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Charmonia at RHIC - Motivation

v' Charmonia suppression in QGP in heavy-ion
collisions due to color screening

V' Suppression ot different states 1s determinate by 1'c
and their binding energy - QGP thermometer

T/Te 1/(r) [fm]
7\

2 Y(1S)

The QGP (1P)

T hermometer 12\m| 3/v(1s) Y'(25)

%o (2P) Y'(3S)

=Tc % (1P)  w(25s)

A .Mocsy, Eur. Phys. J. C61, 705-710 (2009)

Screeming radius:

rp(1) < 1/T

T < T,

L L

YN Y XY Xh

T =12T, Tz 3T,
P Y %Y’ Y

Quarkomia spectral hines as

thermometer

H.Satz, Nucll. Phys. A 783, 249 (2007)
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. Charmonia at RHIC - Motivation (2)

— = —

v But there are more complications:

= Still unknown production mechanism

= Feed-down - direct J/ (~60%), P’ (~10%), yc (~30%), B mesons

= (old Nuclear Matter (GNM) ettects - nuclear X _»O:g'.g C

shadowing, Cronin effect, nuclear absorption, ... soreenns. &
Q.OO

regeneration

= Other Hot Nuclear Matter eftects - regeneration, ...

27T T T T 1 T T T T T T T T T T T T .
L AU-AU (200 A GeV) y<035  0-20% ] v ngh—pTJ/ P - almost not attected by Cold
| 6= = prim. w/fFeJrde — - = primordial w/fte ] .
l4f7 = rfogoneration .+ -+ Nuc.Abs. - Nuclear Matter etfects, regeneration, soft
- B B — L — processes
0.8 Lol ——— -
o ¥ i Measure J/9¥ p1spectra, R,
0-4%@—:@::; ————————————————— . 1 dNldy,,, larisati ibti
o2pmem T S e | Ru= olanzation, elliptic flow ...
o ey TN ANy, POWNZ > el

p (GeV) X Zhaoand R. Rapp, PRC82, 064905
t
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STAR EXPERIMENT, PID

T/t — ¢ ¢ (BR5.9%)

The “olenoid 'racker /'t - HIC
(STAR)

v Large acceptance:

= [n[<1L,0<¢<2n

[,
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STAR EXPERIMENT, PID

T/t — ¢ ¢ (BR5.9%)

olenoid 'racker /'t - HIC

v Large acceptance:

= [n[<L,0<¢<2n

- Au+Au 200 Lol B v TPC
e T = Tracking: pt, 1, ¢
= dE/dx: PID

0.5 1 2
Momentum (GeV/c)
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The “olenoid

STAR EXPERIMENT, PID

_|_

1/b—=¢ ¢ (BR59%)

(STAR)

racker /'t - HIC

—
Au + Au 200 GeV

1 2
Momentum (GeV/c)

Large acceptance:

= [n[ <L 0<¢<2nm

TPC
= Tracking: pr, n, ¢
= dE/dx: PID

TOF
= T1ming resolution < 100 ps

= 1/B: PID
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1/b—e ¢
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~ F LA ~  dE/dx after TOFr PID Cut 10 N\ et 0o
E - STAR Preliminary - f” 1 r003 : m,; /’K”"M
— E; b )\ < . W
% : .-, dBdxvspfromTPC C 1/ | E oy gL
¥ sl '__zunt:;uwmu collisions - | 1 [[l o JI‘]
S : - 25 3 15 1
-E 5 dE/dx (KaV/em)
; . £ _nrn:m;' :.“'H _.;‘:‘ l.?-u:' &ﬁra—__._.
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0 05 1 1.5 2 2.5 3
=
L
=
)
Sl
>
S
Lu =
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2_

Momentum (GeV/c)

STAR EXPERIMENT, PID

(BR 5.9%)

Large acceptance:

= In| <L,0<¢<2nm

TPC
= Tracking: pr, n, ¢
= dE/dx: PID

TOF
= Timing resolution < 100 ps
= 1/3: PID
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STAR EXPERIMENT, PID

1/b—e ¢

+ -

(BR 5.9%)

~3 B e ~ dE/dx after TOFr PID Cut 10/ \bpasoere
E L K B STAR Preliminary - 2 gt
Ys & 1% 65 |1/p-1/<0.03 & ‘um
% - & 3 % | dE/dx vs p from TPC - 3 10
X5l - 'E 1 EIZIL"J GeV d+Au collisions 5 |— il T\
L - 2 :fs 1 15 .I
x L dE/dx (KeV/cm)
0 4 [ .
w't i
T [ R o s e hnaai] N\ LRSSt = 27 - spi v iegots ]
F . U .-t"#.a?"-"'*"“a:'*”
2 4 o sTARtullahdratmn nucl- exm-m?nuﬁ
0 0 0.5 1 1.5 2 25 3
p (GeV/c)
C ]
2 i
= _
o | _
X —+ 1.0<nc, <15 |
> 6 i ' = Gaus + Expo
-E. I 2.0 <p<3.0 GeVic i
o | : L
4 vic)
2~ + Au+Au
- E 200 GeV

| % 02 04 06 08

1

12 14 16 18 2 22 24
Elp

4

Large acceptance:

= [n[<1,0<¢<2n

TPC
= lracking: pr, n, ¢
= dE/dx: PID

TOF
= Timing resolution < 100 ps

= 1/B: PID

BEMC

= lTower An x A¢p = 0.05 x
0.05

=  Energy: E/p ~ 1 (for
electrons) PID

= Trigger
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1/b—e ¢

+ -

-~ F % 3 Za ~ dE/dx after TOFr PID Cut 10/ \bpasoere
E L K B ' STAR Preliminary - 2 gt
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Excellent eID *
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STAR EXPERIMENT, PID

(BR 5.9%)

Large acceptance:

= [n[<1,0<¢<2n

TPC
= lracking: pr, n, ¢
= dE/dx: PID

TOF
= Timing resolution < 100 ps

= 1/B: PID

BEMC

= lTower An x A¢p = 0.05 x
0.05

=  Energy: E/p ~ 1 (for
electrons) PID

= Trigger
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J/Q in p+p collisions
at 200 GeV

;‘:‘_ 30 + Signal+Background ‘E | p+p 200GeV e unlike-sign
> -
2 > Background § 100 "4.0<pT<12.0 GeV/c 933 like-sign
2 25 + ' o= - #J/y = 376
= .. ; ’ (3) N = imi
g STAR preliminary 0<py" <10 GeVie, 1<y < 1 = 20 S/B =22 STAR preliminary
3 20 "S'
o 1
H]/p = 44 0
s I O 60
S/B=2.8

10
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| I L I L I L I
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A AR I

%i .3;#4».# 144

I—|—'¢5—|—TI—|—|—H—|—|II|IIII|IIII|IIII|I

=

2.5 3

T TR Y. 36 3.8 4

|nv

minimum-bias data high-tower trigger data

(L8]

2009 year with a good significance high S/B

v Used in new Raa measurements
for d+Au and low-pr Au+Au
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T

T

Bd’c/(2np_dp_dy) [nb/(GeV/c)?]
=

direct NNLO: P.Artoisenet et al., Phys. Rev. Lett. 101, 152001 (2008) and J.P.Lansberg private

communication
NLO CS+CO: Y.-Q.Ma, K. Wang, and K.T.Chao, Phys. Rev. D84, 51 114001 (2011)

STAR: Phys. Rev. C80, 041902(R) (2009)
CEM: M. Bedjidian et al., hep-ph/0311048, and R.Vogt private communication

PHENIX: Phys. Rev. D 82, 012001 (2010)
STAR high-pr : arxiv:1208.2736
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J/Q spectra in p+p collisions

at 200 GeV

_

S TAR results consistent with PHENIX results
J/¥ pr range extended to 0-14 GeV/c

IlIlIII|III|III|III|III|III

%: p+p — Jy+X, Vs =200 GeV 1
=)

¢ STAR 2009 EMC
v STAR 2009 MB

O
2
>
A
N
o
-
o
Qo
N
o
%

o PHENIX 2006

STAR Preliminary—=
\_wncluswe /P
%01 production

|
) II)II| | IIIIIII| | lIlIIII|

O
m
=

[ [ ]direct NNLO* CS
----direct NLO CS+CO
— prompt NLO CS+CO

0 2 4 6 8 10 12 14

o (GeVl/c)

v prompt NLO CS+CO model

describes the data

v prompt CEM model can

reasonably well describe the
PT spectra

direct NNLO* CS model
misses high-pr part
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J/P polarization

— = —

Discrimination power between different . helicity frame
1/ production models at high-pr F— R
LAB frame 9
v ]/} polarization 1s analyzed via the L
angular distribution of the decay electron
pair and 1s measured in the helicity —p——t .
frame © A(1+Acos?6)
v the angular distribution, integrated over . ATt 55978
: . s b 4<Jhy pT <6 GeVic | A -0.1696 + 0.2886
the azimuthal angle, can be parametrized: 5010 + om 01087 00112
dN o 14+N\cos’6 0'1;% . ____—**
dcos 0 0.08]
v J/¢ polarizauon parameter A 1s obtained oos-
by fitting A(1+Acos?6) function to oos=|  STAR Preliminary
Correc@d C().Se distributiops without 00257 = -0.17 % 0.29(stat.) 0.1 (3ys)
COHStralntS, in$ J/ll) DT bins 07~ 08 06 -04 02 0 02 04 06 '0.8'010;91

corrected cost distribution
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o 1

c<0.8

0.6
04
0.2
0
-0.2
-0.4
-0.6
-0.8

J/D polarization in p+p collisions
at 200 GeV

[ p+p— JIy + X, s =200 GeV i

T

<
A

-

u

helicity frame

1Ty rrrprrrfprrrfrrry rirryp T rTrfrTd
RN RN LR ER R R L

| COM

~ Feed-down

Iy

rerr

STAR data, |y|<1
PHENIX data, |y|<0.35

CSM - direct NLO'
CSM - direct NLO" + approx.

STAR Preliminary

b 1

2 3

4 pf (GeVIcfs

. é)ﬁé‘

PHENIX: Phys. Rev. D 82, 012001 (2010)
COM: Phys. Rev. D 81, 014020 (2010)
CSM NLO*: Phys. Lett. B, 695, 149 (2011)

T og ~ (i,
22 ph1 (tr1g0ereq events)

v Polarization parameter Ag1s measured 1n helicity frame at

ly| <land 2 <pr<~5GeV/c
v Ag1s consistent with NLO™ CSM and COM models predictions, and with

no polarization within current experimental and theoretical uncertainties
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B — J/¢ feed-down

Model based extraction

J/W-hadron correlations in p+p

collisions at 200 GeV

using PYTHIA

16T T

U S{F)ESS
| STAR Preliminary

1.2 PYTHIA
[ - Prompt J/y

[ -- B— J/y

- — Sum

1.4

) dN/d(A6)

S
[=2]

o

(1/N

=
o
|
i

.= "
b
T | T T L T T

4 {){p Y<6.0 x mc}f 23|U

i
|

|

arxiv:1208.2736

2 [ ® STAR2009 (c)
> [ O STARPRCS0
) n
=0.3F — FONLL+CEM
=~ T
5
c ——
=02 %
~~ a s N
<
P
0.1
!
= 200GeV p+p
I I T A R N B
Oy 23456 789101112
o (GeV/c)

Extracted from near side J/{-h correlation

B-hadron feed-down contribution of 10-25% at
4-12 GeV/c

Result consistent with FONLL+CEM calculation
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4

J/W Raa in d+Au collisions

at 200 GeV

T T T T
18 ® STARIyl<t d+Au — JAp+X
, gl © PHENIXyl<0.35 \/Syy = 200 GeV
. EPS09 +o,._ (3 mb) -~
1.4 . Dp+p
CJPHENIX.
1.2~
i 1
0.8 o g (}
0.6 | A 4
0.4 o
STAR Preliminary
0.2f-
0 l l l l I | ] | |

o 2 4 6 8 10

NCoII

12 14 16

E.Eskola, H Paukkunenea and C.Salgo, Nucl. Phys. A 8§30, 599 (2009)

18

I:‘dAu

R.Vogt, Phys. Rev. C 81, 044903 (2010)

2
1.8
1.6
1.4

1.2

1
0.8
0.6
0.4
0.2

0

0 1 2 3
P, (GeV/c)

_

| |
e STAR lyl<1
o PHENIX lyl<0.35
— —EPS09 +0,,_ (3 mb)

D NCoII

p+p stat.
Bp+p syst.
CJPHENIX.

d+Au — Jp+X

(minimum bias)

eyt &

STAR Preliminary

— \/Syn = 200 GeV

] |

L

4 5

Measurement of ]/ in d+Au collisions provides information on GCNM effects

Good agreement with model predictions using EPS09 nPDF parametrization

for the shadowing, and J/¢ nuclear absorption cross section
Gabsd/? = 2.870% (stat.)s (spst.) ) (EPS09) mb obtained from a fit to the data

STAR results consistent with PHENIX measurements
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2000

4 - -
Sk . %
o

5 sk
S S o3 S e
¥ Lt

Au+Au 200 GeV0.0<p_< 5.0 GeVic
* 0-60% Central

5

* e+ e-

¥ mixed-event
4+ Same-sign

#]J/y = 2586
S/B =0.15
Sign. = 18.5

o™
L
>
Q
=
o
™~
—
N
sl
=
-
O
o

Counts / 20 MeV/c

0.0< P, < 5.0 GeVic

— Total
--+ Simulation

~~ Residual

1 [ [ 1 [ [ [ I [ [ 1 I
3.2 3.4 3.6 3.8

Mass (e e’) (GeVic?)

*#

II:ISIIIS.IZ.II34 I 38 I 3.8
Mass (e ‘e’) (GeVic?)

minimume-bias data

J/D in AutAu collisions
at 200 GeV

&:3000 Au+Au 200GeV, 0-60% -»- unlike-sign, same event
S 3.0<p <10.0 GeV/c — unlike-sign, mixed event
§ Py — like-sign, same event
p i #EL #ly = 2117
< 2500 #Bkgd = 14523
& - * S/B =0.15
= i + " * SNS+B= 16.4
= \d
Q - » STAR Preliminary
© 2000 A ‘
i EMC triggered events
i E,>4.3 GeV
- |
1500 ° *’i’%ﬁ
~ 60 |
= e
| 40 E‘”—ﬁ
|
1000 = * -,
B “Wﬂ."-’l ‘E;gm
_||'|||||||§3"|\5|||4||||||||||||||Il;%f.
24 26 238 3 3.2 34 3. 6 3.8 4

v Very good S/B ~0.15

(GeV/c?)

|nv

high-tower trigger data

v Clean ]/ signal for low (minimum-bias data) and

high pr (high-tower trigger data)
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BA?N/(2np_dydp.) [(GeV/c)?]

107 | | | | | | l | |
Au+Au — Jp+X O ® 0-60%x10
104 E® ~a O m 0-20%
™~ A A 20-40%/5
10-5 ---- : .. S ** 40‘600/0/10 =
Y e = = . STAR Preliminary :
107k N N N E
E____- -+ z 5 ~~~~ L s~~ N ~~~~~ E
107 ke, B B N
108 ,;— Blast Wave @
S E_rte(%icgg)n TRy N 3
- —l = . S~ - = =
10°F Ry, AR,
10"°F Ry
E \/Sy = 200 GeV B
10" | | | | | | | | |
0 i 2 3 4 5 6 7 8 9 10

P, (GeV/c)

Tsallis Blast-Wave model: Z.Tang et al., arXiv:
1101.1912, JPG 37, 08194 (2010)
STAR high-pr : arxiv:1208.2736

J/P spectra in Aut+Au collisions
at 200 GeV

J/¥ pr range extended
to 0-10 GeV/c

v Softer spectra than light hadron

prediction at low pr

)

smaller radial flow .

regeneration at low p1  *
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at 200 GeV

0.2

|
® 0-20%
v 40-60%
— Zhao, Rapp
---- Liu et al.

-

-
=
-
-------

------

\/Syn = 200 GeV
I |

I |
Au+Au — J/Ap+X

STAR Preliminary

0 2

4 6
678:72 (2009) pT (GeV/ C)

Y Liu et al., Phys. Lett. B,
Zhao, Rapp, Phys. Rev. C

82, 064905 (2010)

STAR high-pr : arxiv:1208.2736

RAA

J/W Raa vs p1 in AutAu collisions

arxiv:1208.2736

r' T 17T 7717 17 7717 7717
(@) 0-20% 200 Ge

T T T T 7T 71
V Au+Au—(b) 20-40%
® STAR
o PHENIX

I I R
(c) 40-60%

0-60%

LA B A B
1(d) 0-60% _
T — Model |, Litr et al. |
-+ == Model I, Zhao et al. -

v J/% suppression decreases with pr across the centrality range

v At high pr suppression for central collisions

v No suppression at high pr in (semi-) peripheral collisions
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i )M Raa vs Npare in Au+Au collisions

4

4

at 200 GeV

I I I
ST Au+Au — Jhp+X

2 =
Zhao, Rapp
--= Liu et al.

- STAR Preliminary
\/ Sy = 200 GeV

| | | |
o STAR (pT>5 GeV/c)

e STAR
0 PHENIX

(pT>4.5 GeV/c)
- (pT>5 GeV/c)

S
SN
~

0 50 100 150

N

v J/¢ suppression increases with collision centrality

200 250 300 350
Part

Y Liu et al., Phys. Lett. B, 678:72 (2009)
Zhao, Rapp, Phys. Rev. C 82, 064905 (2010)
STAR high-pr : arxiv:1208.2736

Low-pr data agrees with two models including color screening and

regeneration etfects

At high pr Liu et al. model describes data reasonable well, while Zhao

and Rapp model under-predicts Raa at Npare > 70
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at 200 GeV

v ]/ vo 1s consistent with non flow at
pr > 2 GeV/c - distavors the case
when J /9 1s produced dominantly by

T he 1/ vo measurement is crucial
for the test of charm quark

recombination effect

0.2 coalescence from thermalized
N ] —
> — 7 centrality 20~60 % .
0.15F // | non-flow estimation (antl-) charm quarks
0.05 ¢ 7 .--720llld
- VA Sl ./_ ® ® 1 Initially produced 1.8/3 6.2e-1 '
0 [ —
e s "'f' ''''' = it |
0.05 - ~ - Coalescence at freezeout 22.6/3  4.9e-5
-0 1§ STAR Preliminary Coalescence In transport  13.9/3  3.0e-3
V. I initially produced (1
0.15 - coalescencey: P () hydro: (7 Coalescence In transport  4.8/3 1.8e-1
=V. - at freeze-out (2) ydro:
T in transport model (3) — — T=120 with viscosity " Coalescence +initial mix 2.9/3 4.0e-1 :
-0.2 F~ - --- intransport model (4) — — T=165 withviscosity | ~ "~~~ "~"==========================°°
= + initial mix (5) T=120 without viscosity ' Coalescence +initial mix 1.8/4 7.7e-1 '
-0.255 — . initjal mix (6) | T=165 withoyt viscosity R L LEE L E T TP,
— — — — — Hydro T=120 w/viscosit 16.5/3 9.2e-4
0 2 4 6 8 10 Y e
P (GeV/c) Hydro T=165w/ viscosity  14.9/3  1.9e-03
(1) (4) Phys. Rev. Lett. 97, 232301 (2006) Hydro T=120 w/o 191.6/3 2.7e-41
(2) Phys. Lett. B595, 202 (2004) viscosity
(3) Phys. Lett. B655, 126 (2008)
(5) X.Zhao, R.Rapp, 24th WWND (2008) Hydro T=165w/o 237.3/3 0.0
(6) Nucl. Phys. A834, 317 (2010) viscosity

(7) U.Heinz, C. Shen, private communication
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Multi-gap
Resistive Plate

Chamber (MRPC)

- gas detector

Acceptance: 45%
at [n| <0.5

o -
T 355 200 GeV d+Au — Jy—pt”
3 w0f OB ---background
O, EF 89 pb™! pp equiv.
20
15
10 £
sE
S R T RS i R R T
%.2 24 26 28 3 32 34 36 38 4

w*u invariant mass (GeV/c?)

No y conversion

Much less Dalitz decay
contribution

Less attected by radiative looses 1n
the materials

Trigger capability for low and
high pt J/¢ 1n central Au+Au

S/B=6 in d+Au and S/B=2 in
central Au+Au

Excellent mass resolution

With HF'T, B—]/¢ + X decays
possible to study
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Summary

= NLO CGS+CO and GEM models describe J/) pr1 spectrum in p+p

= ]/} polarization in p+p collisions consistent with NLO™ GSM and CGOM

models predictions, and with no polarization
= B-hadron feed-down contribution 10-25% at 4 < p1 < 12 GeV/c1n p+p

= ]/ Ryau consistent with the model using EPS09+ oabd’? (3 mb - obtained
for a fit to the data)

= ]/ suppression in Au+Au increases with centrality and decreases with pr -
at high pr suppression for central collisions

= ]/ vo measurement distavors the case when ]/ 1s produced dominantly by
coalescence from thermalized (anti-)charm quarks for pr > 2 GeV/c

|4 November 2012
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T hank you !
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Backup
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Compare to LHC - |/ Raa vs pT

STAR: arXiv: 1208.2736 ALICE: QM2012 PHENIX: PRL98(2007)

2|~ o STAR, 200 GeV Au+Au, 0-60%, |y|<1

~ O PHENIX, 200 GeV Au+Au, 0-60%, |y|<0.35
1.8~ m ALICE Preliminary, 2.76 TeV Pb+Pb, 0-90%, 2.5<y<4 ]
m e Transport Model | (Y.-P. Liu et al), RHIC 2

1.6 —— Transport Model Il, (X. Zhao et al), RHIC —

. —— Transport Model Il, LHC, w/ shadowing 1

1.4F = Transport Model I, LHC, w/o shadowing _|
é 1.2 mid-rapidity

i forward rapidity |
0 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

o 1 2 3 4 5 6 7 8 9 10
pT(GeV/c)

Jy R, , decreases from low to high prat LHC.
JAy R, increases from low to high prat RHIC.
At high pr, J/yy more suppressed at LHC.

Models incorporating color screening and recombination
can consistently describe the J/y suppression pattern.
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_

STAR Compare to LHC - J/Q Raa vs Npart

'O 1 .5 | | | | | | | | | | | | | | | | | I |
1.6 @ STAR, 200 GeV Au+Au, 5<p_<10 GeV/c, |y|<1 i i ' QN9
| @ CMS, 2.76 TeV Pb+Pb, 5.5<;T:T<30 GeVic, |y|<2.4 1 % ATLAS RCP relative to 40-80%
14L Transport Model | (Y.-P. Liu et al), RHIC | > [ Pb+Pby\s,, =276 TeV )
: —— Transport Model 1l (X. Zhao et al), RHIC ~ i .
- —— Transport Model Il, LHC | ;
0 i i
N 1+ | = -
c | l ]
£
= i i
T =
08 +
| 80% J/y has p>6.5 GeV/c |
| #<2.5 -
- CMS: Preliminary, QM2012 : i |
0|||||||r|e|1r|nl|nlall.y||(2|||||||||||||||||||||||||| PLB697294(201|1)| I|I ||| |

0 | | | | | |
0 50 100 150 200 250 300 350N400 0 20) 40 60 80 100

. part . . ~ 1-Centrality %
Stronger suppression at CMS than STAR, even in peripheral collisions

Rp~1/3 for CMS, 0.45 for ATLAS and 0.5 for STAR,
Similar at RHIC and LHC 1f take the uncertainty into account
CNM and regeneration is less important at high p at RHIC. =» Is it true for LHC?
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Compare to LHC - |/ v

o 031
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