiOi .

local operators relevant in di昀昀erent q2 ≡ m2
`` regions

“e昀昀ective coupling” coe昀케cients may be a昀昀ected by NP
I LFU-violating? [M. Ciuchini et al. ]
I with universal component? [A. Greljo et al. ]
I CP-violating? [R. Fleischer et al. ]
I what about the Cabibbo anomaly? [A. Crivellin et al. ]

昀椀ts to Ci used to inform model building
I leptoquark, charged Higgs, Z ′, ...

Integrate heavy dofs out
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https://arxiv.org/pdf/2212.10497.pdf
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LFU probes: ratios of branching fractions

RHs =
B(Hb → Hs`

+
1 `

−
1 )

B(Hb → Hs`
+
2 `

−
2 )

RHc =
B(Hb → Hc`1ν1)

B(Hb → Hc`2ν2)

3 theoretically clean: cancellation of hadronic uncertainties
I 1 +O(%) EM correction1 + `1/`2 mass e昀昀ect

3 experimentally clean: cancellation of common systematics

7 leptons are similar theoretically, but not in LHCb data
⇒ each 昀氀avour has speci昀椀c experimental challenges

1 [JHEP 06 (2016) 092] [JHEP 07 (2007) 040] [EPJC 76 (2016) 440] [PRD 69 (2004) 074020] [PRD 68 (2003) 094016] [EOS] [昀氀avio]
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https://doi.org/10.1088/1126-6708/2007/12/040
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Ratios of branching fractions at LHCb

Rq2
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dq2
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RD D
B D
B D

Example b → s`+`− ratios: RK and RK∗0

[arXiv:2212.09152]
[arXiv:2212.09153]

Compatible with SM, individual BFs in tension
(see C. Langenbruch’s plenary talk)

Example b c ratios: RD and RD

[HFLAV winter 2023]

World average 3 from SM
(LHCb tension within 1 9 )
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Ratios of branching fractions at LHCb
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∫ q2
2
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dq2 dB(B(+,0)→K(+,∗0)e+e−)
dq2

RD0,D∗ =
B(B → D(∗)µ−νµ)

B(B → D(∗)τ−ντ )

Example b → s`+`− ratios: RK and RK∗0

[arXiv:2212.09152]
[arXiv:2212.09153]

Compatible with SM, individual BFs in tension
(see C. Langenbruch’s plenary talk)

Example b → c`−ν` ratios: RD0 and RD∗

[HFLAV winter 2023]

World average ∼ 3σ from SM
(LHCb tension within 1.9σ)
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The LHCb detector
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σbb up to ∼ 500 µb
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Muons at LHCb

q2 ∈ [0.1, 1.1]GeV q2 ∈ [1.1, 6.0]GeV |mµµ − mPDG
J/ψ | < 0.1GeV

Well-de昀椀ned very clean µ+µ− peaks
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Electrons at LHCb

Diminished resolution of e+e− peaks, non-negligible background, challenging trigger, reco, PID
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Background treatment in electron data (I)

Semileptonic “cascades” and particle swaps removed using PID critera & speci昀椀c vetoes
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Background treatment in electron data (II)
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Control samples from inverted PID used to predict hadronic misID contamination & shape
includes but not limited to: B → Kππ, B → KKK , B → KKππ, ...
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Taus at LHCb

[A. Mathad Moriond]

Leptonic τ decays (B ∼ 17%)
main backgrounds:
B → D∗∗µν, B → D(∗)DX
muon mode can be used as normalisation

3 no need for external B input
today: RD0,D∗ 3 fb−1 [arXiv:2302.02886]

I RD∗ = 0.281± 0.018± 0.024

I RD0 = 0.441± 0.060± 0.066

Hadronic decays ( %)
main backgrounds:
B D X B D DX
can reconstruct tau decay vertex

can discriminate using e.g. lifetime

today: RD 2 fb 1 [arXiv:2305.01463]
RD
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Taus at LHCb

[A. Mathad Moriond]

Leptonic τ decays (B ∼ 17%)
main backgrounds:
B → D∗∗µν, B → D(∗)DX
muon mode can be used as normalisation

3 no need for external B input
today: RD0,D∗ 3 fb−1 [arXiv:2302.02886]

I RD∗ = 0.281± 0.018± 0.024

I RD0 = 0.441± 0.060± 0.066

Hadronic τ decays (B ∼ 14%)
main backgrounds:
B → D∗πππX , B → D∗DX
can reconstruct tau decay vertex

3 can discriminate using e.g. lifetime

today: RD∗ 2 fb−1 [arXiv:2305.01463]
I RD∗ = 0.247± 0.015± 0.015± 0.012

Dan Moise (RWTH Aachen) Lepton Flavour Universality at LHCb Rencontres de Blois 2023 10 / 13

https://indico.in2p3.fr/event/29681/contributions/122486/attachments/76448/110958/03-AMathad-v1_lnboo.pdf
https://arxiv.org/abs/2302.02886
https://arxiv.org/pdf/2305.01463.pdf


Background treatment in muonic tau data [arXiv:2302.02886]
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Background treatment in hadronic tau data [arXiv:2305.01463]
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Background treatment in hadronic tau data [arXiv:2305.01463]
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Summary

Rich LFU programme at LHCb
branching-fraction ratios clean both theoretically and experimentally
b → s`+`− R-values compatible with SM, persistent tensions in BFs
b → c`−ν` R-values in up to 1.9σ tension (world average 3σ)

Tree-level and loop-level observables highly complementary
di昀昀erent physics processes ⇒ constrain NP in di昀昀erent ways

LHCb leptons are nearly the same in theory and barely the same in practice.
electrons: diminished resolution, misID & part-reco backgrounds
muons: clean in pairs, non-trivial with neutrinos
taus: challenging to reconstruct
these challenges add up in e.g. , e e

[arXiv:2212.09152]
[arXiv:2212.09153]

[HFLAV winter 2023]
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LHCb leptons are nearly the same in theory and barely the same in practice.
electrons: diminished resolution, misID & part-reco backgrounds
muons: clean in pairs, non-trivial with neutrinos
taus: challenging to reconstruct
these challenges add up in e.g. τ+τ−, e−νe

[arXiv:2212.09152]
[arXiv:2212.09153]

[HFLAV winter 2023]

Dan Moise (RWTH Aachen) Lepton Flavour Universality at LHCb Rencontres de Blois 2023 13 / 13

https://arxiv.org/abs/2212.09152
https://arxiv.org/abs/2212.09153
https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/html/RDsDsstar/RDRDs.html


BACKUP
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Anomalous b → s`+`− observables
A pattern of interlinked anomalies has emerged in studies of b → s`+`− processes.

branching fractions of e.g. B+ → K+`+`− consistently below SM

angular observables in e.g. B0 → K∗0µ+µ− consistently above SM

ratios of branching fractions, such as RpK compatible with but consistently below SM

[PRD 107 (2023) 014511]

form factors cc loops

[PRL 125 (2020) 011802]

form factors cc loops

[JHEP 08 (2017) 055]

form factors cc loops
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E昀昀ective operators

Photon penguin O7 = mb
ge
(sσµνbR)Fµν O′

7 = mb
ge
(sσµνbL)Fµν

Vector penguin O9 = (sγµbL)(`γµ`) O′

9 = (sγµbR)(`γµ`)
Axial vector penguin O10 = (sγµbL)(`γµγ5`) O′

10 = (sγµbR)(`γµγ5`)
Scalar OS = (sbR)(``) O′

S = (sbL)(``)
Pseudoscalar OP = (sbR)(`γ5`) O′

P = (sbL)(`γ5`)
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Di昀昀erent NP scenarios
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Example (preferred) NP scenarios that lead to downwards shift in RK ,K∗ (incl. trends)
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Electrons at LHCb

Radiative losses induce muon-electron detection di昀昀erences (reco, trigger, PID, etc.).

RK K
Nrare

rare

Nee
rare
eerare

NJ

J

Nee
J
ee
J

rJ

Nrare
NJ

rare

J

Nee
rare

Nee
J

ee
rare
ee
J

Double-ratio formalism employed to cancel most muon-electron di昀昀erences, conduct cross-checks.
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Electrons at LHCb

Radiative losses induce muon-electron detection di昀昀erences (reco, trigger, PID, etc.).

RK ,K∗ =

(
Nµµ
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ε
µµ
rare

/
Nee
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εeerare

)/(
Nµµ

J/ψ
ε
µµ

J/ψ
/

Nee
J/ψ

εee
J/ψ

)

︸ ︷︷ ︸

rJ/ψ
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(

Nµµ
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Nµµ

J/ψ
/
ε
µµ
rare

ε
µµ

J/ψ

)/(

Nee
rare

Nee
J/ψ

/
εee

rare
εee

J/ψ

)

Double-ratio formalism employed to cancel most muon-electron di昀昀erences, conduct cross-checks.
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Cross-checks: ratios
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Single ratio probes electron-muon agreement (stringent), double ratio checks stability outside
nominal q2 region.
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Simulation correction chain
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Corrections applied sequentially to calibrate: PID, tracking, multiplicity, kinematics, trigger,
reconstruction, mass resolution
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Electron PID scans
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Trigger strategy
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Semileptonic tau decays: muonic signal
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Validation regions for muonic tau data
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Semileptonic tau decays: hadronic signal
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Signal found predominantly at high-q2 and tτ ∼ 0.3 ps; D+
s → 3πX suppressed via BDT.
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