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OUTLINE

- Hydrodynamic vs. transport model
- Look at how v2 develops in AMPT

- Random test: try to gauge different contributions

- Conclusion and outlook
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Hydrodynamic vs transport

Hydrodynamics has been very successful for

global observables, especially flow v_

vo(pr) in PbPb@LHC: ALICE vs. VISHNU

Data: ALICE, preliminary (Snellings, Krzewicki, Quark Matter 2011)
Dashed lines: Shen et al., PRC84 (2011) 044903 (VISH2+41, MC-KLN, (n/s)qQap=0.2)
Solid lines: Song, Shen, UH 2011 (VISHNU, MC-KLN, (n/s )Qep=0.16)
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VISHNU yields correct magnitude and centrality dependence of v2(pr) for pions, kaons and protons!
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Same (7/s)qcap = 0.16 (for MC-KLN) at RHIC and LHC!

Heinz, BES Workshop at LBNL 2014

using viscous hydrodynamics.

Transport model can also describe

flow v_:degree of equilibration is

controlled by cross section ©

02 ——m—r——————T———— ey

- o=10mb
¢ PR et s
=N =
L .
. -

005 o 1 mb -
‘.. . g
. free streaming |
0.05 [ P P PERPP RS S PR S IR SRR SR S S PR B S S S S S

(¢} 1 2 3 4 5 6 7

1 (fm/c)

Fig. 1. Time evolution of v, coefficient for different effective
parton scattering cross sections in Au-Au collisions at \/; =200
AGeV with impact parameter 7.5 fm. Filled circles are cascade
data, and dotted lines are hyperbolic tangent fits to the data.

Zhang, Gyulassy and Ko, PLLB (1999)
using elastic parton transport.



Question1: Flow in small system?
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How to describe v2 In small

0.1<p, <1.0GeV 1.0 <p <20 GeV

[ 90<N,, <110 ® CMS pPb 5.02TeV

k|

_ el
I'.]'. o.

Is hydro applicable to such small systems? Y3
-Z
Mean free path may be small relative to the size? I
A ¢f Aol
—I'_'.'_'\}Q'('e'x'pl"éa't;)'"'I""I""l""_l'"'I""l'"'I""l""l""l"":
| —+— v, (exp. data) I .
0 V. (AMPT, 3mb) Ik . b TEERNS
— ——V, (AMPT, 3 mb) . ' ¢ o © 9 |
QY - T o —
L] f ot 4 AN '
5 | o] +O+Q b t) (? s} © ++__ ¢¢+ O © ]
S 0.0 Pt Tgto ©
o 0. ¢ o )
;7_: _ p+Pb 5.02 TeV e Pb+Pb 2.76 TeV .
: Ny s 2 b4 Y A _ s Lk A A A A A +_
O lllllvv'.“*lAlllIllllllllllllllllllllllll-llllluwl‘lll’llllllllllll[lllllllll[llll-
0O 50 100 150 200 250 300 O 50 100 150 200 250 300
Ntrack Ntrack

A. Bzdak, G.L. Ma, PRL 113, 252301 (2014)
6



Question2: v2 is independent
wWith energy

v2 in different
energy scale is
almost same. This
IS unexpected for
hydrodynamic
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AMP | parton level

A4 e——p HIJING1.0:

minijet partons (hard), excited strings (soft), spectator nucleons

- Strings melt to q & gbar

via intermediate hadrons

ZPC (parton cascade) .

Generate parton space-time

Each parton freezes Qut after its last collision

Hadronization (Quark Coalescence)

Extended ART (hadron cascade)

Get into transport code Hadrons freeze out (at a global cut-off time

Follow cascading history, microscopic interactions v then strong-decay all remaining resonances
Investigate how parton v, _is generated

3
AMPT describes data well Final particle spectra



AMPT tlow evolution
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Partons freeze out with large

positive v,, even when they do not
interact at all.

This is due to larger escape

probability along x than y.

Remaining partons start off with

negative v,, and become
~isotropic (v,~O) after one more
collision.

Process repeats itself.

Similar for v,.

Similar for d+Au collisions.



Same result for transport model

MPC gives essentially the same results at similar <Ncoll> as AMPT,
despite differences in

parton initial condition (number density, P, spectrum)

do/dt, formation time, v2 magnitude, parton-subdivision.
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Random AMP T

— I I
06 AMPT Au+Au (b=7.3 fm) _ ,Strong r-p correlation
e - -
- (\ - Increase purely from
0.4 . - = freezeout partons ] “escape”’ mechanism
- Seo — —freezeout partons (random test)
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Collective motion,

. but not collectivity
Collectivity
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Hydro v2 vs. Escape v2
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* Majority of anisotropy comes from the final-step “escape” mechanism.
- Escape yields a slightly larger v, in normal AMPT than in random case. The escape probability (parton
sees) differs in these two cases.

 The partons start with small v, before escape (freezeout).

« This small v, is due to dynamics, result of hydrodynamic pressure push. It is this flow that is most

: : 12
relevant. However it plays a minor role.



Hadron v2 m dn‘ferent energy
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One expects hgdro to
increase significantly with
energy

Energy “independence” may

be an experimental evidence

of “escape v2”

The modest increase may be
hydro to make up the

remaining v2 13
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------------ Normal sample, correlation method

Normal sample, participant plane method

............ Random sample, correlation method

Random sample, participant plane method
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vZ2 wWith different cross section
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Hydrodynamic flow will eventually dominate at large
parton-parton cross sections (e.g. 60 mb), but unrealistic.
The escape mechanism dominates at modest values of

parton-parton cross sections.
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Conclusion and outlook

- Escape mechanism can describe the anisotropic
flow of both small system and large system.

- Escape mechanism can explain the relationship
between flow and energy.

- Hydrodynamics needs to include escape mechanism.



Thank you!



pack up



Hadron v2 In dn‘ferent energy
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The V2 in Au+Au collisions with different hadrons
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MPC model

Time-dependence of 3 parton populations:

frozen partons, active partons, & all partons
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MPC gives essentially the same results when taking a similar <Ncoll>
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When will hydrodynamic

do

minate”?
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AMPT introduction

AMPT: A Multi-Phase Transport (string melting turned on)
Partons (quarks) liberated from nucleons and strings
Parton cascading: elastic scattering with 3 mb cross-section

Partons cease to interact: freeze-out, coalescence into hadrons

Time—>»

$ z
- f\' -

it a Energy Stopping Hydrodynamic ,\. '
e Hard Collisions Evolution Hadron Freezeout Why AMPT?

Get into transport code

Follow cascading history, microscopic interactions

Investigate how parton v, is generated

AMPT describes data well
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Why do we use transport?

for high-P;

] I I | I ' 1 I | l ||

A different paradigm
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It is generally believed:
high-P; observables cannot be described by hydrodynamics,

one needs particle transport (plus, energy loss, fragmentation, etc)



Summary of the comparison
s || m | om

Normal Random Normal Random Normal Random

<Ncoll> 4.6 5.6 14.2 23.9 19.9 37.8
v, 3.7% 2.4% 5.9% 2.6% 5.4% 1.8%
Escape contribution 65% 44% 33%
tov,
Hydro contribution 35% 56% 67%

<Ncoll> final v2 before <Ncoll> before v2

Au+Au random

Au+Au normal

d+Au random

d+Au normal




TABLE I: (Ncon) and (v2) of all final partons from the normal (first number in each column) and the azimuth-randomized

summary

transport model results (second number).

AMPT d+Au (b=0 fm)

Au+Au (AMPT b=7.3 fm)

MPC Au+Au (b=8 fm)

o 3 mb 3 mb 20 mb 40 mb 5.5 mb 20 mb | 40 mb
(Ncol) 1.1 1.9 4.5 5.6 |13.2 21.7|17.1 31.6 |44 5.4 (mid-y?)[16.4 xx|33.1 xx
(v2) 2.7% 2.5% 3.7% 2.4%|5.7% 2.5%|5.8% 2.2%
{v2)random 93% 65% 44% 38% xx% xx% | xx%

<U2>normal

Escape mechanism dominates

for small systems

and even for semi-central Auflu at RHIC

Hydrodynamic collective flow

would dominates at very high ¢ or <Ncoll>
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AMPT in parton level

020 X ©

Beam axes

60fm-long box,

shows only
formed particles.

15 frame:

right after the
primary collision,
only spectator
nucleons are

formed.

box range: +—30.00fm

Particle # vs time
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AMP 1 describes data
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AMPT describes RHIC
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AMPT describes LHC
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