J/P energy correlator measurement at RHIC-STAR
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50 years of J/P production mechanism study

In 1974 November

p+ Be — ete” +anything  » extreme narrowness in width = (OZ|)
e~ + et — hadrons > The large mass of 3097 MeV/c2mp charm quark

A non-relativistic approach in cc system (analogous to positronium)

How the J/Psi is produced in details?

> Color-singlet:

the produced cc (351[1] )has explicitly the same
guantum number as the final state J/
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50 years of J/P production mechanism study
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The polarization puzzle and the universality issue in NRQCD
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» Limited J/Psi polarization in data v.s. significant transverse polarization in model
» Significant different LDMEs from p+p system and e+e- collisions system

2025/10/26 Qian Yang @ 2025=QCDH AR 5134 5 & F A BRI 2, 20254E10H24-28 H, Mk 4



Many attempts since then

J/Psi production vs event-activity J/Psi production within a jet
A - 0-7_] LI I TrIrTT I TrIrTT I LU I LU I LU I LU I I E | l—
2|7, P+P collisions @ 500 GeV - ptp, {s=500 GeV, L, =22.1 pb” -
V "L x STAR: J/y—p'y, ly|<0.5, p_>0 GeV/c 0.6:— ) ) ~ - _:
: X STAR: J/ \j!—)e+e-, |y|<1, pT>4 GeV/c Q ] Charged jets, antl-k_r, R—0.4, |T| |<0-6 |
1°j ..... PYTHIA8.183 default: p >0 GeV/c Vi 050 P*>10GeVie, p¥ > 5 GeVie E
. PYTHIA8.183 default: p >4 GeVic Ny e % L .
3__ Percolatlon model: p >0 GeV/c = (\g 5 4: -o- STAR Data ]
Blo V4 -
N = [ = hia8 inclusive N
STAR preliminary Q> - vy Wy -
6 o C ]
§ E[2 03¢ E
B 3|6 C .
N 25 ) ived :
- e E T %‘@‘ ]
ol P - C ]
B e 0.1~ STAR Preliminary 7
- e STAR data points o C -
LB 176 ongrsided erpor along both x. and y- dirgetion C ]
00 {0_5 1 1.5 2 25 3 3.5 4 4.5 8|||||||||||||||||||||||||H||||||||1111
Event activity 4 05 06 07 08 0.9 1 ]/‘J ) 1.2
e
z (p_'pY)
Scattering, M.P.I. or fragmentation? Hadronization information contained in

Jet structure

2025/10/26 Qian Yang @ 2025%-QCDAHAE 5 A& B B 3T <, 20254E10H24-28H, kM 5




Breaking-down the polarization puzzile in NRQCD

0g(AB = J/Y+ X) = ZO’(AB — celn] + ) < OV[n] >

Color-octet status transition to J/Psi:

318 > /9 (35,) + gluon 41 uniform radiative of gluon

15([,8] - J/¥ (3S,) + gluon cos?0 distribution of gluon

Main source of J/Psi transverse polarization in NRQCD

329][8] -]/ (°S;) + gluon More complex distribution of gluon

» Measuring gluon angle distribution can provide information of hadronzation
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J/P energy correlator

» How much energy are emitted during N.P. process and its distribution?
A question of N.P. that never been answered by any measurements due to its N.P. nature

¥ :Helicity frame

PRL133,191901 (2024)
Dead-cone effect + Lorentz boost E;
Z(cosx) = j do EM 6(cosy — cosb;)

» Separation of N.P.T process from P.T process in cosy
(cosy > 0) (cosy < 0)
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J/Psi-charged hadron energy correlator at p+p 500 GeV
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J/Psi-charged hadron energy correlator at p+p 500 GeV
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J/Psi-charged hadron energy correlator at p+p 500 GeV
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- Zero polarization of final J/Psi
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J/Psi-charged hadron energy correlator at p+p 500 GeV
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- Zero polarization of final J/Psi

2025/10/26 Qian Yang @ 2025EQCDHHAE S5AH*HE 3 T4 # T 4, 2025F10H24-28H, #EAk 11



J/Psi-charged hadron energy correlator at p+p 500 GeV
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» No significant dependence of correlator on
cosy forcosy >0

» The averaged energy (pT) is around 150
MeV/c

How do we understand the energy here?
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Not yet a direct connection

Of interested: J/Psi - parton energy correlator

parton color reconnection

More details on

Professor Wenchao Zhang’ talk
at 15:05-15:25

Of measured: J/Psi - charged hadron energy correlator
Also needs underlying event subtraction

The average energy emitted is at the order of 150 MeV. A really N.P. process!
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What we can learn from the measurement?

Deby screening Dynamical dissociation

Vacuum @

J/Y binding energy:
~ 400 MeV/c?

QGP
Gluon/quark + J/p » c+ ¢ + X
a
— _ = =rlA(T) _
Vi) =——e ‘; 1 Soft gluon + J/P — cc (color octet)?
px T~
Keep in mind:
it is a N.P. process — open quantum system!
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J/P spin evolution in HIC

gluon + J/ = cc — J/P + gluon

J/ P ~0, pJ/ b #+ 0, polarization in HX and CS frame can be O

gluon+c+c¢c =»J/Pp+X

o J/D

#0, pyo ' # 0, polarization in HX and CS frame can be non-zero
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J/P spin measurement at RHIC-STAR
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Take home messages

> J/Psi as a multi-scale system is ideal for QCD study

» J/Psi-energy correlator is a promising observable which can directly provide the
information of J/Psi hadronization details

» The J/Psi-energy correlator measurement also help to understand the J/Psi
behavior in HIC

Stay tuned and Thank you!
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Study of QCD with J/¢

Color-singlet/Colo-octet

Coherent soft interaction

() | == Quarkonium
B/\__}¥ ~ <
Perturbative Non-perturbative

1 1 1

Ar ~ — —
2m’ mv’ mv?

N

» J/ is a multiscale system: Perturbative QCD + Phenomenological model (N.P.)
NRQCD, CSM, CEM, ICEM et.al
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