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Why 7



Relativistic Heavy lon Collisions

Au+Au Vs, = 200 GeV

UrQMD Frankfurt

* ¢, b quarks produced early in the collision
— good probe of created medium
* Quarkonium:
e cc (Jg, @', X, ...) bb (Y, Y, Y"..)



Matsui & Satz (1986):

Quark-Gluon Plasma

= J/y production suppression
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Matsui & Satz (1986):

Quark-Gluon Plasma

= J/y production suppression




T/T¢ 1/(r) [fm1]
)

2 |- [vas)

Sequential melting . (1P)

1.2laml 7/4(15) Y'(25)

— Temperature of QGP

%o (2P) Y'(35)

=Tc x.(P)  w'(2s)

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



Complications

“Normal” suppression

Shadowing Nuclear absorption

1.6

1.4 antishadowing Fermi

N motion
1_2:_ /\
it

® f
0.8
- shadowing
0.6
n EMC effect

0.4

o-z_l 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII|
1073 102 10" 1

X Co-mover absorption

Effects in QGP

- secondary production
- dissociation by gluons, energy loss
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Issues &
Open questions



Feed-down from excited states

- same nuclear absorption and shadowing as 1s states?

B — J/y feed-down

Production mechanism

— Color singlet or octet — is energy loss in QGP important?
- Recombination of cc in QGP?

Co-mover absorption

12



How to address these issues?

High-p. J/y

e Helps to constrain B — J/yp feed-down and
production mechanism

Y

* Negligible co-mover abs. and recombination

» | ess sensitive to nuclear absorption and
shadowing

13



STAR detector
& analysis technique



STAR detector

Time Projection Chamber Jiy - ete-
Tracking: p, n, @ Y _, ete-
PID via dE/dx

* Large acceptance:
* full 2rtcoverage in @
*[nl<1

Barrel E-M Calorimeter
Electron ID via E/p
Fast Trigger

Shower Max Detector
Spatial resolution
Electron/hadron separation via
shower shape

15



Experimental approach

1. baseline — p+p

2. “cold” nuclear matter effects — d+Au RAA dAY) = 1

Ria, = dN/dy ™™ if no modification
(Neowr) dN/dy?? in the medium

3. modification in the hot/dense medium — Au+Au

_ 1 _dN/dy?u’
RAA o {NCGH> dN/dy;Gp

16



High-p. J/y



High-p. J/y in p+p and Cu+Cu 200 GeV

30 -
25
20
15
10

counts / (40 MeV/c?)

(a) 200 GeV p+p

5<pr<14 GeVic

T, it

Jhy—ete
— unlike-sign
|| = like-sign

, —— simulation

10

counts / (50 MeV/c?)

15+~ (b) 200 GeV Cu+Cu
5<pr<8GeVic

2005 J_L

STAR, PRC80,041902(R), 2009

1 | 1 1 1 1
28 3 32 34

Minv(e€) (GeV/c?)

3.6

Counts/(30 MeV/c?)

[p+p 200GeV —
-4.0<pT<12.0 GeVi/c -&-unlike-sign
1001~ £ ilike-sign
i ist}jéw=_2?2’76 STAR Preliminary
80

24 26 28 3 32 34 36 38 4
M, (GeVic?)

Tight cuts for correlation study
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J/y production: p. spectrum

P+p

—
<

—
<
M2

BxEd’c/dp” [nb/(GeV/c)‘)]
) o

Phys.Rev.C80:041902,2009

- (c) A ptp@2005 | Cu+Cu
— @ p+p@2006 107
o © Cu+Cu 0-20% : -
:@ﬂ or Cu+Cu 0-60% 1 X
- —direct LO CGS+CO %
5 Cddirect NNLO™ CS—E 10-3 __Z__
: % N
i -F
3 10° 5
- —
- o
: <
_ 0=
: 1078
- (41]
[ <
]
3 10‘”::.,
:." T ITI T I:I T I'I A I|I L1 . I I|: 12
5 6 7 8 910 1112131410
P, (GeVic)

NRQCD (LO Color-Octet +
Color-Singlet) describes data

well, little room for feed down

G. C. Nayak, M. X. Liu, and F. Cooper, Phys.
Rev. D68, 034003 (2003), and private
communication

NNLO Color-Singlet predicts

a steeper p,.dependence

P. Artoisenet et al., Phys. Rev. Lett. 101, 152001
(2008), and J.P. Lansberg private
communication
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w
.

Accessing B —J/yp: J/p - h correlation

= ' B — Jhp = 14F gl prompt JAp | H} = 14F prompt singlet JAp I E *4F prompt octet JAp
% } % a {H{l % i i | S 14 b
= N ||} ,H_____1.z: (] H 21 i H hm =" A
225 b z | oy z o z i i
S |H || NI = | i | Z H | = '+ u
MH [“{ o8f i |} o.8f rHl ‘H 0.8 N N
P b E \ * : f i : M b
15 }} { H{ {l- 0.6 |.{ i 0.6 f H Lt N W
“ ro ; i ", i 7 ' ’~" )
I3 HH} i wﬁ IH*'“ >y # bl . o &Hﬂ H*l” " O ottt
| ! I L1 P iy Heth' st i Rtiyatingt g it Y
‘}'51}*“{1‘ i ﬂlmr oo M nyi S 0.2k m'}llﬂhﬂr‘q’f‘i'}ﬂ,"" | 0.2} PYthIa 8
Ad (rad) Af (rad) Ad (rad) A (rad)

Thomas Ullrich, Workshop on Heavy Quark Production in HIC, Purdue Univ, 2011

* |f B — J/y then strong near side azimuthal corr.

* Model dependent: Pythia 8, LO NRQCD for prompt
J/y production with y', x,, LO B production

e Little difference between CO and CS
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(1/N_ ) dN/d(A0)

High-p. J/y - h correlation

p+p 200 GeV:

16 -_4.|0-=:pJL”’<:6_|0 lx"f"ﬂrlf—ﬁi!’f 9. : a.l{)-:pﬁ‘”-:s_lo lx"f"mlf—i 4/19] ! 8.|O<pJL‘"<12|.0 lx"f"nrlf—ﬁéﬂ!’f 9]
- T . - T . . T .
B A55. - | aS5. - 31 A55. —
1.4].0-5<P] 1 29[ 0.5<p’ ] [0.5<p? ]
| STAR Preliminary 1 " PYTHIA [ ]
1.2] | | Promptuy 4 | 28f IO .
: 1 [ -—B=Jly ] !
| ] E — - | E -
1 g | Sum 15
: 1= 13 9
I {=1.5 =
0.8 T} 1o
3 | 1 3 1 1 3.5
S i ] E—: [ ] Eg
0.6 - 1 = 5
: ' ' 1
0.4}
[ 0.5 0.5l
0.2} 3 T ] B
O-II|IIII|IIII|IIII|IIII|IIII|III_ 0II|IIII|IIII|IIII|IIII|IIII|III O-II|IIII|IIII|IIII|IIII|IIII|III_
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B —J/yp feed-down in p+p

o o 9
= g O

o
W

1[1I|IIII|I1[1[]

(B— J/p)/(inclusive JAp)

O
)

o
-l

A= 1.2<«lyl<1.6

" -o- STAR run9 Jhp-h correlation, p+p 200GeV
- - STAR run5&6 JAp-h corrlation, p+p 200GeV
- -+ UA1 J/p-h correlation, p+p 630GeV

L+ DO w impact parameter, p+p 1.8TeV
" CDF B life time, p+p 1.96TeV

L CMS B life time, p+p 7TeV
| - lyl<1.2

L~ 1.6<lyl<2.4

STAR Preliminary | K

[ —1
=

|—.—|

=
L
=
i —
|—[_,Fj—|

=t [>—

l

IIII|IIII]IJII|IlIllIIIIIIIIIlIIIIIIJII|IIIl|IIIIIIIII|

1 2 3 4 5 6 7 8 9 10 11 12
pT(GeV/c)

b=

No significant
beam energy
dependence
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High-p. J/y in-medium interactions

Cu+Cu 200 GeV

[ @ STAR CutCu 0.20% --- adgsicrT+Hyaro | NO suppression at high
------- 2-Component
3L ¥ STAR Cu+Cu 0-60% e ) S _
5| O PHENIX Cu+Cu 0-20% R ﬁeg:,? ganug?]rnange pT (pT 5 GeV/C)
% I R,=14+04+0.2
S g pTET
Z oy T
oS
P e e -
" Phys.Rev.C80:041902,2009 Sse
02 1 | . | 1 | ! | ! | ! | ! | ! | . | ! | 1 |
0 1 2 3 4 5 6 7 8 9 10 11
pt (GeV/c)

* Contrast to open charm suppression: CS vs. CO?

* Trend reproduced when B feed-down and formation
time effects included
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Y

Negligible co-mover abs. and recombination

Less sensitive to nuclear absorption and
shadowing

Small combinatorial background

24



Y is a challenge

Small cross-section — large luminosity required

25



Baseline: Y'in p+p 200 GeV

S * STAR, |y|<0.5
E‘ "~ p+p,s=200 GeV I N,. - 2\(N,.N
© L v ot - -
S 120 Y —ee 1 NLO pQCD do/dy
Q - X
- - O CEM
% 100:— I CSM |
0 - = (1 =
E 80 mt;d:— 'Eq:h ]
— - in' é:::l ]
~ 60 mE- I = M -
40 :_ DED -"‘.'.:+I—|V. "o““ qzllju
L o O i
B DD . DD
20 :— DDI?“"‘ ........... 1 - EIDEI :
ot ] N
_I | I T | | I T | | I I | | L1 1 1 | III [ | | I I | |
-3 -2 -1 0 1 2 1’;’
ee

Z B(nS) x o(nS) = 114 + 38 133 pb

n=1

Consistent with CEM, (inconsistent with CSM: ~ 20)

150 v

130 v
202

o
‘HJE

0 >

10°

Phys.Rev.D82:012004,2010

Y(1S+2S+38)

* STAR, p+p
® CFS, pt+A

m E605, p+A
A CCOR, p+p
¥ R209, p+p

O R806, p+p
L UA1, p+p
A CDF, p+p

—— NLO CEM, MRST HO,
m=4.75 GeV/c’, m/u=1

2 3
10s (Gev) 10
Color Singlet Model (CSM)
PRL 100, 032006(2008),

Color Evaporation Model (CEM)
Phys. Rept. 462, 125 (2008)
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Cold nucl. matter: Y in d+Au

60

Cd . n
= =] =]

M
=
T | T 1T | T T T | T T T |

BRxdaldy"** "' (nb)

A
(=)

arX1v:0907.4538

o
o

- ——#—— Raw Counts

LK
N
2

LT

[ —Nf—— STAR Rung d+Au s ;=200 GeV |y|<0.5

I anti-shadowing(EKS98)+no absoption, R. Vogt

d+Au 200 GeV
STAR Preliminary

1

0

1 2 3

Rapidity

R, =0.78+0.28(stat.)*0.20(sys.)

 Consistent with N, scaling

* Cold Nuclear Matter effects (shadowing) are rather small
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# of counts.

Y in Aut+Au 200 GeV

00 o 60
- e Unlike-Sign,N___ = B ]
i —— Like-Sign, 3/N_, N § - 0-60%, i
B 0-60% Centrality | © 50 | =496 ub- 0-60% Centrality
80l -60% Centrality p - - |_,l
_ is\\?qﬁ Preliminary E - STAR Preliminary
_ o 40—
x —
- »- - C
o ' 2 301 4
- + e [
L i = B
40— + 20:— -§
I \ : |
] 10
] . | S hd
20 - lll ) + |
L -i- '| I -i-i-
i _ 0:—- ..J I H = + 2%
[]_I!' |"'|""'LH!1'-":'_' _1U:||||||||||||||||||||||||
4 8 10 12 14 16 4 6 8 10 12 14

M... (GeV/c?)

16

M.... (GeVic?)

* 4.60 significance, 95 Signal counts in 8 <m < 11 GeV/c?
* Includes Y, Drell-Yan + bb
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unlike - like sign counts

YR,, in Au+Au 200 GeV

60 -
- STAR Preliminary

Au+Au
\ $§=200 GeV

0-60% Centrality
ly . [<0.5

L
o
N L

® N, _-2\N_N_
— Y+b-b +DY,Fit
b 41 EETEEER Integral of Fit

N
o
T 1 I T 1 1

Y(8.5<m<11 GeV) =
N, - 24N,.N_-|DY+bb

= 64+16(stat)x 25(sys)

R, ,=0.78 + 0.32(stat) + 0.22(sys,Au+Au) + 0.09(sys,p+p)
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unlike - like sign counts

]
o

YR,, in Au+Au 200 GeV

60 —

JSf_,\'ll;,ei\l..l1\LPJrre-l|mlnary Y(85<m<11 GeV) =
S0 E&Fg&;ﬁxaliw N_,__ = 2\/N++N-- B IDY+bB
0 )f ° VN | = 64£16(stat)t 25(sys)
N il Integral of Fit
20

Need considerably
more statistics to
constrain theory

o

o

R,,=0.78 + 0.32(stat) + 0.22(sys,Au+Au) + 0.09(sys,p+p)
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Summary &

A look Into the near
future



Rich quarkonia program at STAR
» J/y: focus on high p;

* P, spectra, B feed-down

« R, in Cu+Cu at high-p. consistent with unity
%

 first cross-section measurement in p+p at 200 GeV
- d+Au: R, =0.78 £ 0.28(stat) £ 0.20(sys)
e Au+Au:
R, ,, =0.78+0.32(stat) + 0.22(sys,Au+Au)+0.09(sys,p+p)
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Near future

o J/y
- Polarization measurements at high p.
- R, athigh-p. in Au+Au 200 GeV

o J/y elliptic flow at 200 GeV
e J/y from Beam Energy Scan

Y

 New cross-section measurements in p+p and Au+Au 200 GeV

- R, vs centrality in Au+Au

e Separation of Yfrom Y' and Y" states

33






Backup



Low-p; J/ P in Au+Au 200 GeV

b 2
e PHENIX Au+Au 200 GeV, |y|<0.35 o 1.8 P PHENIX Au+Au/PHENIX pp, 0-93%, y|<0.35

¥ STAR Au+Au 200 GeV, |y|<1.0 ¥ STAR Au+Au/STAR p+p, 0-80%, |y|<1.0

o i

;_ [ | R Rapp, X. Zhao, arXiv:0806.1239, Au+Au 1-5;_ [ | R Rapp, X. Zhao, arXiv:0806.1239, Au+Au 0-80%
— 1.4
- 1.2
= I{ 1 1{
- 0.8
= + 0-20% -
- + o * 0.6
= ’ Ty 0.4 * ’ |
- 20-809 . . — . .
- 0-80% STAR Preliminary 0.2¢ + STAR Preliminary
C L 1 | L 1 L 1 | | L1 1 | 11 L 1 | | L1 1 | 11 L 1 | | L1 1 _ | | 1 | 1 | | 1 | 1 1 1 1 | 1 1 1 1 | | | | | | | | | |
50 100 150 200 250 300 350 00 1 2 3 4 5 6
Part p_[GeV/c]
PHENIX: Phys. Rev. Lett. 98, 232301 (2007) ' T

* Model (green band) includes: color screening in QGP,
dissociation in hadronic phase, statistical recombination, B —
J/p feed-down and formation time effects

* New Au+Au results with minimum inner material soon (5x higher
statistics)

D. Kikola, ICHEP 2010 36



J/yp production test: high-p;

5

41 @ STAR Cu+Cu 0-20% - fgﬁ;’;ggﬁm R,(p;> 5 GeV/c) =
3| ¥ STAR Cu+Cu 0-60% 3] — cham quark

| © PHENXCu+Cu0-20% [4] ........ heavy resonance 14+04+0.2

Phys.Rev.C80:041902,2000 Pt (GeV/c)

* Contrast to strong suppression of open charm

B.Abedev et al.,Phys.Rev.Lett. 98 (2007), 192301, S.Adler et al., Phys.Rev.Lett. 96(2006) 032301, [4] A. Adil and 1. Vitev, Phys. Lett.

B649, 139 (2007), and 1. Vitev private communication; [3] S. Wicks et al., Nucl. Phys. A784, 426 (2007), and W. A. Horowitz private
communication.

* Rising trend reproduced when B feed-down and formation time
effects included  21r. Rrapp. X. Zhao, nucl-th/0806.1239
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High p, J/w at STAR

Single High Tower trigger for high p; J/y
Higher p; electron: dE/dx (TPC) + EMC (p/E) + SMD
(shower size and cluster position)

Lower-p; electron: dE/dx (TPC)

- Track quality

- Tower energy

- Shower size

- Cluster position

a)

Issu 10°

JIY

<p’t <
S<p; 6GeV/c _ . 4
PYTHIA decay 10

3<p,<6 GeV/c

10

r|rr|r]r1r||r|r1[1|||

- Z. Tang QM2008 Z. Tangf QM2008

. -11 0 -8 -6 -4 -2 0 2
pﬂ
T nc

'_J||||||.||LJ|||.|||||I.
% 1 2 3 4



Heavy quarks = early production

Interpenetration time: t ~ 2R/~

m. ~ 1.3 GeV SPS:t>1fm
my ~ 4.2 GeV RHIC: t<0.2fm
tg'roduction — 1 /2771‘0 < 0.1 f-m. LHC: ¢ < 5 x 10—3 f'm.
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is\@ﬁ(ield Extraction 0-60% Centrality

unlike - like sign counts

* Do we see Y(1S+2S5+3S) in 0-60% centrality?

— Yes! Raw yield of 0 is many sigma away from
minimum x?
o0 STAR Preliminary %
- ﬁ\ﬁa Preliminary Au+Au ;::‘ 120 ﬁ\ﬁm Preliminary
50 Vs=200 GeV ©
" Force Yyie 0-60% Centrality =
- ld to zero ly, [<0.5 ~ 100
40__ | L N+_- N++N--
C — Y + b-b + DY, Fit
- ¢ | ------- Integral of Fit 80
30E | @ ~~~" b-B+DY
20 o | 60
10 40 STAR Preliminary
- - 0-60% Centrality
0~ 20| ly_|<0.5
- - [ 1o contour
-0~ | ' i I 26 contour
4 6 3 10 12 14 16 0IIII|IIII|IIII|IIII|IIII|IIII
m,, (GeV/c?) 0 5 10 15 20 25 30

Drell-Yan+b-b raw yield

R. Reed - Hard Probes 2010
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