LHC

One Point Charge Correlator

Xiaohui Liu

Beijing Normal University

2605.15280 + work with Wanchen and Dingyu



Outline

O Hadron probe/Fragmentation

O Observables (Detectors)

O Energy flow/Correlators
O OPCC and Transverse Charge Distribution
O Phenomenology

O Conclusion



Hadron probe/Fragmentation

O A portal to hadronization
O An important probe
O Fragmentation functions (FFs)

e.g.,
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Hadron probe/Fragmentation

O A portal to hadronization
O An important probe
O Fragmentation functions (FFs)

e.g.,
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Measure a hadron in a fragmentation process




Hadron probe/Fragmentation

O A portal to hadronization
O An important probe

O Fragmentation functions (FFs) Fragmentation process
€.8- l—» Detector that probes fragmentation

22 iwé I —
(2, Pr) = ded xpe = Tr [5«)\1//(5, xr) A, w(0) \0>]

E 2
M 12, Pr) _ae Zéﬁhé(z - )0 (P — Pa r) | X, out)(X, out |

> oy <o ‘ )

),

Measure a hadron in a fragmentation process
to probe fragmentation




Hadron probe/Fragmentation

O A portal to hadronization
O An important probe

O Fragmentation functions (FFs) Fragmentation process
€.8- l—» Detector that probes fragmentation

22 iwé I —
(2, Pr) = ded xpe = Tr [5«)\1//(5, xr) A, w(0) \0>]
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M 12, Pr) _ae Zéﬁhé(z - )0 (P — Pa r) | X, out)(X, out |
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O Hadron detectors (FFs) are not I . . ‘ )

unique for fragmentation W

O We can have other detectors,
theoretical/experimentally
more friendly H




Detectors: Multiplicities

Multiplicity detector O Experimentally friendly
O IRC unsafe, How to calculate?

A

—

4 N correlator
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Poles fall into different bins

do not cancel



Detectors: Energy flow/Energy Correlator

Energy flow detector/energy correlators

Z(n) = lim rZIdt A, TV(t, ri)

r— 00

O Measure energy and angle, more
inclusive than hadron detector

O Calorimeter information + PID?
O Infra-red safe = pQCD calculable

llm El +E2+E3 =E1 +E2
E5;—0



Detectors: Energy flow/Energy Correlator

& (n) in the forward region

Energy flow detector/energy correlators

dE, /dn [GeV]
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Closely related to the
cosmic ray showers

NOT well-understood




Detectors: Energy flow/Energy Correlator

Energy flow detector/energy correlators

dE, /dn [GeV]
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~ probe the CGC dipole distribution

""""""""""""""" \/S I-:—Y Peak and shape depend
k, =x—e on the shape of the
| Energy Correlator/PDF at
1 — x=03
| o small up
i — x=0.38

Can we understand the data
by CGC?
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Detectors: Track

Charge flow detector/charge correlators??

@(n) = lim rzjdt A, FOUt, i)

O Measure charge sign and angle, more
inclusive than hadron detector

O Track information
O Infra-red safe??

limQ1+Q2+Q3=Q1+Q2+Q3 q
E,—0 g Clz —
mmwmm< ~——x 00 event-by-event
€
:
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One Point Charge Correlator

Charge flow detector/One Point Charge Correlator
@(n) = lim rzjdt A, FOUt, i)

O Measure charge sign and angle, more
inclusive than hadron detector

O Track information
O Infra-red safe for OPCC !
(Also true for b2b QCC, see 2508.00977)

lim O, + Q,+ O3 =0, + 0, + Os

E;—0

o]

When averaging over events
Due to C symmetry of soft QCD

q
g g
:q q + C-odd of OPCC

|
-
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OPCC and transverse charge distribution

O A new portal to hadronization
O Transverse charge distribution Lietal.

Fortip = [ded?ipes e |2 01we ) cop@)10)| GG = lim rzjdz py 7V, i)

F— Qo0

n = (ny, cos @) = (sin(d)(cos ¢, sin ¢p), cos 0) =~ (n,1)

Measures how charge is (re)-distributed
by hadronization
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OPCC and transverse charge distribution

Properties (collinear limit) I orliiy) = Jd&d%‘e}e"w‘f Tr gm\w(g, x7) Q(7) p(0) | 0)

O I' = y™ unpol, I" = io”Ty: transversely pol. quark fragmentation

o 7, r(ny) =7, wny) = 7, (qr) due to boost invariance o — we”, iy — nre Y




OPCC and transverse charge distribution

. . . . I
Properties (collinear limit) I orliiy) = Jd&d%‘c}e’wf Tr [3(0‘1//(5, x7) Q(7) p(0) \O)]
O Connection to the TMD FF
@(n) X $X %{ Qaé(QT o paT/Za) |X9 OU’t> <X9 out | $ ja)r(é)T) — JdZZZ 2 Qh dh/i,r(za Z&)T)
¢ h

M (2, Pr) —ae 25 10(Z Pa )52(pT dr.) | X, out){X, out |

X aeX

o . @(n)
O The connection is not a must-be, @ is an

observable independent of TMD FF (different <J; . < . ‘ )

measurement, no energy ...)

O Allows for recycling known results in TMD
physics (factorization, ope, calculations ... )

ﬂN%~
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OPCC and transverse charge distribution
Properties (collinear limit) I orliiy) = JdédziTeiwf Tr E(O\W(g, x7) Q(7) p(0) | 0)

O Fourier transformation

j a),F(I; T) = szé)T eiaT‘ij a),F(é)T)




OPCC and transverse charge distribution
Properties (collinear limit) I orliiy) = Jd&d%‘c}e"wf Tr E(O\W(é, x7) Q(7) p(0) | 0)

O Fourier transformation

j a),F(I; T) = szé)T eiaT'ij a),F(é)T)

O OPE for byAgep = 0

O Using Connection to TMD FF
O Light-ray OPE/Matching

O expanding @




OPCC and transverse charge distribution
Properties (collinear limit) I orliiy) = Jd&d%‘e}e"w‘f Tr E(OWJ(&, x7) Q(7) p(0) | 0)

O Fourier transformation
acts only on the detector in the parton frame,

migrates to the bulk field in the hadron frame (1)

jw,r(ET) = J é)T eldr Tjw F(QT)

OPE for byAgep — 0:

szqTeleQT Qqr) = szqT(l T le qr + ---) Q(qr)

:Qtot il; szqTQT@(QT)




OPCC and transverse charge distribution
Properties (collinear limit) I orliiy) = Jdéd%‘c’Te"wf Tr E(O\W(é, x7) Q(7) p(0) | 0)
O OPE for byAgep — 0

N . L OPE of 7, r ~ multiple expansion of
Jd qre”"alqr) = Jd qr(+ibr-qr+..) QA7) he fragmentation charge distribution

= Qo+ b+ |4 007 + .

Measures the total charge
of fragmentation

[y W1 = O

Measures the dipole moment

sideways distortion of the net-charge distribution




OPCC and transverse charge distribution
Properties (collinear limit) I orliiy) = Jdédsze’wf Tr E(O | w(&, x7) Q(7) p(0) | 0)

O OPE for byAgep — 0

O+ Flbp) ~ Z om0~ Y (Cobrm O = Cobrn0) 0

j>0
Can be understood perturbatively
(N3LO)

Good for a probe




OPCC and transverse charge distribution

Properties (collinear limit) I riiy) = Jdédsze’wf Tr E@W@? x7) O(7) 5(0) | 0)
O OPE for byAgep — 0
ﬁ Q1) %E Z Q.6(qr — p,7/7,) | X, out)(X, out |
X aeX

ib;
I ooy (br) = iCH(bys 1, &) b 7

1,
Z Qh[d%p?a m YS (O], xT)ge | h X', out)(hX, Out\l/f(O)\())




OPCC and transverse charge distribution
Properties (collinear limit) I orliiy) = JdédziTeiwf Tr E(O\W(g, x7) Q(7) p(0) | 0)

O OPE for bTAQCD — (

3 Q(n) %E Z Q.6(qr — p,7/7,) | X, out)(X, out |
- X aeX
ooty (D7) =1 ]/l(bT,,u, ) bs S/Zpl

\Qw

PhT.a r 15'07 / ,
ZQh[d(Dh 5(0\1//(5 xT)ge | hX', out){hX’, Out\l/f(O)\()) S

| | Brapr APy
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Phenomenology

O measurement w/ track + angular

information only, but probe similar
physics as the TMDFF

ZQ(ﬁa L B QQ) — Z/daepT—)eh—l—X Qh 5(ﬁ — ﬁh)
h

= Fyy + ‘St‘ sin(qﬁ — q55) Fyr + ... .

0— &

2605.15280
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Phenomenology

O measurement w/ track + angular
information only, but probe similar

physics as the TMDFF

e-
ZQ(ﬁy LB, Qz) — Z / dJGPT—>6h+X Qh 5(ﬁ o ﬁh) = )NW Proton
h

Lepton Plane

= Fyy +[Si|sin(é — ¢s) Fyr + ... - 0 — 7 2605.15280
O Factorization
312 oo - 9Q2 [ b2 db 0f
Fyy = 00H(Q2,ﬂ)%/ b2_deO (b@) Fyr = UOH(QQ,H)T/ e J1 (b7)
0 T 2 0
X ZG?Jf’Q(b,,U,, V)flf(a:B,b,,u, v)S(b, u, V) X zf: 63“71‘,9([77 [, V) fff(xBa b, b, v)S(b, i, V)
f

Overall vanishing contribution to
the charge from soft radiation due
to its charge conjugation symmetry

Exactly the TMD-like factorization with TMD FF
replaced by the Transverse Charge Distribution



Phenomenology

O measurement w/ track + angular

information only, but probe similar
physics as the TMDFF

ZQ(ﬁa L B QQ) — Z/daepT—)eh—l—X Qh 5(ﬁ — ﬁh)
h

= Fyy + ‘St‘ sin(qﬁ — q55) Fyr + ... .

O FaCtOrlzatl on \'s = 140 GeV, 400 GeV?< Q? <500 GeV?, x5>0.1
20_""" I Illlllll T Illlllll

-10F
| — Singular at as
-20F

Fuu(pb)

- — Singular at oy
- = Full QCD at as

-30F
Full QCD at as?

_40-"llll 1 | TR T T 1 | I T T T L
1 10_1 10—2 10—3

O=r7-0

=

0 — 17  2605.15280

Test of the factorization

Good agreement between
full QCD and results from
the factorization

Singular behavior captured
by the factorization
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Phenomenology

O measurement w/ track + angular
information only, but probe similar

physics as the TMDFF

e-
ZQ(ﬁa L B Qz) — Z / dJGPT—>eh+X Qh 5(ﬁ o ﬁh) = />/WW\V Proton
h

e
Lepton Plane
= Fyy +[Si|sin(é — ¢s) Fyr + ... - 00— 7  2605.15280
Vs = 140 GeV, 400 GeV2< Q* <500 GeV?, x5>0.1 Vs = 140 GeV, 400 GeV*< @ <500 GeV?, x5>0.1
’ ’ ' 0.04
20 p e e s e e B | L | IR B & 1T -
| NLL i 0.035F
m NALL i
15:_ N3LL | 0.03E
] J ] 0.025E
— 2 _
a T - = 0.02f
S 10r i < :
ST 0.015F
i 0.01F
5¢ i
: 0.005F
l ok
0




Phenomenology

O measurement w/ track + angular

information only, but probe similar
physics as the TMDFF

ZQ(ﬁa L B Q2) — Z/daepT—)eh+X Qh 5(ﬁ — ﬁh)
h

= Fyu + |5¢|sin(¢ — ¢s) Fur + ... . 0 — 7 2605.15280

EIC, 1 <Q?< 10000 GeV?, 0.05 <y <0.95, W?>10 GeV?

0. From Xuanbo Tong O x — 0, gluon PDF dominant, Fy;;; = O

O Increasing sensitivity to charge-odd

signals, e.g., spin-dependent odderon
induced by quarks (see jianzhou’s talk)

dZQ/dXB
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Phenomenology

O measurement w/ track + angular

information only, but probe similar
physics as the TMDFF

ZQ(ﬁa L B Q2) — Z/daepT—)eh+X Qn 5(ﬁ — ﬁh)
h

= Fyu + |5¢|sin(¢ — ¢s) Fur + ... . 0 — 7 2605.15280

O x = 0, gluon PDF dominant, F;;; = O

O Increasing sensitivity to charge-odd
signals, e.g., spin-dependent odderon
induced by quarks (see jianzhou’s talk)
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Phenomenology

O Probing transversity

den d¢n d77 de hel -/ & Qh ( h)

do
d2Q);, dn dpr

X 5(¢n — ¢h)

— Z(C}QU + sin(¢s — on) Z(C)'?T
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Phenomenology

O Probing transversity

d¥o

— d?Q 6(0, — 0
30, A dn dpr %Sf 1 @n O(0n — On)

X 5(¢n T ¢h)

do
d2Q;, dn dpr

Li et al.
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TMD evolution
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Conclusion

O One Point Correlator complements the hadronization
studies

O Theoretically clean, known with high precision
O A probe requires only track and angular information
O Improved sensitivity to C-odd signals

O Conclusion
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