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Lepton Flavor Universality (LFU)

Standard Model: 3 generations of leptons

Same Coupling to Gauge Different Masses

A Test of SM Hints for BSM

W
ℓ i

ν j

Precise Measurement

~ gδ ij
e :0.511MeV
µ :105.66 MeV
τ :1777 MeV
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B Anomalies And LFUV

RHc
= Br (Hb → Hcτν )

Br (Hb → Hcµν )

Experimental Results

SM Predictions

VS.



B Anomalies And LFUV
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[Tanabashi, M. et al. (2018)] [Altmannshofer, W. et al. (2018)]

[Aaij, R. et al. (2020)] [Aaij, R. et al. (2021)]

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.030001
https://arxiv.org/pdf/1808.10567.pdf
https://arxiv.org/pdf/1912.08139.pdf
https://arxiv.org/pdf/2103.11769.pdf
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LFUV And BSM

SM uncoloured coloured

B anomalies indicate LFUV.  

Tree-level BSM realizations:

[Zheng. et al.]

https://arxiv.org/pdf/2007.08234.pdf
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Future Z Factories

1000000000000 

Tera-  Z

~100/π km

Circular Lepton Collider
Clean environment

b hadron abundance: O(1011+)

Directly measure  
missing momentum

Large energy (20-45 GeV)  
and boost for precision measurements

More advanced Detector Technology
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Semileptonic Decay

Set a baseline for the studies at Tera-Z. 

b→ cτν

Vector

Pseudoscalar

Baryonic

Annihilation

RJ /ψ R
Ds

∗and
RDs

RΛc

Br(Bc → τν ) [Zheng. et al.]

RHc
= Br (Hb → Hcτν )

Br (Hb → Hcµν )

b→ sννb→ sττOther studies: [Li and Liu (2021)] [Li et al. (2022)]

https://arxiv.org/pdf/2007.08234.pdf
https://arxiv.org/pdf/2012.00665.pdf
https://arxiv.org/pdf/2201.07374.pdf
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SU(2)

https://arxiv.org/pdf/2007.08234.pdf
https://arxiv.org/pdf/2012.00665.pdf
https://arxiv.org/pdf/2201.07374.pdf
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Signals

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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Possible Backgrounds

“Wrongly” produced Muon “Wrongly” produced Hc

+ Others

SM Background 
Irreducible
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Solid: reconstruction;  
Dashed: truth level.

Reconstruction

ERROR ~O(1GeV)
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Results

Relative Uncertainties at Tera-Z:

O(0.1%)−O(1%)

[Zheng. et al.]

https://arxiv.org/pdf/2007.08234.pdf
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Results

[Li and Liu (2021)]

b→ sττ
[Li et al. (2022)]

b→ sνν
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Results

[Li and Liu (2021)]

b→ sττ
[Li et al. (2022)]

b→ sνν
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Results

[Li and Liu (2021)]

b→ sττ
[Li et al. (2022)]

b→ sνν
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Theoretical Aspects

EFT method: Low-Energy EFT and SMEFT 

Wilson coefficients 

FCCC and FCNC both matter! 

SM deviations: τ sector only!
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Low-Energy EFT (LEFT)

OVL
τ = [cγ µPLb][τγ µPLν ]

OSR
τ = [cPRb][τ PLν ]

Examples:

Different Lorentz structures

Independent, no correlation

~ mb

[Jenkins et al. (2018)]

EFT Scale

4-5 GeV

<< mZ

Scalar/Vector Mediator?

https://arxiv.org/pdf/1709.04486.pdf
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SMEFT
1
Λ2 CiOi

Correlation exists!

NP Scale!

[Olq
(1) ]3332

[Olq
(3) ]3332

(νγ µPLν +τγ µPLτ )(bγ µPLs)

2Vcs
∗ (νγ µPLτ )(bγ µPLc)

−(νγ µPLν −τγ µPLτ )(bγ µPLs)

Down Basis Expansion

FCCC and FCNC constrained  
by same operators

[Grzadkowski et al. (2010)]

~O(TeV)

SU(2)

https://arxiv.org/pdf/1008.4884.pdf
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Methodology

STEP 2: Run LEFT from b mass to Z mass.

STEP 3: Tree-level matching at Z pole.

STEP 4: Run SMEFT from Z mass to SMEFT scale

LSMEFT(mZ ) = LLEFT(mZ )

Λ = 10TeV.

[Aebischer et al. (2018)]

[Aebischer et al. (2018)]

STEP 1: Use MCMC to constrain LEFT WCs.

https://arxiv.org/pdf/1804.05033.pdf
https://arxiv.org/pdf/1804.05033.pdf


Parameters Used for MCMC Fitting
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[Aaij et al. (2018)][Li et al. (2022)][Li and Liu (2021)][Zheng. et al.] [Altmannshofer, W. et al. (2018)]

12 observables:  
9 effective, some others similar 

https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/pdf/2201.07374.pdf
https://arxiv.org/pdf/2012.00665.pdf
https://arxiv.org/pdf/2007.08234.pdf
https://arxiv.org/pdf/1808.10567.pdf


SMEFT Constraints
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Λ = 10TeV

NP constrained at Tera-Z

Operator correlations

9 operators in total



SMEFT Constraints
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1D Marginalized Constraints: 
Tera-Z, 10×Tera-Z, Tera-Z but w.o. b → sττ  

Λ = 10TeV

WCs



SMEFT Constraints
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1D Marginalized Constraints: 
Tera-Z, 10×Tera-Z, Tera-Z but w.o. b → sττ  

Λ = 10TeV

WCs

Constrain NP Sensitively: 
Very Promising! 

 



Conclusion

20

Great advantages of Z factories: large luminosity, 
clean environment and etc. 

LFU being tested via precise measurements of B 
anomalies at Tera-Z. 

Multi-TeV NP being well constrained at Tera-Z. 

RJ /ψ ,RDs
(∗) ,RΛc

~O(0.1%)−O(1%)


