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Disclaimer: A much biased personal selection
of experimental results



Charged currents versus neutral currents

• One charged lepton in the finalstate
• Tree level
• Theoretically clean
• Abundance of data
• Experimentally challenging due tomissing neutrino 3

• Dilepton final states
• Forbidden at tree level in SM
• Sensitive to NP
• Highly suppressed, statisticallylimited in experiments
• Mainly on e-μ asymmetry
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Experimental status on B anomalies @WIN2021
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Experimental status on B anomalies @WIN2021 A coherent pattern on LFU?
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Major experiments for LFU tests
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Experimental challenges for LFU tests
• Hadronic part: most of uncertainties cancel in the ratio at 1st order
• Missing neutrinos for (semi-)leptonic processes:• e+e- machines: inferred using beam condition & mising info• Hadron machines: more difficult, using info such as decay vertices,isolation info, kinematics of visible part, etc
• Electron: generally more difficult in experiments such as LHCb
• Muon: difficuties in μ/π separation for low-P tracks @ BESIII
• Tau lepton: short lifetime, decaying into final states with ≥ 1ν• e+e- machines: 𝜏 → 𝑒𝜈𝜈, 𝜇𝜈𝜈, 𝜋(𝜋0)𝜈• Hadron machines: 𝜏 → 𝜇𝜈𝜈, 𝜋𝜋𝜋(𝜋0)𝜈
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LFU tests in (semi-)leptonic
D decays @ BESIII
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Details can also be found in Zehui’s talk “Charmed mesons decays at BESIII”



Situation before BESIII
• Tension in charm sector • Poor knowledge in semimuoniccharm decays
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World’s largest threshold D meson samples

•
•
•
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World’s largest threshold D meson samples

•
•
•
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Not used in any resultsshown today



Double-tag method for (semi-)leptonic decays
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LFU tests with 𝐷+(𝑠)→ ℓ+𝜈ℓ

• The electron channels are strongly suppressed due to mass
• The branching ratios 𝑅𝜏/𝜇 are determined by the lepton and Dmasses in the SM
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LFU test with 𝐷+→ ℓ+𝜈ℓ , ℓ = 𝜇,𝜏
PRD89(2014)051104 PRL123(2019)211802

Consistent withSM prediction
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Studies of 𝐷+𝑠 → 𝜇+𝜈𝜇
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EEMC < 300 MeV

EEMC > 300 MeV
𝐷+𝑠 → μν𝐷+𝑠 → τν



Studies of 𝐷+𝑠 → 𝜏+𝜈𝜏 (I)
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𝐸𝑡𝑜𝑡𝑒𝑥𝑡𝑟𝑎: total energy of good EMCshowers not associated with e+



Studies of 𝐷+𝑠 → 𝜏+𝜈𝜏 (II)
𝑫+𝒔 → 𝝉+(𝝁+𝝂𝝁𝝂𝝉)𝝂𝝉

arXiv:2303.12468 𝑫+𝒔 → 𝝉+(𝝅+𝝂𝝉)𝝂𝝉
arXiv:2303.126007.33 fb-1 7.33 fb-1

ΣNsig ~ 2170

2371±74

Updated with BDT selection
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Summary of LFU test with 𝐷+𝑠 → ℓ+𝜈ℓ
arXiv:2303.12600

𝑅𝑆𝑀𝜏/𝜇 = 9.75 ± 0.01
With PDG input of B(𝐷+𝑠 → 𝜇+𝜈𝜇)we have:BESIII only result:𝑅𝐵𝐸𝑆𝐼𝐼𝐼𝜏/𝜇 = 9.79 ± 0.33
All included:𝑅𝐸𝑥𝑝𝜏/𝜇 = 9.86 ± 0.32
Good agreement with SM value

arXiv:2303.12468
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LFU tests with 𝐷(𝑠)→ (𝑃,𝑉)ℓ+𝜈ℓ

• Test of light lepton universality with branching ratios of e/μ
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LFU tests with 𝐷0 → 𝐾−ℓ+𝜈ℓ

LFU tested at a precision ~1%
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Studies of 𝐷→ (𝑃,𝑉)𝜇+𝜈𝜇

𝑹𝑫𝝆 = 𝜞 𝑫𝟎→ 𝝆−𝝁+𝝂
𝜞 𝑫𝟎→ 𝝆−𝒆+𝝂 = 𝟎.𝟗𝟎 ± 𝟎.𝟏𝟏21

Peaking from𝐷0→ 𝜋+𝜋−𝜋0𝜋0



LFU tests with 𝐷(𝑠)→ (𝑃,𝑉)ℓ+𝜈ℓ: summary

22H.L. Ma, Mini-Workshop on BESIII Physics-- 500 Publications

https://indico.ihep.ac.cn/event/19694/timetable/


LFU tests in semi-leptonic B
decays
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R(D(*)) measurements @ LHCb

Muonic τ → μνν:
• Large statistics
• Study of τ and μ modes in one dataset
• Can measure R(D) and R(D*)simultaneously

Hadronic τ → πππ(𝜋0)ν:
• Relatively high purity
• External BR measurement for normalization
• Decay vertex of τ well measured to suppressdominant backgrounds
• 3π dynamics important for the separation of B->D*DX backgrounds

arXiv:2302.02886arXiv:2305.01463
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R(D(*)) measurements @ LHCb
Muonic τ → μνν

𝜌 = − 0.43

Using Run1 3 fb-1 data:

arXiv:2302.02886arXiv:2305.01463

Hadronic τ → πππ(𝜋0)ν

Using Run1+25 fb-1 data:
Considerable systematic uncertainty due to limitedsample sizes 251.9σ deviation from SM

Agreement w/ SM <1σ



Updated R(D(*)) world averages
• Updates with inclusion oftwo new results (LHCb22,LHCb23):•

•
• Deviation from SM forcombined R(D) − R(D∗)now moves from 3.3σ to3.2σ

From HFLAVRecent BESIII measurements on 𝐷 𝑠 → 3𝜋𝑋 [arXiv:2212.13072,arXiv:2301.03214] could be helpful in understanding double-charmbackgrounds in hadronic R(D*) measurements 26

https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/html/RDsDsstar/RDRDs.html


Updated R(D(*)) world averages
• Updates with inclusion oftwo new results (LHCb22,LHCb23):•

•
• Deviation from SM forcombined R(D∗) now at1.9σ

Recent BESIII measurements on 𝐷 𝑠 → 3𝜋𝑋 [arXiv:2212.13072,arXiv:2301.03214] could be helpful in understanding double-charmbackgrounds in hadronic R(D*) measurements 27

From HFLAV

https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/html/RDsDsstar/RDRDs.html


/e
R(Xe/μ) in semileptonic B decays
• Hadronic tagging with a fully reco’ed Btag• Distribution of lepton momentum in Bsig restframe fitted to extract signals
• Most precise LFU result in b-sector:

• In agreement with SM based prediction of 1.006± 0.001 [arXiv:2207.03432]• In agreement with BELLE measurements inexclusive 𝐷∗ℓ𝜈 channels [e.g. arXiv:2301.07529]
• Also e/μ difference in angular asymmetriesin 𝐵0 → 𝐷∗−ℓ𝜈 reported here

arXiv:2301.08266
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https://indico.cern.ch/event/1166059/contributions/5407658/attachments/2655436/4598758/plewis FPCP 2023 (1).pdf


LFU tests in rare b-hadron
decays
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LFU tests in 𝑏 → 𝑠ℓ+ℓ− decays
• 𝑏 → 𝑠ℓ+ℓ− FCNC processes highlysuppressed in SM
• NP may manifest in the loops and causeLFU violation
• LFU tests use

• Cancellation of hadronic uncertainties in theratio => precise prediction of RX

30



R(K(*)) measurements @ LHCb
• Electrons & muons behave quite differently in theLHCb detector
• Lower efficiencies & worse resolution (energy loss)for electrons
• Double-ratio of branching fractions:

• Most of systematic uncertainties cancel to 1st order• LFU in J/ψ → ℓ+ℓ− well established at ‰ level [BESIII,PRD 88, 032007 (2013)]• Validated in ψ(2S) mode

arXiv:2212.09152arXiv:2212.09153
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R(K(*)) results @ LHCb
• Most precise LFU test in

𝑏 → 𝑠ℓ+ℓ− decays
• Supersedes previous results

arXiv:2212.09152arXiv:2212.09153
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R(K(*)) results @ LHCb
• Most precise LFU test in

𝑏 → 𝑠ℓ+ℓ− decays
• Supersedes previous results
• Improved systematics of mis-IDedhadronic background in electron mode
• Now compatible with SM predictionsat 0.2σ level
• Uncertainties statistically dominated

arXiv:2212.09152arXiv:2212.09153
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Recent LFU results not covered here ...
• LFU tests in semileptonic decays of light hadrons• See talk “Hyeron physics at BESIII” by Hong-Fei Sun)
• LFU tests with B(W → ℓν)

• cLFV searches closely related to LFU
See the talk by Chen Wu after the coffee break

CMS, PRD 105, 072008 (2022)
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Summary & outlook
• LFU tests in a large range of decay channels have been performed recently byBESIII, BELLE(II), LHCb, etc.• Focused on beauty/charm sectors
• With improved precision or being first measurements, all results show goodagreement with LFU
• R(D(*)) results still show tension with SM, while R(K) now moves closer to SMexpectation
• With new R(K(*)) results, LF universal NP in C9ℓ now favored over LFU violationaccording to global fits [arXiv:2304.07330]
• Synergy of different experiments important to improve precision
• Still excitements ahead: LHC Run3 ongoing / more BELLEII data / BESIII taking7x ψ(3770) data / STCF on the horizon / ...
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D tags @ BESIII
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Ds tags @ BESIII
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3.19 fb-1 @ 4178 MeVarXIv:2303.12468


