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Inclusive DIS at the EIC
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The EIC will be the world’s first:

> eA collider

> High luminosity ep collider [focus of this talk]

> Polarised target collider

Inclusive DIS at the EIC will allow us to explore:
> Unpolarised collinear parton densities

> Unpolarised proton/nuclear structure functions

> Polarised nucleon/light-nuclear parton densities and structure functions

= Unpolarized ep DIS
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All over a wide range in x and Q?

-
o
T

u T lllln‘] T llll'“'l T ll]lllll T llll"ll =

10?

10

-

Polarized DIS data YYVYYYVYVYVYY

OCERN OSLAC ADESY © JLab

Polarized pp data (RHIC)
® PHENIX x° * STAR 1-jat ¥ W boson

102 10"

Polarised target

@ (GeV?)

10*

10°

10?

10

E Ty L L R Ty

E  DataonA =56 (Fe)

[ . oA/uA DIS (E139, E665, EMC, NMC)
=+ vADIS (NuTeV, CHORUS, CDHSW)
=+ DY(E772,E868)

T mov(Es)

| it

sl SRR
10"

Unpolarised nuclei




Inclusive unpolarised ep DIS at the EIC

e Inclusive ep DIS at the EIC bridges gap pimiteg high-x sensitivity for HERA data due

between fixed-target + HERA kinematics ¥

e Want high precision measurements of

< .
. . . (3, Unpolarized ep DIS P : 3
inclusive reduced cross section o, over e, N>
- tab RNy
a wWide range in x and Q2 EIC {3-30- UOGH, 001 <y <05, - ... . § $sd o
e From c_we can determine the proton S S E R
Tt U 5
struct2ure functlons,2 F, anyc2l F, 2 = 00 :
or(2,Q%y) = Fy(2,Q%) — - Fir(e,Q7) itz E
+ et L &
e Measurements of o_used in fits to it e o ]
constrain collinear PDFs = = . = Xg

Note: y here is the usual inelasticity variable
x=Bjorken x and Q?=virtuality



F, prospects for full luminosity and five energies at EIC

e \Variable s over wide range offers a unique opportunity to constrain F

H1 Collaboistion PRD 111, 056014 (2025), arXiv:2412.16123
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Unprecedented precision for F, measurement!




EIC Early Science

e “EIC Early Science” refers to the first 5 years of EIC operation

o Luminosities will be lower compared to later operation (but still high for an ep collider!)

o  Options more restricted for beam energies and particle species

e Significant ongoing effort on the accelerator side = specifics for what will be run and

what luminosities will be achieved for Early Science are not final

o For ep, the aim is to be capable of running ¥5 and V10 GeV electrons, and “130 and Y250 GeV protons

e A provisional Early Science programme is shown below:

Luminosity/year

_ Species Energy (GeV) (fb-1) Electron polarization p/A polarization
YEAR 1 e+Ru or e+Cu 10x 115 ? ettt ol N/A
YEAR 2 e:D C10x 130D ? LONG Ne
‘ TRANS
YEAR 3 ? LONG TRANS and/or LONG
e+Au 10 x 100 N/A
YEAR G ? LONG TRANS and/or LONG
e+Au 10 x 100 N/A
Ll e+3He 10 x 166 ? Lok TRANS and/or LONG

Note: the eA luminosity is per nucleon

Specifics of the energies,
species, and luminosities will
depend on ongoing accelerator
R&D, physics motivation,
commissioning experience.

= For the following studies, we
conservatively take 1fb™ per ep
beam energy configuration
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EIC pseudo-data generation

Pseudo-data generated for three potential EIC Early Science configurations

e-beam energy (GeV) | p-beam energy (GeV) | /s (GeV) | Integrated lumi (fb—1)
10 250 100 1 Note: config
not part of
10 130 72 1 prct\?isictnal ES
5) 130 531 1 programme

Cross section central values calculated from HERAPDF2.0 NNLO

Smeared according to estimated statistical and systematic uncertainties

o 1.9% point-to-point uncorrelated systematics, 3.4% totally correlated normalisation » 3.9% total

o Normalisation uncertainty taken as totally uncorrelated between beam energy configs

o  Statistical uncertainties according to integrated luminosity

For each pseudo-data point:

o  Smearing of pseudo-data performed 1000 times

o Mean and variance calculated for N =1000

P =

2
St o  S2—ST/N
AT (A’U) -
N N —1
With 8, = "N o7 and v the extracted 6

value of F2’L in MC sample i



Structure Functions



Rosenbluth separation method

Ur(xanay) — FZ(wan) R

® Linear relation between DIS cross section and structure

; 2
functions = plot o vs y“/Y !

2 points needed
to calculate
slope and
intercept

Y,

Q% = 25 GeV?
X = 0.00049 X = 0.00062 x = 0.00076
H1
B . .
. i, L] 1} b 77
72 N N
x= 0.0010 X = 0.0016 x = 0.0025
H1 Data
® E,=920GeV
o i * E,=575GeV
" ® E, =460 GeV
[ r — Linear fit

Phys.Lett.B 665 (2008) 139-146

0 02 04 06 080 02 04 06 08 0 02 04 06 0.8

Vil

ST
y?/Y, changes with s!

3 points needed
for a fit




Options for early science measurements

104
® EIC 10 x 250 .
. . . . * EIC]‘OXI30 © 0 0o oo0oo0 o @
If we optimise binning scheme to overlap A EIC5x130 010 o it
108 © HPRA et 1
HERA DIS measurements... . mmiiiin
(Combined data: Vs = 320, 300, 251, 225 GeV) _ T3 simrriiiiiiitii
> R e e 6 8 & A s .4 e
e With only 2 energies: 10x130 and 10x250 GeV?2 © 10" S PRIIIIINIIIII Y
1. Fit with HERA inclusive data » 2 EIC + HERA O o= ciiiiesedsianilt
10°4 o
2. Extraction (not fit!) from two EIC points and standard
error propagation for uncertainties 10-1]
e With a third beam energy: 5x130 GeV? S A A

1. Fit 3 EIC + HERA
2. EIC-only fit

~5 bins per decade in x and Q3



Phase space for the different scenarios

Note: we require 3
points for a proper
Rosenbluth fit in all
but the 2 EIC
scenario
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T
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> HERA+EIC

> EIC-only
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Structure Functions 2 EIC
e Only draw ELpoints with <0.5
uncertainty
e EICF points obtained at larger X,
complementing HERA points
e High precision model-independent

F, extractions over a large range

in x and Q2

FL or F2

Q° =22 GeV?
1 1 L L

Q* =27 GeV?
L i L L

Q* = 35 GeV?
L L Il 1

Q* = 3.5 GeV? Q* = 4.5 GeV* Q° = 6.5 GeV*
1 L L 1 | 1 | L L \
Q= 12 GeV? Q%> =15 GeV? Q% =18 GeV?

7 = 45 GeV?
n Il

il 1,

L Q% =250 GeV?
1 1. Il Il

Q* = 70 GeV?
L L

L Q7 =90 GeV?
I L

SN

I
Q* = 120 GeV?
L 1

Q% = 150 GeV*
L L

. L

Q* = 400 GeV?
L L i 1

Q* = 800 GeV* Q®=1000 GeV*} Q= 1200GeV’} Q*= 1500 GeV’| Q°= 2000 GeV?
1or 1 1 L L L L L Ll L L L L 1 1 1 L L Il L L L
107 1 17 1 17 1 107 1
1.0
= F, EIC only, 2 beam energies o F;, H12013

0.0 b = F,, EIC only, 2 beam energies o F,, H12013

[ o2 »| == HERAPDF2.0 NNLO o F|,ZEUS 2014
] SOBL G o Fy ZEUS 2014

107 1

X



Structure Functions 2 EIC
+ HERA

e Adding HERA data has two effects

Q% = 3.5GeV? Q* = 4.5 GeV*

1. Fewer bins for extraction = we require 3

points for the Rosenbluth fit: at least 1

point must come from HERA

2. Improved precision » more F, points

with <0.5 uncertainty, particularly at

Q% = 650 GeV?

P L I

moderate to high Q?

? Q* =800 GeV* | Q= 1000 GeV* Q% = 1200 GeV? Q* = 1500 GeV’| Q% = 2000 GeV?
... but can we do better? gl R Y AN SUR R
ol 10 1 10 1 10 1 10 Xl
= F, HERA + EIC, 2 beam energies o F, H12013
00 L - = F,, HERA + EIC, 2 beam energies o F,, H1 2013
2 _ »| == HERAPDF2.0 NNLO o F,,ZEUS 2014
e F=0000EY o Fy ZEUS 2014
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Improv

ing F uncertainties

HERA points down here

/

0.600
Q? =90 GeV?
0.575 o
0.550 4
%.10x250
= 05250 L
S 0.500- % 10x130
© 0.475 ‘
0.450
0.425 1 Fr, =0.604 +0.417
Fy =0.552 £ 0.025
0.400 : , . .
0.0 0.1 0.2 0.3 04
y* /Yy

Q% =90 GeV?
(10x250
505251 ‘{ ~~~~~~~~~
Sos0] 0008 Tl
- . 5x130
Sorsi 10x130 e
oasod el
0.425 Fr =0.164 £+ 0.064
F>, =0.531 £ 0.016
0.400 . , . |
L 01 0.2 0’3 04
¥ /Yy

The precision on F,_benefits from high y (and
therefore high y2N+) points = lower c.0.m. energy!

0.5
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Ratio of uncertainties for
3-to 2-beam FL results in

common phase-space
—

5-7x improvement!
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Adding in HERA reduced cross sections... same story!

» |Uncertainties on F (HERA+EIC)

Getting 3 ep c.0.m. energies as soon as possible

during EIC science operations will be key to making

high precision F, measurements at moderate x!

Q2 [GeV?|

10%

10" 4

HERA + 3EIC
HERA +2EIC

107t

0.15

Fy, uncertainty ratio

Grey = same EIC
points = ratio =1
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Calculations of the F, uncertainty
. H1 and ZEUS

e In HERA publications on inclusive cross sections with

F, extraction, the uncertainty derives from the cross

sections » models used to determine the size of FL !

contribution to cross section

06

> F, either quoted without uncertainty or uncertainty is simply o4
taken as relative total uncertainty of the cross section 02
> No model uncertainties calculated 0 . A : :

e Here, the F, are model-independent (using Rosenbluth Method)

o No model uncertainties introduced

o Only uncertainties are on the cross sections used to measure structure functions

16



Model-independent F € o zer | cozrcer | dossoer | dosscer | oo oscer
2 I IO It e I e
extraction I T A BN RS B
.a | i | M| Ll Il L 1 Il 1 Il L 1 L 1 Il L 1 M| M| L
*; Q° = 8.5GeV? Q*=10 G.ev2 Q=12 GeVz. Q%= 15 GeV? Q=18 GeV?
[<5) oo 0.0 "-.‘ A L
Model-dependent F: Take o _and apply 2 ’ ¥ :
r 5 - u;bqgw_ ) (" b o:%c_ R S ;;so;mogb_ deooo - 096000%00 - 4 — — — — — lm;—"oa%o-
correction for F_contribution from model I T AN
A Q* =22 GeV? Q* =27 G.evz Q* = 35 GeV? Q* = 45 GeV? Q" = 60 GeV?
= 6F, from relative uncertainty on o, i
______ 39@60_00005’_______.10.2990.9&______n’(z);nom_c________'ap_r:gope_______“.gcqodop_"c
Ratio — mOdel'lndependent F 2 Q* = 70 GeV? Q* = 90 GeV? Q*=120GeV [ Q°=150GeV* [ Q* =200 GeV*
model-dependent F} g
A= S TR Bt B S =
If Ratio < 1 then Rosenbluth fit ST ST ST S S —
gives better F preCiSion Q" = 250 GeV Q" = 300 GeV Q° = 400 Ge\/. Q% = 500 GeV’ Q" = 650 GeV
2 - . i
r————mm oL ______ ._."q}";“ ________ L) .; ol o __ :-';;)Q__________G.w_________'-§u.
We see R=0.8 except for 2 EIC! SN STV SN SV ST
Q% = 800 GeV? Q% = 1000 GeV? Q% = 1200 GeV? Q% = 1500 GeV? Q% = 2000 GeV?
__________";9 __________ c’s __________ D .Qo. ___________
Uncertainties from Rosenbluth method are N - —— - -
Q% = 3000 Gev? 10 1 10 1 10 1 10 Xl
° o HERA + EIC, 3 beam energies —
almost always better + model-independent! * HERA + EIC, 2 beam energies Ratlo=0.8
° EIC, 3 beam energies @ ........ Ratio = 1
L ¢ EIC, 2 beam energies 17




DIS-only Collinear Proton PDFs and a,
(...in HERAPDF style)



Collinear PDFs (fu

| EIC running

E, (GeV)

E,

(GeV)

Vs (GeV)

Luminosity (fth™1)

275
275
100
100

18
10
10
3

141
105
63
45

15.4
100
79.0
61.0

HERAPDF parametrisation using xFitter

> Large improvement for valence quarks at large x

HERA DIS data form backbone of global fits » aim to combine

EIC+HERA for consistent DIS dataset spanning wide range
Fit EIC inclusive pseudo-data (W?>10) alongside HERA data in

10"

TPV PPN TP UV POPYY FUUY PPNV |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.
X

-1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X

41 ) 29 4.4 > Improvement also for gluons/sea
‘1 F-m? @F-m? 12 @F-1.9GeV 7 -1.9GeV 3 .
/ 4%HERAPDF2.0 NNLO %%HERAPDF2.0 NNLO % HERAPDF2.0 NNLO % HERAPDF2.0 NNLO / Relative
//// S HERA + EIC 7725, S HERA+EIC S HERA + EIC e
% 12 2 .
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2 > 2 2 X £ L
= - = 2 8 uncertainties (no
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o o 1 R R R . .
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Determining a_from DIS-only (full EIC running)

E, (GeV) | E. (GeV) | /s (GeV) | Luminosity (fh™!)
275 18 141 15.4
275 10 105 100
100 10 63 79.0
100 d 45 61.0
41 D 29 4.4

e Simultaneous PDF and aa(MZ) fit

with ONLY inclusive DIS data

o a kept as free parameter in fit

©  q extraction possible thanks largely to

EIC high-x region

e F[or1year each at design

luminosities and 5 energies »+ very

precise results expected

ATLAS ATEEC
CMS Jets

W, Z Inclusive
ttInclusive

PDF Fits
e*e Jets and Shapes
Electroweak Fit

ZEUS Incl. Jet Data

H1 Inclusive Jet/Dijet Data
H1 and ZEUS Inclusive + Jet Data

_________________

HERA Incl + Jet and EIC Incl Data

The possibility to extract a_ from only HERA+EIC
DIS data was shown in EPJC (2023) 83: 1011

EPJC (2023) 83: 1011

HERA and EIC Inclusive Data

T T T v T
—e— Hadron Colliders
—e— Category Averages PDG 2022
—«»— HERA Data

«- Lattice Average FLAG 2021
~«— World Average PDG 2022
—e— HERA and EIC Data

———— 0.1185 + 0.0021
—— 0.1166 + 0.0016
———— 0.1188 + 0.0016

o~ 0.1177 + 0.0034
""""" eSS T T T T T T T T T T 011787 0.0018 |
- 0.1181 + 0.0037

—— 0.1162 + 0.0020

o 0.1171 +0.0031

— 0.1208 + 0.0028
" — T T T T T T T T T T T T T T T T 0114271 0.0018 |
® 0.1166 + 0.0030

B 0.1156 + 0.0031
"""""" ST T T T T T T T T T T 01184700008
L IILIEIL I 0a179: 00009 |
— +0.0007

- + 0.0004
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https://link.springer.com/article/10.1140/epjc/s10052-023-12176-5

Early Science prospects for strong coupling

e For 2 EIC beam energies (g (M%)

Qs (M%)

For 3 EIC beam energies

e Experimental precision already very precise

with 2 EIC Early Science beam configurations
o Comparable to lattice QCD determinations and

present world average

> Question about theoretical uncertainties of
such DIS-only determinations remains open
EPJC 86 (2026) 3, 216

> Proper treatment of theory uncertainties and
QCD at higher orders will be key to realising
best possible precision

0.1162
0.1158

= HERA + EIC, 2 energies o HERA, Q) = 3.5GeV’ ]
- 4 HERA + EIC, 3 energies ]

HERA and EIC

1
0.105

L
0.11

1 1 1 1 ]
0.115 0.12 0.125 0.13

o (M2)

0.0008 (exp)
4 0.0006 (exp)
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https://link.springer.com/article/10.1140/epjc/s10052-026-15451-3

Takeaway message

e EIC offers opportunity to extract F and F, in

complementary phase-space to HERA during early

science

° Early science inclusive DIS data improves impact of DIS
data at high-x in PDF fits for u and g
e DIS-only ag extraction with world-leading experimental

precision = theory uncertainties become very important

Q%=1.9 GeV?
4% HERA
<\ HERA + 3 EIC energies
H+ HERA + 2 EIC energies

o
=1 @2=1.9 Gev2
2 % HERA

2|~ &> HERA + 3 EIC energies
+H+ HERA + 2 EIC energies

1.5

0.5

0
F...l....l...‘l....|....|....|....|....|....

0 01020304 050607 0.8 09

2EIC: as(M2)

3EIC: o,(M32)

0 01020304 05 06 0.7 08 09
X

= 0.1162 + 0.0008 (exp)
= 0.1158 = 0.0006 (exp)

Q* = 3.5 GeV*

Q%= 12 GeV?

- ! g & 1
Q*= 8.5 GeV? ! k| Q* = 15 GeV? Q%= 18 GeV?

QZ

=27 GeV’

? = 35 GeV’

Q° = 45 GeV?

@ =15

0G

eV

Q° = 400 GeV?

== sl 1

sl

L |

Q* = 800 GeV?

Q* = 1000 GeV?

Q* = 1200 GeV?

Q* = 1500 GeV?

Q* = 2000 GeV*

Q” = 3000 GeV*

107

1 107 1

107

= F, HERA + EIC, 2 beam energies
= F,, HERA + EIC, 2 beam energies
== HERAPDF2.0 NNLO

1 107

° F, H12013
o F,, H12013

° F,, ZEUS 2014
" Fy, ZEUS 2014
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EIC pseudo-data generation

- Simu campaign: 10/2025 \14096
e The following studies use only inclusive NC DIS reduced % | PI¢Rerformance :g
. 9, 103 Best Reconstruction Method for y : ;
cross section pseudo-data generated for EIC D | D eed :8
o Kinematic resolutions in ePIC allow “5-8 bins per decade in x, Q2 ool [T
® 5%
e Use conservative systematics estimates = “best L I
systematics” may not be available for early science -
1073 10~ 103 102 107! 10°

o 1.9% uncorrelated systematics 3.4% and correlated systematics

e Statistical uncertainties from full simulation of DIS events :z
in the ePIC simulation framework —~ 107}
o  Efficiency and resolution effects introduced at a level that might g 107
be expected for the start of EIC operation [
o  For 1fb™integrated luminosity per ep beam configuration, statistical 10_:
uncertainties are negligible compared to systematic uncertainties 10;06 BT T T T S R

in all but the largest x and Q? bins
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MC replica method

e To sample distribution of possible outcomes for expected values and uncertainties
on F, in statistically meaningful way MC replicas are used

e Method adapted from PRD 105, 074006, 2022:
o  “Diffractive longitudinal structure function at the Electron lon Collider”, N. Armesto, P. R. Newman, W.
Stominski, and A. M. Stasto
e [or each pseudo-data point:

o  Smearing of pseudo-data performed 1000 times

o Mean and variance calculated for N =1000

S — Si/N With S, = Z,fil v and v; the extracted
N —1 value of F, in MC sample i

T = %, (Av)? =
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Absolute uncertainties on F2
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Phase-space for F, scenarios
exactly the same as for F

Uncertainties for F2 are small

o around 102 for most of

accessible kinematic plane

3-beam scenario offers higher
precision, for both EIC-only

and HERA+EIC measurements
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HERAPDF2.0 Parametrisation

e In HERAPDF, the proton PDFs, xf(x) , are generically parametrised at starting scale ufoz as:

xf(x) = AX°(1 = x)°(1 + Dx + Ex?%)

e The central parametrisationis:  xg(x)
Xu,(x)
xd,(x)
xﬁ(x)

xﬁ(x)
e Additional Constraints:

o

© By=By
o xs=fxD at starting scale, f =0.4
o  Charm and beauty from HERA HF data

A x"(1 = x)% - A;xBfli(l — x)%,
Ay, xPw (1 = x)Cw (1 + Euvxz) ;
Ag (] = x) %,

AgxPi(1 - x)°0 (1 + Dgx),

ApxPp(1 — x)°b.

A, A Ag constrained by quark number sum rules and momentum sum rule
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