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Introduction

RHIC BES Program:

To search the predicted first-order
phase transition

Y

To search for a critical end point

To investigate the turn-off of the QGP
sighatures

Y

1600 Phase |

Jsw=7.7,11.5,14.5,19.6, 27, 39, 62.4, and 200 GeV

Phase |
Jsnn=7.7,9.2,11.5,14.6,17.3,19.6, 27 and 54.4 GeV

Jsnw =3.0,3.2,3.5,39,45,52,6.2,7.2,7.7,9.2,
11.5, and 13.7 GeV (FXT)
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The study of identified hadrons is essential to understand the bulk properties of

the system

Anti-particle to particle ratios for identified hadrons change from lower to higher
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energies — Particle production mechanism

AMPT Model has been used successfully to understand the particle production at

higher RHIC energy
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A Multi-Phase Transport Model

> A Multi-Phase Transport (AMPT) is a Monte Carlo transport model for heavy ion
collisions at relativistic energies

Initial conditions

Parton Interactions

Hadronization

I

Hadron Cascade

> Itis used for A+A and p+A collision systems in the range of 5-5500 GeV collision
energies

> |t provides individual particles position and momentum at the initial stages of the
collision
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AMPT-Versions
Default String Melting

HIJING HIJING
Minijet Partons Excited Strings Spectator Nucleons Minijet Partons Excited Strings Spectator Nucleons
Generate parton space-time r

ZPC (Parton Cascade)

A+B mm) A+B mm)

Generate parton space-time

ZPC (Parton Cascade)

Partons freeze-out

Hadronization (Quark Coalescence)
Extended ART (Hadron Cascade)

Hadrons freeze-out

' Final Particle Spectra

Partons freeze-out

Hadronization (Lund String Fragmentation)
Extended ART (Hadron Cascade)

Hadrons freeze-out

Final Particle Spectra

Z.W.Lin et al. PRC 61, 067901(2001)
Z.W. Lin et al., PRC 65, 034904 (2002)




Analysis Detalls

AMPT model used in both String Melting and Default configuration
Au+Au Collisions at Vsnn = 200, 54.4, 39, 27, and 7.7 GeV

Number of events ~ 300k

St | @ |crosssectin@| o | b (Gev

Set 1 3 mb 0.55 0.15 2.265

Set 2 3 mb 2.2 0.15 2.265

Set 3 1.5 mb 0.5 0.9 3.2

Set 4 6 mb 0.55 0.15 3.9
The parton scattering cross section is given as: o~ 9 20:2

The average squared transverse momentum of the produced particles is proportional

|
to the string tension: < pi>=
J ST b(2 + a)

“a” and “b” are the Lund string fragmentation parameters
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Invariant yield of 77, K™ and p: AMPT-Default
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v Set2(c=3mb,a=2.2,and b =0.15) of AMPT-Def describes the particle
spectra better at lower energies Phys. Rev. C 96 (2017) 44904
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Invariant yield of 7#7, K"and p: AMPT-SM
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v Set2 (6=3mb,a=2.2,and b = 0.15) of AMPT-SM describes the particle
spectra better at higher energies Phys. Rev. C 79, 034909 (2009)
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Invariant yield of strange hadrons: AMPT-Default
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v Set2(c0=3mb,a=2.2,and b =0.15) of AMPT-Def describes the strange
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particle spectra better at low energies Phys.Rev.C 93, 021903 (2016)
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Invariant yield of strange hadrons: AMPT-SM

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

—t
o X
 J

o o
7 EX
(] *

—
|
N

d°N/(2np, dydp,) (GeV/c)?

-
o

[ Au+Au, AMPT-SM

2 - 1 .
= = =
1 s of (TR T ST TR (ST W W SN NS S SN U S S P
- = Ll T Ll T
-

—

6]}
LLLL LU

|

!

i

- ~
=9 -~
- -
= -
3 & F
e ML D ......................................................... ——
= -
- =
IR RERLEEY
- : 4 -
PP ST - P » TP AU P ™ SO .- SO0 8_ .
- ~
- -

-

a1 La2%

Ratio
T
i

o
o
{a
1@
::jé
a
1eny
g u
D
r:f[o;f
j=
Wi

J IEPEEPEEPEEP EEPEEPEEP R BRI S PR T e el

----------------------

d -
o

T

T

—

o

o
llll’l‘l" LA

d°N/(2np_ dydp.) (GeV/c)?
o

—
<
W

—

TR X T A TREEEE
AL - -0 TG A0 W

Ratio

o
LI II(J’.._‘|$J.l

¢

101f

PN/(2np,_dydp,) (GeV/c)?
o

—
<
w

.(’1 =t .("1" LRLLI

—

3 5_ D ..................................................... _. é é & ; £
ettt et e e e et e et e et e ettt e e e e e et e e ernes I S T = T SO0 SO, " SO vy SRR _:,_..%ff....?.}%....,;;.....é ................................ | S SRR NP U U SR NP S S S 0 9. W JOOR - Sy S, N > SO S . USRS =
Qégggaggg: .,,,._.l8886§ge:@ooeooooeoo—igfééﬁég B B

==

- 3 - 9 W n 2
- c - S Y . 3

- 3 7 n 3 woghy 3 M OR2 iy :

- T I ST w— s s rrrrrrrrrrsrrrrrnrnrrereterrrsdaraberey R et PR e et rrrr e R e P st ey [ | T LT T T T T T TP TP TP TP TR P PR e rrrrrsnrsanssinsanssnnssnsnsnn i byadia Plyrrrrgagrasnsssasasnnaes

- A a u a 3 - - o 3 W Q) N - . 3 ] - &7 ¢h ¢y o P

o e = 09 E - T o AR AT R e B AT P - R s p

Ca P o *.;g_ﬂ a ﬂ- | IR S SR S BT NN SN N S BN NN S S R S W Tl e e el J N SN TR SN SN SN SN S SN SN SN SN TN T G T T ST ok NS TN TR S S SN TN SN SN U TN TN SN SN SN NN SN SN N SN . 2 SN SN SN TN SN S S S N N H L X 1 (‘g" [‘-a-"'

1.5 2

0 0.5 1 0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2I

Ratio

o

v Set2(c=3mb,a=2.2,and b =0.15) of AMPT-SM describes the strange
particle spectra better at higher energies Phys.Rev.Lett. 98, 062301 (2007)
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high energy
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dN/dy

v Set2(c=3mb,a=2.2,and b =0.15) describes printegrated yields better at
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Particle ratios vs Vsyy: AMPT-SM
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v All the anti-particle to particle ratios are well described by the three set of parameters
v Systematic effects of model parameters cancel on particle ratios
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Ratios vs Vsyy
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v p/xT ratio increases with decreasing energy due to baryon stopping
v pl/rn ratio increases as we go to higher energy
v No strong dependence on model parameters
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Baryon to meson ratio: AMPT-SM
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v Pt dependent ratios show preference for model parameters




Kinetic properties

Blast Wave Model: Hydrodynamic inspired model

1 dN R inh h
oc/ rdrmr 1 (pT > '0) K; (mT o8 p)
pr dpT 0 | Tkin

1y, Ky : Bessel function

p(r) = tanh™p
f = Radial flow
1, - Kinetic freeze-out temperature

Momentum distributions are fitted simultaneously with blast wave to extract
the kinetic freeze-out temperature (KFO) and average radial flow velocity (</>)
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Rishabh Sharma
Bessel function

Rishabh Sharma
Radial flow


v Sets 1, 2, and 4 show similar behavior whereas Set 3 shows large deviation from data
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Centrality dependence of KFO
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v Sets 1, 2, and 4 almost show similar behavior and describe the data at higher energies
whereas Set 3 describe the data better at low energies
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I, vs <p>
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v Sets 1, 2, and 4 show similar behavior whereas Set 3 shows a significant deviation from

the experimental results
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Energy dependence of 7. and </>
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v Sets 1, 2, and 4 of AMPT-SM describe the data better whereas Set 3 shows a
deviation for average transverse flow velocity
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Summary
® A comprehensive study of pt spectra for identified hadrons (7, K+, p(ﬁ),KSO, @ and A)
are performed using AMPT Model

® pr spectra for = K+ and p(p), KSO, @ and A for various energies are compared with
the STAR data

® prdependent particle ratios show preference on model parameters

® pr7 integrated particle ratios don’t show strong dependence on model parameters

® At low energy, the Default Set2 (a = 2.2, b = 0.15) describes the data reasonably well
whereas at higher energy the String Melting Set 2 (a =2.2, b = 0.15) describes data

better

® All sets also show that 7 ;. and <//> are anti-correlated. Sets 1, 2, and 4 show similar
behavior whereas Set 3 shows a significant deviation from the experimental results.
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Thank you for your attention!!




