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Polarized Drell-Yan at Fermi Lab
Andrew Chen

Proton beam on NH3, ND3 polarized 
targets
Measurements of AN, AQ (tensor charge)



STAR Forward Rapidity Upgrade
Kenneth Barish

• Comprehensive TMD physics
• Gluon polarization
• pA physics 

• nuclear PDFs (gluon PDFs, sea 
quark PDFs) 

• final-state effects 
• s a t u r a t i o n ( d i - h a d r o n 

correlations, forward γ+jet)



Spin Physics with sPHENIX
Alexander Bazylevsky

High-precision ΔG 
measurements (at x> 
0.05, ΔGdx-integral 
p r e c i s i o n 
improvement by a 
factor of 4 

Multiple channels

Complementary to 
future EIC



The SPD Project at NICA
Roumen Tsenov

The Nuclotron based Ion Collider fAcility (JINR, Dubna)

Physics Highlight: Nucleon Spin Structure
• Drell-Yan Production
• Direct Photons
• Nucleon PDFs via J/ψ Production



3D Nucleon Structire with the Solenoidal 
Large Intensity Device (SoLID) at JLab

24

SoLID TCS Projection

Enough data for kinematic binning

Construct Moment from crosssection

Compare to different GPD model

Projected Uncertainties

Zhiwen Zhao



The U.S. Electron-Ion Collider
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ep Facilities & Experiments:

Past Colliders

Collider Concepts

Past Fixed Target

Ongoing Fixed Target

EIC Project

Uniqueness)of)US)EIC)among)all)DIS)Facili@es)

All$DIS$faciliCes$in$the$world.$
$
However,$
if$we$ask$for:$$

•  high$luminosity$&$wide$
reach$in$√s$

•  polarized$lepton$&$
hadron$beams$

•  nuclear$beams$

EIC)stands)out)as))
unique)facility)…)
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National Academy of Sciences 
Review of Science Merit (2018)

An EIC can uniquely address three 
profound questions about nucleons—
neutrons and protons—and how they are 
assembled to form the nuclei of atoms: 
• How does the mass of the nucleon 

arise? 
• How does the spin of the nucleon 

arise? 
• What are the emergent properties of 

dense systems of gluons? 

Unique Features
• polarized electron, proton, and 

light ion beams (>70%)
• L=1033-34 cm-2s-1 (ep)
• variable CM energy: 20-100 (140) 

GeV



Electron-Ion Collider Designs

10"

Tuesday  US-based EIC proposals 
Elke Aschenauer  Vasiliy Morozov 

!  Wide range of nuclear beams D to U,  
!  High beam polarizations for hadrons and electrons 
  

!  Integration of detector and IR  

Figure-8: High polarization (~80%) 

Bowen Xiao, Yulia Furletova, Christian Schwanenberger 

eRHIC JLEIC Christoph Montag Fanglei Lin

Joined R&D programs (cooling, Interaction Region design, backgrounds)
Both labs are working on design optimizations



Hadron-Beam Polarimetry at Colliders
Haixin Huang

Polarized Hydrogen Jet Polarimeter (HJet): absolute polarization, but slow

Proton Carbon Polarimeter (pC): very fast and high precision, measures polarization 
profile and lifetime, but needs to be normalized to HJet

Beam and target are both protons: 
 

Ptarget from Breit Rabi Polarimeter 
 

Polarized H-Jet Polarimeter  
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Left-right asymmetry in elastic scattering due to 
spin-orbit interaction:  
interaction between (electric or strong) field of one 
proton and magnetic moment associated with the 
spin of the other proton 

H. Huang Spin, Ferrara-Italy, September 2018 
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Array of Si detectors measures TR & ToF of 
recoil proton.  
Channel # corresponds to recoil angle !R. 
Correlations (TR & ToF ) and (TR & !R ) ! 
the elastic process  

ToF vs. Energy 

Pbeam = Ptarget
εbeam
ε target

ε :  measured left/right asymmetry

RHIC vs EIC

EIC Challenges
•i n c r e a s e d b u n c h 
f r e q u e n c y a n d 
number→lose data with 
h i g h e s t s ta t. a n d 
analyzing power
•background effect
Mitigations

HJet

pC



Spin Physics at EIC

Daniel Boer

• Electroweak Structure Functions, quark and gluon TMDs, GTMDs, and GPDs

• Polarized deuteron

• Specific spin effects probed with particular final states

•  Heavy Quarks: gluon TMDs

• Λs and di-hadrons: polarization dependent fragmentation functions

• Synergy and interplay with results from pp and e+e- collisions



Spin Physics at EIC

Wim Cosyn

Physics with Light Ions (neutron structure, nucleon interactions in QCD, imaging 
nuclear bound states) 

Neutron Structure with 
Spectator Tagging

Neutron structure with tagging

⌅ Proton tagging offers a way of controlling the nuclear configuration

pD

pR pD

q

Xneutron

t = ( ) 2

pn

⌅ Advantages for the deuteron
I active nucleon identified
I recoil momentum selects nuclear configuration

(medium modifications)
I limited possibilities for nuclear FSI, calculable

⌅ Allows to extract free neutron structure with
pole extrapolation

⌅ Suited for colliders: no target material (p
p

→ ), forward detection,
polarization.
fixed target CLAS BONuS limited to recoil momenta ∼ MeV

Wim Cosyn (UGent) Spin18 Sep 13, 2018 7 / 16

Tagging: simulations of A||
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Neutron spin structure with tagged DIS  
→
e  +  

→
D →  e’ + p(recoil) + X

EIC simulation,  seN = 2000 GeV
2
,  Lint = 100 fb

−1

Nuclear binding eliminated through on-shell extrapolation in recoil proton momentum
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Error estimates include
extrapolation uncertainty

⌅ As depolarization factor
D = y ( −y )

− y+y

and
y ≈ Q

xs

eN

, wide range of
s

eN

required!

⌅ Precise measurement of neutron spin structure
I separate leading- /higher-twist
I non-singlet/singlet QCD evolution
I pdf flavor separation ∆u� ∆d . ∆G through singlet evolution
I non-singlet g

p

− g

n

and Bjorken sum rule
Wim Cosyn (UGent) Spin18 Sep 13, 2018 14 / 16
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Spin Physics at EIC
Rick Yoshida

World Data on F2
p World Data on g1

p 

momentum spin 

World Data on h1
p 

transverse spin ~ 
angular momentum 

FUT
sin(fh+fs)(x,Q2) + C(x) ∝h1 

HERMES 
COMPASS 

10 

Note:)need)to)update)plots)for)COMPASS)data)

Similar)for)g2p,)g2n)(and)b1d))Similar)for)F2n)



Jet Physics at an EIC
Brian Page

Spin 2018 - Ferrara 6

Example: Photon Structure

Study the polarized 
and unpolarized
hadronic structure 
of the photon

• In QCD, the photon can be considered a 
superposition of a bare photon state and 
a hadronic state

• Want to characterize the polarized and 
unpolarized structure of this hadronic 
state (photon PDFs) 

• EIC cross section data will allow very 
precise extractions of these PDFs and 
give access to the polarized structure for 
the first time

PRD 96, 074035 (2017)



Spin Physics at EIC
Salvatore Fazio

Q2=100 GeV 2

Q2=50 GeV2Planned DVCS at fixed targ.:
COMPASS- dσ/dt, ACSU, ACST
JLAB12- dσ/dt, ALU, AUL, ALL

Current DVCS data at colliders:
ZEUS- total xsec
ZEUS- dσ/dt

H1- total xsec
H1- dσ/dt
H1- ACU

Current DVCS data at fixed targets:
HERMES- ALT HERMES- ACU
HERMES- ALU, AUL, ALL
HERMES- AUT Hall A- CFFs
CLAS- ALU CLAS- AUL
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13 Sep. 2018

DVCS at an EIC

HERA results limited by lack of statistics

EIC: the first machine to measure cross sections and 
asymmetries

²EIC will provide sufficient luminosity to bin in 
multi-dimensions

²Wide x and Q2 range needed to extract GPDs

Comprehensive EIC studies
• Signal extraction “a la HERA”
• xSec meas.: Specific requirements to 

suppress BH (see backup) 
à keep BH/sample below 60% at high 

energies
• Radiative Corrections evaluated (bkup)
• detector acceptance & smearing
• t-slope: b=5.6 compatible with H1 data
• |t|-binning is (3*resolution)
• 5% systematic uncertainties

S. Fazio (BNL) 15

DVCS 
signal

Bethe-Heitler 
QED bkgd.

E.C. Aschenauer, S. F., K. Kumerički, D. Müller 
JHEP09(2013)093

13 Sep. 2018 S. Fazio (BNL)

Transverse target-spin asymmetry

EIC pseudo data
20 GeV on 250 GeV
∫Ldt = 100 fb-1
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E.C. Aschenauer, S. F., K. Kumerički, D. Müller 
JHEP09(2013)093

Different assumptions for E

Studies of GPDs Imaging Gluons in Nuclei



Spin Physics at EIC
Accessing the Gluon Sivers Function

Liang Zhang

Studying Sivers function in the 
EIC era

SPIN 2018 6
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current data for Collins and Sivers asymmetry:

COMPASS h±: PhT < 1.6 GeV
HERMES p0,±, K±: PhT < 1 GeV
JLab Hall-A p±: PhT < 0.45 GeV

JLab 12 (upcoming)

STAR-pp DY  s = 500 GeV
STAR W bosons

STAR 500 GeV -1 < h < 1 Collins
STAR 200 GeV -1 < h < 1 Collins
RHIC 500 GeV 1 < h < 4 Collins
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• ep data mainly from fixed target experiment: high x, low Q2
• EIC will largely extend the kinematic coverage

Accessing gluon Sivers at EIC

SPIN 2018

Single Spin Asymmetry (SSA)

P

T1

P

T2

Photon-gluon fusion (PGF)

Leading order DIS (LODIS) 

QCD compton (QCDC)  

• PGF is the signal process.

• Vector sum of p

T1

and p

T2

reconstruct the gluon k

T

in γ*p 

c.m.s frame. 

• Process dependence of gluon 

Sivers function (WW)
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Accessing gluon Sivers at EIC

SPIN 2018
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•The Gluon Sivers Function can be uniquely accessed at EIC.

•Dihadron and dijet methods are statistically more favored than open charm 
production.



3D Nucleon Structure from JLab to EIC

H. Avakian, SPIN-2018, Sep 13 8 

Aybat, Prokudin & Rogers  C12-11-111  

•  Large acceptance of CLAS12 allows studies of PT and  Q2-dependence of 
SSAs in a wide kinematic range 

•  Comparison of JLab12 data with HERMES, COMPASS and EIC will pin 
down transverse momentum dependence and  the non-trivial Q2 evolution of 
TMD PDFs in general, and Sivers function in particular. 

Aybat, Prokudin & Rogers  

C12-11-111  

Evolution and kT-dependence of TMDs 

kT-dependence of  Q2-dependence of Sivers,  CLAS12/EIC kinematical 
coverage 

f

?
1 (x, kT )g1(x, kT )

Q
2 

JLEIC 
4x60 

EIC@HIAF 

JLab12 

Harut Avakian



Search for Exotic Glue in Nuclei

• In nuclei: from gluons not associated with 
individual nucleon

• DIS w ith Unp o lar i ze d e beam o n 
transversely polarized nuclear target with 
spin≥1

• Clever cho ice of target polarization 
direction to cancel out contributions from 
tensor structure functions b1, b2

• Various extraction methods (vector and 
tensor polarizations)

• 14NH3 target in Hall C
• EIC: 6Li (P:88%), 23Na (77%)

double-helicity
structure function
Δ(x,Q2)

Spin Physics at JLab and EIC
Alessio DelDotto James Maxwell
Neutro n Sp in Str uctu re f rom 
(polarized) spectator (SI)DIS on 3He 
target

g1: n data needed for x<0.04 and 
x>0.4; Q2>1 at very small x

• A-1=D→g1p (test of FSI)

• A-1=pp→g1n

Studies of kinematic coverage,  
detector requirements, and projected 
uncertainties are ongoing.



Xurong Chen

Electron-Ion Collider in China (EICC)
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EicC-I: will be constructed at √s ~ 15 ~ 20 GeV region 
1)  Focus on nuclear physics 
2)  B-quark hadron production�

EicC-II�

EicC-I�

HIAF�

HERing 
5-10 GeV 

C: 1.5-2.0 km 

HPRing 
60-100 GeV 

C: 1.5-2.0 km 

FRing 

BRing 
SRing 

MRing 

Collider Ring (2 km): 
Up: Polarized electron, 10 GeV 
Down: Polarized proton, 60-100GeV�

Electron injector: 
SRF Linac-ring, 3.5-10GeV�

HFRS eRing 
3.5 GeV�

II. EicC Designs and Its Physics Goals�

EicC-I New construction 
" polarization ion source 

" Siberia snake for FRing 
" e injector 
SRF Linac-ring 
4~5 passes 
" eRing 
3~4A SR�
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L ~ 1033  cm−2s−1 −1035  cm−2s−1



Many thanks to all speakers and 
contributors!


