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Heavy Flavor Quarks

o 1. mQ >> AQCD
« Can use pQCD to estimate cross Schematic Time Evolution

time

section
d 2. mQ >> TQGP

» Production mainly restricted to
initial hard scattering

« Thermalization time ~ fire ball
lifetime
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Azimuthal Correlation for HF (Partonic Wind?)

5 trigger

« D meson(cu/cu)
— Inherit initial Charm
— Collisional Energy Loss

« Azimuth Correlation D associate

— Broadened by High-Order pQCD effect é
— Sensitive to Partonic effect 5
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D trigger

interaction grows,
Signal strengthens at both sides

— For transport models,

Partonic effect could contribute to flow formation

Partonic Int t1 .
v
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Partonic Interactions (Au+Au)
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* R: Changing Cross section — Affect Interactions &
« Q: Could we apply a better Charm Production? Will there be more “detailed” effects?
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Simulation Setup: PYTHIA+AMPT

- Partonic Production * Partonic Evolution
« PYTHIA v8.1 - oo | AMPT V2.26
+ pQCD based on Monte Carlo ===+ Using String-Melting to reconvert

Prod Had for AMPT Hadrons back to Partons
O TR T  Evolve In AMPT

Outstanding | Comprehensive
Heavy Quark Production Partonic Evolution Mechanism
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Heavy Flavor Production:

Fragmentation .
High-pr « HF production from ;
doQQ doab—QQ
= 3 5 T1, 05T Lo, 2 =
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{‘ } a) Flavor excitation (NLO process) g+ Q— g+ Q
) b) Flavor creation  (Hard Process)
- - ]50 c) Gluon splitting  (LO process) Would be different for
74 RHIC or LHC energies

QGP

W. Jing GDRQCD 2024
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String Melting+ AMPT : Partonic evolution

Fragmentation

High-pr A+B _> HIJING (PDFs, nuclear shadowing):
minijet partons,  excited strings, spectators

" Melt to g & gbar via

intermediate hadrons I n ltlal Q/ Qb ar

ZPC (Zhang's Parton Cascade)

2 €92 elastic scatterings

do _9may (| #w2)_1_
dt 2 s (t— y2)2

Partons freeze out

Coalescence — .
Low-pr Hadronization (Quark Coalescence) 5 >
e SN : d S -_
SR, = 4 \\ - T
{ \ ]
| } h 4
\ « o
' / ART (A Relativistic Transport model for hadrons
\ el p
B T Do Hadrons freeze out (at a global cut-ott time);
g strong-decay all remaining resonances
g . . Nucl. Sci. Tech. 32 (2021) 113
QGP W. Jing GDRQCD 2024 Final partzcle Spectra Z.-W.Lin et al., Phys. Rev C 72, 064901 (2005)

Fudan University, Xiaozhou Yu HP2026 Satellite Workshop on Jets and Heavy Flavor Physics 8



PYTHIA parameters
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Collision Times Distribution
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» Trigger by transverse momentum

« — Higher pT, Less number of
collisions

» — Charm suffers more scatterings
» Mass effect?

» Divide by rapidity
e Charm Still collides more

- Eg. Zero scatterings
(black solid line)
« —> ~60% of charm quarks
« = >90% of light quarks
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Angular Correlation of HF pP@200 GeV
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» Trigger dependence: , ,

 As pT trigger grows, NS lower and FS higher
« A Near-Side peak appears at a high p; trigger

« Hadronization — Limited Modifications on correlation
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Angular Correlation: N ggﬁ Collision Times

0-1 LELELELI tIt IIIIIII I LELLELI I LELELELI I LEL L I ] . LI L I LI B B I IIIIIIII I LI B I I LI I E 0.25-l LELELI I LI L) I L L L) I LI L L) I LI I L B I | I_l
o . - N tot -
® N = 0 — ® Ney=0 o
oasf N 1 E e = N :
coll ] m 0.2k coll —=
— tot —o— — ++ —_ s tot J
= 0.12 NS =2 g - E N = 2 :
s coll —— g 1 o - coll -,
E N[Ot > 3 +— —E E —__, E : NIO[ > 3 :
; 0.11 coll ———v] '_g'_ P 30.15_ . coll = +_:
3 == 3 43 |- ——_ 77
Z ol == = - E = T Enrs
z [T z —=I=== z OF == ]
— 009 == _o —o— 4 - —&— 1- P, _ ==
. —o— E N~ ]
0.08f _ 2 _ : 0.05- ——V= -
- (a) p‘T”‘-"““%o.s GeV/c . (b) p‘T"g’a"S°°>1 0GeVic - A (©) p‘"'-"’“““ 2.0 GeVic
0.07-I L1 1 I 11 1 1 I L1 1 1 | L1 1 1 I L1 1 1 I L1 1 1 I I- . L1 1 1 I Ll 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I I: -l L1l I L1 1 1 I IIIIIIII I L1 1 1 I Ll 1 1 I I-
0 0.5 1 15 2 2.5 3 1.5 2 2.5 3 0 05 1 s 2 2.5 3
A¢ [rad] Ad¢ [rad] A¢ [rad]
1 1 ([ J I ~
» Far Side (Right, Ap~m) Near Side (Left, App~0)
total
) total * NS Grows as N, grows

e FS Dropsas N FoOws
P coll 9  Prerequisite: Already Collides (#0)
« —broadening effect « Non-Monotonic:

 Similar trend for different p; range » Without Scatterings — With Scatterings

Fudan University, Xiaozhou Yu HP2026 Satellite Workshop on Jets and Heavy Flavor Physics 12



NtOt

Understandi
nderstanding N9
| = 3+080+3 ++ 015l | o A+ +
| e 241&142 - _
0.12- o120 | o 0+2&2+0 D associate
011 . - 0 25T T T
= 4y -t [ ® Nigy =0
oty T g * |
30'095_ -Zc 0'1} —"_::::”:—n— 1 T 0.2. . NIC(:::II =1
> - + + - —— T e —— — ot _
% 0'08; 0.0Q% —— -'D NCU" - 2
- + - © ot 5 3
0.7 ob = 01 oll =
o.osf:+7 # §
T 1‘ 5 B S 005 e 5 5 25 3 %
Ag Ag - 0. e
total Ntrig assoc = Z
¢ — + — g
coll coll coll ——eo _,-;__';._

* The shape is not only affected from total collision times alone
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Competition under
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Angular Correlation: Collide-or-Not
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— Signal drops as N_,; grows — broadening
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Angular Correlation from p, dependence
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 L: Zero Scattering, clear p separation
» M: Non-zero Scattering (one side), p; separates weaker, prominent at FS

* R: Non-zero Scattering (both sides), > 0.3, 1 GeV/c identical, correlation is
mainly contributed from > 2 GeV/c
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Hadronization Effect (¢ - D)
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Summary

« An innovative framework combining AMPT with Input
« exploit the advantages of both in studying partonic evolution
 Categorized charm quark interactions from the perspective of elastic scattering
 Challenged the conventional assumption
« that the correlation depends solely on the total number of collisions,
 But also whether a scattering occurred may be a more informative classification criterion

* Input from experiment (SPHENIX)
« Semi-leptonic decay from D—e+tv+X to start with
« Using D-e correlations

» Different Energy/System — Flow effect?
« pA: pQCD and fragmentation; AA: medium effect

quark-gluon plasma
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Motivation: Partonic interaction
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A ¢ (radians)

» Dihadron azimuthal correlation — probes medium effect
» Energy loss inside medium — partonic interaction
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Motivation: Partonic interaction
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® In the initial state, v2 (small Ncoll)>0 and v2 (large Ncoll)<0 since the

average v2 must be zero. |
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Motivation: Heavy flavor as a Probe

X. Zh“miﬂ?ﬁeﬁ? 647, 366(2007) - Schematic Time Evolution
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« Heavy quark produced in initial hard process => sensitive to the initial gluon density and
distribution (pp/pA/AA)

 Couple differently with the medium than light quarks => reveal critical features of the
medium (G. Greco, QM2017)
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Summary

e Summary:
« Combining pythia and AMPT offers an excellent way to probe partonic effects
« Hadronization contributes considerably in charm correlation
« Charm quark pairs can be categorized differently correspond to different physics

« Qutlook:

« Different energies with various system size(pp, pA, AA)

» Testing pQCD and fragmentation
« By comparing data with the model, we may able to quantify the initial partonic effect
« sSPHENIX experiment will explore the correalation further
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