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SMEFT analysis at the EIC
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Examples:

The SM predictions agree with 
most of experimental tests



1. What is Dark Matter ?

2. What is the origin of the neutrino mass?

3. What is the nature of the electroweak symmetry breaking?

4. What is the nature of the Higgs boson (Composite or elementary particle)?

5. ……
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Why we need the New Physis?
Some open questions:

New Physics Models and  new measurements to answer these questions



How to probe the NP

4

Little HiggsSUSY .....Composite

Bottom up approach

Experimental 
Data

Effective 
Field Theory

Top down approach

𝑊!, Z!, T,  B, scalar …

O TeV



SMEFT and NP
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Linear realized EFT

Higgs is a fundamental particle
Weak interacting

L = C6O6 + C8O8 + ...

W. Buchuller, D. wyler 1986
B. Grzadkowski et al, 2010
L. Lehman, A. Marin, 2015
B. Henning et al, 2015
H-L. Li et al, 2020

Full Theory

Renormalization group

Large Scale, heavy and light particle

Low energy, light particle
Appelquist-Carazzone
Decoupling theorem:

Howard Georgi, Annu.Rev.Nucl.Part.Sci.1993.43:209-52

ℒ 𝜒, 𝜙

𝜇 = 𝑀

ℒ 𝜙

Renormalization group

EFT
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Why Electron-Ion Collider?

EIC

White paper of EIC 1. Explore and image the spin and 3D structure of the nucleon

2. Discover the role of gluons in structure and dynamics

3. Constraint for the PDFs, Polarized and unpolarized

4. Possibilities of Beyond the Standard Model?

High Luminosity:                                     per year10 ⇠ 100 fb�1

High Polarization:                                    

EIC is also an important machine for the New Physics

Electroweak properties

Pe = Pp = 0.7



Effective Field Theory

7

p
S = 140 GeV ⌧ TeV

Z

b b

t

Tree-level effects:
Four-fermion operators
Charged Lepton flavor violation signals
…

The SMEFT is perfectly applicable at the EIC

EIC

Loop-level effects:
Top quark couplings
TGC anomalous couplings
…
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Outline

• The electroweak precision measurements

• New Physics effects from SMEFT

Bin Yan, PLB 833 (2022) 137384
Hai Tao Li, Bin Yan and C.-P. Yuan, PLB 833 (2022) 137300
Yandong Liu and Bin Yan, CPC 47 (2023) 4, 043113
Bin Yan, Zhite Yu, C.-P. Yuan, PLB 822 (2021) 136697
V. Cirigliano, K. Fuyuto, C. Lee, E. Mereghetti and Bin Yan, JHEP 03 (2021) 256



9

The electroweak precision 
measurements



Electroweak Precision measurement
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Phys.Rept. 427 (2006) 257-454

LEP：1989-2000
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Electroweak Precision measurement

11

Ab
FB ⇠ 2.1�■ SM

Rb

AFB
b ,Ab

-� -� � � �-���

-���

-���

���

���

���

���

κ�

κ �

γ Zb

b̄

e−

e+

PDG 2021

Excluded by off-Z pole data

• Large deviation of the Zbb coupling
• The degeneracy of the Zbb coupling

L = b̄�µ(V gV � AgA�5)bZµ
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Zbb couplings@ colliders
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Bin Yan, C.-P. Yuan, PRL127(2021)5,051801

Bin Yan, Zhite Yu and C.-P. Yuan, PLB822(2021)136697
Hai Tao Li, Bin Yan and C.-P. Yuan, PLB833(2022)137300

Hongxin Dong, Peng Sun, Bin Yan and C.-P. Yuan, PLB829(2022)137076

γ Zb

b̄

e−

e+S. Gori, Jiayin Gu, Lian-Tao Wang, JHEP 04(2016) 062
Bin Yan,  C.-P. Yuan and Shu-Run Yuan, 2307.08014

A. Lepton colliders:

B. LHC Zh production and Z boson rare decay:

D. HERA and EIC with polarized lepton beam:

F. Bishara and Zhuoni Qian, 2306.15109C. LHC  Z+2b-jet production



Zbb couplings@ EIC
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Single-Spin Asymmetry (SSA):Polarized  lepton beam

Ab
e =

�tot
b,+ � �tot

b,�
�tot
b,+ + �tot

b,�

+/−: right/left-handed lepton

1. Photon-only diagrams will cancel in SSA
2. Leading contribution: 𝛾-𝑍 interference
3. Only sensitive to the vector component of the Zbb coupling

Bin Yan, Zhite Yu and C.-P. Yuan, PLB822(2021)136697



DIS cross section
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d�±
�e

�0dxdy
= F1

⇣
(1� y)2 + 1

⌘
+ FL

1� y

x
⌥ F3�e

✓
y � y2

2

◆
Polarized cross section

𝜆! = ±1: lepton helicity

γ

e±

p

b

Z

γ5
geAγµγ5

gbV γµ

SSA: 𝝈𝒃,( − 𝝈𝒃,)

Two possible combination:

𝑭𝟑 = 𝑪𝒒⊗ (𝒒 − 1𝒒)

geAg
b
V

geV g
b
A

𝑭𝟏,𝑳 = 𝑪𝒒⊗ (𝒒 + 1𝒒)
Le↵ =

gW
2cW

f̄�µ(g
f
V � gfA�5)fZµ

F1,L,3 ⌘ F1,L,3(�e)



Zbb couplings @EIC
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■ SM

Rb

(b)
ℒ=4.0 fb-1

AFB
b ,Ab

EIC (i)

EIC (ii)
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Ecm = 141 GeV, Pe = 0.7

The minimal luminosities needed to resolve the degeneracy or exclude LEP AFB data: 

L = b̄�µ(V gV � AgA�5)bZµ



Zbb couplings @EIC
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Average jet charge weighted Single-Spin Asymmetry (WSSA):

Polarized  lepton beam

AbQ
e =

�Q
b,+ � �Q

b,�

�Q
b,+ + �Q

b,�
�Q
b,± =

Z
dpjT

d�tot
b,±

dpjT
hQJib(pjT )

hQJib(pjT ) =
X

q=u,d,c,s,b

h
fq
J(p

j
T , ✏

b
q)� f q̄

J(p
j
T , ✏

b
q)
i
hQq

Jib(p
j
T )

Single-Spin Asymmetry:

Ab
e =

�tot
b,+ � �tot

b,�
�tot
b,+ + �tot

b,�

vector component of the Zbb coupling

Is it possible to probe the axial-vector component at the EIC?

Hai Tao Li, Bin Yan and C.-P. Yuan, PLB833 (2022)137300

D. Krohn, M. D. Schwartz, T. Lin and W. J. Waalewijn, PRL 110,212001(2013)
W.J.Waalewijn, PRD86,094030(2012)



Jet Charge Weighted SSA
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gbV γµ

SSA: 𝝈𝒃,( − 𝝈𝒃,)

𝑭𝟑 = 𝑪𝒒⊗ (𝒒 − 1𝒒)

hQq
Ji = �hQq̄

JiKey point:

geAg
b
V

geV g
b
A

𝑭𝟏,𝑳 = 𝑪𝒒⊗ (𝒒 + 1𝒒)

geAg
b
V geV g

b
A

F1,L = Cq ⌦ (q � q̄)hQq
Ji F3 = Cq ⌦ (q + q̄)hQq

Ji
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gbV γµ

WSSA: �Q
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b,�

Le↵ =
gW
2cW

f̄�µ(g
f
V � gfA�5)fZµ



Zbb couplings @EIC
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The new physics effects from the 
SMEFT



Four-fermion operators
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R. Boughezal, F. Petriello,  D. Wiegand, PRD 101 (2020) 11,116002

Polarization of the electron plays 
the key role to resolve the 
degeneracies from LHC data

Pe = ±0.7

M�
int ⇠ Ceu(1 + Pe) + C(1)

`q (1� Pe)



Dipole operators
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R. Boughezal, D. Florian, F. Petriello,  W. Vogelsang, arxiv: 2301.02304

Transverse spin asymmetry

ēL�
µ⌫eRFµ⌫

O(1/⇤2)

SM NP

e�(+) e�(+) e�(+) e�(�)



Scalar and tensor operators
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Hao-Lin Wang, Xin-Kai Wen, HongXi Xing and Bin Yan, work in progress

Transverse double spin asymmetry O(1/⇤2)

ATT =
�(e"p") + �(e#p#)� �(e"p#)� �(e#p")

�(e"p") + �(e#p#) + �(e"p#) + �(e#p")

e�(+) e�(+) e�(+) e�(�)

q(+) q(+) q(+) q(�)

SM NP



Charged Lepton Flavor Violation
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Ee = 20 GeV, Ep = 250 GeV L = 100 fb�1

EIC is comparable to LHC limits 

L = � g

2cW
Zµ

h⇣
c(1)L' + c(3)L'

⌘

⌧e
⌧̄L�

µeL + ce'⌧̄R�
µeR

i

� e

2v
[�e

� ]⌧e⌧̄L�
µ⌫eRFµ⌫ � g

2cW v
[�e

Z ]⌧e⌧̄L�
µ⌫eRZµ⌫

⌧
V. Cirigliano, K. Fuyuto, C. Lee, E. Mereghetti and Bin Yan, JHEP 03 (2021) 256



Summary
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A. EIC is an important machine for probing the new physics;

B. The electroweak precision measurements: Zbb couplings;

C.  New signals: SMEFT, Charged Lepton Flavor violation;

Thank you!

The search for new physics at the EIC is just beginning
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Transverse-momentum-weighting scheme: 

Jet charge definition

QJ =
1

(pjT )


X

i2jet

Qi(p
i
T )

,  > 0

<latexit sha1_base64="v8AwVVmzpDO/dxocyPeWqiziY8o="></latexit><latexit sha1_base64="v8AwVVmzpDO/dxocyPeWqiziY8o="></latexit><latexit sha1_base64="v8AwVVmzpDO/dxocyPeWqiziY8o="></latexit><latexit sha1_base64="v8AwVVmzpDO/dxocyPeWqiziY8o="></latexit>

R.D. Field and R.P. Feynman, NPB136,1(1978)

K: To regulate the sensitivity 
of the soft gluon radiation

dij = min

 
1

p2ti
,
1

p2tj

!
�R2

ij

R2



Weak mixing angle @EIC
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γ

e±

p

b

Z

γ5
geAγµγ5

gbV γµ
𝑭𝟑 = 𝑪𝒒⊗ (𝒒 − 1𝒒)𝑭𝟏,𝑳 = 𝑪𝒒⊗ (𝒒 + 1𝒒)

The SSA would be sensitive to the weak mixing angle

geAg
q
V geV g

q
A

Ae =
�+ � ��
�+ + ��

The Zqq coupling:

HERA-ZEUS

gqV = T3 � 2Qs2W



Weak mixing angle @EIC
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�Ae ⇠
1p
L

1212.1701

200 fb�1
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Charged Lepton Flavor Violation
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Lepton Flavor is not conserved: 
Neutrino Oscillations

Charged Lepton Flavor Violation (CLFV):

BR ⇠
✓

m⌫

mW

◆2

⇠ 10�44

NP

A. CLFV is sensitive to the NP
B. CLFV could be related to the neutrino mass 

generation mechanism; 
Tree level or Loop level

S. Petcov, ‘77; W. Marciano and A. Sanda, ‘77

For example: Two loop neutrino mass model 
QHC, SLC, E. Ma, Bin Yan, DMZ, PLB779 (2018)430-435


