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Next Big Thing in Town: 
Electron-Ion Collider  

2
2020



Big questions
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Jet @EIC has been very active in recent years

n Contribute to all three physics topics
n Nucleon/nucleus tomography studies at EIC
n Leading jet/hadron, dijet/dihadron, … 

n Focus on lepton-jet correlation to probe TMD, and 
comparison to dijet correlation in pp collisions
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n Novel Single Spin Asymmetries

U: unpolarized beam
T: transversely 
polarized target

TMD at EIC: Semi-inclusive DIS

Sivers:

Collins:

quark distribution
⊗

fragmentation 



TMD: lepton-jet correlation

Quark distribution⊗soft factor
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(Lab frame) 
Total transverse momentum of the lepton+jet probes
the TMD quark distribution

See also, Gutierrez-Reyes, Scimemi, Waalewijn, Zoppi, 
1807.07573, 1904.04259



Sivers asymmetries
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Arratia, Kang, Prokudin, Ringer, 2007.07281Originally proposed by Boer, Voegelsang,
for pp collisions in 2003



eA collisions to probe the jet PT-
broadening in cold nuclei

Liu-Ringer-Vogelsang-Yuan
1812.08077, 2007.12866

Arratia-Song-Ringer-Jacak
1912.05931
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n Initial state and/or final state 
interactions

Dijet-correlation at RHIC

Boer-Vogelsang 03

Jet 1

Jet 2

P,ST

Standard (naïve) Factorization breaks!

Becchetta-Bomhof-Mulders-Pijlman, 04-06
Collins-Qiu 08; Vogelsang-Yuan 08
Rogers-Mulders 10



Unpolarized case: Soft and collinear gluon
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Virtual
Ellis-Sexton 86

Jet (Narrow Jet Approx.)
Jager-Stratmann-Vogelsang 
2004

Soft
Initial state

Soft
Final state 
(out of jet cone)



TMD factorization at one-loop order
n Divergences cancelled out between virtual, jet, 

sot contributions (dimension regulation applied)
n Final results :double logs, single logs, .. 
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Quark channel: qiqjàqiqj TMD quark distributions⊗ Soft factor
Sun, C.-P. Yuan, F. Yuan, 1506.06170



Next-to-leading Logs (NLL)
n Jet size-dependence (Banfi-Dasgupta 2004)

n Matrix form (Kidonakis-Sterman 1997)
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Sun, C.-P. Yuan, F. Yuan, PRL 2014

D: color-factor for the jet
R: jet size



Factorization breaking effects

n In collinear calculations, it appears at αs3 corrections, will affect 
A(3) coefficient
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Collins-Qiu 07

Factorizable,
A(1)



Polarized case: collinear gluon radiation
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Qiu, Vogelsang, Yuan, 0706.1196
Based on twist-3 formalism

CI,CF1,CF2: 
Leading order initial/final state 
interaction contributions 

Gluon radiation parallel to the
incoming hadrons can be 
factorized into relevant TMDs

See also, Kang, Lee, Shao, Terry, 
2008.05470



We also need to study soft gluons
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Much more complicated:
Apply the leading power analysis 
and Eikonal approximation

In the twist-3 formalism, keep
the momentum flow from the
quark-gluon quark correlation
in the polarized nucleon

Liu, Ringer, Vogelsang, Yuan, 2008.03666



Leading contributions: same structure as 
the unpolarized case 
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Initial state radiation

final state radiation

final state radiation

Interference between initial/final

Interference between initial/final

Interference between final



Adding the color factors

n qq’àqq’ channel

n Similar results for qgàqg and qqbaràgg channels
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TMD Sivers

TMD unpolarized quark

Soft factor associated with the jets



Factorization breaks down beyond LLA
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unpolarized polarized
The matrix form for the unpolarized case doesn’t apply 
for the polarized case 



Final results at the LLA’
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TMD Sivers and unpolarized parton, soft gluon associated with jets



Predictions for RHIC
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Strong cancellation between
up and down quark Sivers
functions. Here shows the upper
and lower bounds correspond
to uncertainties from SIDIS
(10% of its value)

STAR 2007 data show consistent
with 0, uncertainty around 10-2
STAR Coll., Phys.Rev.Lett. 99 
(2007) 142003
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If we can separate up and down…
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• At the same order as recent 
STAR measurements

• Factorization breaking effects 
can be estimated
• NLL correction as a rough 

estimate, ~a few percent



Summary 

n Soft gluon radiation contribution at one-loop order
n Demonstrated that the SSA factorization is valid at the 

leading logarithmic order
n Factorization breaks down at next-to-leading logarithmic  
n Need to further investigation
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