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Overview of Deep Inelastic Scattering
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Table 1. Different categories of processes measured at an EIC (Initial state: colliding electron (𝐿), proton
(𝑀), and nuclei (𝑁). Final state: scattered electron (𝐿′), neutrino (𝑂), photon (𝑃), hadron (𝑄), and hadronic
final state (𝑅)). Key kinematic variables are indicated in magenta.

Neutral-current Inclusive DIS: 𝐿+ 𝑀/A −→ 𝐿
′
+𝑅; for this

process, it is essential to detect the scattered electron, 𝐿′, with
high precision. All other final state particles (𝑅) are ignored.
The scattered electron is critical for all processes to determine
the event kinematics. The key kinematic variable in this
process are 𝑆 and𝑇2 where 𝑆 is the momentum fraction of the
quark (w.r.t. the nucleon) on which the photon scatters. 𝑇

2

is the squared momentum transfer to the electron 𝑇
2 = −𝑈

2,
equal to the virtuality of the exchanged photon. Large values
of 𝑇2 provide a hard scale to the process, which allows one
to resolve quarks and gluons in the proton.
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Charged-current Inclusive DIS: 𝐿+ 𝑀/A −→ 𝑂+𝑅; at high
enough momentum transfer 𝑇2, the electron-quark interac-
tion is mediated by the exchange of a𝑉± gauge boson instead
of the virtual photon. In this case the event kinematic cannot
be reconstructed from the scattered electron, but needs to be
reconstructed from the final state particles.

Semi-inclusive DIS: 𝐿 + 𝑀/A −→ 𝐿
′
+ 𝑄

±,0
+ 𝑅 , which

requires measurement of at least one identified hadron in
coincidence with the scattered electron.

Exclusive DIS: 𝐿+ 𝑀/A −→ 𝐿
′
+ 𝑀

′
/𝑁

′
+𝑃/𝑄

±,0
/𝑊𝑋 , which

require the measurement of all particles in the event with
high precision. A key kinematic variable for this process is
𝑌 = (𝑀

′
− 𝑀)

2, the invariant square of the momentum transfer
of the scattered proton or ion, which is crucial for all parton
imaging studies.
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The reduced cross-section for NC DIS for  is: 

where  is the Bjorken scaling variable,  the virtuality, 
 the inelasticity and . 

As  and  are known,  and  can be extracted as 
the free parameters of a linear fit. 

This is known as the Rosenbluth-separation technique 
(Phys. Rev. 79, 615). 

This method assumes , neglecting the 

exchange of  bosons and the  interference.

Q2 ≪ M2
Z

x Q2

y Y± = 1 ± (1 − y)2

x Q2 F2 FL

xF3 = 0
Z γZ

3

σe±p
r (x, Q2, y) = F2 (x, Q2) −

y2

Y+
FL (x, Q2)



Overview of Deep Inelastic Scattering
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If  is not neglected, the full cross section formula for NC DIS is: 

where:  

and  and  are the vector and axial-vector weak couplings of the electron to the Z boson.  

Electroweak effects are considerably suppressed for  but that does not mean we can 
fully neglect them!

xF3

νe ae

Q2 ≪ M2
Z

σe±p
r (x, Q2, y) = F2 (x, Q2) ∓

Y−

Y+
xF3 (x, Q2) −

y2

Y+
FL (x, Q2)

F2 = Fγ
2 − κzνeF

γZ
2 + κ2

z (ν2
e + a2

e )FZ
2

FL = Fγ
L − κzνeF

γZ
L + κ2

z (ν2
e + a2

e )FZ
L

xF3 = − κza2xFγZ
3 + κ2

z 2νeaexFZ
3

with κz(Q2) =
Q2

(Q2 + M2
Z)(4 sin2 θw cos2 θw)



Overview of Deep Inelastic Scattering

5

If  is not neglected, the full cross section formula for NC DIS is: 

From this equation, it is possible to extract  using measurements from electron-proton and 
positron-proton events: 

This was the only possible methodology that could be employed at HERA to extract 
measurements of . 

However, there is a problem: one needs to have electrons and positrons available, but EIC will 
not have positrons and thus, this method can not be applied.

xF3

xF3
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r (x, Q2, y) = F2 (x, Q2) ∓
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Y+
xF3 (x, Q2) −
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Results from HERA
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Eur. Phys. J. C (2014) 74:2814
Eur. Phys. J. C (2015) 75:580

The simultaneous extraction of the 3 structure functions was not attempted at HERA.



EIC pseudo-data simulation
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• Cross section generated with HERAPDF2.0 NNLO with xFitter.  

• Gaussian smearing according to two possible scenarios: 

• Conservative scenario: 1.9 % of correlated systematics and 3.4 % of uncorrelated 
systematics  total uncertainty of 3.9 %. 

• Optimistic scenario: total uncertainty of 1 %.

⟹

Note that the uncertainty due to the normalisation between different beam energies is not 
considered.

S5 S17



MC replica method
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Aiming to sample the distribution of possible outcomes for the values and uncertainties of the 
structure functions, 1000 replicas of each dataset are considered. 

The averaging procedure, introduced in PRD 105, 074006 (2022), is given by the following: 

where: 

and  stands for extracted value of the structure function in the i-th MC replica.vi

v = 𝒮1 / N (Δv)2 =
𝒮2 − 𝒮2

1 / N
N − 1

𝒮n =
N

∑
i=1

vn
i



Potential bias in the extraction of FL
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As the cross section is a measurable observable, it must satisfy: 

If we denote by  and  the structure functions obtained with the Rosenbluth method, one 
finds: 

As the difference  can be neglected, the bias in  is: 

F2 FL

F2 − F2 FL

Δ = σfull
r − σRosenbluth

r = 0

Δ = F2 − F2 +
1

Y+
[(2y − y2)xF3 − y2(FL − FL)] = 0

FL − FL ∼ xF3



Potential bias in the extraction of  (S17 + optimistic)FL
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The difference in  due to the inclusion of  is negligible when compared to the difference in F2 xF3 FL



Potential bias in the extraction of  (S17 + optimistic)FL
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σe±p
r (x, Q2, y) = F2 (x, Q2) ∓

Y−

Y+
xF3 (x, Q2) −

y2

Y+
FL (x, Q2)

The extraction is done by fitting the structure functions according to the following relation 
with the reduced cross section: 

As we are introducing an additional free parameter, we must be careful at the time of 
performing the fit. We propose the following fitting strategy: 

• Obtain  and  using the Rosenbluth method.F2 FL

Simultaneous extraction of ,  and F2 FL xF3
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The extraction is done by fitting the structure functions according to the following relation 
with the reduced cross section: 

As we are introducing an additional free parameter, we must be careful at the time of 
performing the fit. We propose the following fitting strategy: 

• Obtain  and  using the Rosenbluth method. 

• Use those values as initial guesses of the full fit in order to improve numerical stability and 
convergence. 

Additionally, we impose the condition  during the fitting process to ensure physically 
meaningful results.

F2 FL

xF3 ≥ 0

σe±p
r (x, Q2, y) = F2 (x, Q2) ∓

Y−

Y+
xF3 (x, Q2) −

y2

Y+
FL (x, Q2)

Simultaneous extraction of ,  and F2 FL xF3
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Results for F2
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values  for  that are corrected by the 

inclusion of . In the optimistic 
uncertainty scenario and with enough 
c.o.m beam configurations, this difference 
might be observable.
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Results for  (conservative scenario)xF3

17

S5 S17

Predictions to compare with are done with HERAPDF2.0 NNLO using the YADISM 
package (Eur.Phys.J.C (2024) 84:697) and points whose uncertainty is above 0.1 are not 
displayed for visual clarity.
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Results for  (optimistic scenario)xF3
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Predictions to compare with are done with HERAPDF2.0 NNLO using the YADISM 
package (Eur.Phys.J.C (2024) 84:697) and points whose uncertainty is above 0.1 are not 
displayed for visual clarity.
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Uncertainties are considerably reduced in the optimistic scenario for the three structure functions.



Comparison with Rosenbluth uncertainties (conservative scenario)
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Comparison with HERA results
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EIC will help to constrain
 in an unexplored 

region of phase space
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Summary and conclusions

22

• The three proton structure functions can be simultaneously obtained at the 
EIC. 

• The Rosenbluth-type extraction introduces a potentially measurable bias in 
the longitudinal structure function, linked to the non-zero contribution of 

. 

• The number of available beam energy configurations is crucial for these 
measurements. 

• The precision of the extraction is directly linked to the uncertainties on the 
cross sections and is systematics dominated  getting close to the 
optimistic scenario is key for the obtention of the proton structure functions.

xF3

⟹
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 from Rosenbluth fit (conservative vs. optimistic)FL(x, Q2)
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 from full cross section fit (conservative vs. optimistic)FL(x, Q2)

0

0.5

1

F
L

0

0.5

1

0

0.5

1

0

0.5

1

0

0.5

1

10
-3

10
-1

110
-3

10
-1

110
-3

10
-1

1

x

0

0.5

1

10
-3

10
-1

110
-3

10
-1

1

x

F
L
 for EIC S17, Rosenbluth

F
L
 for EIC S17, full fit

HERAPDF2.0 NNLO

0

0.5

1

F
L

0

0.5

1

0

0.5

1

0

0.5

1

0

0.5

1

10
-3

10
-1

110
-3

10
-1

110
-3

10
-1

1

x

0

0.5

1

10
-3

10
-1

110
-3

10
-1

1

x

FL for EIC optimistic scenario S17, Rosenbluth

FL for EIC optimistic scenario S17, full fit

HERAPDF2.0 NNLO

Conservative Optimistic


