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Outline

-~ Motivation
- J/P-jet Fragmentation function study in p+p system

- Impact of J/P in jet production in A+A system

- Summary
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J/P production process

o J/P is a non-relativistic QCD system(v2<<1): one of the
simplest systems in QCD

Production of the cc Evolution of the cc pair into J/y
(large momentum transfer) (small dynamical scale)
pQCD process non-pQCD process

~ Difficulty:involving both perturbative and non-perturbative processes
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J/P production models

Models differ in the treatment of hadronization:
~ Color Singlet Model
Improved Color Evaporation Model et.al

o NRQCD approach (CGC+NRQCD at low pr)
=» Long distance matrix elements (LDMES)

Color-singlet

colour-singlet state
J=1

2021/09/28

+ analogous colour
combinations

Color-octet

possibly colored QQ red quarkonium (H)
pair of any possible *3
L, quantum numbers %‘ \ ) ant|
red
T 2y

~ 2) non-perturbative
evolution
. to the observed bound state
1) perturbative phase Quantum numbers change!

[P. Faccioli, Polarization in LHC physics, Course on Physics at the LHC 2014]
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Feed-down contribution

Inclusive J/P: prompt J/P (direct and excited states decay) and

non-prompt J/P (from B-hadron)

P(2s) to J/Y ratio

HERA-B, 42 GeV e'e” channel (-0.35<x.<0.1)
HERA-B, 42 GeV u*u channel (-0.35<x.<0.1)
PHENIX, 200 GeV (]y|<0.35)

CDF, 1.8 TeV (y|<0.6)

ATLAS, 8 TeV (0.00<|y|<0.25)

CMS, 7 TeV prompt (Jy|<1.2)
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Feed-down complicated the understanding of J/@ production
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J/P production cross section
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LDMEs
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LHCb, Eur. Phys. J. C 71(2011)1654
~ A good description of cross section with NRQCD approach
~ Different approach to obtain LDMEs at different group
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J/P polarization

Low transverse momentum  ® From chi(c1)

From chi(c2)
(<q> | — -{_ — T —T— T ® From Psi(2S)
- LHCb Vs=7TeV ~ ® Direct
0.8 =
E INLO NRQCD(1) S F
0.6 Z—EZIL().\JR&‘DQ \\\\\ —
4 Favocs \\\ OTRCTRC R
0.2 |- S, -
0 E— ,,,T.nl""_"-',];.-‘ T Tty et o tatetersososesesasorosesetotoresetetototettotel —f
02 f_ ++.—}—.—+_.. %" * { _: High transverse momentum ® From chi(c1)
- - From chi(c2)
-04 = “ 5 — B From Psi(2S)
-0.6 B 25 < y < 4.0 > — M Direct
08 | - =
1 E : I R =
0 5 10 15
pT(J/ ) [GeV/c]

LHCb, Eur. Phys. J. C 73(2013)2631

~ J/P polarization is consistent with zero polarization for measurement

~ Transverse polarization trend for J/P from NRQCD model prediction

2021/09/28 Qian Yang @ Jets for 3D imaging, Sept. 27t - Sept 29t 2021, hybrid



J/P production puzzle

B&K et. Al Bodwin et. Al Chao et.Al

pr-differential . .
. 4 v (high- v’ (high-

Cross section (high-pT) (high-pT)
Polarization X v v
Universality - X X

3¢[1 I ¢Q[8] 3 ¢[8] 3n[8

S(g] S, S| P(g]

Bodwin et al - 9.9 1.1 (error 100%) | 1.1 (error 100%)

e The extracted matrix elements are sufficiently inaccurate
* New observables to further constrain LDMEs
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J/P production in jets

Inclusive process:

p+p— J{w+?§

Cross-section or polarization

Part of J/y hadronization information

Fragmentation process:

.Q} Jet

Constituent Particle

Hadronization in jet, more comprehensive information about J/|
production

2021/09/28
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Prompt J/¢ in jets at LHCb

pt (jet) > 20 GeV/c, 2.5 < n(jet) < 4.0, R=0.5
muon: 2.0 < n(jet) < 4.5, p>5 GeV/c, pT>0.5 GeV/c

LHCb
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e Prompt J/¢ in data is produced much less isolated than Pythia8
prediction

e LO NRQCD (Pythia8): LO SDMEs (c¢ production ) + LO LDMEs
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pr-integrated FJF

0.7_1III]lIII]IIIIIIIIIIIIIIIlrIIlrrrr]rrrr_ N pp302pb’1(502TeV)
[ p+p, 's =500 GeV, L_, =22.1 pb’ i ° Z
PR S % L = 221D > CMS
— 06__ . o _ jet ] O 5
) - Charged jets, antl-kT, R=04, In" [<0.6 z - Prompt J/y
- N fet I ] — B pTJ/ > 6.5 GeV
VI 0.5 P, >10GeV/e,p ">5GeVic - L 30<p. <40 GeV
N B - 41— T.Jet
2| vi § - In_l<2
= o - —*-STAR Data -
5la 041 - - —&— Prompt data
= ; - Pythia8 inclusive J/y - 3l ——— Prompt PYTHIA8
QO | = i L
E[3 o3 - : Nonprompt PYTHIA8
3|0 B i B . e
< o - : —-+—— t - 2 - =
L 0.2 t ]
£ - —"‘_—‘+‘——-+-— ) i .
= B I | :
Z B i 1L —
0.1 STAR Preliminary - _
™ -1 : " —
cEerert s berecbererirvesboren] 100 ol loii oo v b by b a b a g
84 0 5 06 07 08 09 1 1.1 1.2 03 04 05 06 07 08 09 1
Jhy, jet .
z(p./p;) arXiv:2016.13235v1 Z

* Despite of the different in jet measurements
 Charged jet at RHIC vs. full jet at LHC
e Different kinematics range
* Both show a less isolated production scenario at RHIC and LHC energies
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J/P production in jets at LHCb
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LHCb, PRL 118,(2017)192001

e Prompt J/Pp meson in data are observed to be much less isolated
than predicted

e Data and theory are consistent for J/y mesons produced in b-hadron
decays

=» Something wrong with the fragmentation process of parton to J/{
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Data v.s Models

zzz_ B&K V=BTV GFIP: Gluon Fragmentation Improved Pythia
oy : = 3 FJF: Fragmentation Jet Functions (GDLAP
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Energy dependence of FJF
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Matthew Baumgart et.al, JHEP11(2014)003

e Dramatic differences in FJF for different cc status
* The FJF changes a lot at different jet energy
* The jet energy integrated FJF may not very sensitive to LDMEs
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Energy dependence of FJF at fixed z
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e Energy dependence of FJF at fixed z are quite distinct for different cc status

especially for z> 0.5

Lin Dai et.al, PRD 96 (2017) 036020

Bodwin et al. Butenschon et al. Chao et al.
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* The measurement consistent with the FJF predictions for the BCKL (Bodwin et.
al) LDME parameter set, and not favor other two set of LDMEs
e LDMEs from Bodwin et. al
* Describes cross-section, polarization as well as the FJF at high-pT in p+p
* Remind — Disagree HERA J/{ photoproduciton, pT-integrated J/{
hadroproduction as well as J/ production in e+e- collisions
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J/P production associated with Jet
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e Jet fragmentation accounts for almost all (> 83%) prompt J/{ mesons
produced at large-pt range (J/Pp pr>10 GeV/c)

o 15581 dominated?

e Does the fraction still significant at low-pT range? Does LDMEs from
Bodwin et. al still work at low-pT for FJF?
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J/P production associated with Jet
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* The probability of producing a J/P in charged jet is systematically higher
iIn data than in Pythia8 for the measured kinematics

e 3.7% + 0.3%(stat.) + 0.2%(sys.) of J/P produced in jets
* A kinematic range that mixing J/{ production in jet and out of jet
* An ideal place to testing LDMEs
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Isolated J/p

e Quantitative understanding various production channels with LDMEs
=¥|solated production channel
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The evolution of isolated J/{ production rate as a function of jet energy
=» A proxy of color-singlet contribution
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J/P polarization in jet
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e Distinctive predictions for J/Y polarization in jets with different sets
of LDMEs

e Polarization also sensitive to production rate of different cc states

2021/09/28 Qian Yang @ Jets for 3D imaging, Sept. 27t - Sept 29t 2021, hybrid



J/P in jets In A+A

2021/09/28
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J/P a sensitive probe to QGP

J/YP : heavy mass (mc = ~1.5 GeV/c?)
=» early creation
long lifetime

T>Tc
lllustration: A. Rothkopf

J/P is a sensitive probe of the de-confinement in the
QGP: color screening dissociation
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J/P production in jet

“Jet fragmentation accounts for almost all prompt J/ meson

produced at large pT (>15 GeV/c)”
- p+p @ 8 TeV CMS PLB,804 (2020) 135409

J/P produced later Parton: larger degree of
in parton showe interaction with QGP
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J/P In jet Raa In A+A
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* Prompt J/ are more populated at lower z values in p+p
e J/Y production late in parton showers

* The suppression is larger at low-z than high-z range in Pb+Pb system
e Jet quenching mechanism is important in J/{ suppression
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Summary

e The J/y production mechanism is still unknown

 Progress is made by using J/ in jets observables to
understand the production mechanism, but not full solve the

problem
* Fragmentation precess is not properly handled in Pythia8

e High-pT (>10 GeV/c) J/P are mainly produced in jet.

| DMEs from Bowdin et. al with fragmentation correction
describes FJF at high-pT range, and 's!*! could be the

main source of final J/Y
* Important to extend the study to low-pr range

 The jet quenching is a important mechanism for J/{
suppression in A+A system

Thanks!
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Backup
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TABLE 1. J/w NRQCD LDME:s from four different groups.

©OCsthy 0S8y (ocst)y  (oepd)
GeV3 102 GeV3? 1072 GeV?® 1072 GeV?

Bodwin 0? 99 1.1 1.1

Butenschoen 1.32 3.04 0.16 —-0.91
Chao 1.16 8.9 0.30 1.26
Gong 1.16 9.7 —(0.46 -2.14

“Note: in [7], the contribution from the 3S[11] state 1s assumed to be
small and excluded from the fit.
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