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Why map the proton?

The proton is our main probe of nature, yet we can't calculate its insides
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We have to measure them!



Why map the proton?
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What are structure:

unctions?

Structure functions give us information about the constituents of the proton

What do structure functions tell us? i
. F5: information about quarks.

. F: direct look at gluons.

. xI5: matter-antimatter imbalance.

Altarelli-Martinelli relation (Phys.Lett.B /6 (19/8) 89-94)
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For a concise overview, see Deep Inelastic
Scattering by Devenish and Cooper-Sarkar.



What can EIC do?
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http://link.springer.com/article/10.1007%2FBF01556128
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« Qverview of HERA results.

. Model independent extraction of F5, F; and xF5 at EIC.



Overview o

Deep Inelastic Scattering

The reduced cross-section for NC DIS is:

et Y_ y2
% o, P(x, Qz, y)=1F, (x, Q2) F —xly (x, Qz) F; (X, Qz)
where X is the Bjorken scaling variable, Q2 = — q2 (virtuality),

y the inelasticity and Y, = 1 £ (1 — y)*.

For 0% < M%:
)

of P, Q%) = Fy (x. Q%) = - F, (x.0)

x and Q% are known = F, and F; from a linear fit

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

This method assumes xF; = 0, neglecting the exchange of Z
bosons and the yZ interference.



Overview of Deep Inelastic Scattering

f xF5 is not neglected, then:

Y_ 2 y?
Y—+xF3 (x, 0 ) 2

oS P(x,0%y) = F, (v, 0%) F, (x,0%)

From this equation, it is possible to extract x£5 using measurements from electron-proton ana
posItron-proton interactions:

xF, = " < ep _ e+p>
3 = O o

r

2Y_

This was the only possible method that could be employed at HERA to extract measurements
of x5
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The simultaneous extraction of the 3 structure functions was not attempted at HERA.



Potential bias in the extraction of F;

As the cross section is a measurable observable, it must satisty:

A — O_’qu _ O_’Rosenb\uth —0

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

1 _
A=F,-F,A v [(Zy—yz)xF3—y2(FL—FL)] = ()

+

As the difference F, — F, can be neglected, the bias in F; is:
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Potential bias in the extraction of F; (517 + optimistic)

The difference in F, due to the inclusion of xf5 is negligible when compared to the difference in £}




Potential bias in the extraction of F; (517 + optimistic)
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Simultaneous extraction of I, Iy and XI5

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

Y , y2
Y—+XF3 (.X, Q ) Y+

gfip(x’ QZ, y) — F2 (X, QZ) T FL (x, QZ)

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

. Obtain £, and F; using the Rosenbluth method.
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Simultaneous extraction of I, Iy and XI5

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

AS we are INtroc

oerforming the

Y_ y?

afip(x, 0% y) =F, (x, Qz) F Y—xF3 (x, QZ) v
+ +

F; (x, Q2)

ucing an additional free parameter, we must be careful at the time of
it. We propose the following fitting strategy:

. Obtain £, and F; using the Rosenbluth method.

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

convergence.

Additionally, we |

meaningful resu

mpose the condition x5 > 0 during the fitting process to ensure physically
ts.
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Pseudo-data generation
SO

e-beam energy (GeV) | p-beam energy (GeV) | /s (GeV) | Integrated lumi (fo~")
18 275 141 15.4
10 275 105 100
10 100 63 79.0
S 100 45 61.0
9 41 29 4.4

. Cross section generated with HERAPDF2.0 NNLO with xFitter according to the kinematic phase-

space at EIC.

- Gaussian smearing according to two possible scenarios:

ST/
E, [GeV]
41 100 120 165 180 275
= 5|29 45 49 57 60 74
S 1040 63 69 81 85 105
N 18 |54 85 93 109 114 141
XFitter

- 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 di

consideredq.

ferent beam energies is not

14



Results for F,
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Results for Fy
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negative values for F;.

. Corrected by the inclusion of x£5.

- The Rosenbluth extraction vyields
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Results tor xF; (conservative scenario)
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Predictions to compare with are done with HERAPDF2.0 NNLO using YADISM
(Eur.Phys.J.C (2024) 84:69/) and points whose uncertainty is above 0.1 are not displayec
for visual clarity.
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Results for xF5 (optimistic scenario)
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Results for xF;
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Uncertainties are considerably reduced in the optimistic scenario for the three structure functions.
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Comparison with Rosenpluth uncertainties (conservative scenario)

uncert S17 tull fit
uncert S17 Rosenbluth
5.5 104—: 4.5
5.0 . 40
4.5 .
| B
,E 103'5 == 3.5 -E
- 4.0 g == g
z === | |
-3.D .E % L ) .E
I = ;
3.0 & N ' 1N 0r O
=~ « B O
= 1 =
2.5 ~ I -
o, = 2.0 L,j
2.0 .
1.5
1.5
1.0 1.0

21



Comparison with HERA results
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Summary and Conclusions

« Simultaneous extraction of the proton structure functions.

- Rosenbluth-type extraction introduces a potentially measurable bias in
the longitudinal structure function, linked to xF5 # 0.

- More beam configurations = better results.

. The extraction is systematics dominated = the optimistic scenario is
key for the precise obtention of the proton structure functions.
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EIC will provide:

. Polarised beams = spin-dependent effects.

» Heavy ions for nuclear studies = nuclear PDFs. — .
This will be specially

relevant for
. C.o.m energies ranging from 21 to 141 GeV. == | 5ur analysis of the

proton structure

. High luminosity (1()33 to 10°* cm—2 s—l). lunctions

ePIC will be the primary general-purpose
detector at the future Electron-lon Collider,
designed to unravel the 3D structure and spin
of the nucleon (Nucl. Phys. A 1026 (2022) 122447).




Overview of Deep Inelastic Scattering

It xF35 is not neglected, the full cross section formula for NC DIS is:
2

4 y
o, P(x, Qz, y)=1F, (x, Qz) F —xly (x, QZ) F; (x, Q2)
Y, Y,
where:
F, = Fy — szeryZ + K2(1/ + az)FZ
Q2
F =F”—K1/6F"Z+K2(1/ + a2)Ff | k(0% =
- © oL with {9 (Q? + M?2)(4 sin” 6, cos? 6,,)

xF; = — Kzaszé’Z + k2v,a,xF%
and v, and a,, are the vector and axial-vector weak couplings of the electron to the Z boson.

-lectroweak effects are considerably suppressed for Q2 <K M% but that does not mean we can
fully neglect them!




MC replica method

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:

S, — 87N

v=4&,/N (Av)* =
N -1

where:

cS’n=Zv[’

=1

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



Rosenpluth method

; extraction with the

INn PRD 111, 056014 (2025), we obtained the prospects for the longitudinal structure function at

FIC assuming xF; = 0.
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F; extraction with the Rosenbluth method

Eur. th)/S J. C (2074) /4:2814 H1 Collaboration PRD 777/ 056074 (2025)
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F, (x, Q%) from Rosenbluth fit
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F(x, QZ) from full cross section fit (conservative vs. optimistic)
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