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Proton Structure
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Definition of Charge Correlation

Hadron Plane

' y
Lepton Plane

Measurement in DIS
2(ﬁ7 TR, Q2) - Z / dgepT—)eh+X Qh 5(ﬁ — T_Y:h)
h

Only need charge and angular directions of charged
tracks , no jet/hadrons, no energy

Haotian Cao (Northwestern University& CFNNucleon Structure with charge correlation at MENU 2026, October 19-23



Physics of QC

q
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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

I. SIDIS

daun:H®S®
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Factorization in TMD region

I. SIDIS

daun:H®S®

Il. Charge Correlators

un—ZQh/daun
Yun = H([f)® S @y

1
POES /0 02 QuDay (2, k)
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X Iz/q (Z k’t)
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:Z/sziL/q(z,kt)

QC jet functions known up to N4LO
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Factorization in TMD region

I. SIDIS

doper = Fyu + |S1|sin(¢ — ¢g) F[S]i;(¢—¢s)
Fyu = H(f) ® S ® [Dhyy)
Fyr = H ®S®

ZP+pt zP+pt P,
—H= | E ==
P P p./z+K,
TMDPDF Sivers Function TMDFF
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Factorization in TMD region

I. SIDIS

dopor = FUU+|SJ_|sm(q’> bs) Fon(@=0s)
Fyu = H(f)® S ®[Dnyy)
Fyr = H(fi7,) ® S @ Dhyg)

Il. Charge Correlators

pol Z Qh/dapol5 )
Spot = Sy + |S1[sin(e — gs) Shp? 0 ASVers () =
Spv=H(f)® S @y
Sur = H(fir® S ®

Sur(6)
Suu(6)
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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

P

TMDPDF
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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

dy= . v +
et = [ Ae s (pig, () B QU 0)1P)

(i) = lim r? / dtn® J;(t, rit)

r—00 oo

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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Factorization in TFR

When 6 < 1 but still large enough that 6Q > Aqcp we can further
separate the previous collinear region into the hard collinear mode where
pt ~ 0Q and the SCET; mode where p; ~ Agep and factorize f; ¢ as

fracle8) = [ F1; (2.0) 1502

Qi
@ @QP-Qi
matching coefficient
PDF
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Validity of SCET

/s = 140 GeV, 400 GeV< Q? <500 GeV?, x5>0.1 /s = 140 GeV, 400 GeV< @ <500 GeV?, x5>0.1
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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 at this order.
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Resummation

. 2 2
s = 140 GeV, 400 GeV2< @ <500 GeV?, x50.1 Vs = 140 GeV. 400 GeV?< 0 <500 GeV?, xg=0.1
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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

Vs = 140 GeV, 400 GeV?< Q? <500 GeV?, x5>0.1
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The QC probe predicts a sizeable Sivers asymmetry.
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Sivers Asymmetry in small-x
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We could also probe the Sivers Asymmetry in small x region.
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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?

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

dZSin(¢h—¢s) 0 00 2 db
UTda() = o0 H(Q? ZQf/quQT/ 1 (larl)
2lar|
X flT,f/p(IBvbnu’a V)S(baljﬂ V)Jf,QC(bnu’v V)(S Q -0
d>(0) 9 9 9 d’b
7 = H(Q 7#H);Qf/d ar @

X eXP[_iCIT . b]UtOth/p (J;B) ba KB, VB)

9 -
< (b, 5, v5)T1. b i, 1) < 'gT' - 6)

Haotian Cao (Northwestern University& CFNNucleon Structure with charge correlation at MENU 2026, October 19-23 27 /28



dgpq d3pq’ d3pq’

=0, 0 5 0 54(p +q—pg— Py — q(j’)5(9 - 9q)|qu—>qq’é"2
pq pq/ pq/
PPpy Ppy Ppg 4
+Qy | —5t 55 0 P+ a— Py — Py — 13)3(0 = 0g) | Mygsggy |
pq pql pq/
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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)
i?j
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