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Heavy-ion collisions and QGP

e A phase transition from hadronic matter to a deconfined

Temperature
partonic medium, the quark-gluon plasma (QGP), is
predicted under extreme conditions:
e High/low baryon density/temperature: neutron stars

Quark-Gluon
* High/low temperature/baryon density: early universe after ~  |......... ® Plasma
the Big Bang, heavy-ion collisions ! Critical Point
LHC
¢ Variety of observables to study the QGP: Color

e Jet quenching You are here Superconductor
° Heavy flavors \. Neutron stars
e Collective behavior of produced particles Up  %00mev

(# quarks - # antiquarks)
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Hydrodynamic flow

e The azimuthal anisotropy is studied by a Fourier expansion of azimuthal distribution of

final-state particles: vn = (cos(n(p — ¥,)))
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* Pressure gradient
* Expansion of the QGP
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Hydrodynamic tflow

e The azimuthal anisotropy is studied by a Fourier expansion of azimuthal distribution of

final-state particles: vn = (cos(n(p — ¥,)))
d°N 1 d*N

E E 2upcos(n(e — ¥, ))) Flow coefficients [n=2, elliptic flow v>
d3p
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* Expansion of the QGP Hydrodynamics effectively S 1AF | by

* Pressure gradient .91.2;?“ VTN TNT
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ALICE, PRL 116, 132302 (2016)

describes the QGP
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Identified particle tlow
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- Mass ordering at low prand baryon-meson grouping at intermediate prare observed
- Common boost from the medium + partonic collectivity

_+ The number of constituent quarks (NCQ) scaling holds approximately for 1 < pr/nq< 3 GeV/c
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Puzzles in small collision systems
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» Long-range flow-like angular correlations are observed in high-multiplicity small
collision systems

» A clear mass ordering effect at low prand baryon-meson splitting at intermediate
pr IS observed in p—Pb even pp collisions

= hydrodynamics? initial-state effects”? or other finals-state effects?
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Possible Explanations

Many scatterings Few scatterings Initial conditions

SRS IRS

~ [ &,y
<—. > < '.ﬂ —

Jlt/\tu\ll\

parton escaping

hydrodynamics

Initial-momentum
correlations

Free streaming limit

(Perfect) fluid dynamics
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Possible Explanations: hydrodynamics

L — -
p-Pb 5.02TeV ALICE Dat

v, 018

Many scatterings 0.16
< 0.14

0.12

0.1F
0.08 —
0.06 —
0.04 —
0.02 —

C 1 ' T L3 'R TR R T
OO . . 2
hydrodynamics
. . P [GeV/c]

o I I 1K " : <Ntrk> V2 U3
Hydrodynamics requires local thermal equilibrium, assuming that many model CMS [6] |model CMS [g]
Interactions between constituents in a short time 154.5 {0.057 0.063 |0.023 0.02

_ _ o _ _ _ _ 96 0.059 0.057 0.022 0.016
____*» A quantitative description of v2 is given by hydrodynamic calculations 45 |0.061 0043 |0.020 0.006
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Possible Explanations

Few scatterings Initial conditions

Many scatterings

SRS IRS

LS A N
— <—.><'.ﬂ —

&~ A/\A/\ N

Jlt/\tu\ll\

Initial-momentum
correlations

parton escaping

hydrodynamics
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Possible Explanations: initial-momentum correlations

B.Schenke et al., Phys. Rev. Lett. 117,162301(2016) C.Zhang, et al., Phys. Rev. D 102, 034010

012 . —= J'l:: | 030 T T T T ] T T T 1 O| L L L LN E B Initial COnditiOnS
—— K~ -| @ CMS, prompt D~ meson -
a 0.08 F —— p(r)) _ : O CMS, DO from B :
—~ - D° meson, KKKS FF :
> 0.04 - | 0.20 i c quark, me = 1.2 ~ 1.3 GeV )
' 6 <N, /(N )<8 —~ i B mesons, KKSS FF |
; 2<lAnl<4.8 , 0.3<p3 <3 GeV| & | b quark my = 4.2 ~ 4.5 GeV -
i 1 = i )
T T T T T N 010 - -y —
+ -~
012 ™ h - : )~
—— i &
~~ 0.08 F - ) ]
SL OOO r> | o
>N )
0.04 CGC + Lund 7 O L1 é [ T e i ' S B 61 I N B 8 Inltlal—mOmentum
(p+p 7 TeV) correlations
O i | | | | | | k:J_ (GeV)
0 1 2 3 4 5

pr (GeV)
The initial state correlation can also generate significant collectivity correlations and mass

>\ ordering in small collision systems

Siyu Tang 10



Possible Explanations

Many scatterings Initial conditions

SRS IRS

LS A N
— <—.><'.ﬂ —

&~ A/\A/\ N

Jlt/\tu\ll\

hydrodynamics

Initial-momentum
correlations
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Possible Explanations: parton escaping

No baryon-meson splitting?
Nonflow?
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» The AMPT calculations with string melting can nicely describe the v2 and vs with a modest elastic
cross section (0 = 1.5 - 3 mb)

= Parton escape mechanism is responsible for the anisotropy build up in AMPT
= The mass ordering is also reproduced, but the v2 of baryon and meson converged at pt> 2 GeV/c
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A Multi-Phase Transport (AMPT) model

Structure of AMPT v2.xx (String Melting Version)

- Initial conditions: HIJING two-component model T e T

» String melting: hadrons from string fragmentation are Mlnuet Patons (hard) Ex0|ted Strlngs (soft) Spectator Nucleons f

melted into primordial quarks and antiquarks \e o
~ Strings melt to q & qbar

- Parton cascade: two-body elastic scattering described via intermediate hadrons
by ZPC model | ZPC (Parton Cascade) |

Debye screening mass
J Partons freeze out

t Hadronization (Quark Coalescence) §

do O’ - 1 1
di 2 s ) (t—p2)?
- Coalescence: combine nearest quarks to meson/baryon Extended ART (hadmn cascade)

Hadrons freeze out (at a global cut- off tlme)
then strong-decay all remaining resonances

A Relativistic Transport (ART) to describe hadron

scatterings

{Final Particle Spectra |
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Calculation Method

Two-particle correlation

Backward

Voa (CF)Vaa (CB)

Factorization: v9 = \/

Vaoa (FB)

Nonflow subtraction:

template fit method with low-multiplicity (60-100%) subtraction

C(Ap)

n=1

3
= FC"™(Ap) + G(1+2)  Vyacos(nAyp))

Siyu Tang

Forward

p-Pb s = 5.02 TeV
3.0 <p.° (GeV/c) <4.0

62— 0.2< p_all_ssoc (GQV/C) <3.0

-48<An<-1.7

" 0-20% (Peri: 60-100%)

+ FY (0) V x1 03_6 211+0.059
PM0), V2 x10°=1.423+0.056




Identified particle vz

QY 0.2 . o ngn . " . "
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*A clear mass ordering effect is observed at pr
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* The baryon-meson splitting is shown at
iIntermediate p1, while all particle species
e e e converged at higher pr
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Identified particle vz

QY 0.2 . o g . " e . .
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*A clear mass ordering effect is observed at pr
<2 GeV/c
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0.04F- - The baryon-meson splitting is shown at
0.02}- intermediate pr, while all particle species
Oy~ e converged at higher pr

Siyu Tang 16



Identified particle vz

~ 0.2F . " . .. . .
> - AMPT, p-Pb (5. = 5.02 TeV - Positive v2 of identified particles is reproduced

0.18— NN

0'16‘— PPV 5

0.14}-

0.12}- *A clear mass ordering effect is observed at pr

0.1F- <2 GeV/c

0.08

0.06} e

0.04F- * The baryon-meson splitting is shown at

0.02}- intermediate pr, while all particle species

Oy = s 53 converged at higher pt
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Identified particle v2 (compared to data)
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- The AMPT results well describe the meson (K, 1) v
 but overestimate and underestimate the baryon (P, A) vo at low and intermediate pT, respectively
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NCQ scaling

0.16 .
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» The NCQ scaling is a clean signal to probe the partonic degree of freedom in heavy-ion collisions

- An approximative NCQ scaling of vz at intermediate pt (KET) is obtained as data shown
* however, the scaling is violated at kEr > 1 GeV
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NCQ scaling (centrality dependence)

AMPT, p-Pb \/ Syy = 502 TeV
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* The integrated v2in 0.4 < kEt/nq <1 GeV slightly decreases from central to peripheral collisions
 The ratio of nqg scaled integrated v2 between meson K/proton and m has slight dependence on the
centrality selections
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Impact from hadronic scattering

=  AMPT, p-Pb |5, = 5.02 TeV
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w/0 hadron scat: the resonance
decay is still included

» The hadronic scattering has almost no influence on vz in high-multiplicity p—Pb collisions

Siyu Tang

» The impact from hadronic scattering is independent on the centrality selections
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Impact from parton cascade

B ~0.012
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 After nonflow subtraction, no elliptic anisotropy is observed when the partonic scattering is turn off
= dominant mechanism for v2 in small collision systems

Vana (CEYS oA (CB)
Vo (FB)

w/o parton scat.:

the parton scattering cross section is set to 0 mb
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What about heavy flavors?

- CMS pr 8.16TeV 185 < NM"e < 250 -
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Lower DO v indicates that the collective behavior of charm
__quarks is weaker than that of the light-flavor quarks
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What about heavy flavors?

- CMS pr 8.16TeV 185 <N <250 - -
0.10 = - F AMPT Pb . |
n K ch = 0 - > 0-14_"135<Nofﬂ|ne< 250 ........................ ........................
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I ® D° ] 5 5. 2 o5 8. 895 4
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0.00 oA ¢Q : S
o 1 2 3 The heavy flavor bar.yon. and meson approximately
KE,/n, (GeV) follow the NCQ scaling in AMPT!

Lower DO v indicates that the collective behavior of charm
__quarks is weaker than that of the light-flavor quarks

More studies are needed in the future!
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Summary and outlook

» We study the elliptic anisotropy of identified particles (11, K, P, A) from low to intermediate pr

with AMPT model in p—Pb collisions

» Mass ordering effect and baryon-meson grouping can be reproduced at low and

iIntermediate pr

» Parton scattering instead of hadron scattering play an important role in generating the vz In
small collision systems

» Parton cascade combine with coalescence mechanism together can describe
approximately NCQ scaling for kEt/ng< 1 GeV

» More studies will be performed for hard probes (heavy flavors and jets) in the near future
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Thank you for your attention!
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Back up
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FIG. 2. (Color online) Differential elliptic flow v2(pr) of pions, kaons and protons in 0-20% p-Pb at \/syn = 5.02 TeV measured
in experiments (left window) and calculated with the Hydro-Coal-Frag model (middle window) and the Hydro-Frag model
(right window). The ALICE, CMS and ATLAS data are taken from [11], [64] and [65], respectively.
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FIG. 3. (Color online) Similar to Fig. 2, but for the number of constituent quark scaled v2(pr) of pions, kaons and protons.
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