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Introduction

Relativistic Heavy lon Collider
RHIC site in BNL on Long Island, USA

RHIC has been
exploring nuclear matter
at extreme conditions

over the last decade
2000-2011

2 —
B.0
Colliding systems: 60 - eeou
pll\+p1\; d+AU, CU+CU, Au+Au 4.0 2+1 I'u-.-:uur.
Energies A+A : ol 2 faveu
V syy = 62, 130, 200 GeV | | | T,
and low energy scan 0 15 20 25 30 35 40
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The STAR Detector
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The PHENIX detector
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Probing of Dense Matter with jets

p+p Collision Au+Au Collision
* nuclear modification factor R , , :
Yield(A+ A
R,(pPr) =~ ( )
Yield(p + p) x <Ncoﬂ>
T

Average number of NN collisions in AA collision

» No “Effect” of nuclear matter:

-/ teadingparict | eadingpartie R . =1 at higher momenta where

’et% ’et\% hard processes dominate
* Suppression: R, , <1

3
s
x
3
~]
quark or gluon o quark or gluon

« Partons interact with medium
gluon radiation/energy loss

* measuring high-p; particles in
Au+Au vs. p+p to extract the
properties of medium

J
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Heavy quarks as a probe

* p+p data:
— baseline of heavy ion measurements
— test of pQCD calculations

* Due to their large mass heavy quarks
are primarily produced by gluon fusion in
early stage of collision

— production rates calculable by pQCD
M. Gyulassy and Z. Lin, PRC 51, 2177 (1995)

*heavy ion data:

« Study energy loss of heavy quarks
— Independent way to extract properties
of the medium

0.3

1 0.2
)

0.1

Radiative energy loss

M.Djordjevic PRL 94 (2004,

light
dead cone

bottom

ooomem
i
//-/
— Mge =0.35GeV
L=5fm, A=1fm
5 10 15 20 25

E[GeV]

-> Flavour dependence of jet quenching
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Quarkonia

T < T, T =12T, Matsui-Satz: screening the potential
:I:I]:I:I]:U I :: :: :: Screening in Q and Q cannot
o ¥ a deconfined “see” each other

., S ) medium: o < rog
VAN Y YAy Vo Y T
and Q
T ~ 3 Tc reduced
H. SatZ, NUCl. PhyS. A(783):249' 11 It [N 1
260(2007) :: :: :: I :: :: :: Assume: medium effects described with a T-dependent potential
1111 Y NN ‘A. Mocsy _%ﬁe#’rp(‘n")
H Satz,

L ICPAQGP20

state || J/0(18) x(1P) | ¢/(25) | T(18) x:(1P) | T(28) | we(2P) T(38)

2S)(1P) (1S)

T4/, || 2.10 1.16 1.12 = 4.0 1.76 1.64) 1.19 1.17

JAP Survival Probability

|

E(2S) E(IP) E(18)
Energy Density

Quarkonia: Thermometer of QGP through hierarchy of T(dissociation)

Many effects play a role: dissociation in QGP - cold matter absorbtion -
recombination/coalescence from c, cbar - heavy resonances ...
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Open Heavy Flavour
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Charm meson reconstruction
and non photonic electrons
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Open heavy flavor

Direct: reconstruction of all decay products
D'—-Kna* D' —=K'n,
B.R.=3.80x0.07%

STAR

Indirect: charm and beauty via electrons

c — e* + anything (B.R.: 9.6%)
b — e* + anything (B.R.: 10.9%)
issue of photonic background

charm (and beauty) via muons
c — u+ + anything (B.R.: 9.5%)
STAR and PHENIX

See talk by S. Margetis on open charm

direct reconstruction, eQCD2011
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Counts (x 10%(10 MeV/c?))

3L (a)

oid %

- DO d+Au\s,=200GeV

¢

lyl<1
p;<3GeV/c

- Phys, Rev, Lett1{>94 (200
1.8 1.9

M. (Kr) (GeV/c?)

nv
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Direct D-meson reconstruction at STAR

| I I I "’c 6 LI L ] LI I LI l L I T
mmblas Au+Au 200 GeV # < [D%+D° 5 K+x p, <3.3 GeVic .
] R { + Linear B oun
4 D"(D% - Kn + # = ; H a
o5 |- —
L P, <3GeV/e © r
| i<t : y
#ﬁ# 4 e -
o 2 [ ndf 59.35/68 | i o / _ ]
‘; ++ # Yicld 2409+ 0.496 3 S/ N 47_
~ 21 , Mean  1.8678 = 0.00190 |_} B . i b
()] + o 0.0080 + 0.00081 i Cu+Cu minbias 1
E + p3 -9.170 = 0.067 B
=] pd 42.9688+0.17916 | 2 - —
8 % + PS5  -45.2572+0.23955 | + ) Sy = 200 GeV ]
i 1 .
EA E 5 s bon 5 5 1
of bt ity T B | S A L
i R ]
o STAR arXiv:0805.0364 . | STAR Preliminary
1.7 1.8 1.9 2 1.75 1.8 1.85 1.9 1.95 2

Kr invariant mass (GeV) K = Invariant Mass (GeV/c?)

DO recon. with the help of silicon
detectors in STAR (preliminary)

- | O Krn+K'n
600 '

——— gaus Fit

i

zooir - N$ #I L
g Lol Ny éﬁw

# pairs
o

AT

“ ;Bouchet, STAR,

600011,

ormio201

1.7 1.76 1.8 1.85 1.9 1.95 2 2.05 21

inv. Mass Kz [GeV/c?]

 Kxt invariant mass distribution in d+Au, Au+Au minbias, Cu+Cu

minbias at 200 GeV collisions

6ubo
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Measurement of charm STAR

“.‘ LI I I I L ] L I L I
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B F ot % D'indvds |2ui0] 4 STAR charm measurement:
o N ® ¢’ in Au+Au minbias ]
:10 '_"_"_"_: re ':' B o inAutAucentral 12% [<5] 1
=== - ower-Law /A ' in Aut Au minbias — .
& f s 1 © DO in d+Au, Au+Au, Cu+Cu 200GeV
L . AL
% _"‘"*_% ¥ O ¢ indéAu i _
- R v O e inpep 3 -« low p; muon in Au+Au 200GeV
2 10 ’:3:""}3.. .. ]
o~ K AL . e b g 1 : :
> _%v T, Sysematic ko1« non-photonic electrons in p+p, d+Au,
S PBom 1 Cu+Cu, Au+Au 200GeV
z | . Fmgy |
o~ ., O o 3
'U 3 " .‘. .'.
~107 R » T ».. ~
u """'"-«.,QQQO;"'°f.. R |+ 90% of charm total kinematic
B L ™, o o U e — range covered
= [;][;J ¥y ? T 1
- D-L}] O, -
10-7— D""-,, "Q a .. —
- STAR arXiv:0805.0364 | ”I—
0 1 2 3 4 5
P, (GeVl/c)
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Subo

Measurement of charm PHENIX

Non photonic electrons PHENIX, arXiv:1005.1627

E d’o/dp® (mb GeV?2c?)

LI NN L LA L L L LELELELEN BLEL LA N T 7

p+p — (" + e)/2 + X at\[s=200 GeV (a)

* PHENIX data
—— FONLL(total)

FONLL(c — e)
FONLL(b — e)
FONLL(b—c —e)
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Open heavy flavour from di-electron spectrum

L} T T 7 I L AL l LA L) Ll l T¥ ¥V 0 ] L T A T I LA B A 4 ' T A ' A | LA |
+ at\[g = 200 GeV B . i
Y 1 e SRR SRS measured correlated e e* pairs
p, >0.2 GeVic sese T = ee (PYTHIA)

— bb —= ee (PYTHIA)

e Y < B T TERA) Independent cross-check for

calculation charm and bottom
quark cross sections:

10°¢

— UM

Occ= 544 + 39(stat) + 142(sys)
+ 200(model) mb

nuud L

.............. Obb= 3.9 + 2.5(stat) + 32 (sys)

LS L2
......

—

QS
—_
o

..
-
.....
.
-

T Good agreement with single
b heavy flavor electron results.

.-
-
.
.
.
.
.

1N, dN/dm,, (c%/GeV) IN PHENIX ACCEPTANCE
=

.1‘ ' 1 1 ' A s A s L A 1 ' 1 A s A s 1 L s 1 A ® - 1 1 1 s .
107 o 1 2 3 4 5 6 7 8

2
Mee (GOVIE) 1 " Garishvili, PHENIX,

Purdue workshop Jan
2011

arXiv:0802.0050 (PHENIX)
Published
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Open Charm Cross-section and STAR-PHENIX

discrepancv
p— 2 [ -
€2 °F g;ﬁ: g“’f”_ STAR Au+Au Central STAR:
:b 1.8 reliminary STAR Preliminary DO, e|eCtr0nS
3"1 6 = o PRL 94(2005) 062301
s F D°, muons
"g 1.4 STAR d+Au ) ) + + arXiv:0805.0364
(% 1.2:_ | NLO Upper Bound PHEN IX
s Single electrons
E PHENIX p+p (2003) STAR Au+Au MinBias PRL 97(2006) 252002
0.8 STAR Preliminary Electron pairS
0.6~ @ PHENIX p+p (2005) *PHENIX Au+Au 544 £ ﬁf;t%t;g (;%%Sy;: )31' 200 (model)
0.4~ NLO Prediction
0.20~ NLO Lower Bound
0 _I L1l I 1 1 1 L1 111 I 1 1 1 Ll 111 I 1 L 1 L1111 I
1 10 102 10°

Number of Binary Collisions

« Discrepancy between extracted total cross-section from STAR and PHENIX

6ubo
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Resolution of the high pT NPE STAR-PHENIX discrepancy

J N Al Al ] Al T T I T T T I T T T I T T L] ' T ] T T T T T T Y T Y T : .- T o T
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E = o PHENIX (PRL 97 (2006) 252002) ----wveom FONLL b/(c+b) = o2 107" =5 i v update on PRL 98(2007)192301
% AN FONLL
.9 10 — g FONLL uncertainty
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* STAR and PHENIX NPE results in

200 GeV p+p collisions are consistent
within errors at pt > 2.5 GeV/c

* STAR and PHENIX NPE results are consistent with FONLL in 200GeV p+p collisions
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R(AA) and elliptic flow
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Large suppression of Non-Photonic-Electrons

A Adare et al, PHENIX, arXiv:1005.1627

Au+Au 200 GeV 0-10% central

= -1 canrs

Aige A S = 200 G

se | 3A2T) Moore &
: v‘]| 1202 T) Teanesy (M)

wan Hes=a el gl (1)

b i : ]

Thick dashed line: BDMPS (D,B)->e
Upper band: DGLV (D<B)->e radiative dedx

§ 7 a 0

]
p, [GeVic]

Lower band: DGLV collisional+rad. dedx

Thin dashed curves: DGLV only D->e+X

NPE R_AA puzzile: Larger suppression (c+b)
than expected for radiative dedx/dead cone

effect

Adding collisional dedx improves agreement

6ubo

o [Gevic]

Van Hees et al PRL100 (2008)
192301

Dedx by elastic scattering mediated
by resonance excitation of D and B-

like states in the medium

EQCD2011, 21-25 Feb. 2011, Sonia Kabana

Describes ~ both R_AA, v2(NPE)



R_AA(NPE) and v2(NPE)

P. Gossiaux, J Aichelin, PRC78 (2008)
014904, 0901.2462, 0901.0946

3

1.8 Ausfu: 00% - s,
1B 2, [l % = 0.2; K = 1.8
1a Au+hu @[5, = 200 GeV

1.:2

i
u.uf
06
a0
0.2

1 2 ] g o ] T B g
Teu
:: .15 minimum hins
[ | |i .
0.08 _‘F/q*llt_*i_i— —
q — . -
=0.058— N
[ 1 2 3 4 L]

P [Ge'ic)

Collisional dedx+

running coupling constant,

A Adare et al, PHENIX, arXiv:1005.1627

.-_"-.‘H - o .“.;F
= Greco ! al & 1iew I_I'l'lf -
02 ... Greco &l al na & low 77T i Fhimeh L P Pl
Lhang &t Bl T0rek e Flesn vl 6l g arky
Thang ot al, 3 mb
LA B

18 |

4 pT[GEWM
Greco et al: ¢ flow assumes v2(c)=v2(u,d)
no c flow assumes v2(c)=0

Zhang et al: HIJING+(parton cascade)+(hadron
cascade) for two charm quark scattering cross
sections

Van Hees et al: resonant interaction in strongly
interacting QGP and parton coalescence of c,b -->
Reduction or flatening of v2 at high pT requires b
contribution

Resonances required at low pT
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Recent update of STAR R(AA) NPE Au+Au 200 GeV (2007
paper erratum)

g ISTAF! charged rl'ladrons p.>86 GleV/c ' I ' < T 1 T T T T T T T T
m ........ |- DVGL R <« | " STAR charged hadrons p; > 6 GeV/c — lIl: DGLV R+EL
- = ||: BDMPS c+b |1 oc . ccccce. I: DVGL R ——— IV: van Hees EL
Ill: DGLV R+EL - —— — Il: BDMPS c+b ---- V:BDMPSc
== = |V:van Hees EL i
----- V:BDMPSc
‘|
A
SORE—
-IE
“  d+Au
1 0_1 n e Au+Au (0-5%)
- -1
_ 10 - = d+Au
1 : 1 . L ! I - e Au+Au (0-5%) i
2 4 6 8 10 1 D LD

Physics message remains the same as in original publication
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Elliptic flow v2(NPE)

A Adare et al, PHENIX, arXiv:1005.1627

R_AA(NPE) suppression and sizable v2(NPE) :

Heavy quarks lose energy in the medium, while acquiring a substantial
component of the medium’s collective flow

Compare v2(NPE) to the expected v2(D) from coalescence production.
pT< 2 GeV to be sensitive only to c and not b

£ | & : ’ chi”*2 for v2(c) vs v2(u)

=
frant

both normalized to measured v2(u)

calculated from measured v2(light quarks) and
v2(NPE)

- v2(c) ~ v2(u)

- the coalescence assumption for D seems
supported

-> indicates common quark collectivity
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Disentangling Beauty and
Charm
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Beauty to charm ratio in p+p collisions

e-K(NO PID) reconstruction hadron p, 0.4~5Gev/c
T IYY]IIllllll'lllI'IYIIVIYIIYIYIIIIV:

T R e R B A T R

T I TrT 'I T
~ = i data electron p_ 3~4Gevic | - ]
D (a) -+ T (b) —}- data electron p_4~5Gevic
PHENIX : °lo 0.1 - =+ simulation(charm) I simulation i -
" — e W T s (combination of
R t t_ f K (K 'E_ E’S r == simulation(bottom) T . c—e+hadron from jet)
econstruction or e- = 0.08— —— simulation(charm+bottom at _| e’ e
. . . . - <L r measured b—el/(cse+b—e)) |
unidentified) invariant mass € | ]
|_F0.06— £
= + 4
Fit with PYTHIA simulation [ ]
. . 0.04 -1
varying the b/(c+b) ratio : ]

. 0.02 I 3] = 1
Phenix Coll, PRL103, 082002, i/ L ]
2009 o: g :‘:F’E" A T o

[ TS PR PETEE PSS P i el e P BT T PR P TR PN Tl SRR NS FEE T R wwna m
05 1 15 2 25 3 35 4 4505 1 15 2 25 3 35 4 45

M., (GeV/c?) M, (GeVic?)
o Tesld0) : PYTHIA @Indt  12.55/29
_F e f.o(A ¢) : PYTHIA
E 25{‘ ,,—ﬁ}fﬁ
STAR and PHENIX : s 1—_+ . mffm.#-
e-hadron azimuthal correlations --> % : p+p 200 GeV
different widths for NPE coming from Charm 5: 3%— x2/ndf  34.19/29 Q’
and Beauty decays = 2;-% rﬁ J
Fit with PYTHIA simulation varying the : *"“ﬁ%ﬁ R _++J;;ff--f'
b/(c+b) ratio - RO 2 il Ve
- 5.5<Ip'T"g(GeV/c)<GI.5 | | p+p 200 GeV |
03 2 1 1 2 3

0
Ao (rad)

STAR Coll. PRL105, 202301, 2010.
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STAR : Charm and beauty from e-D0 azimuthal correlations

See talk by W. Borowski, eQCD2011

PYTHIA

3
0.35710

sign(e) # sign(K)

BEAUTY m

Like Sign
Ad ~T

A

Q O
Q
\
\
Q
aQ

1itrig dNIdAS [rad ]

05

04

03

0.2

0.1

3

1itrig dN/dAG [rad™)

e
w

0.25/

e
»

0.15

0.1~

0.05

c-char
— b-bbar

Like Sign
A ~0

sign(e) = sign(K)

«10
c-char
_ —b-bbar
1 !
- !
[ 1
CJ 1
b 1
[ 1 —
e 1 ) )
. R s
e w wralf T AT Lo o alaiy
1 0 1 3 -

Unlike Sign
Ad ~T

A Mischke, Phys. Lett. B671, 361 (2009)
W. Borowski, HotQuarks 20120
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Beauty contribution to electron spectrum in p+p at 200 GeV

—

& [ ¢ ehcorrelation % ool ® PHENIX Iyl <035 N
+ 1~ © e-D’correlation _2 " —FONLL y=0
ZqP - FONLL : 0'8;----FONLLerror band y=0
< og ~ FONLLuncertainty L ot L T ¢
m V.U o -~ - ’
f - ? 0.6/ |
0.6__ .L 05;
i - .790%C.L.
i = T 1 |-
0.4 = et L g0%C.L.
i 0.3;
0.2 : of- ¢
i ) p+p@200GeV o A7 p+p at\/s=200 GeV
%IIIIIIII[IIII|IIII|IIII|I[II|III]|IIIIIIIII|IIII 0511- l‘/lxl‘jllllll”|,l‘|lllllll
1 2 3 4 5 6 7 8 9 2 3 a 5 6 7
pT (GeV/c) Electron p_(GeV/c)
STAR Coll., PRL105, 202301,2010, arXiv:1007.1200 PHENIX Coll., PRL103, 082002, 2009.

* The beauty component in NPE in p+p collisions (r_B) enhances with pT and becomes comparable
to Charm at pT~5 GeV.
* PHENIX and STAR data on B/(B+C) ratio vs pT, agree within errors
STAR results from e-h and e-D0 correlations agree within errors
--> 3 diferent methods give consistent results on B/(B+C) vs pT

* Data agree with FONLL predictions.

26
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Beauty and Charm nuclear modification factors in
Au+Au collisions at 200 GeV

< 1 Confidence level contours for the nuclear
o < modification factor R_AA for beauty and charm
0.9 are determined from R_AA of NPE (Phenix) and
0.8 the B/(C+B) measurement from e-h and e-D0
ﬁ I:Djordjevic correlations for pT>5 GeV (STAR).
0.7 = II:Adil
0.6 — lll:van Hees Models
0.5 . —~RZA"X(0-10 %) I: (M.Djordjevic et al, PLB 632, 81, 2006)
Bl - CL 90 % radiative_energy Io_ss with ir_litial g density
== dN/dy(g)=1000. This model is excluded by
=— the data.

Il: (Adil, Vitev,PLB649,139,2007) collisional
dissociation of D and B mesons in the QGP
causes suppression of R_AA.

% 01 02 0.3 0.4 05 0.6 07 0.8 0.9 1 lll: (van Hees et al,PRC73,034913,2006)
:DA Large elastic scattering cross section
associated with resonance states of D and

M Aggarwal et al, STAR, arXiv:1007.1200 B mesons in the QGP.

Beauty is also suppressed in Au+Au collisions. R_AA of e from Beauty is <1
even if R_AA of e from Charm is zero.

Beauty and Charm are both suppressed in Au+Au collisions

6Ub -> Measurements of R_AA of B and C separately in Au+Au are crucial

Ul =NV aV I iy al "V 1 UM &V I 1) WUWVIIIU INUNVNUIIU



C and B cross sections in p+p collisions at 200 GeV at

high pT (STAR 2011)

STAR Coll., arXiv:1102.2611 (Feb 2011)

I T T T I T T T I T T I T T T I T T T I
. ® measured (B—e)+(B—D—e) .
10° = FONLL (B—e)+(B—D—>e) E3 ® measured D—e .
£ oo FONLL (B—e)+(B—D—e) uncertainty - —— FONLL D—e
- - - FONLL B—D—e .
105k —-—-- FONLL B—~D—>e uncertainty - FONLL D—e uncertainty ]
o
2
<107 -
e}
E
o 8
-
w
10° E
3
107°} N
; - 1
o 4: + ]
20 ﬂ T LT R ) R I ]
S i 81 5y [ @ @ BT 2§ 3] [¢]
O K PR S SR = < A & T VeGP S -t P —
0 a 6 8 a 6 8
P, (GeV/c) P; (GeV/c)

d ¢

J(B%gy(f—m—))ye_o 404_.05( )ill(sys)b
dUD—)ca
. -0:=6.220.7(stat.) £ L5(syst,Jab.

--> Using the measured ratio e(B)/NPE, cross sections for B and C for 3 GeV <pT<10
GeV in p+p collisions at 200 GeV have been extracted

6Ub0 EQCD2011, 21-25 Feb. 2011, Sonia Kabana



Hidden Heavy Flavour
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The “RHIC J/ ¢ puzzle” : y-dependence

1.2

NA38, S+U,0<y<1, E. Scomparin (QM06), nucl-ex/0703030
NAG60, In+In, 0<y<1, E. Scomparin (QM06), nucl-ex/0703030
NAS50, Pb+Pb, 0<y<1, E. Scomparin (QM06), nucl-ex/0703030
RHIC, Au+Au, |y|<0.35, PRL98, 232302 (2007)

RHIC, Au+Au, 1.2<|y|<2.2, PRL98, 232302 (2007)

RHIC, 1

RHIC, |y|<0.35, Global error = 12%

2<|y|<2.2, Global error = 7%

0.8

0.6

SPS, 0.0

<y<1.0,:Global error = 11%
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Number of participants Au+Au

* Suppression doesn'’t increase

with local density

~ Raa (IY1<0.35) > Ry, (1.2<Iy[<2.2)
— Ry, (RHIC, |y|<0.35) = R, (SPS)

R_AAis <1 also for low N_part where
J/Psi (meas./expect) of NA5SO was = 1

--> need to correct R_AA for cold nuclear
matter effect like done by NA50 with p+A

EQCD2011, 21-25 Feb. 2011, Sonia Kabana



RHIC J/Psi “y”-puzzle

—t -
- -

R/ Ras(CNM)
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] 1

0.2

0.8

EKS98 CNM baseline
® AuAuy=0
® AuAuy=1.75

Narrow boxes: correlated sys
Wide boxes: CNM baseline sys
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!
0
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Noart

T Frawley, (PHENIX) workshop
ECT* Trento, May 24-29 2009

Linden-Levy, (PHENIX), WWND2011
and ICHEO2010

Analysis of d+Au data of run 2009 in
terms of sigma_abs to account for all
nuclear matter effects

(recent paper PHENIX, arXiv:1010.1246)

—>sigma_abs increases from midrapidity to forward rapidity
- Agreement of J/IPsi R_AA/R_AA(Cold Nuclear Matter) at y=0 and y=1.75

gubo
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0.4

The J/Psi RHIC-SPS-comparison -puzzle

EKS98 CNM baseline

® PHENIX y=0
® NAGBO In-In
A NAS5O0 Pb-Pb

Narrow boxes: correlated sys
Wide boxes: CNM baseline sys
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0

100 200 300 400 500 600 700 800
dN/dn|
n=0

R Arnaldi, D Frawley, Trento 25-29 may 2009

-Divide out cold nuclear matter effects using
not model but data (d+Au, p=Au)

- Plot as a function of dN/detajeta=0 takes
into account differences in energy in contrast
to N_part.

---> Cold nuclear matter absorbtion effect up
to dN/detajeta=0 = 300

---> Suppression of J/Psi above 300

Y

Al
Wl ) Y
|

|
|
\ |
1
N :
)€ r:l | ECT,)

JIy suppression at low p; maybe from excited stats (y’, ) . karsch, D. Kharzeev and H. Satz, PLB 637, 75
(2006); B. Alessandro et al. (NA50), Eur. Phys. J. C 39 (2005) 335; R. Arnaldi et al. (NAG0), Quark Matter 2005; PHENIX: Phys.Rev.Lett.98, 232301,2007.

60% of all J/Psi comes from direct Jhp). While 30% of all J/IPsi come from %, and 10% v’
% and ¢’ T(dissociation) ~Tc, while J/Psi T(dissociation)~2.1T_c
--> suppression of J/Psi observed, maybe due to %, and ¢’ dissociation
--> directly produced J/Psi may not be suppressed at all at RHIC
--> expect more suppression at LHC due to direct J/Psi dissociation
(but must account for c,cbar coalescence-> J/Psi)



J/Psi assumed completely suppressed and resurrected
by c,cbar “coalescence”

2g A Andronic et al, Phys Lett B 652 2007, p
oc 12 ® RHIC data 259
1 .\
-J/IPsi is assumed to be completely
0.8 “ suppressed at RHIC
H ' - R_AA(J/Psi) is then estimated for
0.6 E H the process of c, cbar coalescence
- E to J/Psi, within a thermal model
0.4 e E ____________
Model o
02 LHC E —>This estimate agrees with
________ s R_AA(J/Psi) at RHIC
0 o0 100 150 200 250 500 980 —> It predicts a great enhancement
of R_AA(J/Psi) at LHC
Npart B ( )

6Ub0 EQCD2011, 21-25 Feb. 2011, Sonia Kabana



J/Psi in d+Au at 200 GeV (PHENIX, oct 2010)

- 1.4 sjoi
S :
$ | a)
o 1.2 Py
'YEL
1 . . .
:J ¢ PHENIX, arXiv:1010.1246
L °
0.8 - [*] o] [¢] o
g : .
0.6 o _L» o
L [o] hd
0.4 L o] %
u o] ¢ JvindsAuat\s,=200GeV (x IN_) — 5
r Global Scale Uncertainty +5.3% U
02— e J/yin p+p at\ s,,,=200 GeV w0
C Global Scale Uncertainty +10.1%
| I I J
9
)
=
e
3
o«
05 —e— Jiyat\s, =200GeV e
- Global Scale Uncertainty + 7.8% -
0.4} —— EPS09 and 5, =4 mb
- = — Gluon Saturation ‘
0'3 PR T S SRS N —— - A | A A A Aol
-3 -2 -1 0 1 2 3
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Jp in Au+Au and Cu+Cu 200 GeV pT dependence

5 -
4 ® STAR Cu+Cu 0-20% H T ;\?/CFﬂHytdro
3L ¥ STAR Cu+Cu 0-60% = - cha?nr?zzgzl
2 R FHENECH OIS [4] - -.-. heavy resonance
$ ]?
" 08 I
062  JR T R L
AR Preliminary STAR: arXiv:0904.0
1 ) I I U S N [
0O 1 2 3 4 5 6 7 8 9 10 1
pr (GeVlic)

* Raa(Cu+Cu, p+>5 GeVic) = 1.4% 0.410.2

* Cu+Cu: Consistent with no suppression at high p;

g 2
%18
1.6
1.4

1.2

® PHENIX Au+Au/PHENIX pp, 0-93%, |y|<0.35
¥ STAR Au+Au/STAR p+p, 0-80%, |y|<1.0
[ ] R Rapp, X. Zhao, arXiv:0806.1239, Au+Au 0-80%

Star preliminary

1
0.8
0.6
0.4
0.2

III|III| II|I[I|III I]I|III|III|III|III

Aut+Au: 0-80% 1{

I 1 I 111 1 I L1 1 1

1 1 1 l I 1 1 1 1 I 1 1 1 l I
% 1 2 3

5 6
pT[GeVIc]

D. Prindle et al, STAR coll., ICPAQGP2010

A. Adil and I. Vitev, Phys.Lett. B649, 139 (2007),

S.

Wicks et al., Nucl. Phys. A784, 426 (2007)

* Cu+Cu: Inconsistent with AdS/CFT+Hydro and “heavy resonance” models

*Two component model+JAhp form. time+ B feed down describes the trend well

6ubo

R. Rapp, X. Zhao, nucl-th/0806.1239
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J/Psi in Au+Au at 39 GeV (STAR)

° Au+Au 39GeV
= 601 | EMC triggered events
s | E.>2.6 GeV
=) - JIp—>e'e
< -
= 50|
% - STAR Preliminary
3 40 E -»-unlike-sign, same event
O 5 — unlike-sign, mixed event
- like-sign, same event
30ts: i
20} 1T
10[- + _ _ +
C : ; L L - - [ L ??i'.”- 1
9 6 2.8 3 3.2 3.4 3.6 3.8 4
M,,, (GeV/c?)

Z Tang, STAR, Nucl Phys A (2010) 1-4, arXiv:1012.0233

6Ub0 EQCD2011, 21-25 Feb. 2011, Sonia Kabana



B --> J/Psi

D Prindle et al, STAR, ICPAQGP, Goa, India 2010 (B%J/ll)) / (inclusive J/w)

2 2.5 200G = Ff :
~ Z. eV p+ Jiy = STAR run9 Jy-h correlation, p+p 200GeV
= PP pTV >5 GeVic — _:—- STAR run5&6 JAp-h corration, p+p 200GeV
Z PYTHIA8.108 associate <, 0.5 GeV/ g 0.8 . UA1 J'wyw-h correlation, p+p 630GaV
B_ i Prompt J/l|! pT : evic = - DO u impact parameter, p+p 1.8TeV
Z 2F -.-.- B—)J/\[I'*’X =S o.sf- CDF B life time, p+5 1.96TeV
Lo) — Sum = FCMS B life time, p+p 7TeV
= o 1.2
= .1 STAR, PRC80, =o.af - Y5lyicie
5 19 041902(R), 200 S  f=16<lyl<24
Z oaf ° : dirrais ) ,
© & a8 |
1 0_2_— ) ‘\ l [‘r T
. . B S
o1 ¢ :
0.5 : 3 |
. mmmm - -WI_ :'3\,- R T L 1 1 1 1 1 i |
+ R i T e YT s e T e e 70 11 12
0_ 1 | e P, (GeV/c)

-1
J/y-h A9

B contribution to J/Ap 1s the same at 200 GeV and 7 TeV
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\ N

STAR Y measurements in p+p
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Y signal in d+Au 200 GeV collisions

STAR Preliminary

80 -_l T I L I L I L I LU I L I T l___ 60 [Frrrrrrrrr T T :
- — unlike sign - —f—— STAR Rung d+Au s, =200 GeV |y|<0.5 1400
70 :_ . . = 50 I anti-shadowing(EKS98)+no absoption, R. Vogt 5350
o like sign i .
60 , - —~ [ —*—— Raw Counts 4300
2 d+Auvs, =200 GeV 1 £ 40 1
50 1 -~ o 3 d+Au 200 GeV 3 _ »
8 F 1 * # STAR Preliminary 4" 5
340 1 “naof & 1008
Q C ] E : .. i :200 ;
30 o E 3 8 . 1 &
- H Jr + ] g 20F K 5 150
- . - - @ 1 * 3
20 - + : + , +{ - - & T . —100
- : o ] - o ]
10 R 1 +.+++ E o o Lt % -
- Y een i WA T : - & . * —{50
C *,}'..- St ...h...;h**-* | '.. b d .. .
o Y P TR I P TR B R RS 7 | e L]y . e Ll -
08 8 10 12 14 16 18 R 5 5 o ety
2
M, (GeVic?) Rapidity

« Strong signal (8o significance) extracted

R, =0.98 +0.32 (stat.) +0.28 (sys.)

« Consistent with N, scaling of cross-section p+p —> d+Au 200GeV
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Upsilons in p+p - PHENIX

:&-“: F:FI\'ENIX PRELIMINARY +:10f_ PRELIMINARY
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Upsilons Suppressed in Au+Au - PHENIX

3 103 =2 .
S102F e eNx PRELIMINARY z0E AR prelimery
> p+p @ \J{§=200 GeV 2__ == ® e'e
j L N Rt
10: o B =y
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e*e invariant mass [GeV/c’]

Probablllty

Ruua, [8.5,11.5] < 0.64 at 90% C.L.

PHENIX preliminary

Ryua, < 0.64 at 90 % CL

Nucl.Phys.A830:331C-334C,20009.
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Conclusions

* Large R_AA and flow of NP electrons in central Au+Au collisions at 200 GeV
Heavy quarks lose energy in the medium, while acquiring a substantial component
of the medium’s collective flow

* e-h, e-DO0 correlations : In p+p at 200 GeV c~b contribution at pT ~5 GeV
c/b contribution in p+p is consistent with FONLL

b is also suppressed in Au+Au at 200 GeV

* JIPsi y-puzzle can be possibly attributed to cold nuclear matter absorbtion
* JIPsi sqrt(s) dependence from SPS to RHIC : remains to be understood
Chi_c, psi’ suppressed, direct J/Psi not suppressed at RHIC ?

Direct J/Psi also suppressed at RHIC and produced through c,cbar
coalescence?

* High pT J/Psi is consistent with no suppression (Cu+Cu 200 GeV)

*Y measured in p+p, d+Au, Au+Au
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Outlook

*2009/2010 STAR run with full TOF , low material -> improve c,b ID
D mesons with microvertexing - cross section coming soon
* Phenix : new silicon tracker commissioned right now

« STAR : plans for new silicon vertex tracker to measure Heavy Flavour
with great accuracy (HFT)

--> Heavy Flavour substantial element of RHIC plans

STAR Heavy Flavour Tracker : ~2014

Quark Matter 09 —
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Thank you very much




