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Exploring QCD matter
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e Quark Gluon Plasma
e Partonic degrees of freedom

* Where are we in low energy
collisions?
e Hadronic matter?
e What is the EoS of nuclear
matter?

e ‘Collective flow’ ideal tool to study
nature and properties of the
medium produced




Collective flow In heavy-ion collisions

 High energies:

e vh from hydrodynamic

response to initial geometry
e Well described by hydro
calculations

Au+Au Collisions 2PC

n=2
~ 0.1 IS\ = 200 GeV 10-40%
ng AMA &
(Q\
e
= 0.05} P
A K
A T

STAR Preliminary

/

1

0

05 1 1.5

0.04
0.03F
0.02|

0.01f

o

0

L

R

N
A |

;

&Azg
A

0

0.

5 1

1.5

Scaled Transverse Kinetic Energy (mT-mO)/nq (GeV/c?)

Sooraj Radhakrishnan (for STAR Collaboration) 3

Vo [ 02<pr<4GeVie n2© § © Hydol & AutAu,/5,=200GeV
M+ n=3 ® 1 K'+K- Hydro2 ** 1 p4p An = 0.6
0.1F - T & @ -
2202 &
P ® T i) ‘m----@... ] O Moy
N T i ‘ ] ...""oo c““
- ‘o®"" e, @ T E““ ’ T © ;
0.05F 1 @,a T éf‘ .
& s I & *. 0.0,
- ' T Llaax"" BB e, T ‘\‘.'"" I '"""':,, ’
5 ?.“."“.u"‘"". ..... . . 1 %."."". . .'lu.."'- T ?l‘ . . LT i
O: """"" T STAR Preliminary
AR SN S T O AN SN SN TN AN SO SO SO S A S PR AT T SN S AN TN WO SO S M N | T PR SR AN TN SR TR N AN TN SN TN N A S SN N
0 20 40 60 0 20 40 60 0 20 40 60
Centrality (%) Centrality (%) Centrality (%)
=3

~ 1+ Z 2vy, cos(n(¢p — V))

n=1

* Follows number of quark scaling
e Partonic degrees of freedom

Hydro Models: 1) Phys. Rev. C 98 034909,

2) Phys. Rev. C 99 044908




Collective flow In heavy-ion collisions
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FXT Collisions at 3 GeV at STAR

® FXT prOg ram extends the STAR Beam Beam Energy V/SNN 1B Run Time Number Events Date
(GeV /nucleon) (GeV) (MeV) Requested (Recorded) | Collected
Energy Scan-ll to lower collision energies 105 |62 E?iﬁ% S1 | lades | 100M(ISM) | Runo
. 13.5 2 (FXT) | 541 1.0 da 100 M (103 M) Run-20
(7.7 — 3 GeV) and hlg her ug (420 — 720 9.8 5 (FXT) | 589 | 0.9 dayys 100 M (108 M) Run-20
_ 7.3 9 (FXT) | 633 1.1 days 100 M (117 M) Run-20
MeV) regions 5.75 5 (FXT) | 666 | 0.9 days 100 M (116 M) Run-20
4.59 3 2 (FXT) | 699 2.0 days 100 M (200 M Run-19
100 M (259 M

Fixed Target
y o 2 z=12.01m e STAR FXT Au+Au run at 3 GeV in
EPD 2018
- - — e High statistics (~250 million events),
oBe mid-rapidity acceptance
WEST * Enables differential study of

ETOF

TOF identified hadron v4, v2

STAR in FXT mode
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Particle acceptance

Au+Au Collisions at STAR . .
Fixec-target mode Y = 3 GeV e Efficiency uncorrected

- L imacky B transverse momentum

(pT1) and rapidity
coverage for different
particles

* Acceptance extending
from mid-rapidity to
target rapidity for all
particles studied
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ldentified hadron vi and v2 at FXT 3 GeV

e Positive v1 slope and
negative vz for all
particles in central
collisions

e UrQMD cascade
mode cannot describe
data

e Need baryonic mean
field interactions to
generate trends seen

4 < p, < 20(GeV/lc) @ 0.2< p, < 1.6 (GeV/c) 04< p, < 1.6 (GeV/c) ]
-05<y<0 -0.5<y<0 -0.5<y<0 N data

20 40 60 O 20 40
© (0) Centrality (%)
Models: Prog. Part. Nucl. Phys. 41, 225-370

J. Phys. G: Nucl. Part. Phys. 25, 1859-1896
Eur. Phys. J. A1 15, 1-16
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ldentified hadron vi vs pr
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Models: Prog. Part. Nucl. Phys. 41, 225-370
J. Phys. G: Nucl. Part. Phys. 25, 1859-1896

e dvi/dyincreases with pr for all particles Eur. Phys. J. A1 15, 1-16
e UrQMD cascade mode cannot describe data
* Need baryonic mean field interactions to generate trends seen in data
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Identified hadron vs vs pt: Disappearance of quark number scaling

Au+Au Collisions (10-40%) 27 54.4 (GeV) 1 NCQ scaling holds for energies

from 200 down to 4.5 GeV
collisions
— Partonic collectivity
e V> values are negative and NCQ
scaling breaks down at 3 GeV
— indicative of medium
without partonic degrees of

0 02 04 06 08 O 02 04 06 08 freedom
Scaled Transverse Kinetic Energy (m_ - mg)/n, (GeV/cd)

STAR: Phys. Rev. C88149020

Measurements from new data at 27 and 54.4 GeV STAR: Phys. Rev. C.103, 034908
X. Dong et al. Phys. Lett. B 597 328-332
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* Negative v+ slope and large positive vz at high
energy collisions

e Positive v1 slope and negative vz for all measured
particles in 3 GeV collisions

e Positive vi slope observed for kaons and phi mesons
for the first time

e Results from UrQMD with baryonic mean-field
interactions qualitatively describe the data

e E0S dominated by baryonic interactions at 3 GeV

Models: Prog. Part. Nucl. Phys. 41, 225-370
J. Phys. G: Nucl. Part. Phys. 25, 1859-1896
Eur. Phys. J. A1 15, 1-16
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Summary

* Flow measurements at high energies:
e Positive vo values, quark number scaling
e Partonic collectivity

Crit EiEl
156 Sy cME’“”’oint

e Flow measurements at 3 GeV:
e Positive dvi/dy and negative v2
 Break down of quark number scaling
e Need baryonic mean-field potential to reproduce

trends seen in data 0E— 200 — 000 e
Baryonic-chemical Potential h (MeV)

Temperature T (MeV)
~

e Different medium properties and EoS dominated
by baryonic mean-field interactions for matter
created in 3 GeV collisions

Sooraj Radhakrishnan (for STAR Collaboration) 11



Back Up
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ldentified hadron v; and vz at FXT 3 GeV: Rapidity dependence
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