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2Early running achievable physics goals

A/p

‣ Inclusive DIS gives controlled 
access to quark and gluon 
structure


‣ ePIC will provide important 
nucleon structure and spin 
data starting from the 
beginning of EIC running

ePIC Early Science Report 
arXiv:2608.05377

https://arxiv.org/abs/2608.05377


3Early running configuration 

*eA luminosity is per nucleon
In full running capacity and future upgrade:


Electron: 5 - 18 GeV

Proton: 41 - 275 GeV


higher luminosities

‣ In the first 5 to 6 years of planned running, multiple beam species, energies and polarization configurations will already 
become available


‣ Luminosities will be lower compared to EIC full operation, but still significant ( H1 and ZEUS collected ~1  between 

them over their entire lifetime )

fb−1

* Some /  studies in this talk 
use 10 x 130 & 10 x 250 GeV 
beam energy configurations 

ep eA



4Nonpolarized  NC interactionep

‣ Existing fixed target and collider data 

establish a strong proton structure baseline, 

but leave gaps in  and  coverage


‣ Early ePIC data will bridge the gap, enabling 

high precision measurements across a broad 

range of kinematics


‣ Multiple beam energies provide the lever arm 

needed for structure function measurements

x Q2

How are quarks and gluons distributed inside the proton?

Statistics in this region are relatively 
limited at HERA since the cross section 
falls rapidly as  increasesQ2



5NC DIS cross sections
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ePIC Performance
 per beam setting-1 = 1 fbprojL

‣ Cross sections provide the basis for unpolarized proton structure function and collinear proton/nuclear PDF studies


‣ Statistical uncertainties and binning from full simulation


‣ Systematics derived from Yellow Report estimates


‣ 1.9% point-to-point (1% radiative correction, 1.6% bin migration, detector efficiency, charge symmetric background)


‣ 3.4% normalization (1.5% luminosity, 3% electron purity & detector effect)


‣ Measurement uncertainties are dominated by systematic uncertainties 

Optimistic
Pessimistic



6Proton  & F2 FL
F

L
 o

r 
F

2

10
-3

1 10
-3

1 10
-3

1 10
-3

1

x

10
-3

1

x

FL, H1 2013
F2, H1 2013
FL, ZEUS 2014
F2, ZEUS 2014

FL, EIC only, 2 beam energies
F2, EIC only, 2 beam energies
HERAPDF2.0 NNLO

‣ Measurements at different energies enable a model independent 

separation of  and F2 FL




       

σr(x, Q2, y) = F2(x, Q2) −
y2

Y+
FL(x, Q2)

Y+ = 1 + (1 − y)2 y ≈
Q2

sx

2 points 
needed to 
calculate 
slope and 
intercept

3 points 
needed 
for a fit

 https://doi.org/10.1016/j.physletb.2008.05.070

 https://doi.org/10.48550/arXiv.2602.00860

https://doi.org/10.1016/j.physletb.2008.05.070
https://doi.org/10.48550/arXiv.2602.00860


7Proton  & F2 FL

‣ Measurements at different energies enable a model independent 

separation of  and F2 FL


σr(x, Q2, y) = F2(x, Q2) −
y2

Y+
FL(x, Q2)

Y+ = 1 + (1 − y)2

 https://doi.org/10.1016/j.physletb.2008.05.070Fewer points but higher precision!

 https://doi.org/10.48550/arXiv.2602.00860

2 points 
needed to 
calculate 
slope and 
intercept

3 points 
needed 
for a fit

https://doi.org/10.1016/j.physletb.2008.05.070
https://doi.org/10.48550/arXiv.2602.00860


8Proton  & F2 FL

‣  extraction is more challenging and needs more  lever arm


‣ Precision on  benefits from high , so lower center of mass beam configurations are needed 


‣ Potentially a third beam configuration ( 5x130 GeV ) will also be available during early running


‣  uncertainties could improve by roughly a factor of 5 - 8 with three beam energy configurations

FL y2/Y+

FL y

FL

 https://doi.org/10.48550/arXiv.2602.00860

https://doi.org/10.48550/arXiv.2602.00860


9Proton PDFs
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‣ NNLO fit in HERAPDF framework using xFitter with HERA data and EIC pseudodata


‣ Shown is comparison between HERA data only versus HERA + EIC early running data


‣ Mainly impact up valence quark and gluon PDFs


‣ Stronger impact at high x where HERA data are statistically limited

 https://doi.org/10.48550/arXiv.2602.00860

For 9x130 & 9x275 GeV config.

https://doi.org/10.48550/arXiv.2602.00860


10 interactioneA
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‣ Nuclear PDFs, especially the gluon distribution, are still uncertain


‣ ePIC will have significant overlap in  phase space for  and / 


‣ Can measure nuclear modification of  over wide range in  and 
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Measurements with A ≥ 56 (Fe):

 eA/μA DIS (E-139, E-665, EMC, NMC)

 νA DIS (CCFR, CDHSW, CHORUS, NuTeV)

 DY (E772, E866)

perturbative

non-perturbative

How does a nuclear environment modify parton distributions?



11 / FA
2 Fd
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‣ Shown is pessimistic estimate of systematic uncertainties. Statistical uncertainties are expected to be small except at large 


‣ The  /  ratio probes quark nuclear modifications down to  ~ 


‣ Its new  and  dependence adds new constraint on nuclear PDFs
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12nPDFs

‣ Impact of eAu pseudo data on 
TUJU21 gold nPDF 


‣ Evaluated using Bayesian reweighting 

procedure with single  early 

science configuration


‣ Extend DIS data for heavy nuclei 

down to  ~ 


‣ Significant improvement at low-x for 
all parton species

eAu
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13Polarized measurements
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2CERN COMPASS low Q
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‣ Low  spin measurements are currently limited


‣ ePIC data will extend spin measurements into a wider unexplored space and reach much lower 


‣ Proton and neutron measurements provide complementary views of nucleon spin.

x

x

How are quark and gluon spins distributed inside the nucleon?



14A1 double spin asymmetry

A1(x, Q2) ≡
σ1/2 − σ3/2

σ1/2 + σ3/2
=

A∥

D(1 + ηξ)
−

ηA⊥

d(1 + ηξ)

A2(x, Q2) ≡
2σLT

σ1/2 + σ3/2
=

ξA∥

D(1 + ηξ)
+

A⊥

d(1 + ηξ)

‣ Proton and neutron data will both be available. Neutron  can be measured 

from fully inclusive and spectator tagging measurements


‣ Beam polarizations are assumed to be 70%. Systematics estimate includes 
3.4% uncorrelated and 1.5% correlated uncertainties


‣ Measurement uncertainty is dominated by statistical uncertainties


‣ New data will have low x reach and cover wide range of new phase space

A1

with spec. tagging 



15Proton and neutron g1

g1 =
F2

2x(1 + R)
(A1 + γA2)

‣ Shown is impact on global fit 
using JAM analysis


‣ Extrapolation uncertainties to 
low x will be significantly 
reduced


‣ Ambiguity in sign of  and 

how fast  drops at low x 

will be resolved


‣ Spectator tagging will 
provide additional uncertainty 

improvement for 

gp
1

gn
1

gn
1

JAM global analysis: C. Cocuzza https://doi.org/10.1103/6fn9-1wqb



16Helicity PDFs

‣ Global fits translate  measurements into 

quark and gluon helicity constraints


‣ Neutron data help with flavor separation in 
inclusive data


‣ Early data are projected to improve low 

uncertainties


‣ SIDIS data will further constrain the 
uncertainties

g1

x

JAM global analysis: C. Cocuzza https://doi.org/10.1103/6fn9-1wqb



17 extractionαs

‣  is currently the least precisely known coupling constant 


‣ Important for pQCD, SM and BSM tests


‣ ePIC will have multiple ways to extract  and reduce its experimental uncertainty 

αs

αs

https://pdg.lbl.gov/2024/reviews/rpp2024-rev-qcd.pdf

δαs = 1.4 %

δαs = 3.1 %

δαs = 1.9 %

δαs = 3.1 %

δαs = 2.3 %

δαs = 2.3 %

δαs = 0.7 %

https://doi.org/10.1016/j.cpc.2018.06.025

Uncertainty in Higgs production cross section in gluon fusion:

ΔαS /αS = 8 × 10−3 ΔGN /GN = 2.2 × 10−5 ΔGF /GF = 5.1 × 10−7 Δα/α = 1.5 × 10−10

Strong Electromagnetic Weak Gravity

https://pdg.lbl.gov/2024/reviews/rpp2024-rev-qcd.pdf
https://doi.org/10.1016/j.cpc.2018.06.025


18 extraction - from PDF fitsαs
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)

Z
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Hadron Colliders
Category Averages PDG 2025
HERA Data
Lattice Average FLAG 2024
World Average PDG 2025
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 0.0009±0.1180 
 0.0007±0.1183 
 0.0026±0.1178 
 0.0025±0.1147 
 0.0019±0.1143 
 0.0028±0.1208 
 0.0037±0.1189 
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PDF Fits

 Bound StatesQQ
 Decaysτ
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CMS Jets
ATLAS ATEEC

HERA and EIC Early Science
Inclusive Data (exp) ± 0.0008

‣ Extraction by simultaneous fit of PDFs and 


‣ HERA + early EIC inclusive data could determine  with high experimental precision


‣ Model and PDF parameterization uncertainties are expected to be small


‣ Treatment and impact of theory uncertainties are under active study.
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HERA, Q2HERA, Qmin =  3.5 GeV2HERA + EIC, 2 energies

Δαs,exp ≈ 0.68 %

 https://doi.org/10.48550/arXiv.2602.00860

https://doi.org/10.48550/arXiv.2602.00860


19 extraction - from Bjorken sumαs

‣  (Leading twist)


‣ Early polarized data will help test the Bjorken sum with significantly improved precision


‣ The  dependence of Bjorken sum provides complementary  measurement 


‣ Full EIC running could potentially yield a more precise  determination than current PDF fit

Γp−n
1 ≡ ∫

1

0
[gp

1 (x, Q2) − gn
1(x, Q2)] dx =

gA

6
Cns(αs, Q2)

Q2 αs

αs

Δαs(gA pinned) ≈ 3.22 %



20Additional measurement opportunities 
More inclusive physics opportunities are available, including:


‣ Charge current interactions
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‣ Proton and neutron 


‣ Parity violating structure functions 


‣  and 


‣ , , , 

g2

gcc
3 gcc

5

Fγz
1 Fγz

3 gγz
1 gγz

5



21Summary
‣ Early EIC running will already provide broad new kinematic coverage for studies of nucleon and nuclear structure, including spin


‣ The ePIC inclusive program spans unpolarized and polarized  and  DIS, as well as  DIS, with projected impact on PDFs, 

low  spin structure, and  extraction


‣ Together, these measurements target high priority questions identified in the NAS science pillars

ep en eA

x αs

Thank you! :)


