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Quarkonia at RHIC - Motivation

Charmoma: 7/%, ¥, y. Bottomoma: V(1S), Y(2S), Y(3S), ys

v Quarkonia suppression in QGP 1n heavy-1on

collisions due to color screening

v Suppression of different states 1s determined by T'c
and their binding energy - QOGP thermometer

T/Te 1/(r) [fm : :
e\ A i Screening radius:

Quarkoma spectral lines as
thermometer
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H.Satz, Nucll. Phys. A 783, 249 (2007)

|4 August 2012 Quark Matter 2012



A Na 3 ,;b{;:f ox sy
SRR s
° ° ° SaNEN I L
Py T v Foe
$ s R v .
A )
i R NG Sy
g = - 1
< x;g‘"/ 2 _ =l
NN
Ay ‘.*;(:?1‘1‘ v A I R

v But there are more complications:
= Still unknown quarkonia Production Mechanism

= (Cold Nuclear Matter Effects, e.g. nuclear B
shadowing, Cronin effect, nuclear absorption screening
000

= (Other Hot Nuclear Matter Eftects, roge o : 820

€.g regeneration @

v Y very rare but a cleaner probe compare to J/:
negligible co-mover absorption and recombination

v Measure quarkomia production for different colliding

systems, centralities and collision energies
| dNldy,. = prspectra, Raa, polarization, elliptic flow ...

R =
“ Ny dNldy,.,

coll
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STAR EXPERIMENT, PID
1/ — s (BR 5.9%) Y—e'e (BR 2.4%)

The “olenoid 'racker /'t - HIC v Large acceptance:

= In|<L,0<¢<2n

v 'Time Projection Chamber (TPC)
= Tracking: pr, n, ¢
= dE/dx: PID

v Time of Flight (TOF)
= Timing resolution < 100 ps
= 1/3: PID

tF B _ STAR Preliminary " dEsdx after TOFr PID Cut m‘lr /oot v"  Barrel ElCCtrOmagnetiC Calorimeter
8 3 -3 = 0 % 10’ ]'r 3\ -

%ﬁ i 3 % dE/dx vs p from TPC °F 11p-11<0.03 § “'[ | ¥ I"‘x;[ <BEMC¢}
55 s . ::\_ -:.I_i _t-:-‘ :I‘:D G!’:II: rl “I:h-lh - Eih!ﬁll\: 5 - 1 I [I?[ 28 3 a5 1 ‘
P . G = Tower A x A¢ = 0.05 x 0.05
w S 2 BT O b s
b - e 3 3 : = oy : : r." L “}’ i:'F_‘-}- _:-.';'-. . ~~

e ~ STAR Collabdration, nucl-ex/0407006 PID

0 05 1 Tl 5 1 15 2 25 3

p (GeVic) = Trigger
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J/Q spectra in p+p collisions
at 200 GeV

STAR results consistent with PHENIX

results, pr extended up to 14 GeV/c Y Di.rect NN LO* GS model
—_— misses high-pr part

ey p+p — Jhy+X, \s = 200 GeV
L | e STAR 2009 EMC

—

| IIIIIIII | III_Lllll

v NLO CS+CO model
describes the data

v STAR 2009 MB

. T
3 o
B —
s 85 3 q0b =N = STAR 2005 & 2006
~ = E c = AR =
S BN o PHENIX 2006 -
s S f 1 v CEM model can reasonable
S 28 10°E STAR Preliminary—= .
I & well describe the pr spectra
5 5L T, 4 ]
= o ot l_10 =3 ) E N i
§ § § g' - . N‘;" :p+p 200GeV -@- unlike-sign
§ 0§ g_, o 1 2100 _—ZTPT? 726'0 Gevic 0033 like-sign
: 23 B 10°F 1 g |4 N
S SN3I o - 1 £ [SB=22 STAR preliminary
% o N U L - »w 801
Q2 Io - 4 =
== 3 @ o5t H | 3
S 85§ - --- CEM : 60
33 Mg - [Cdirect NNLO* CS
2 S5 10°fF---direct NLO CS+CO 4 %
=5 38 - — prompt NLO CS+CO ] [
SafsE NI N T T I .
E\S *§ S_) % 10-7 L1l L1l L1l L1l L1l L1l ] —
R E 0 2z 4 & 8 10 12 14 BtV A
§ £ gé% lugh p1 2009 results: submatted to PRL, pT (GeVI/c) 2 24 26 28 3 32 34 SIE% (éfwc%

PHENIX: Phys. Rev. D 82, 012001 (2010)

appear on arXw on Aug. 15
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J/D polarization in p+p collisions
at 200 GeV

Discrimination power between ' helicity frame
different J/{ production models at Jyrestiame P By,
hlgh'pT LAB frame ,
JIy
= 1
< [ ptpoJhy +X, f5=200GeV M STARdata, |y|<1
0'85 lyl<1 T e  PHENIX data, |y|<0.35 e el y
0.6 XS] com
- 2
04:— CSM - direct NLO* Y norm(1+Acos 9)
T ciniiisl CSM - direct NLO'+approx. Feed-down . . .
02F- v Polarization parameter Ag1s
o measured 1n helicity frame at
02 ly| <land 2 <pr <6 GeV/c
04—
06 v Mg 1s consistent with NLO™
gl Meticityframe STAR Preliminary CSM and COM models
[ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 | 1 I 1 1 1 1 I 1 1 1 1 » » .
A6 : ! - - - . predictions, and with no
P, [GeVic] polarization within current
PHENIX: Phys. Rev. D 82, 012001 (2010) unc ertainti es

COM: Phys. Rev. D 81, 014020 (2010)
CSM NLO*: Phys. Lett. B, 695, 149 (2011)
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J/W Raa in d+Au collisions

at 200 GeV

2 | I | | | | 1 | 2 2 I | I | T
1 8 ® STARIyl< d+Au — Jp+X = 18l ® STAR lyl<1 d+Au — JAp+X
| o PHENIX Iy<0.35 \/Syy = 200 GeV - | © PHENIXIyl<0.35 (minimum bias)
1.6 -4 = 1.6~ — EPS09 +o,,_ (3 mb) =
EPS09 +o,, (3 mb) BN, < ON
1.4 Op-+p 4 14 =05 —
OIPHENIX. 2 Wp+p syst.
5 12~ u 5 127 OPHeNIX. m m -
g R S )
s y ! 53 O |
0.8 0 ] = IO 0.8 ® E| =
o + £3 .} H
0.6 ! 1 52 0.6 -
>4 STAR Prelim 1 2 o7 STAR Prelimi
0.2l relfiminary | § % 0.2k \su =200 Gev relfiminary
0 | | | | ] | ] | | E“ § 0 | | | ‘ | ]
0 2 4 6 8 10 12 14 16 18 <% 0 1 2 3 4 5
Neoy als P, (GeV/c)
v Measurement of J/ in d+Au collisions provides information on GNM eftects
v Good agreement with model predictions using EPS09 nPDF parametrization
for the shadowing, and a ] /¢ nuclear absorption cross section
— 3.5 4.0 1.8
Oabs/? = 2.877 (stat.)" s (spst.)’ ) (EPS09) mb
v STAR results consistent with PHENIX measurements
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J/P spectra in Aut+Au collisions
at 200 GeV

P A B B B S SR R B v Softer spectra than light hadron
& AU+AU = Jhp+X © ¢ 0-60%x10 prediction at low pr
6\ 10—4 = o O m 0-20%
S > A A 20-40%/5 oy radial )
© 10°EF s N ¥ %k 40-60%/10 smaller radwal flow
g = - Yo \\ : p
= g - . R regeneration at low pr  *
—~ E _ N . STAR Preliminary
S ol TR S
E & .L ‘ ~~~~ .Eh R &
> S s SR N, X
© - .. BB BR . _
Q_l_ 1 0-8 E Blast Wave N X \\ < R NE 3000}— Au+Au 200GeV, 0-60% -»- unlike-sign, same event
= - - Prediction TRy, N y 3 3.0<p <10.0 GeV/c ~ — uniike-sign mixed event
- —Fit ([3:0) = NI~ _ - = like-sign, same event
Q) 10° & N S i <= | *ﬁ@: #hy = 2117
S~ = "CSULYA™ DN < 25001 #Bkgd = 14523
Z - IS Weiq 3 - t * S/B =0.15
Qb 1070 R, e § i #, + SNS+B= 16.4
m ; \/_ 200 G eV \ .. 8 2000l_— ¢¢_++ v STAR Preliminary
11L > i EMC triggered events
10 E__ | | | | | | | | | i E;>4.3 GeV
0 1 2 3 4 5 6 7 8 9 10 15006 80 . LN
p. (GeV/c) S %%
hagh p1 2009 results: submaltled to PR-IL— 1000-2° ’ |\ v,
appear on arXw on Aug. 15 L f v ‘" ; ‘t;’—’*;’ﬁ
Tsallis Blast-Wave model: Z.Tang et al., arXiv: 24 2. 6I I 28I 3 l I3.|2l | I3.I41 | l316I | l318I | 14
1101.1912, JPG 37, 08194 (2010) M. (GeV/c?)
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J/AD Raa in AutAu collisions
at 200 GeV

I I I I I I [ l !
A, 3I' Au+Au — Jp+X o STAR (p>5 GeV/c) | ® 0-20%
e STAR ol v 40-60% |
Vol > PHENIX - ~_ Zhao, R
S Zhao, Rapp (p,>4.5 GeVic) < nao, Happ ]
S --- Liu et al. - (p;>5 GeVic) as "=~ Liuetal
O 33 1
: L L (o ﬂ SS <
NN B . 1 84 <
C%) m i T s,‘ :q ~~~ IZ% i o &) m
\ - : \’x 4 =8
N Eﬂﬁj ¢ %ﬂ 3=
S _ T H e 1 25
Q B |:€| - EIE_ ...E|~.: i Q;:
eI 3 S
Q/ - STAR Preliminary - § QE
* \/Syy = 200 GeV 33
& NN >~ N
S 0.2 | | | | | | - 0.21 1 1 1 |
Q 0 50 100 150 200 250 300 350 0] 2 4 8 10
N NPart lugh p1 2009 results: submatted to PRL, p (GeV/ C)

appear on arXw on Aug. 15
v J/¥ suppression increases with collision centrality

v J/% suppression decreases with pr across the centrality range
v Atlow pr data agree with two models including color screening and regeneration effects

v At high pr Liu et al. model describes data reasonable well, while Zhao and Rapp model
underpredicts Raa at Npare > 70
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The J/{ vo measurement 1s
for the test of charm quark
recombination effect

at 200 GeV

v J/¢ vo1s consistent with non flow at

crucial

S 0.2 - centrality 20~60 %
0.15 = 42 non-flow estimation
0.1 2t
| | — /‘r
E b AT rL
05 gy |
0 :—”",G“:;' ! _——l—_——l#-l— 1T e et s 0 oe—— —]
=
-0.05 3 STAR Preliminary
-0.1= initially produced (1)
— coalescence:
-0.15F at freeze-out (2) hydro: (7)
of in transport model (3) — — T=120 with viscosity
-0. - - - -- in transport model (4) T=165 with viscosity
e + initial mix (5) T=120 without viscosity
-0.25 :_l —  + jnitFaI .mi’.( (6) L '|I'=1|65lwitlho1,|t \Iliscloslity
0 2 4 6

(1) (4) Phys. Rev. Lett. 97, 232301 (2006)
(2) Phys. Lett. B595, 202 (2004)

(3) Phys. Lett. B655, 126 (2008)

(5) X.Zhao, R.Rapp, 24th WWND (2008)

(6) Nucl. Phys. A834, 317 (2010)

(7) U.Heinz, C. Shen, private communication

8 10
P (GeV/c)

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

Initially produced 1.8/3 6.2e-1 I
|
Coalescence at freezeout 22.6/3 4 .9e-5
Coalescence In transport 13.9/3 3.0e-3
Coalescence In transport 4.8/3 1.8e-1
L _Coalescence +initial mix _ 2.9/3___4.0e-1___,
: Coalescence +initial mix 1.8/4 7.7e-1 :
Hydro T=120 w/viscosity 16.5/3 9.2e-4
Hydro T=165w/ viscosity  14.9/3 1.9e-03
Hydro T=120 w/o 191.6/3 2.7e-41
viscosity
Hydro T=165w/0 237.3/3 0.0
viscosity
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Y(1S+2S+3S) in p+p collisions

STAR Prelminary

p+p\/s,, = 200 GeV
ly_l<0.5

Counts

® N __+N.

® N

Comb. Background (CB)
CB +Drell-Yan+bb

CB + DY + bb + T(15+25+35) 5=

12

3 STAR preliminary

Z B(nS) x 0(nS) =91.8 £ 16.6 + 19 pb

n=1

Benefit from high DAQ rate and
dedicated Upsilon trigger

improved statistics

(1S+25+38), B do/dy (pb)

140

120

100

oo
o

(=1
=]

at 200 GeV

" STAR Preliminary * STAR, lyl<0.5

[ p+p,\s=200 GeV N, - 2/N_N.

- Y —e'e NLO pQCD da/dy

- 1 CEM

| [T CSM

i Juz .

| &

__ IJJ .:.-" | F‘ ,“\ h'__'rl-]

i T i 1 \ 1

- ;;L@"_‘.-" g : ‘-.,. ...... —L} = Y

_.::—I'H:E:-u-ljl': ITI_'I_lI I.I 1 | 1 Ill 1 1 I Ir‘I:Ll;:-:EHI::.—
-3 -2 -1 0 1 2 3

Yee

10

Y(1S+2S+3S)
# STAR, p+p
® CFS, p+A
W E605, p+A
A CCOR, p+p
¥ R209, p+p

STAR
Preliminary

R806, p+p
UA1, p+p
CDF, p+p
CMS, p+p
~— NLO CEM, MRST HO,
m=4.75 GeV/c?, m/u=1

)

10° /s (GeVv)'”’

CEM: R.Vogt, Phys. Rep. 462125, 2008

CSM: J.P. Lansberg and S. Brodsky, PRD 81, 051502, 2010

v ptp Y(IS+2S+35)—e"e cross section

consistent with pQCD and world data trend
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Y( | S+ZS+3S) Raa in AutAu collisions !
at 200 GeV

2
_ ® Y(15425438) > e'e’, AutAu
P STAR Preliminary 1.8 |

g = 0 to 60% centrality B - p+p Stat. Uncertainty <
050:_ e« N_-N_, -N. 1 6_— :
- = Fit Function aWF p+p Sys. Uncertainty \[S
- 285.6 +/- 52.0 N S
40— —— DY + b-bbar B _ o
- ¥2INDF = 1.5 1 _4 — Free Energy Potential Model ~
30H Y =196.6 +/- 35.8 ) B =
”0 ; 4 t:"_) 1 . 2 — Internal Energy Potential Model E
i 4 gt
104 . + + 1 2 - <
: T - > 4 S
oF = g 0.8 E
A0t 12 n <
- 0.6 3
-20F . S
- — IS
- e e e e by | 0'4 N ralimi 2
e . . -~ L 12 - STAR Prelimi =
M...- (GeV/c?) - 3
0.21y5 =200 Gev g

RaW Yield Of Yee-l_e_ With 0 _I 1 1 | I 1 11 1 I | I | I 1111 I 111 I 1 11 1 I | I | I ||

|y[<0.5 =197 + 36 0 50 100 150 200 250 300 350

Npart

v Comparison with dynamic model with fireball expansion and quarkonium
feed-down, calculation included variation of mitial /5 and 1

v Results are consistent with complete melting of 35 and very strong
suppression of 25 1n central collisions 1n this model
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Summary

= Y (15+25+35) AutAu results consistent with the model that predicts complete
melting of 3S and strong 25 suppression

= p+p Y(1S5+25+38S) —e™e cross section consistent with pQCD and world data
trend

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

= ]/} vo consistent with zero at pr > 2 GeV/c - distavors the case when ]/ 1s

J

produced dominantly by coalescence from thermalized (anti-)charm quarks at

higher pr

= ]/ Ryau consistent with the model using EPS09+ oapd/% (3 mb)
= NLO CG5+CO and CGEM models describe /i pr spectrum in p+p collisions
= ]/ polarization in p+p collisions consistent with NLO™ CSM and COM

models predictions, and with no polarization
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J/Q in AutAu collisions
at 62.4 GeV and 39 GeV

Analysis status

- Au+Au 62GeV -=unlike-sign, same event © 90 f—A”"'AU 39GeV = unlike-sign, same event
:_1 -O<PT<5-O GeV/c — unlike-sign, mixed event E - EMC triggered — unlike-sign, mixed event
n STAR Preliminary — like-sign, same event =] 80 -1 ClipT{S.D GeVlc — like-sign, same event
| l J/1|j: 447 E 70 17| STAR Preliminary Jhy: 105
il I B:975 £ =] | = B-175
- S n "
- S/B: 0.46 3 60 I S/B: 0.60
- S/(S+B)"*: 11.84 5ok S/(S+B)'% 6.27
- a0f
: n; 30
— y Zé B N
: TS pospl
3 - &
: tar
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII :llllIIIIIIIIIIIIIIIIII=I =t
2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 0 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4
M., (GeVlcz) M., (GeV/c?)

Invanant mass distributions for 0-60 %o centrality

Clear ]/ signal at different pt and centrality bins in Au+Au collisions at
62.4 GeV and 39 GeV

Measurement of J/{ Rcp for different centralities and energies will be

done Thank yOM,
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