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The electron-ion collider will be built at 
Brookhaven National Lab

Fully polarized ,  collisions 

20 <  < 140 GeV

ep eA

s

5-18 GeV electrons

41-275 GeV 
protons

41-110 GeV/A nuclei
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20 2.11. SUMMARY OF DETECTOR REQUIREMENTS
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Figure 2.2: Schematic showing the distribution of the scattered lepton and hadrons for dif-
ferent x � Q2 regions over the detector polar angle / pseudorapidity coverage.

semi-inclusive DIS, and exclusive DIS. Those basic processes are shown in Table 2.1
For the following summary, and throughout this document, the beams’ directions
follow the convention used at the HERA collider at DESY: the hadron beam travels
in the positive z-direction/pseudorapidity and is said to be going ”forward.” The
electron beam travels in the negative z-direction/pseudorapidity and is said to be
going ”backward” or in the ”rear” direction.

All physics processes to be measured at an EIC require having the event and parti-
cle kinematics (x, Q2, y, W, pt, z, f, q) reconstructed with high precision. Kinematic
variables such as x, Q2, y, and W can be determined from the scattered electron or
the hadronic final state using the Jacquet-Blondel method [30] or a combination of
both. The electron method provides superior resolution performance for x and y
in the low x region, while the Jacquet-Blondel method yields increased resolution
performance for x and y towards large x values. To access the full x � Q2 plane at
different center-of-mass energies and for strongly asymmetric beam-energy com-
binations, the detector must be able to reconstruct events over a wide span in polar
angle (q) and pseudorapidity (h). This imposes stringent requirements on both de-
tector acceptance and the resolution of measured quantities such as the energy and
polar angle in the electron-method case.
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ePIC must provide excellent electron acceptance and 
reconstruction over wide phase space
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Inclusive kinematics 

e−

• Reconstruct from scattered electron or hadronic final state 

• Leverage over-constrained kinematics to maximize 
resolution in NC processes 

• Must use hadronic final state for CC processes 

• Working towards advanced reconstruction methods: 

• Energy/particle flow for hadronic final state 

• Kinematic fitting (stay for next talk by S. Maple)

e−

γ, Z

X

e− ν

W

X

 Q2 = − q2 = − (k − k′ )2 xB =
Q2

2p ⋅ q
≈

Q2

sy
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Inclusive observables and underlying physics

• Reduced cross sections
 

• Double-spin asymmetries  

σred(xB, Q2) → F2, FL

A∥, A⊥ → A1

• Nucleon PDFs  
 

• Nuclear PDFs 
 

• Nonlinear QCD dynamics 

• Quark and gluon helicity 

q(xB, Q2), g(xB, Q2)

q(xB, Q2), g(xB, Q2)

Δq(xB, Q2), Δg(xB, Q2)



7

Inclusive cross sections

e−
/Ap

• Unpolarized reduced cross sections  

• Obtain  from Rosenbluth separation 

• Must utilize multiple beam energies to increase  lever arm 

• Proton and light nuclei (deuterium and helium-3) for nucleon structure 

• Heavier nuclei for nuclear modification, gluon saturation studies 

σred(xB, Q2)

F2, FL

y
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Projected impact on proton PDFs
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Projected impact on proton PDFs

x
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

δ/
EC

C
E

δ

0

0.2

0.4

0.6

0.8

1

1.2

 
 xg v xu v xd

)s x(s+ )u-d x( )u+d x(

 
 ECCE

 
2 = 10 GeV2 Q

δxuv/xuv δxdv/xdv δxg/xg

NC + CC

xB

 (
Ge

V2
)

Q
2

EIC

High-  not 
covered by HERA

xB



9

Impact of on nuclear PDFs

 f p(x, Q2)

 f p/A(x, Q2)

 R(x, Q2) = f p/A/f p
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Origin of nucleon spin 
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Origin of nucleon spin 

Quark spin 

ΔΣ = ∫x
∑

q
(Δq + Δq)



10

Origin of nucleon spin 
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Origin of nucleon spin 

Quark spin 

ΔΣ = ∫x
∑

q
(Δq + Δq)

Gluon spin  

ΔG = ∫x
Δg

Quark orbital 
angular momentum  

Lq

Quark orbital 
angular momentum  

Lg



10

Origin of nucleon spin 

Quark spin 

ΔΣ = ∫x
∑

q
(Δq + Δq)

Gluon spin  

ΔG = ∫x
Δg

Quark orbital 
angular momentum  

Lq

Quark orbital 
angular momentum  

Lg

ΔΣ/2 + ΔG + Lq + Lg =
1
2
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Complementary measurements required to disentangle
Quark & gluon helicity 
• Double-spin asymmetry  

• Sensitive to spin structure function 

 

• Gluon sensitivity from  dependence

A∥, A⊥ → A1

g1(x) =
1
2 ∑

q

e2
q (Δq(x) + Δq(x))

Q2

e− p

 Jz = →

Jz = →

 Jz = ←

Jz = ↑

=  

= 

σ⇆

σ→↑
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Complementary measurements required to disentangle
Quark & gluon helicity 
• Double-spin asymmetry  

• Sensitive to spin structure function 

 

• Gluon sensitivity from  dependence

A∥, A⊥ → A1

g1(x) =
1
2 ∑

q

e2
q (Δq(x) + Δq(x))

Q2

e− p

 Jz = →

Jz = →

 Jz = ←

Jz = ↑

=  

= 

σ⇆

σ→↑

GPD

Orbital angular momentum 
• GPDs from DVCS

Inclusive reactions
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Existing constraints on  limited by kinematic 
coverage 

ΔΣ, ΔG

ΔΣ/2 + ΔG + Lq + Lg =
1
2
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COMPASS PLB 753, 18 (2016)
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Projected results for inclusive Ap
1

Stat + unfolding/
contamination

2% pol. unc. 
(not shown)
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Projected results for inclusive Ap
1
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Projected results for inclusive Ap
1

) 2c/2 (GeV2Q
1 10 210

   i
) +

 c
2

(x
, Q

p 1g

0

2

4

6

8

10

12

x=0.0036 (i = 0)

x=0.0045

x=0.0055

x=0.007

x=0.009

x=0.012

x=0.017

x=0.024

x=0.035

x=0.049

x=0.077 (i = 10)

x=0.12

x=0.17

x=0.22

x=0.29

x=0.41

x=0.57

x=0.74

 i⋅ = 12.1 - 0.7 ic

EMC SMC

E143 E155

HERMES COMPASS 160 GeV

CLAS W>2.5 GeV COMPASS 200 GeV

COMPASS NLO fit

EIC: Down to 10-4, 1-103 GeV2! 
  

Maximize constraints on gluon spin with 
multiple  settings

x ≈ Q2 ≈

s

Current: 
Down to 0.005, 

1-100 GeV2.
x ≈

Q2 ≈

Stat + unfolding/
contamination

2% pol. unc. 
(not shown)
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Projected results for inclusive Ap
1

Stat + unfolding/
contamination

2% pol. unc. 
(not shown)

EIC Yellow Report
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Beyond inclusive: neutron structure  
with tagged DIS
• Tag DIS event with low-momentum spectator nucleon(s) 

 measured quasi-free neutrons 

•  from spectator-tagged unpolarized eD collisions 

•  from double-spectator-tagged polarized eHe3 collisions 

→

Fn
2

An
1
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Friscic, Nguyen, et al. PLB 823, 136726 
(2021) 

Updated for ECCE proposal
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Summary & outlook

• The EIC will provide groundbreaking DIS kinematic coverage 

• Inclusive physics observables will vastly improve constrains on momentum 
and spin structure of nucleons and nuclei 

• Design of ePIC detector being rapidly finalized 

• Focus on how physics performance informs detector design/technology  

• Lots of exciting work ahead!
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Join us!

Inclusive working group 

• Meetings: Monday 12pm EDT (approximately biweekly) 

• Indico: https://indico.bnl.gov/category/417/ 

• Wiki: https://wiki.bnl.gov/EPIC/index.php?title=Inclusive 

• Email list: eic-projdet-Inclusive-l@lists.bnl.gov  

• Subscribe: https://lists.bnl.gov/mailman/listinfo/eic-projdet-inclusive-l

https://indico.bnl.gov/category/417/
https://wiki.bnl.gov/EPIC/index.php?title=Inclusive
mailto:eic-projdet-Inclusive-l@lists.bnl.gov
https://lists.bnl.gov/mailman/listinfo/eic-projdet-inclusive-l

