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ﬁ Motivation: J/y in heavy ion collisions

T% T =12 T= 3T, ]
D_ﬂ_l_m bibet TR 35 _Hot wind dissociation
I ” 1t I T 3
‘VXC\I” Y XhY’x‘h Iif Y th ’ Y [—‘02 S_
H. Satz, Nucl. Phys. A (783):249-260(200/) —~ 2
J/ly suppression at low p; maybe only from . @J\ :
excited stats (y’, ) 1 B —
F. Karsch, D. Kharzeev and H. Satz, PLB 637, 75 (2006) 05k e ]
*Hot wind dissociation = high p,direct J/y % 5 _1'% N 15 20
p, 1 Ge

suppression

«2-component approach: dissociation +
recombination

Raa decreases slightly or flat with p; X. Zhao and R. Rapp,
hep-ph/07122407

Raa iNcrease slightly with p; including formation time
and B decay X. Zhao, WWND2008

*Color singlet model:

Raa increase with p; (formed out of medium) F. Karsch

and R. Petronzio, PLB 193(1987), 105 ; J.P. Blaizot and J.Y. Ollitrault,
PLB 199(1987),499
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ﬁ‘“‘ J/w production mechanism in p+p

What's the production mechanism at RHIC energy?
1. Color singlet model (CSM) ) - pQCD

2 Color octet model (COM) 2 &> Non-Relativistic QCD (NRQCD)
3. Color evaporation model (CEM) 3

4

Gluon fusion

Heavy quark fragmentation %
Gluon fragmentation

Decay feed-down

Contribution might be from:

How do we distinguish different production

mechanism and different source contribution? 10—

1) R. Baieretal., PLB 102, 364 (1981)

2) M. Kramer, Progress in Particle and Nuclear Physics 47, 141 (2001)

3) H. Fritzsch, PLB 67, 217 (1977)
4) Cong-Feng Qiao, hep-ph/0202227
5) K. Hagiwara et al., hep-ph/0705.0803

10

CDF measurement: PRL79,572
Tt 1 T T r T T T '3

BROAy—I'} ) do(pp—sIy+X)/dp., (nbiGeV) 1
\s =1.8 TeV; || < 0.6 NRQCD

total =
----- colour-octet 'SD + 3PJ
—— colour-octet 35,

- LO colour-singlet

------- colour-singlet frag.

]
-

DPF 2009, Detroit

Haidong Liu



ﬁ“STAR detector for quarkonia measurements

- TPC

« Acceptance: |n| <1,
0<¢<2m

* Tracking =>
momentum

« e ID: ionization
energy loss

Eeeesass=rel

e M

« BEMC

« Acceptance: |n| <1,
0<¢p<2m

« elID: E/p, shower
size

* High-energy tower
trigger

El--------l-l

Forward Meson Spectrometer
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lﬁ“ STAR triggers for quarkonia measurements

= Minimum Bias trigger
= BBC; ZDC; VPD

= Cascade high energy tower triggers (hardware)
=« different thresholds for E;

=« Help sampling full luminosity
= L2 trigger (software)
= Tower Clustering

= Further select on the high towers topology
=« Use CTB/TOF to reject photon
« Large rejection factor
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Soux eID capability at STAR
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—Track quality
—Towear anargy
— Shower size
— Shower position
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i\“?“ Low p; J/v in p+p & d+Au

p+p 200 GeV d+Au 200 GeV

Invariant mass spectra (signal+background)
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o= high pt J/Psi in dAu

16[!':— - —unlike-sign aof- combined tFiQQETE —unlike-sion
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2= High p; J/y in p+p

EMC (High Tower) trigger:
5<p;<14 GeVic
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if\?“ J/y in heavy-ion collisions

% 5000
?
= 4000
g
@
= 3000
=
3 =
2000
STAR Preliminary "o
i %
""mr_ » Signal+Background ."50..
- o Background
I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1
02 2.5 3 3.5 4
<~ 600F
% so0.. STAR Preliminary ~1100 J/y's
S a00F 6.50 signal
2 200k S:B=1:28
S
t 2000
3. F
3 100,

Cu+Cu g

1000
2000 *
_I 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-3005 2.5 3 3.5 4
M, [GeVic?]

Fit by Crystal Ball function

"Emnu:— A4
- S I
R ~350 J/y's
2 [ . *#s  4.50 signal
8 "0hagt °+ SB=1:13
g oo oL,
o r =)
o r
600 %a
STAR Preliminary L
400— ’e&.
- » Signal+Background 06%
200~ - Back d a8
5 3 5
M,, [GeVicl Low p+
p+p (2003) p+p (2006) Cu+Cu ]
MB trigger BBC BBC 7ZDC ngh Pt
Er (GeV) > 3.5 > 5.4 > 3.75
Sampled int. lumi 2.8 pb~' 11.3pb~ ' 860 ub~?
rr1 (GeV /e) > 2.5 > 4.0 > 3.5
pra (GeV/e) 1.2 o 1.2 = 1.5
J/ pr (GeV /c) 5-8 5-14 5-8
J {4 counts 32 + 6 51 +10 23410
S/B 9:1 el 1:4

DPF 2009, Detroit

Haidong Liu

11



ﬁ“‘ J/v spectra in p+p and Cu+Cu at 200 GeV

=4 .
i \ls =200GeV W Cu+Cu MB trigger _ o

Rl o m Cu+Cu HT trigger e Significantly extend p;
D 102" — Cu+Cu PHENIX range of previous

[ | . |
¥ prpJiytrigger 2006 |\, eq5rements in p+p at

—

?“f 10 - g-60% ¥ p+p HT trigger 2005

g W ¥ ben HT trigger 2006 | RHIC to 14 GeV/c, which

E o p+p PHENIX allows to distinguish

10k —MRST, m=1.2,u=2m | (ifferent theoretical

& o L o MRSTm=14.u=m 1 o lculations

TI10°F .

Q. .af

cf&'10 E

B 10%E « Consistent with Color-

E"O‘E;smn o Evaporation calculations
- | | L ) 1 ] (R. Vogt, Private

-6 | |
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Transverse momentum P, (GeV/c)
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i\ﬁﬂ X+ scaling in p+p collisions
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X+ scaling:

102 10

X;=2p_Ns

1. mand proton at p>2 GeV/c: n=6.5+0.8

(PLB 637, 161(2006))

2. Jlyat p>5GeV/c: n=5.6x0.2

3. Soft processes affect low p; J/y production
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E d30- — g(xT)

3 n/2

dp S

n is related to the
number of point-like
constituents taking
an active role in the
Interaction

n~6
Color Octet
(Nayak PRD68 034003 (2003))

Color-Evaporation
(Vogt private communication)

n~8

(NNLO*) Color Singlet
(Artoisenet PRL 101, 152001 (2008))
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if\lm J/w - hadron correlation in pp & dAuU

STAR Preliminary
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P J/y Raa at high py

[ o STAR Curcu 0.20% B% T Aeser T v
3L v STARCu+Cu 0-60% 31— chanm quark At pr > 5 GeV/c
) O PHENIX Cu+Cu 0-20% [4] _..... heavy resonance
§ arXiv:0904.0439 h
2 g e _.
) F— DN O R 1/ is the only hadron measured
oal T A in RHIC HI collisions that doesn't
" STAR Prefiminary exhibit significant high p;
020712 3 4 5 5 7 8 9 10 11 Suppression
pr (GeV/c)

[1] Ads/CFT+ hydro (hot wind) : J/v is embedded in a hydrodynamic model and the

T4i.s decreases with the increasing of relative velocity (hot wind) (v PRL 98, 182301(2007) &
Gurji PG 25, 104137 (2008))

[2] 2-Component model includes color screening, hadronic phase dissociation, stat.
ccbar coalescence at the hadronization transition, J/y formation time effects and B-
meson feeddown (zhao and Rapp arXiv:0712.2407)

[3] & [4] are open charm R,, calculation by WHDG model (wicks nPA 784, 426 (2007)) and a
GLV model (Adil and Vitev PLB 649, 139 (2007))
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ﬁ‘“‘ J/v production at forward region in p+p

High-x: J/w measurement provides insight regarding intrinsic heavy flavor within the proton

Forward Meson Spectrameter (FMS) Reconstructed 2-cluster invariant mass
Full azimuthal coverage for 2.5 < n < 4
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ﬁ“" X.->J/w+ v at forward region in p+p

3-cluster analysis

STAR Preliminary

C hstdir2,10/fmshst/all.84.fmshst r hstdir2. 10/fmshst/all.84.fmshst
80 | [
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Signal significance ~ 2.9 o
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Y production at STAR
(mid-rapidity region)

= Y is a cleaner probe compared to J/psi
= CO-mover absorption — negligible
= recombination — negligible

DPF 2009, Detroit Haidong Liu
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i\ﬁﬂ Y Measurements in p+p

> 25F 10° = Yar+y”
g 20F 2006 p+p -
E15— ys=200 GeV I _
310 + o 10° £ -
O ~— - -
Sk :u:‘ L = -
OF _E : The cross section in p+p
5 } 101] ). is consistent with pQCD
L i&l . - - i -
- R preliminary L -
A0 N X X | ¥ STAR p+p 200 GeV _
5 6 7 8 9 10 111213 14 15 % Preliminary
m,, [GeV/c?] 100 NLOin CEM B
. . . o Frawley Phys.Rept.462(2008)125 =
Signal significance ~ 30 : MRST HO, me4.76, wim=1 =
: MRST HO, m=4.5, Wimy=2 -
d A EES’QEJE?E = I
o B ; - -
B, X(d_j =91+ 28(stat.) £ 22(syst.) pb ol ]
Y ) y=o 10" 102 103
J. Phys. G- Nudl. Part. Phys. 34(2007)S947 Ve (GeV)
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i\ﬁﬂ Y Measurements in d+Au

STAR Preliminary
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i
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STAR Preliminary
d+Au 200 GeV
-0.5<y<0.5
7<InvMass<11 GeV/c?

Signal + Background = unlike-sign electron pairs
Background = like-sign electron pairs
Y(15+2S+3S) total yield: integrated from 7 to 11 GeV from

background-subtracted m,, distribution

= Raw Yield: 172 +/- 20 (stat.)
= Strong signal (8¢ significance)
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if\?“ Nuclear modification factor

60— """ T

[ —— STAR Run8 d+Aus,, =200 GeV |y|<0.5 1400 p+p
: ; 505 ——e—— anti-shadowing(EKS98)+no absoption, R. Vogt 5350 dO' Manbal
= E —&—— Raw Counts 5300 Bee X d_y = 91 i 28(Stat) i 22(SySt) pb
B4 X d+Au200GeV | y=0
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_I_ FXn .iﬁ w _fzoutg d+ Au
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‘-O & 20 B, x kadl =35+ 4(stat.) £ 5(syst.)nb
r —J100 dy 0
10~ . y=
B —50
C %, g
0 o
P R, =0.98 +0.32 (stat.) £0.28 (sys.)
= 4F 3100
2 = M STAR (stat) _590
= 3.5 - - E . ) )
g af \Eszsopgz\, = EJ}R;!, NLovrsr| 0 Error is dominated by the stat. in pp
E ogt = .
P EONRUIES] I L LT STAR has taken 21 pb! data in the 2009 pp run
Q, 2:—% ol I Ew
15; —;40 n n n
-+ Rya, IS COnsistent with
S =20 .
Q 0.5;— 2 —10 .
ot 3 N, scaling
Rapldlty

J. Phys. G: Nucl. Part. Phys. 34(2007)S947
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i\&xﬂ Y signal observation in Au+Au

-'2 1 STAR PRELIMINARY
535
8 - 0-60%
30 '_._:_‘_' . 2007 Au+Au
B S\ = 200 GeV
201
150 [
10 +I_
C . i
N l—| —e — T
5f__1 |—o—|_._
IIII|\III|IIII|IIIIIIIII|IIII|II\I|IIIII\IIIIIIIIJ-II
% 6 7 8 9 10 11 12 13 14 15 16
m,, [GeV/c?]

Cross section calculation is in progress

J. Phys. G- Nudl. Part. Phys. 35(2008)104153
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i‘iﬂ Summary (money plots reminder)

—
< :
. I \ls =200GeV M Cu+Cu MB trigger
©10° n m Cu+Cu HT trigger
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ﬁﬂ Summary

Jy in p+p, dAu and A+A collisions: production mechanisms:

P spectra in p+p: _ — described by CEM and CSM
« extended to ~14 GeV/c / soft processes affect low p
« follows x; scaling with n=5.6 at p->5 production

GeV/c, deviates from scaling at low p;
J/y-hadron correlation in p+p & d+Au: : ! _
« no significant near side correlation / constrain production

constrain the contribution from mechanism: CSM or COM
B2>J/y+X
Jy Ryp . meditﬂ properties

« indication of R,, increasing at high p—

Y in p+p, d+Au and Au+Au collisions:
The X-section is measured:

p+p Bee X (d 0 /dy),_,=91 £ 28(stat.) =22(sys.)pb

d+Au Bee X (d o /dy),_,=35+4(stat.) = 5(sys.)nb

Rdau =0.98 +0.32(stat.) = 0.28(sys.)
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Back up
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i\xﬂ Low p; J/v in p+p & d+Au
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S Cu+Cu — Raa VS. Nigrt
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ﬁ“‘ NLO correction on spectra

PHENIX, PRL 92, 05180 (2004)

-

[nb/(GeV/c) ]

2IEpTB]]dydpl—
o

1

do/dp; [nb/(GeV/c)]

10 ¢
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T
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TTTT T T T

—h
Dl

()
T TT

Jhy —=e'e . Jhy—p'w

4 6 0 2 4 6

CSM can also describe the data
with some improvement like
the k,-factorization approach

=
o

M p+p J/y trigger 2006
M p+p HT trigger 2005
M p+p HT trigger 2006

=k

S
L
> 1k
@ g
; GeV/c) (GeV/c) S © PHENIX p+p
cVv/C CVv/C = -1
Pr( Pr £ 0 'E - - CSM k -factorization
PRLOS, 252002(2007 . = F ' P.
90N Color singlet | = ;o ¥ S.P. Baranov and
10% |~ LHC 14 TeV - ol arxiv:0710.1792
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CSM NLO correction is huge
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ﬁ‘”‘ Compare to pQCD and NRQCD

& [, STAR Preliminary ¥ p+p Jy trigger 2006 . -

S _‘L ¥ p+p HT trigger 2005 |: prompt product|c1)n

% 10'2%{"* ¥ p+p HT trigger 2006 lI: include Ac and y’ feed-down
0] E TN PHENIX p+p

= NN "SR —NRQCD, | P. Artoisenet et al., PRL 101, 152001
i 103 ‘x\\ H --NRQCD, Il }% J.P. Lansberg private communications
= F RO [CINNLO*, | } - || G.C.Nayaket al., PRD 68, 034003
O [ - NNLO*, I and private communications

o S

T_10"E] -

g fl

d F \

B 10°E
2 107E X ..

L®] - Tl T

m _ | | | | L | |

5 6 7 8 9 10 11 12 13 14

Transverse momentum P, (GeV/c)

*NRQCD leave little room from parton fragmentation and B feed-down
*NNLO* under-predict at the highest p; bin
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i\ﬁﬂ Compare to SPS
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RHIC: Cut+Cu, /s,y =200Gel , consistent with no suppression at p>5 GeV/c
SPS: IntIn, /s,y =17.3GeV , consistent with no suppression at p; > 1.8 GeV/c

Similar trend also observed at SPS, might from different physics origin
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