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Probe QGP with quarkonium
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* pQCD predicts a phase transition oL o

14
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from confined hadrons to Quark ol
Gluon Plasma (QGP) where partons ‘
are the relevant degrees of freedom. |

Contemp.Phys. 42 (2001) 209, courtesy F. Karsch '™

* Color-screening: quarkonia dissociate in the medium

J/w suppression was
proposed as a direct
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* Thermometer: different quarkonium states
dissociate at different temperatures 12

re ~ U/ Ey e > 1 ~L/T

inding

% (2P) Y'(3S)
x(P) w'(2s)
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proof of deconfinement
T Matsui and H. Satz PLB 178 (1986) 416

A. Mocsy, EPJC61 (2009) 705



The Solenoid Tracker At RHIC (STAR)

* Mid-rapidity detector: n| <1, 0<¢ <2n

» TPC: precise momentum
and energy loss

» TOF: measure time-of-
flight

» BEMC: trigger on and
identify electrons

» MTD: trigger on and
1dentify muons

— Fully installed in 2014
behind magnet

— Precise timing
measurement (o~100 ps)
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Muon Telescope Detector (MTD)

* Separate Y'(2S+3S) from
Y'(15)

* Potential to separate Y'(2S)
and Y'(3S) states as muons
suffer less from
bremsstrahlung

* Relatively high efficiency
for J/y at low p; = cover
wide kinematic range
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Analysis details

* Decay channel: J/y, Y =2 pu* +
* Dimuon trigger: two hits in MTD

Data set: Au+Au collisions at 200 GeV recorded in 2014

— Integrated luminosity ~ 14.2 nb-!
— Only 30% is used for the results presented here
— Equivalent or more data will be taken in 2016

* Muon identification cuts
— Energy loss measurement by TPC

— Match TPC tracks to MTD

* Distance between MTD hits and projected TPC tracks along both z
and ¢ directions

* Time difference between MTD measured time and expected travel
time of muons
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Extract J/y

x10°
2 t |
g Au+Au @ 200 GeV L ~3.8 nb’ g
i oo . c
S 20/ Jvou, lyi<0.5,p, > 1 GeV/c = Unlike-sign pairs 3
I pi > 1.5 GeV/c o Like-sign pairs o 2

- — Mixed-event

STAR preliminary e . 0
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Signal extraction

Mixed-event = combinatorial background.

Fit background-subtracted unlike-sign with
Gaussian+pol3

Signal = (counting in[2.9,3.3] GeV/c?)—
(residual background)

yield

x10°

Au+Au @ 200 GeV 0-60%
L~3.8nb"
Jhy—-pt

lyl<0.5, p_>1 GeV/c
S/B =1:22.6

N, =4004
Significance = 11.5¢

E STAR preliminary

ol b b e e b b
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No bremsstrahlung tail
S/B=1:23

N ~4000

Sig ~ 11.5¢0
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J/w yield in py bins
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» Larger J/y p; =2 larger S/B, wider J/y peak and
fewer signal counts
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Invariant yield of J/y
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* First mid-rapidity measurement of J/y yield in Au+Au
collisions via the di-muon channel for 1 <p; <10 GeV/c
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Invariant yield of J/y
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STAR PRC 90, 024906 (2014) 0 1 2 3 4 5 6 7

* Consistent with the published di-electron results
using Runl0 data over the entire kinematic range.
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0]

: . d°N,, /dydp
J/w suppression: R, =-—2 A L
W pp i <Ncoll > dzapp / dyde
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* Confirm the rising R , , with p, seen 1n the di-
electron channel

09/30/2015 Rongrong Ma, QM 2015

11



Closer look at the central collisions
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Di-electron:
STAR PLB 722 (2013) 55

STAR PRC 90, 024906 (2014) 0.2

\

_Au+Au @ 200 GeV 0-20%
_ % ¢ STARJ/y—e'e,lyl<1

% STAR J/y—u*u,lyl<0.5

=
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Strong suppression at low p;

— Dissociation

— Cold nuclear matter effect

Less suppression at high p;
— Dissociation
— Formation time effect

— Feed-down from B-hadrons

09/30/2015
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Compare with model calculations

1.6 —Au+Au @ 200 GeV 0-20% Model calculation
T ¢ Y% STARJ/y—e'e,lyl<1 — Zhao et al.
1.4—
C % STAR J/y—p*y, lyl <0.5 ---Liu et al.
1.2
T T A
< %
o . of
0.8—
] IS B V| | B S
STAR PLB 722 (2013) 55 0.4 i Xl

Sesszzam==®

STAR PRC 90, 024906 (2014) E
Y.-p. Liu, et al. PLB 678 (2009) 72 0.2—
X. Zhao et al. PRC 82 (2010) 064905

* Both models include dissociation of the prompt J/i and
contribution of regenerated J/y - qualitatively
reproduce the rising trend seen in the data.
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Jy Rap v N

N

Au+Au @ 200 GeV
v STAR J/y—u*y, lyl < 0.5, p, >4 GeV/c
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* Significant suppression for J/y above 4 GeV/c in 0-20% and
20-40% centralities = dissociation

* Both models qualitatively reproduce the centrality dependence
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Does J/y tflow?

* Measure elliptic flow v,

— Primordial: little or zero v,

— Regenerated: iherit v, from the constituent charm quarks

STAR, PRL 111 (2013) 052301

L. Yan, P. Zhuang, and N. Xu, PRL 97 (2006) 232301
V. Greco, C.M. Ko, and R. Rapp, PLB 595 (2004) 202
X. Zhao and R. Rapp, arXiv: 0806.1239

Y. Liu, N. Xu and P. Zhuang, NPA 834 (2010) 317
U.W. Heinz and C. Shen, (private communication)
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0.2 — Au+Au 200 GeV 0-80 % e STAR J/y—e*e Run10+11 °
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0.1F- ; T
= Se
>N 0.05 __ - AR
- S :I . r
0 M ‘-1‘ ————— —
.05 [ maximum non-flow STAR preliminary
= initially produced
-0.1 e coalescence from thermalized ct
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For prabove 2 GeV/e, v,
is consistent with zero =
contribution of
regenerated J/y is small

— Non-flow effects
estimated using J/w-h
correlation 1n pp collision
can account for possible
deviation of v, from zero
at high p;
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Does J/y tflow?

* Measure the second-order Fourier coefficient (v,)

— Primordial: little or zero v,

— Regenerated: iherit v, from the constituent charm quarks

0.41
- Au+Au 200 GeV 0-80 % STAR preliminary
0.3
02 - * Consistent results
0.1 5 .
- R N i from di-muon
Py I channel within large
. E_ * JAy—u*u lyl < 0.5, Runi4
02% o Jiy—se'e lyl <1, Run10+11 error bars
-0.3 - [ maximum non-flow
| R B S S N S S SN R R
< (GeV/c)
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Y measurement
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 Fit signal distribution after background subtraction:

— Mean of Y 1s fixed to PDG value, while width 1s determined from
simulation.

— Ratio of Y'(25)/Y'(3S) 1s fixed to pp value, and shape of bb and
Drell-Yan background 1s estimated using PYTHIA

09/30/2015 Rongrong Ma, QM 2015 17



PLB 735 (2014) 127 ( ) ( )

PRL 1029(2012) 222301

N —o— p+p (world-wide)
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m § . 3 ] L]
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—

T bars
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(=]
T
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107 |
Collision System

 The statistical error can be further reduced:
— A factor of 7 more statistics with full Run14+16 data
— Usage of mix-event can reduce statistical error by V2
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Summary

First quarkonium measurements via di-muon channel at mid-
rapidity by the STAR experiment in Au+Au collisions

Invariant yield of J/y 1s obtained, and R, , rises with p;

— Significant suppression in central collisions above 4 GeV/c 2
dissociation

— Measure J/y in pA (Runl?) to quantify CNM, especially at low
Pt
Updated J/y v, 1n di-electron channel combining Run10 and

Runll data = favors small contribution from regeneration
above 2 GeV/c

First sign of Y signal in di-muon channel in STAR, and a
factor of 7 more data is foreseen.

More data are coming. Stay tuned!
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J/y: not so easy!

* J/y is the ground state of charmonia (ccbar) = most abundantly
produced and experiences dissociation at top RHIC energy.

HOWEVER
* Various production mechanisms

— Prompt: direct production; decay of y(2S) and %, (40%)
— Non-prompt: B-meson decay (Up to 20% at high p)

* Different effects in play

— Hot nuclear matter effects
* Dissociation
* Regeneration of uncorrelated quarks
e Medium-induced energy loss
— Cold nuclear matter effects
* (Anti-)Shadowing of nuclear PDF

* Cronin effects
* Co-mover absorption

1.8
1.6
1.4

2
0.8
0.6
0.4
0.2

1.2

Phys. Rev. C 82, 064905

T T T T T T T T T T T T 1
[ Au-Au (200 A GeV) |y|<0.35

[ == = prim. w/fte+Bfd == -
» == regeneration

| == total
primordial

T T T | T
0-20%

= primordial w/fte ]

== == Nuc. Abs.

» ==« Nuc. Abs. w/fte |
0 PHENIX

. - . - .
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Y': a better but rarer probe

Advantage

* Much smaller etfects from regeneration and co-mover
absorption

* Sequential melting of different Y states
* Low combinatorial background

Dlsadvantage Phys. Lett. B 735 (2014) 127
+ Much lower production rates (m, >>m,) §#752 — reor
* Feed-down contribution to Y'(1S) '
* Separation of different Y states at STAR Lt
1s very difficult via the di-electron oY .
channel due to bremsstrahlung. e ebee L trsteets

m,, (GeV/c?)
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Compare J/y v,

> | Au+Au 200 GeV 0-80 % o Jiy 0.25¢
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: -0.1 E coalescence from thermalized ct
E e O mmmmes initial + coalescence
'0-15:_ —  — initial + coalescence
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By combining published results

0.1 —— initilally prodn.:ced [::‘1] ired g . . .
R nce from thermalized cT [32
e ?rﬁﬁai’:sfio‘;?esé’ence‘iggf s [32) with Runll analysis, the statistical
L — — i 't' + .
i ap—— error bar is reduced by a factor of
0o 2 a4 6 8 10 \2
P, (GeV/c) .

STAR, PRL 111 (2013) 052301

* Additional systematic uncertainty is
assigned due to J/y yield extraction.
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