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Testing Lepton Flavor Universality 
at the EIC 

What is LFU?

Why to be interesting?

Relevant Observables

Current status

What is EIC? Its potential?

Collider analysis

From a theory perspective

OverView
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What is LFU?

Standard Model (SM): with 3 generations of leptons

e : 0.511 MeV μ : 105.66 MeV τ : 1.777 GeV

Different masses

A universal coupling to gauge

LFU: as one of the hypotheses in the SM

W
ℓ i

ν j

~ gδ ij

SM validity test

Hints for BSM
Precise measurements:
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What to be interesting?
BSM: to be sensitive in flavour physics

Tree-level realisation:

b c

ℓ−

ν̄
H−

b c

ℓ−

ν̄
LQ

Leptoquark
(Coloured)

Extra Higgs
(Uncoloured)

Decays: to be changed significantly!

SM:

Γ ∼
m3

f

m2
W

To be replaced by ΛNP

As the new particle mass scale?
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Relevant Observables
Flavour Changing Charged Current:

RHc
=

Br(Hb → Hcτν)
Br(Hb → Hcℓν)

Hb hadron containing b quark 

Hc hadron containing c quark 

Vector

Pseudoscalar

Baryonic

Annihilation

RJ /ψ R
Ds

∗

RDs

RΛc

Br(Bc → τν )

(Bc → J/ψ) (Bs → D*s )

(Bs → Ds)

(Λb → Λc)
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Current Status

[Ho, Jiang, Kwok, Li and Liu]

[HFLAV Collaboration]

Either averagely over , 
or yet unknown.

3σ

LFU-violating BSM or fluctuations?

https://arxiv.org/pdf/2212.02433
https://arxiv.org/pdf/2206.07501
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Facilities

Already many measurements…

See Qidong’s talk

[Ho, Jiang, Kwok, Li and Liu]

What about Electron-Ion Collider (EIC)?

Belle II

LHCb

Tera-Z

10×Tera-Z

B0→K*0τ+τ- Bs→ϕτ+τ- B+→K+τ+τ- Bs→τ+τ- Bc→τν Bc→J/ψτν Bs→Dsτν Bs→Ds
*τν Λb→Λcτν Bs→ϕν v
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The first LFU work  
at the EIC!

https://arxiv.org/pdf/2212.02433
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EIC and its Potential

e−(10 GeV)

p(250 GeV)

At Brookhaven National Lab

To consider ep collision firstly

To explore nuclear structure

Chance for BSM search, as a 
flavour machine

DIS Process

[Credit to E. Chudakov et. al.]

b-hadron production

Up to 1000 /fb: abundant!

s ∼ 100 GeV

https://www.jlab.org/div_dept/theory/talks/2016/weiss16_beach.pdf
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Decay Channels

RJ /ψ = Br (Bc → J /ψτν )
Br (Bc → J /ψµν )

J /ψ → µµ,τ → µνν

R
Ds

(∗) =
Br (Bs → Ds

(∗)τν )
Br (Bs → Ds

(∗)µν )

Ds
∗ → Dsγ , Ds →φ(→ KK )π ,τ → µνν

RΛc
= Br (Λb →Λcτν )

Br (Λb →Λcµν )

Λc → pKπ ,τ → µνν
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Trace back, from decay products to PV

p e−
PV

ν

Hb

Hc
τ

μ Other  
decay product

DV( )Hb

DV( )Hc

Reconstruction

Lifetime of  mattersHc

Approximation due to  
neutrinos, such as:

pz
Hb

=
mHb

mvis
pz

vis

[LHCb Collaboration]

To consider inclusive bkg

Without track vertex smearing

https://arxiv.org/pdf/1711.05623
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BDT
Take  for illustrationBc → J/ψ

Preliminary Preliminary

Well separated!

BDT trained with 12 observables
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Results (R.L. Uncertainties)

[Zheng. et al.]

 :  
worse than Tera-Z,  

and comparable with current LHCb

𝒪(0.1)

 annihilation :  
estimated by a brute force comparison, 

to be conservative 

Bc

[Ho, Jiang, Kwok, Li and Liu]

https://arxiv.org/pdf/2007.08234.pdf
https://arxiv.org/pdf/2212.02433
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From a Theory Perspective
Low-Energy EFT works.

Operators vary

Indicating different BSM structures

Scale : μb ∼ 5 GeV

To be matched to  
SMEFT later 

for its UV completion

Wilson coeff ∼ 𝒪(0.1)

Preliminary
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Summary & Outlook

Opportunities of flavour physics at the EIC

Cross validation with current LHCb

FCNC channels?

Not only Br, but differential quantities?

Electron polarisation?

Many thanks!
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Back-Up
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BDT Observables
Take  for illustrationBc → J/ψ

Based on ranking shown in [Ho, Jiang, Kwok, Li and Liu]

https://arxiv.org/pdf/2212.02433

