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The SM, up to now, is very successful. But there are some flaws:
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On the other hand, neutrinos oscillate
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Introduction
While there are many models for dark matter, neutrinos and other topics as you prefer, 
the direct experimental observation of any new particle is still null.
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Q: How to approach new physics beyond the Standard Model?

A: ⋯

The experimental data are 
suggesting that the SM is an 
effective low-energy theory of 
some UV model above the weak 
scale.

wiki
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59 operators (+ 4 B-violating ones) 

2499 operators: 1350 (CP-even) + 1149 (CP-odd)

Operators in the Warsaw basis:
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SMEFT global fit 5

No flavor assumptions are made.
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We choose to work in the Higgs basis
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SMEFT global fit: Basis 6
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We choose to work in the Higgs basis
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SMEFT global fit: Basis 6
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We only consider flavor conserving 4-fermion operators

Full list of observables and different collider options are summarized in great detail 
in our snowmass paper 2206.08326
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SMEFT global fit: 4f 7
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de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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SMEFT global fit: 4f 8
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Flat direction lifted by low-energy experiments: muon sector example

SMEFT global fit: 4f 9
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Flat direction lifted by low-energy experiments: muon sector example

SMEFT global fit: 4f 9
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Flat direction lifted by low-energy experiments: muon sector example

SMEFT global fit: 4f 9
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SMEFT global fit: 4f 10

Flat direction lifted by low-energy experiments: electron sector example

Bhabha alone is not enough to close the fit,  from PVES is the keyAPV
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SMEFT global fit: 4f 10

Flat direction lifted by low-energy experiments: electron sector example

Bhabha alone is not enough to close the fit,  from PVES is the keyAPV
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SMEFT global fit: 4f 11
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Flat direction lifted by low-energy experiments: tau sector example

 polarization measurement at VENUS is limited by statistics ( ). CEPC at 240GeV 
will have better sensitivity with much more statistics (let alone STCF).
τ ℒ = 271 pb−1
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SMEFT global fit: 4f 11
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Flat direction lifted by low-energy experiments: tau sector example

 polarization measurement at VENUS is limited by statistics ( ). CEPC at 240GeV 
will have better sensitivity with much more statistics (let alone STCF).
τ ℒ = 271 pb−1
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Global fit results: Vff couplings

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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SMEFT global fit: 4f 12
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Global fit results: Vff couplings Luminosity wins (through radiative return)
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SMEFT global fit: 4f

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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Global fit results:  couplings4ℓ Beam polarization is the key in beating the 
(HL-)LHC and also circular colliders.
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SMEFT global fit: 4f

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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Global fit results:  couplings2ℓ2q
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SMEFT global fit: 4f

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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𝒪G̃ = f ABCG̃Aν
μ GBρ

ν GCμ
ρ

𝒪W̃ = ϵIJKW̃Iν
μ WJρ

ν WKμ
ρ

𝒪φG̃ = φ†φG̃A
μνGAμν

𝒪φW̃ = φ†φW̃I
μνWIμν

𝒪φB̃ = φ†φB̃μνBμν

𝒪φW̃B = φ†τIφW̃I
μνBμν

Purely bosonic CPV operators: 6 in total, in Warsaw basis

SMEFT global fit: CPV
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Purely bosonic CPV operators: 6 in total, in Warsaw basis

Not included (gluon free) — strong constraints 
from neutron/chromo-EDMs

Cirigliano et al, Phys.Rev.D 94 (2016) 3, 034031

SMEFT global fit: CPV
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SMEFT global fit: CPV
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1. Determination of two anomalous triple gauge couplings (aTGC) from  
2. Another two anomalous Higgs couplings (aHC) from  (dominant production 

channel of ILC at low energies) using angular asymmetries.

e+e− → W+W−

e+e− → Z h

14

CEPC2023, Fudan U



Complementarity of hadron and lepton colliders in probing CP violation

SMEFT global fit: CPV
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de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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SMEFT global fit: CPV
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de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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Benchmark: Type-II seesaw model
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V(Φ, Δ) ⊃ λ4(Φ†Φ)Tr(Δ†Δ) + λ5Φ†ΔΔ†Φ

Benchmark: Type-II seesaw model
ℒY = (yν)αβLc

αiτ2ΔLβh . c .
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YD, 2303.16400
YD, Li, Yu, 2201.04646 (JHEP)
Li, Zhang, Zhou, 2201.05082 (JHEP)
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ℒLQ ⊃ (λ1L
iα q̄c

i ϵℓα + λ1R
iα ūc

i eα) S1 + λ3L
iα q̄c

i ϵσ IℓαSI
3 +  h.c. 

Benchmark: Leptoquark model
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de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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Benchmark: Y-Universal Z’ model
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This work

ESU

Extend the SM by  but without introducing kinetic mixing and off-diagonal 
gauge couplings
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Benchmark: Unfolding
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Find the UV models for any operator 
and any topology ( ).𝚄𝚅𝙱𝚞𝚒𝚕𝚍𝚎𝚛
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Benchmark: Unfolding
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YD, Ma, Liao, 2308.XXXXX

Find the UV models for any operator 
and any topology ( ).𝚄𝚅𝙱𝚞𝚒𝚕𝚍𝚎𝚛

20

CEPC2023, Fudan U



Benchmark: Unfolding
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YD, Ma, Liao, 2308.XXXXX

Find the UV models for any operator 
and any topology ( ).𝚄𝚅𝙱𝚞𝚒𝚕𝚍𝚎𝚛

20

Q: Which benchmark model for CEPC?
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✤ I discussed the global fit of 4f and CPV SMEFT operators at future colliders: 

❖   Beam polarization is the key to surpass circular colliders in studying 4f ints. 
❖   Luminosity largely wins otherwise for circular colliders; 
❖   aTGCs will be the key to improve the sensitivity of the bosonic CPV operators. 
❖  Several benchmark models are discussed (type-II seesaw, leptoquark models, etc) 

Summary
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