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Introduction

Yong Du (杜勇) TDLI CEPC2023, NJU

The SM, up to now, is very successful. But there are some flaws:
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Yong Du (杜勇) TDLI 

��� � =����� ��������� ������
��� � =���� ��������� ������

� ���� ���� ���� ����
-�

-�

-�

-�

-�

-�

�

�

�Δ [���]

��
�[
��
��

Δ
]
[�
��

]

ρ parameter EXCLUSION region from above

H++H--→ℓ+ℓ+ℓ'-ℓ'-
ℓ±ℓ±hW∓

W
± W

± h
W

∓

H
++
H

--
→
W

+ W
+ W

- W
-

10-4 0.01 1 100

10-20

10-16

10-12

10-8

f(Hz)

Ω
G
W
h
2

Taiji Tia
nQ
in

LIGO

O2

O5
ET

CE
LISA

Ultimate-DECIGO

DE
CI
GO

BBO

—BM1
—BM2
—BM3

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.

Yong Du (杜勇) TDLI 

Q: How to approach new physics beyond the Standard Model?

A: ⋯
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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.

Yong Du (杜勇) TDLI 

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:

Yong Du (杜勇) TDLI 

SMEFT global fit 5

No flavor assumptions are made.
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We choose to work in the Higgs basis

Yong Du (杜勇) TDLI 

SMEFT global fit: Basis 6
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We choose to work in the Higgs basis

Yong Du (杜勇) TDLI 

SMEFT global fit: Basis 6

CEPC2023, NJU

Higgs physics in the context of SMEFT global fit? Jiayin Gu’s talk on Monday

https://indico.ihep.ac.cn/event/19316/contributions/143434/


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

Yong Du (杜勇) TDLI 

SMEFT global fit: 4f 7

CEPC2023, NJU

https://arxiv.org/abs/2206.08326


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

-0.005 0.000 0.005

-0.005

0.000

0.005

[cle]1122

[c
le
] 2
21
1

Δχ2=1

CEPC2023, NJU



Yong Du (杜勇) TDLI 

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

CEPC2023, NJU
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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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Q: Projections for CEPC before it is too late? (Already too late?)
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Global fit results: Vff couplings

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

Yong Du (杜勇) TDLI 

SMEFT global fit: 4f 12
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Global fit results: Vff couplings Luminosity wins (through radiative return)

Yong Du (杜勇) TDLI 

SMEFT global fit: 4f

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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Global fit results: Vff couplings CEPC wins due to larger luminosity

Yong Du (杜勇) TDLI 

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.

Yong Du (杜勇) TDLI 

SMEFT global fit: 4f

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

Yong Du (杜勇) TDLI 

SMEFT global fit: 4f

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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SMEFT global fit: 4f 15

Q: Any other low-energy precision observables?

Low-energy observables are helpful and even powerful in some cases (say the Moller scattering).

CEPC2023, NJU
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SMEFT global fit: 4f 15

Q: Any other low-energy precision observables?

Low-energy observables are helpful and even powerful in some cases (say the Moller scattering).

NPlanck
eff = 2.99 ± 0.34 ΔNCMB−S4

eff = 0.03 δN future
eff ≤ 1 %

CMB-HD, PICO, CORE

We are entering the precision cosmology era.

CEPC2023, NJU
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SMEFT global fit: 4f 16

Q: Will  help in terms of SMEFT global fit?Neff

A: Probably not since the Universe is noisy…

CEPC2023, NJU
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SMEFT global fit: 4f 16

Q: Will  help in terms of SMEFT global fit?Neff

A: Probably not since the Universe is noisy…

Doing the exercise anyway, I found 

Neff = 3.04385 + 3.03784[cle]1111 + 3.01675[cll]1111 + 3.03606[cle]2211 + 3.03539[cle]3311

+3.07371δgeν
W + 3.03917δgee

Z,L + 3.02654δgee
Z,R + 3.01006 ̂ccosmo

̂ccosmo ≡ [cll]1122 + [cll]1221 + [cll]1133 + [cll]1331 + [cll]2332 + [cll]2332+[cll]2222 + [cll]2233

+[cll]3333+δgμν
W + δgτν

W + δgμμ
Z,L + δgττ

Z,L

2310.10034, YD

CEPC2023, NJU
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SMEFT global fit: 4f 16

Q: Will  help in terms of SMEFT global fit?Neff

A: Probably not since the Universe is noisy…

Doing the exercise anyway, I found 

Neff = 3.04385 + 3.03784[cle]1111 + 3.01675[cll]1111 + 3.03606[cle]2211 + 3.03539[cle]3311

+3.07371δgeν
W + 3.03917δgee

Z,L + 3.02654δgee
Z,R + 3.01006 ̂ccosmo

̂ccosmo ≡ [cll]1122 + [cll]1221 + [cll]1133 + [cll]1331 + [cll]2332 + [cll]2332+[cll]2222 + [cll]2233
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2310.10034, YD
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SMEFT global fit: 4f 17

On the 2d plane, 2310.10034, YD
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SMEFT global fit: 4f 18

Sensitivity to new operators in the tau sector: 2310.10034, YD
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✤ I discussed the global fit of 4f SMEFT operators at future colliders:


❖   Beam polarization is the key to surpass circular colliders in studying 4f interactions;

❖   Luminosity largely wins otherwise for circular colliders;

❖   Tau polarization projections at CECP will be very interesting (already too late?) 

Summary

✤ Input from precision cosmology enlarges the parameter space in the tau sector:


❖   It improves the fit by a factor of a few in the flavor universal case

❖   It also has the chance to lift the well-known flat direction in the 4  sector

❖  10% sensitivity to the new tau operators can be reached with the inclusion of Neff
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Benchmark: Unfolding

Yong Du (杜勇) TDLI 

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

Q: Which benchmark model for CEPC?
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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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LHC (Dashed: HL-LHC)

CEPC240 (Dashed: FCC-ee240)

ILC250 (Dashed: GigaZ)

δχ2 = 5.99

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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95% CL scale limits on 4-fermion contact interactions from 2B

This work

ESU

Extend the SM by  but without introducing kinetic mixing and off-diagonal 
gauge couplings

U(1)z

c2B

Λ2
=
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g4
1 M2

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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