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For two systems(A,B) with the fix
multiplicity(same entropy), the temperature
IS higher in smaller system(A), therefore the
smaller system will have a larger <p>

Hydrodynamic models predicted:
<pt> < 1/R
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1. In ultra-central AA collisions, the
multiplicity (entropy) increases while
the system size R is saturated

2. A sharp increasing of <p;> is
predicted, which will be proportional
to the square of speed of sound c,
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deformed nuclei

Giuliano Giacalone, BNL seminar

Nuclear matter density:

Po

1+ exp [% (7‘ — R(1+ 'BQYQO)H

Tip-Tip: Smaller R and &,

Quadrupole deformation, 32

Usually from:

BNL nuclear data center
https://www.nndc.bnl.gov/

Or calculations e.g. [Moller, Sierk,
Ichikawa, Sagawa, 1508.06294]

YQO = (3 COSQO — 1)
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Body-Body: Larger R and &,

1. &, and system size depend on
the deformation factor

2. €&,is biggerin larger system:
Tip-Tip vs. Body-body

3. <p>x1/Randv, x &,: Anti-
correlation between v, and
<p;> due to deformation

Measuring the v, vs <p> can be
used to reveal the deformation
factor!
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Giuliano Giacalone, 1910.04673

1. <py>is converted from R
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* <p;>, vV, and Nch are measured
within 0.2<p;<2.0GeV and |n|<1.0

* Centrality is defined by Nch or ZDC
energy

* The track efficiency are corrected
from embedding data
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<p:> increasing trend becomes sharper in ultra-central AA collisions
It indicates a tight correspondence between <p;> and system size, and will
be useful to extract the speed of sound (C,) of fireball .
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V, vs <p>
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A negative correlation is
observed between v, and <p;>
in top 0.5% UU collisions while
not in AuAu



‘\\\w Stony Brook University

0.040_[ LI ] LI I UL l LI I LI L] l LI I LI I LI I LI l | l_
E TPC:0-0.5% central .
0.035[— ® v,UU 193 GeV —
- ® V,AuAu 200 GeV -
0.030— © v3UU 193 GeV —
- ........- v; AuAu 200 GeV -

- L _

G 0.025[- ESmmggs .
- ego00® n

C o000 .
am% ®,0o0000 .
0.015(— . @ —
- @BBG@BDBQBEGUBQQQ .
0.0101— t STAR Preliminary
I-l 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 L l L L 1 l L L L l L L L I L L L [ L 1 l-

-0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 006 0.08 0.10
<pT>/<<pT>> -1

A negative correlation is
observed between v, and <p;>
in top 0.5% UU collisions while
not in AuAu

vy and <p;> correlation are
positive and similar in AuAu
and UU collisions
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Centrality From ZDC

hmulzdcdis hmulzdcdis
Entries 8456941
: . . : : ; ; : Mean x 323.8
8000 = s ER— S — —
B ; ; : s Mean y 5359
| o e . |RMSx  278.1 _
T 7000 B® .................. ........ RMS y 1517 05% Centrallty from ZDC.
£ N : : :
q" 6000 i i e e e e e e e e e e e e
+ g‘ —25 ZDCW> 497 && ZDCE>497
) F
()] 5000 -3 VU IR 1< ..o o e Do s
= —20
LD) 4000 ....................................................................
§ —15
N 3000 ...............................................................................................
10
2000 ...................................................................................................................
1000 ........................................................................................................... 5
0‘I L1 ill ] |i L1 I |.| P ll‘"l L I L1 | [ i| L1 I L1 0

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Tue Jan 21 14:20:49 2020

Nch

11



‘\\\‘ Stony Brook University

TPC Centrality vs ZDC Centrality(l)
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V; slope AuAu 1.9%+0.2% 1.8%+0.2%
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Centrality Dependence
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Beside ultra-centrality, the slope between AuAu and UU are also different in other
centralities.

It is due to the deformation effect and consistent with Glauber model prediction!

14



\\‘ Stony Brook University TWO S U b event I\/| et

140

A(-1.0<n<-0.1) B(1.0>1>0.1)

(V) = (QraxQs )
((pT)):A,B and A + B

120

hmeanptdi’s ) #

glefe
UU ZDC 0.5% Cent.
x10 ) 5 Entries 2537517
ST - oo
: —A
1002 —B UL}ZE;“-HH_;\]
: L
: i l
T,
TR TR

<<pr>> (B)

8.5 052 054 056 0.58 06 062 064

0.66
Tue Jan 21 14:49:32 2020
i <Lp7t>>
| hmeanptdisAB | hmeanptAB
Entries 2537517
07¢ P L g = {Meanx 05995
= . - P -- ! |Meany 05999
0.681 - s = RMSx  0.01948 [0
= " RMSy  0.0195
0.66 >, T R 3500
C - L |
- - -
0.64F . 2000
0.62F -
a 2500
0.6 4" ™
B -
- 2 2000
0.58F= o
- a7 1500
Y] m— =
D5 T 35 1000
0.52: C— CRa e " 500
0. : 11 | 111 11 | 11 | 111 I l. 11 11 | 111 11 | 11 | 0
35 052 054 056 058 06 062 064 066 068 07

Tue Jan 21 14:50:24 2020



Q\\\\ Stony Brook University — Fffect of Statistical Fluctuations

0.029 N L I LI L I L L I LI I LI L I LI I L l LI l LI I LI _ .
- STAR Preliminary UU@193GeV - The slope is a fa.ctor of two
0.028— ZDC: 0-0.5% cent. - smaller of <p>is
. 1  calculated with sub-events
0.027— —
0.026— —
o n - e e
> - 1  The effect of statistical
0.025¢ 4 fluctuations is huge!
0.024(— —
- N <p> Full Event; Slope=-3.8%10.1%: -
0.023F —
- ® <p > Sub. Event; Slope=-1.9%10.1% .

0.02 lllIlllIlllllIlllllIlllllllllllllllllll
—8.10 -0.08 -0.06 -0.04 -0.02 0.00 002 004 006 0.08 0.10

<pT>/<<pT>> -1

16



‘\\\‘ Stony Brook University

Comparing with TRENTO
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Statistical fluctuation:
5(pt) _
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by assuming 1200 track in
|eta|<1.0

Adding statistical by hand, model
can re-produce the data

The statistical fluctuation is
crucial!
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Comparing with
RENTo+Fluctuation ™~ v,
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Summary

* 1. We observer that a sharper increasing trend for <p;>vs Nch in
ultra-central collisions, which maybe used to extract the Cs as Hydro.
predicted

* 2. The slope of v, vs <p;> are different between AuAu and UU due to
deformations.

e 3 After adding the statistical fluctuations by hand, the TRENTo initial
model can reproduce the data with deformation factor 3,=0.30
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BackUp
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Stronger corresponding of <pt> with Ei that that of <pt> with 1/R

22



‘\\\‘ Stony Brook University

Dynamical Fluctuation of <pt>

From TRENTo, the dynamical fluctuation of E;
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Statistical Fluctuation

6<pt>/<(pt)> = 0.018 by assuming 1200 track in |eta|<1.0

Statistical fluctuation = 1.5 dynamical fluctuation
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