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Proton Structure
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Energy Correlator(EC) in DIS

Energy correlators in DIS measures angular patterns in the
flow of final-state energy.
It has been used as a probe of the Sivers function

058 — 3 = 080 (== 0.010)

— ye=-155 (z=0.003)

r 020 = Y —2.80 (z = 0.002)
. \/a = 140 GeV
I 0151 ph =3 GeV
> ir V3 =105 GeV T:‘ br
§ﬁ Q=15 GeV == "o
7&;’? 2 01<y<085
EIC kinematics
0.05
1
0.00 P o -
0 . . . .
0.1 0.2 0.3
v TEEC Sivers asymmetry in the Small-x
EC Sivers asymmetry in DIS Regime

Haotian Cao (Northwestern University& CFNOne Point Charge Correlation in deep-inelasti Light Cone, June 23, 2026



Nucleon Energy Correlator in DIS

The nucleon energy correlator (NEC) describes the physics in the

forward region. Studying the Sivers Asymmetry of NEC can help us study
the odderon.
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A subset in the hadron is needed.
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Definition of Charge Correlation

Hadron Plane

s
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Lepton Plane

Measurement in DIS
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Only need charge and angular directions of charged
tracks , no jet/hadrons, no energy
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Physics of QC
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The charge conservation ensures that the resulting
contribution to the QC vanishes upon summing over
q and q
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TMD region and Target Fragmentation Region

In TFRA < 1 In TMD region § =7 — 60 < 1
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Factorization in TMD region
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Factorization in TMD region

I. SIDIS
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QC jet functions known up to N4LO
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Factorization in TMD region

I. SIDIS
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Factorization in TMD region

I. SIDIS
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Transverse Moment Dependent PDFs

doun = H(f) ® S @ Dy,

e Major tool for structure studies

zP+p,

e Extra non-perturbative object
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Operator Definition of Nucleon Charge Correlator

To Describe the distribution in TFR, we follow the procedure in Nucleon
Energy Correlator and define the Nucleon Charge Correlator
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hard probe for trigger
e Charge correlator in the forward region ‘

e Purely collinear object, insensitive to -
soft radiations
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Factorization in TFR

When 6 <« 1

o0) =Y /dz&i (S%B,Q2>fi,Qc(Za9)

. z
1=q,9

This is a DIS type factorization.

The Nucleon Charge Correlators sat-
isfy the DGLAP equation as PDF.

Comparing with NEC in a charged
subset, QC don't need to consider en-
ergy and expect to get lower uncer-
tainty.
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Sivers Asymmetry in TFR

In the TFR, The distribution for polarized proton have the form
Y = Yyy + |51 |sin(¢ — ¢S)E?}r%(¢7¢3)

The sin(¢ — ¢g) dependent part can be factorized similarly as the
unpolarized distribution with the replacement of f, qc by fir4,qQc

The Sivers-like QC induces a sin(¢ — ¢g) azimuthal asymmetry:

X(St) — X(=57)
~ ¥(Sr) + 2(-5r)

ASivers _

The prediction relies on the non-perturbative input of the fi7,qc which
requires further studies in the future.
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© Numerical result
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Validity of SCET
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The two calculations agree very well in TMD region and TFR.
Potentially dangerous soft gluon splitting ¢ — ¢q singular contribution
cancels after the charge-conjugate integration.
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Resummation
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The perturbative series stabilizes as the logarithmic accuracy is increased,
and the scale uncertainty is correspondingly reduced
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Resummation

s = 140 GeV, 400 GeV?< Q° <500 GeV?, x5>0.1
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The resummed result accounting for the effects of large logarithms to all
orders correctly captures the behavior of PYTHIA in this region.
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Sivers Asymmetry
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The QC probe predicts a sizeable Sivers asymmetry.
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Conclusions

(1) The charge correction is introduced.
(2) Factorization in both TFR and TMD region is introduced.
(3) The charge correction could be used to probe Sivers function.

(4) The logic of the QC is more broadly applicable to other similar
observables.
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Outlook

The relation between Nucleon QC and fracture function?

Probing Odderon with QC?

Hadron-in-jet measurements?
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Thank You!
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To calculate the TFR result, we are actually using
2(60.6) = 3 [ doepcsivx QOB — 03(0 - )

and taking derivative.

When 6Q > Agcp have ocg level contribution from SCETy; region and
have

F9c(z0) = (@Qp — Qi) f(2)
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In the TMD region
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dgpq d3pq’ d3pq’
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When ¢ is hard ,¢' and ¢ are soft, from Eq.95 in hep-ph/9908523

’qu%qq’é"Q ~ (47TM2€048)2TR Z ’qu—w’?jwj (pyspg)
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