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OUR WORK IN A NUTSHELL
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We study the                   potential of the LHeC and the EIC 📌

detailed accounting of anticipated

We show that both the              and                     can improve upon the existing bound📌

of NC DIS cross section and asymmetries performed in the
📌

LHeC, s = 490 GeV
LHeC, s = 1300 GeV
EIC, s = 70 GeV
EIC, s = 140 GeV
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SMEFT
Standard Model Effective Field Theory
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Model independent📌

<latexit sha1_base64="38+6r6LpEz0ulAjJv0wGe9XOX+0="></latexit>

LSMEFT = LSM +
X

n>4
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⇤n�4

X

k

C(n)
k O

(n)
k

in this work 
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n = 6

, q: left handed doublets 
e, u, d: right handed singlets 

 : SU(2) Higgs doublet

ℓ

φ

Warsaw basis📌

17 Wilson coefficients  
affect NC DIS matrix  

elements at LO 



DEEP INELASTIC SCATTERING
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corrections modify only the quark lines
NLO QCD

they are identical for both SM  
and SMEFT cross sections 

LO
Feynman diagrams for the partonic  
process mediating 
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SMEFT THEORY PREDICTIONS
Structure of observables
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T = T
SM +

X

k

Ck �Tk +O(C2
k)

We linearize our SMEFT expressions       
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T

SMEFT shift associated with  
the Wilson coefficient
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Ck
runs over the active Wilson coefficients
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k

SMEFT cross section
<latexit sha1_base64="V5++WGg+mgp7OeStlOmRdlo2L2s="></latexit>

� = �SM +
Nd6X
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KINEMATIC COVERAGE
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LHeC, s = 490 GeV
LHeC, s = 1300 GeV
EIC, s = 70 GeV
EIC, s = 140 GeV
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x  0.5
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Q � 10 GeV
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0.1  y  0.9

complementarity of and EICLHeC📌

of pseudo data 



UNCERTAINTIES
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PSEUDODATA AND 
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Oe,b = O
SM
b + re,b �Ounc,b +

X

j

r0j,e �Ocorj ,b

prediction
uncertainties
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re,b , r
0
j,e 2 N (0, 1)
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b bin

χ 2

expression

pseudodata

SMEFT

SM 

each correlated error has its  
own random coefficient
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r0j,e

<latexit sha1_base64="ujewr32pmvxdGiwf5QvZloj+VLM="></latexit>

�2
e =

NbinX

i,j=1

(Ti �Oe,i)V
�1
ij (Tj �Oe,j)

covariance matrix
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EFFECTIVE UV SCALES

10

Ceu Ced Cℓq
(1) Cℓq

(3) Cℓu Cℓd Cqe
0
2
4
6
8

10
12
14

95% CL, Λ/ Ck , 7 d fit

P4 ΔP4 Joint EIC LHeC1 LHeC2 LHeC3 LHeC4 LHeC5 LHeC6 LHeC7 Joint LHeC

when we activate the entire sector of four-fermion operators,  
we observe strong correlations 

📌

joint fits keep their constraining  
power 

📌
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PRELIMINARY
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CONFIDENCE ELLIPSES
Four-fermion 
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17D FIT
UV effective scales
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📌 17-parameter fit on the Wilson coefficients that induce the semi-leptonic four-fermion contact interaction

PRELIMINARY

📌 very similar situation to 7D fit, joint fits have the most constraining power

LHeC can probe up to 7 TeV scale



17D FIT
Confidence ellipses
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J. Ellis, M. Madigan, K. Mimasu  
V. Sanz, T. You 

JHEP04 (2021) 279 

resolving blind spots observed in the fits of Wilson coefficients in the f f V sector using Z and W pole  
observables (EWPO) data 

📌

EWPO
Joint EIC
Joint LHeC

-20 -10 0 10 20

-20

-10

0

10

20

Cφℓ
(1)

C φ
e

95% CL, Λ = 1 TeV , 17 d fit

-0.3 0 0.3
-0.3

0

0.3PRELIMINARY PRELIMINARY

https://link.springer.com/article/10.1007/JHEP04(2021)279


CORRELATION MATRIX
joint LHeC fit

14
C φ

D
C φ

W
B

C φ
q(1
)

C φ
q(3
)

C φ
u

C φ
d

C φ
ℓ(1
)

C φ
ℓ(3
)

C φ
e

C ℓ
ℓ

C e
u

C e
d

C ℓ
q(1
)

C ℓ
q(3
)

C ℓ
u

C ℓ
d

C q
e

CφD
CφWB

Cφq
(1)

Cφq
(3)

Cφu
Cφd
Cφℓ

(1)

Cφℓ
(3)

Cφe
Cℓℓ

Ceu
Ced
Cℓq

(1)

Cℓq
(3)

Cℓu
Cℓd
Cqe

100.

-40.5

0.5

-24.4

-12.2

14.9

-77.

8.4

19.2

-100.

-32.3

-35.3

-8.6

-8.6

-9.1

-5.5

17.4

-40.5

100.

-7.1

94.

-49.4

-43.7

-18.

-80.1

-94.1

40.5

53.8

68.4

-1.8

-3.5

-7.6

-5.2

1.1

0.5

-7.1

100.

4.4

-22.6

2.

-9.2

-13.8

-2.8

-0.5

-2.7

-14.9

-42.3

-47.3

59.7

57.9

-38.6

-24.4

94.

4.4

100.

-59.8

-42.

-41.2

-95.7

-99.8

24.4

43.9

54.1

-9.4

-11.4

1.2

7.6

5.2

-12.2

-49.4

-22.6

-59.8

100.

88.5

50.4

63.

60.9

12.2

-51.3

-39.2

1.4

1.4

16.5

2.9

-36.

14.9

-43.7

2.

-42.

88.5

100.

11.2

36.6

42.2

-14.9

-62.2

-48.9

-17.5

-19.5

35.3

23.1

-44.8

-77.

-18.

-9.2

-41.2

50.4

11.2

100.

57.2

45.2

77.

6.5

5.4

16.7

18.

2.1

-6.9

-19.5

8.4

-80.1

-13.8

-95.7

63.

36.6

57.2

100.

95.2

-8.4

-31.3

-36.9

15.1

17.1

-8.5

-17.8

-8.2

19.2

-94.1

-2.8

-99.8

60.9

42.2

45.2

95.2

100.

-19.2

-43.9

-54.9

9.2

11.2

0.9

-5.3

-6.1

-100.

40.5

-0.5

24.4

12.2

-14.9

77.

-8.4

-19.2

100.

32.3

35.3

8.6

8.6

9.1

5.5

-17.4

-32.3

53.8

-2.7

43.9

-51.3

-62.2

6.5

-31.3

-43.9

32.3

100.

87.2

11.7

11.4

-23.8

-19.7

14.9

-35.3

68.4

-14.9

54.1

-39.2

-48.9

5.4

-36.9

-54.9

35.3

87.2

100.

15.1

14.7

-31.3

-28.4

27.8

-8.6

-1.8

-42.3

-9.4

1.4

-17.5

16.7

15.1

9.2

8.6

11.7

15.1

100.

98.3

-78.3

-85.2

29.8

-8.6

-3.5

-47.3

-11.4

1.4

-19.5

18.

17.1

11.2

8.6

11.4

14.7

98.3

100.

-77.2

-85.5

32.4

-9.1

-7.6

59.7

1.2

16.5

35.3

2.1

-8.5

0.9

9.1

-23.8

-31.3

-78.3

-77.2

100.

94.3

-58.3

-5.5

-5.2

57.9

7.6

2.9

23.1

-6.9

-17.8

-5.3

5.5

-19.7

-28.4

-85.2

-85.5

94.3

100.

-39.5

17.4

1.1

-38.6

5.2

-36.

-44.8

-19.5

-8.2

-6.1

-17.4

14.9

27.8

29.8

32.4

-58.3

-39.5

100.

weaker boundsmore correlation

unexpected strong correlations

expected strong correlations

non trivial relation with  
experimental uncertainties

<latexit sha1_base64="dXbZ1hNh/VEzXE9lxlr7eTcP7z8=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0WoUEoiVl0W68JlBfuAJoTJdNIOnTyYmRRKyJe48VfcuFBEcKV/46TNwrYemOFwzr3ce48bMSqkYfxohbX1jc2t4nZpZ3dv/0A/POqIMOaYtHHIQt5zkSCMBqQtqWSkF3GCfJeRrjtuZn53QrigYfAopxGxfTQMqEcxkkpy9HrF8pEcYcSSZuokFmEMZl9qVWEVLnoTxKMRhXfpuaOXjZoxA1wlZk7KIEfL0b+sQYhjnwQSMyRE3zQiaSeIS4oZSUtWLEiE8BgNSV/RAPlE2MnsvBSeKWUAvZCrF0g4U/92JMgXYuq7qjLbVyx7mfif14+ld2MnNIhiSQI8H+TFDMoQZlnBAeUESzZVBGFO1a4QjxBHWKpESyoEc/nkVdK5qJlXtfrDZblxm8dRBCfgFFSACa5BA9yDFmgDDJ7AC3gD79qz9qp9aJ/z0oKW9xyDBWjfv68Wojg=</latexit>

(C`` , C'D)
<latexit sha1_base64="NRqVehBGpoRuuYOqlpIOy54oQK4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoUGoivpbFblxWsA9oQphMpu3gZBJmJkIJ+Qw3/oobF4q47c6/cdJmoa0HLhzOuZd77/FjRqWyrG+jtLK6tr5R3qxsbe/s7pn7B10ZJQKTDo5YJPo+koRRTjqKKkb6sSAo9Bnp+Y+t3O89ESFpxB/UJCZuiEacDilGSkueeVZzQqTGGLG0lXmpQxiDSebUYR0uG0F26plVq2HNAJeJXZAqKND2zKkTRDgJCVeYISkHthUrN0VCUcxIVnESSWKEH9GIDDTlKCTSTWePZfBEKwEcRkIXV3Cm/p5IUSjlJPR1Z36sXPRy8T9vkKjhjZtSHieKcDxfNEwYVBHMU4IBFQQrNtEEYUH1rRCPkUBY6SwrOgR78eVl0j1v2FeNy/uLavO2iKMMjsAxqAEbXIMmuANt0AEYPINX8A4+jBfjzfg0vuatJaOYOQR/YEx/ANtQn6s=</latexit>

(C`u , C`d)

<latexit sha1_base64="b/22x8/0ntNXdaIWCfTg+ctqnq0=">AAACJHicdVDLSsNAFJ3UV62vqEs3g0VooZTEN7gpduOygn1AE8NkOm2HTh7OTIQS8jFu/BU3Lnzgwo3f4qTNQls9cOFwzr3ce48bMiqkYXxquYXFpeWV/GphbX1jc0vf3mmJIOKYNHHAAt5xkSCM+qQpqWSkE3KCPJeRtjuqp377nnBBA/9GjkNie2jg0z7FSCrJ0S9KlofkECMW1xMntghj8C65jUtmObEqsAL/sY/KSdnRi0bVmADOEzMjRZCh4ehvVi/AkUd8iRkSomsaobRjxCXFjCQFKxIkRHiEBqSrqI88Iux48mQCD5TSg/2Aq/IlnKg/J2LkCTH2XNWZnixmvVT8y+tGsn9ux9QPI0l8PF3UjxiUAUwTgz3KCZZsrAjCnKpbIR4ijrBUuRZUCObsy/OkdVg1T6sn18fF2mUWRx7sgX1QAiY4AzVwBRqgCTB4AE/gBbxqj9qz9q59TFtzWjazC35B+/oGIO2j3g==</latexit>

(C(1)
`q , C(3)

`q )

📌

📌

📌

📌

PRELIMINARY



CONCLUSIONS

15

📌

📌 We performed 1D, 2D, 7D and                             

(Some of) the                                           observed by Ellis et al. 

📌 can probe scales up to 
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Reduced Neutral Current (NC) DIS cross section

Parity-violating (PV) DIS asymmetries

Polarized hadron 

Unpolarized hadron
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Confidence ellipses
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