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Relativistic Heavy lon Collider

RHIC site in BNL on Long Island - taking data from 2000 RHIC has been

& L‘-—_

e e CIGGUEE | exploring nuclear matter
' = 4 | at extreme conditions
over the last years

Lattice QCD predicts a phase
transition from hadronic matter
to a deconfined state, the
Quark-Gluon Plasma

Colliding systems:
pT+pT, d+Au, Cu+Cu, Au+Au
Cu+Au, U+U
Energies
Vs = 20, 62, 130, 200 GeV (500 GeV)
+7.7,11.5, 27, 39 GeV




Heavy quarks as a probe of QGP

* ptp data: ENERGY LOSS

— baseline of heavy ion measurements.

— test of pQCD calculations. 03 .
dead cone “ght

* Due to their large mass heavy quarks charm

are primarily produced by gluon fusion in  agj; 2|

early stage of collision. E

— production rates calculable by pQCD. 0.1
M. Gyulassy and Z. Lin, PRC 51, 2177 (1995)

* heavy ion data: ol |  L=5fm, A=1fm
5 10 15 20 25
« Studying energy loss of heavy quarks. E [GeV]
— Iindependent way to extract properties of M Djordjevic PRL 94 (2004)
the medium.
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Quarkonia states in A+A

Charmonia: J/y, V', 1. Bottomonia: Y(1S), Y(2S), Y(3S)

Key ldea: Quarkonia melt in the QG plasma due to color

screening of potential between heavy quarks

* Suppression of states is determined by T and their binding
energy

* Lattice QCD: Evaluation of spectral functions = T,,inq

Sequential disappearance of states:
—> Color screening = Deconfinement
= QCD thermometer = Properties of QGP

When do states really melt?
Tdiss(\V,) ~ Tdiss(Xc)< Tdiss(Y(?’S)) < Tdiss(‘]/\V) ~ Tdiss(Y(ZS)) < Tdiss(Y(ls))
T <T, T =12T, T= 3T,

PR T ;

VXNV Y XpY'X, ¥ Y XY’ Y H. Satz, HP2006




Open heavy flavor

. . o
 Direct reconstruction kg

oy AV
 direct access to heavy quark 1 Vi
kinematics O

G
: : "
« hard to trigger (high energy J_?-'
trigger only for correlation '
measurements)

« smaller Branching Ratio (B.R.)

 large combinatorial background
(need handle on decay vertex)

* Indirect measurements through C/
decay leptons
 can be triggered easily (high p+)

* higher B.R.
* indirect access to the heavy quark de
kinematics ) DO

P

« mixing contribution from all charm and °
bottom hadron decays

K
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DC and D* signal in p+p anc
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! T
ss00l- arxiv: 1204.4244
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Different methods
reproduce combinatorial
background.

Consistent results from two
background methods.



D° and D* p; spectra in p+p

200 GeV

' | T | ' ! |
| Year 2009 p+p 200 GeV A D°/056
® D*/0.22
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T

T
|

-
-
=
-
L]
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-

DO scaled by Npy/N.= 0.56M
D" scaled by Np./N..= 0.22[1

Consistent with FONLL!2
upper limit.

Xsec = dN/dy|*¢, * F * o,
F=4.7%0.7 scale to full
rapidity.

Gpp(NSD) =30 mb

(P6<C)/(2rp_dp.dy) [mb/(GeV/c)?]

[1] C. Amsler et al. (Particle Data Group), PLB 667 (2008) 1.
[2] Fixed-Order Next-to-Leading Logarithm: M. Cacciari, PRL 95 (2005) 122001.

The charm cross section
at mid-rapidity is:

170 + 45(stat.) 27 (sys.) ub
The charm total cross
section is extracted as:

797 & 210(stat.) T35 (sys.) ub
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Charm cross section vs N,
YiFei Zhang, JPG 38, 124142 (2011)

STAR arxiy:1204.4244.

\/Sxn = 200 GeV

|

IIII

All of the measurements are consistent.
Year 2003 d+Au : D% + e

Year 2009 p+p : DO+ D*

Year 2010 Au+Au: DO

Assuming Ny, /N, = 0.56 does not change.
Charm cross section in Au+Au 200 GeV:
Mid-rapidity:

186 + 22 (stat.) £ 30 (sys.) + 18 (norm.) ub
Total cross section:

876 + 103 (stat.) £ 211 (sys.) ub

Sys. error
b d-l‘-)All FONLL err. N
(D +e) NLO err.
__ p+p + .
B (1] %
[ (D'+D*) Au+Au (D) |
0-80% 7
50-80% 20-50% 0-20%
- NIX e L}
FONLL in p+p
j [ 1 STAR Prelliminary .
1 10 10? 10°

number of binary collisions me

[1] STAR d+Au: J. Adams, et al., PRL 94 (2005) 62301
[2] FONLL: M. Cacciari, PRL 95 (2005) 122001.

[3] NLO: R. Vogt, Eur.Phys.J.ST 155 (2008) 213

[4] PHENIX e: A. Adare, et al., PRL 97 (2006) 252002.

Charm cross section follows number of binary collisions scaling =>
Charm quarks are mostly produced via initial hard scatterings.
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DO nhuclear modification factor Au+Au 200 GeV

BW (nKp): B. I. Abeley, et al., Phys. Rev. C 79 (2009) 349009.

t}l 1 [ T | T | T | T |__

Sk (D%+D%2, |y| < 1

% 0-80% Au+Au 200 GeV’

(M 107F E

>~

©H107E E

L

O

B 10°F ;

3 -~~~ Power-law fit

E_: 10 -~ Blast-wave fit v OONG

NZ — p+p scaled by <Nbin> | |

© 10°E STAF{I Prelimi|nary | . 0 1 2 3 4 5

0 1 2 3 4 5 P, (GeV/c)
pT (Ge\/{c) STAR QM2011
Au+Au 200 GeV: R..(p.) = Yield o, (Pr)
AA\NMT ) — - -

- No obvious suppression at p; < 3 GeV/c. (Nbin),, Yield ., (pr)
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Non-photonic electrons
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Ed’c/dp® (mb GeV?c?)

Data/FONLL

Non-photonic electrons in p+p 200GeV
§TAF\’I Pll'lysl,. Rl’evl. D83 952|00|6 (I20|11)I | |
a)
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o da = & n 1N

=)

Global uncertainty: 8.1%

e this analysis
update on PRL 98(2007)192301

FONLL
FONLL uncertainty

%FELF

PHENIX: PRL 97(2006)252002 -

IIIIH] IIIIIIII| LI

|
L=
|

— &

STAR and PHENIX NPE
results in p+p 200GeV
collisions

v'Are consistent within
errors at pT > 2.5 GeV/c

NPE results are
consistent with FONLL in
p+p 200GeV collisions
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PHENIX update 0+p 200 GeV
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Separation of charm and bottom contribution

STAR: Phys. Rev. Lett 105, 202301(2010)
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PHENIX: Phys. Rev.

= L —}—data electron 3~4Gev/c i
(<t B (a) Py ]
o 0.1 = = simulation(charm) —
< ] e simulation(bottom) i
% 0.08_— = simulation(charm+bottom at _|
. B measured b—sef/(c—e+b-—e)) |
% _ .
&0.06— —
Z [ —
0.04:— —:
0.02 - —]
of = S s
7' 11 | 1 | 11 I 111 | | | | | | 11 1 I 1 11 | 1 n

0.5 1 1.5 2 2.5 3 3.5 4 4.5
M_, (GeV/c?)

0.2

b— el(c— etb— e)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

® e-h correlatlon

© e-D° correlation
— FONLL

_____
_____

-7
.

p+p at\'s=200 GeV

:_ ----- FONLL uncertainty
- L% T |

IL e ) .___,__
o Y
N , p+p 200GeV
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

% 1 2 3 4 5 6 7 8
P, (GeV/c)
Lett 103, 082002 (2009)

; e PHENIX |y| <0.35 AN\
é— FONLL y=0
;_ "FONLL errorband y=0 | ... g
g_ .............. l
- e0%C.L.
= 1 "so% c.L.

0 L

w
N
(4]

6 7
Electron p_(GeV/c)
14

~30-60% of non-photonic electrons come from B meson in 200GeV p+p collisions.



Ed®s/dp® (mb GeVZc?)

Drata/FOMNLL
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Measurement of B and D meson spectra at RHIC

STAR Phys. Rev. D 83, 052006 (2011)

¢ measured (B—ej+(B—D—a)
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—-—-- FOMLL B—D—e uncertainty

FOMNLL (B—g)+(B—D—e) uncerainty
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I o o m_ i mmm g a——— ]
P AL =2 Tl [ PP SO~ SvsspOOOOS OO = RO
4 6 8 il 6 8
b (GeVic) P, (GeVle)

* p+p 200 GeV result
 ideal to get similar result from Au+Au but it's a lot harder.
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PHENIX Phys. Rev. Lett. 103, 082002 (2009)
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Nuclear modification factor in Au+Au 200 GeV
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* Non-photonic electrons suppressed at high-p-

 Flow of NPE was measured
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Non-photonic electrons in d+Au 200 GeV

peripheral
3 °® a—1
4 C & -
25 d+Au @\(syy = 200 GeV 25 d+Au @[Sy, = 200 GeV

oL 60-88% Central

1.5

40-60% Central ‘
1

o5 PHENIX Preliminary

| —

v v e e by e e b e b e by b b
9 % 1 2 3 4 5 6 7 8
c] P

9
[GeVic]
central
i or g o
4 - o C
25 d+Au @\s,, = 200 GeV 25 d+Au @\ s, = 200 GeV
2 20-40% Central A= 0-20% Central
1.5:— 15—
1; Ll—l 1F I |
a5~ PHENIX Preliminary f 05C- PHENIX Preliminary 13
00_"“%""‘2““:‘,'“‘A""é“"é"“‘f"'A””é 00“”.]‘.‘Hé.‘.‘é‘..‘A‘H.S\“Hé...‘_\,‘...!BHHA
p; [GeVic] p. [GeVic]

» Peripheral Ry,, consistent with 1.0
« Evidence of CNM effects on open HF yields at 1<p;<4 GeV/c for
more central collisions



d+Au/Au+Au and Cu+Cu

=] R, A, 40-60
[a] RCuCu 0-20

<N,y CuCu =150
<N, ;> AuAu =91

1.8

1.6

1.4

1.2

0.8

0.6

WIR,,, 0-20
El RCL Cu 40-60

T

0.4 +

0.2

PH ENIXPreliminary

| 11 11 1 11
1 2 3 4 5 6 7
pTlGe\Hc]

<N,> dAu =15
<N, CuCu = 22.3
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QUARKONIA
J/y
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Charmonium suppression

PHENIX arXiv:1103.6269

O NA38/50/60
m PHENIX 1.2<«lyl<2.2 |4

® PHENIX lyl<0.35
NA38/50/60 syst 11% |

PH, —
: o'ﬁsNLZ)()/\()

02F lyl<0.35 syst 12% i
1.2<lyl<2.2 syst 9.2% PHENIX fOr'W
a d
1 1 L I
% 100 200 300 200

part

Phys. Rev. C 84, 054912 (2011)

Overall suppression of J/y is nearly identical

between RHIC (200,62,39 GeV), SPS (17.2 GeV) ,

(& LHC)

Forward-rapidity is suppressed more than Mid-
rapidity

14

1.2

—&—— \/5,,,= 200 GeV Au+Au (2007), arXiv:1105.1966

global sys. =+ 19.6%
Peripheral (60-93%) : <Nc°">= 14.5+27

——8—— \[S,= 62.4 GeV AuAu (2010)

global sys. =+ 11.6%
Peripheral (60-86%) : <Nco">= 14.3+1.6

—y

PHENIX Preliminary
JIV - up, 1.2 <ly| < 2.2

62 GeV

hg
f IIII

T 1

e

50 100 150 200 250 300 350 400

part

1.4

=
[X)
I I

—8—— \/5,,,= 200 GeV Au+Au (2007), arXiv:1105.1966
global sys. =+19.3%
Peripheral (40-93%) : <NCQ">= 446+6.2
—8—— \/5,,,= 39 GeV Au+Au (2010)
global sys. = +8.5%
Peripheral (40-86%) : <Nc°">= 435+3.7

GeV

by
i

PHENIX Preliminary I I
JIVY -, 1.2 <ly| < 2.2

e

50 100 150 200 250 300 350 N 400

part
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Forward rapidity suppression

o At RHIC - Forward-rapidity J/y’s are
o suppressed more than Mid-rapidity — Why?

N

® 2007 Au+Au, 1.2<lyl<2.2, global sys. == 9.2%

PHENIX arXiv:1103.6269 1 1) Stronger forward rapidity suppression due to CNM
: f - ¥ dogone? (42:9%) effects?
e ' B , ]
af Id=rapidj+g . . . .
i By . ﬁ‘ﬁn 4 p'd’TZ 2) Regeneration at mid-rapidity reduces suppression
“E forvard® E relative to forward (and gives net suppression
L | A A AR similar to SPS)?
g forward/mid
82 1'?: global sys. == 10.7% 1
= 08:— m _: >N 0 4:_ Aut+Au 200 Gey @ J/W 20-60% coalescence:
g oo 8 &] E A STAR A 00-80% — at freeze-out, MB[1] |
0af s 8 ¢ 1 0.3F Preliminary o charged hadrons 20-60% - in transport model, MB [2]
O B0 100 150 200 250 800 580 400 o~ == in fireball, 7.8fm [3]
N > s ——— | o + initial mix, 20-40% (4]
Phys. Rev. C 84, 054912 (2011) part 0.2 '

=== + initial mix, 7.8fm [5]
wn initially produced, 7.8fm [3]

o
°4| T |||\||\!\ﬂl”;ll|||\Hl|||||‘|1\|\|‘ TTTT | T TTT
L ;:_(55

0.1 hydro (20-60%): [6]
Small or no J/y flow at RHIC! A * —— T=120 with viscosity
st pem m g — e T=165 with viscosity
* ------------------ T=120 without viscosity
Many theoretical expectations & -0.1 ... = non-flow estimation | - T=165 without viscosity
2 4 6

option #2 probably ruled out? pf (GeVlcSO
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Cold nuclear matter effects — d+Au 200 GeV

CNM effects appear to provide a large fraction of the observed suppression;
so difficult to conclude much w/o a thorough understanding of CNM and its
extrapolation to A+A from d+A

0.4 — EPS09 and Gbr=4 mb

: | 1 1 1 | 1 1 | 1 ‘ 1 1 1 1 ‘ 1 | 1 1 | 1 1 1 | | | 1 | 1
0'3-3 -2 -1 0 1 2 3

PHENIX arXiv:1010.1246, PRL 107 (2011) 142301

-

rapidity

» we have to understand CNM in a fundamental way in order to obtain
reliable/quantitative extrapolations to A+A.
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Cold nuclear matter effects — d+Au 200 GeV

R 45, (0-20%) R,,,(60-88%)

RCP

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

centrality

[— T T T T I
Jiy in d+Au aty/s,, =200 GeV

Centrality 60-88%

Global Scale Uncertainty £10%:
—— —— Gluon Saturation
EPS09 and s, =4 mb

l

Centrality 0-20%
Global Scale Uncertainty +8.5%

Centrality 0-20%/60-88%
Global Scale Uncertainty £8.2%

e’ | 1l |IlJ|IIlJIIlIJIIIJlIIJIIlIIlllll|III!llJ

PR S (RS S S H U R U R TS I
-2 -1 0 1 2

PHENIX arXiv:1010.1246, , PRL 107 (2011) 142301

-

Reasonable agreement with
EPS09 nPDF + 6,,=4 mb for
central collisions but not
peripheral

CGC calculations can’t

reproduce mid-rapidity (Nucl. Phys.
A 770(2006) 40)

EPSO09 with linear thickness
dependence fails to describe
centrality dependence of forward
rapidity region.
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& 1-2.

a2

Cold nuclear matter effects — d+Au 200 GeV

path-length dependence

J/y in d+Au at\|s,,=200 GeV
—e—Jly12<y<24 P
—=— Jly-0.5<y<0.5

:r:lIJ!,JI]IJJJIIIJJJJIIJJJJIIIJJJIIIJJJIIIJJJJIIJJ

03 04 05 06 07 08 09 1 11 1.2
R,,, (0-100%)

PHENIX arXiv:1010.1246, , PRL 107 (2011) 142301

« Assume modification is dependent on
the nuclear thickness

1
Ay === [ d2p(Eors) s
0

Saxon

» Break-up has exponential dependence
« EPS09 & initial-state dE/dx have
unknown dependences

The forward rapidity points suggests a quadratic or

higher geometrical dependence
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Cold nuclear matter effects — d+Au 200 GeV

Transverse momentum

=
131
|IIII|IIII|II

Global Scale Uncertainty 8.3%
- Kopeliovich et al.

nDSgo,, =4.2 mb&] ¥
_____ E@._-:;:%l__%__\ el PAYEL [t

-2.2<y<-1.2

o
11

]
|IIII|IIII|IIII|__IIII|I

Global Scale Uncertainty 7.8%

---- Kopeliovich et al.
— = Lansberg et al.
nDSgo,, =4.2 mb

|

L

I

i

l:

|

X
Lok

o5 -

= |y|<0.35 bH]

25. Global Scale Uncertainty 8.2% -
o --- Kopeliovich et al. =

- —- Lansberqg et al. =

- nDSgoc__=4.2 mb .

E 1.5— abs —
T ¢ 4 =
o A Qﬂ%é%_ %].1:- R
0.5 o =TT . -

- 1.2<y<2.2 c)

| R - S SR SN S AR S
arXiv:1204.0777 P, [GeVic]

Similar suppression at mid & forward rapidity

Suppression for p; < 4 GeV/c
Rya,= 1 for pr >4 GeVic

Backward rapidity: Rdau> 1 for pr> 2
GeV/c
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High-p+ J/y measurement Au+Au 200 GeV

1 I T T I 1 1 I 1 | I T T 1 | 1 I T T I 1 1 1 1 | I I T Ll | 1 1 I T | 1 1
IIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|II
_ »¥ STARAU+AU, |y|<1, p_>5 GeV/c Au+Al 200GeV . STAR Prelimina
NSy =200 GeV 0 STAR AutAu, [yl<1. 25p_<5 GeV/c . Ay
2l T . | @0-20% ]
STAR Cu+Cu, |y|<1, pT>5 GeV/c 2 A40—60°/
© PHENIX Au+Au, |y|<0.35 °
% Nbin err. / PHENIX
M p+p stat. err. solid lines: Tsinghua U.
S . i dashed lines: Zhao+Rapp
o %‘E
i 1 bt ENO
STAR Preliminary 2
[ __Tsinghua U., Au+Au, p,>5 GeV/c ]
---- Zhao+Rapp, Au+Au, T>4.5 GeV/c
PR T U AN T T T AN T T T T A TN T T AN T T T T AN T T T T A T T T T sl Y | | vy | |
0-25 50 100 150 200 250 300 350 78
N GeV/c
Y. Liu, et al., PLB 678:72 (2009), Tsingua U. part Py ( )
X. Zhao and R.Rapp, PRC 82, 064905(2010) STAR CuCu: PRC80, 014922(R), PLB 678:72 (2009), PRC 82,064905(2010)

PHENIX: PRL98, 232301

Suppression of J/y in central and semi-central collisions is observed.
R, Increases with p; and decreases with centrality.

At high p; suppression is present only in central collisions.
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Upsilon in Au+Au 200 GeV

£ . STAR Preliminary 2 —
S 0 to 60% centrality 1 8:— ® ™ €€ AurAU

160 — me-l-e- N r - p+p Sys. Uncertainty <

C — +e+ TN C 3

1 40:_ N:+z- = 69 4?0 1 -6: p+p Stat. Uncertainty E

12 0:_ Neier = 149 _ 1.4~ Free Energy Potential Model S

E Ne-e- =181 g 1 2:_ Internal Energy Potential Model E

100~ S=310 +/- 311 4 . 3

- Py S | — :

80 »n g

605 = CE 0.8 %

a0 0.6 Tg;

- 0.4 S

20 ++ =

: + +| : v

C 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 M 0.2 E

% 3 9 10 11 1% C 1 1 1 | 11 | | 11 11 | 11 11 | 11 11 | 11 | | 111 | | 11 g

Meo (GeVic?) 50 100 150 200 250 300 350 ¢

Npart g

* Ry, Observation of Upsilon suppression.

(Including 2009 pp Preliminary do/dy)
— Expect: Recombination: negligible, Hadronic co-mover absorption: negligible.
— Suppression consistent with melting of excited states: deconfinement effects
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Summary and outlook

* Heavy flavor is an important tool to understand medium properties.
* Results are interesting and challenging.
open charm measurement
« Charm hadrons; non-photonic electrons
« Charm production cross section.
« Separation of charm and bottom contribution.
« FONLL QCD describes the data rather well.
Jy
« SPS xRHIC mid x forward rapidity suppression.
« Systematic study of Cold nuclear effects.
» Less suppression at high-p; in STAR.
Y

e Suppression of Y(1S+2S+3S) in central Au+Au observed.

STAR/PHENIX upgrades: charm mesons flow; Y states separation
better charm/bottom separation
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Y model comparison

 Incorporating lattice-based 2
potentials, including real and  ,gf ® " heremAek
. . =r - p+p Sys. Uncertainty
Imaglnary parts 1.6 [ p+p Stat. Uncertainty 3
— A: Free energy (disfavored), 1.a- Fre Energy Potenal Model
2 - Internal Energy Potential Model E
— B: Internal energy 5 12 "
(consistent with data vs. & < L3
= < 0.8 @
Npart) o 0 6— g
* Includes sequential melting and "=
feed-down contributions iy
- Dynamical expansion, oulll
variations in initial conditions 30 100150 200 250 300 350 ¢
(T, n/S) P
— Data indicate: 428 < T, <
442 MeV, 1 <4rn/S <3 M. Strickland and D. Bazow,

30/May/2012 arxiv:1112.2461v4



SSD at r=22cm

IST at r=14cm

PHENIX 2008  EEE STAR 2008 PHENIX 2008 [ STAR 2008

e Bl PHENIX 2013 Bl STAR 2013 ) B PHENIX 2013 B STAR 2013
o E E - 10 =
QL F p+p 200 GeV 3 D Au+Au 200 GeV 3
>~ [ Jhp X 12 weeks run ] > % 12 weeks physics run
10° = 10° : E
= Wy 3 -
B Y N Y -
10°* =HE = 104 =
= B = 3
10° g = 103 =
102 E_ ------------------------------ = 102 """"""""""""""""""" E

NEEN ! ! | ! - | = , .
Sy b % K ru I~ 5.5~ gl BN LS e Ll
B e R R gt o

Source: Phys. Rept. 462: 125-175, 2008 Source: Phys. Rept. 462: 125-175, 2008



T(18+25+3S), B- doldy (pb)

Upsilon in p+p 200GeV

Counts

P_RD 82 (2010) 012004 PRD 82 (2010) 12004
50:— ® U-nlll-cefS|gn_. Nh 5l ]a( 1 S+2$+3S)
C — Like-Sign, 2\|N, ,N_ 1 0‘ = . +
e Like-sign fit - % STAR, p+p
sor - @ CFS, p+A
40— * * — - m E605, ptA
305_ | 8 1025 4 CCOR, p*p
- """? - ¥ R209, p+p
20 > |
| + z
10; ‘-._...hl + ?105_
04 5 [ B R 1|0 111 1|2 111 1|4 11 215 ﬁ‘ : {:] R8ﬂ61 p+p
m,, (GeVic?) :Q L O UAT D"’ﬁ
| A CDF, p+p
140:— * STAR, |y|<0.5 1 - o
- p+p, 57200 GeV N, - 2NN - —— NLO CEM, MRST HO,
120 ' —ee NLO pQCD dovdy - m=4.75 GeV/c?, m/u=1
:PRD82 0 CEM .1 | | | IIIII| | | | IIIII| 1 |
100 (2010) 1204 ... ooy 10 102 10°
N3 \s (GeV)
60—
40:— dO' +23
g B.—| =114+38(stat)’;,(sys) pb
20 dy y=0
of
_I | L1 11 | I 111 | L 111 | 1111 | I 111 | L 111 | | 32

-3 -2 -1 0 1 2 3
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Counts

Upsilon in d+Au 200GeV

STAR Preliminary

goF— | I I I L L L e 60 —————————— -
g —— unlike sign . —N— STAR Run8 d+Auns, ;=200 GeV |y|<0.5 .
?05— _____ |Ike Sign __ 505 ——a—— anti-shadowing(EKS98)+no absoption, R. Vogt E
60 | 3 [ —e— Rawcous  NPA830(2009)235¢ -
C d+Auvs,,=200 GeV _ 240_— ]
50— 4 T o s d+Au 200 GeV
- INPA830(2009)235¢ - - ﬁ? s  STARPreliminary
40— + -] 530 ] o e
- ] g [ o * 3
30F +' 4 8 s “ E
- H + . £200 . ) ]
201 + + 4 + E - # |—+— =
- _ L I . - @ E
10F LA RAE §'+ﬁ*++ = o Y A -
. i D e : N ST 5

D E IB L I I1nl I12I : I14I : I1EI * 113 D_I IH'ZI L1 1 1I L1l Iull LAl I1 I-zlwsl ]

M,, (GeVic?) § " Rapidi
apidity

do
dy y_o
R, ,,=.0.8+0.3(stat) +0.2(sys)

« Consistent with N, scaling of cross-section p+p - d+Au 200GeV

B

ee

= 35+ 4(stat) =5(sys) nb
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D* reconstruction

oS 20— :' — ': *g' 300} (b) & D° candidates
% 18- 1 ) 3 side band
M e Pl 200 B0
= | g s Tass
= ul e D R
=N O N T jo0f L EEEERE L
X 12f L B L
~ ol R BRESESS
a |- RN M e efoSosos: I DANSNNNN
= 07 18 10 >
s M(Kr) (GeV/c?)
4 —'l ] .
L Background combinations:
L T E T | 1 Wrong sign:
0.14 0.145 0.15 0.155 0.16 0.165 0.17 0.175 DO and =", DObar and r*
Side band:
M(Knr)-M(Kr) (GeV/c?
(Knm)-M(Km) ( ) 1.72< M(Kn) < 1.80 or
1.92 < M(Kn) < 2.0 GeV/c?

All triggers included.
More than 4c signal at low p; and very significant at high p; - mostly from
EMC-based high neutral energy triggers.
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Charmonia in nuclear matter

Production mechanism is not clear
Observed J/y is a mixture of direct production + feeddown

— All J/y ~ 0.6 J/y (Direct) + ~0.3 y. + ~0.1y’

Suppression and enhancement in the “cold” nuclear medium
— Nuclear Absorption, Gluon shadowina, initial state energy loss,

Cronin effect and gluon saturation =L I T=12T
VXN Y %Y X v Y XY’
T= 3T,
H. Satz, Nucl. Phys. A (783):249- TR TEETERT
: 260(2007) TR I TRIRT
Hot/dense medium effect i o
Y

— Jly, Y dissociation, i.e. suppression
— Recombination from uncorrelated charm pairs
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Ccc. comparison with other

= 10°
=

Z
Z

©

Q
8]

10

10

measurements

E ¢ UA2 pp; PLB 236, 488 A STAR d+Au; PRL 94, 062301
- % MUON cosmic rays; NPB 122, 353 @ STAR Au+Au (preliminary)
| % PAMIR cosmic rays; NPB 122, 353 @® PHENIX p+p; PRL 97, 252002
L @ NA32p+A; PR 433, 127 A PHENIX Au+Au; PRL 94, 082301
B E769 p+A; PR 433, 127 Bl PHENIX Au+Au; PRL 88, 192303
— A NA16 p+A; PR 433, 127 -
= A NA27 p+A; PR 433, 127 -7 :
- [0 E743 p+A; PR 433,127 _ -7
L ¥ E653 p+A; PR 433, 127 T#r’ -
L ¢ HERA-Bp+A; PR 433, 127 s
O NA5O p+A; PR 433, 127 g
— 2K NABO In+In (preliminary)
— x
= , NLO with CTEQEM
C S il NLO Uncertainty Bound
— '
- f K (from R. Vogt, arXiv:0709.2531)
| | | .'j | | L1111 | | | L1111 ‘ | |
10 10? 10°

Vs (GeV)
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FIG. 1. Representative diagrams con-
tributing to Y hadroproduction at orders
ai (a), at (b.cd), a3 (ef). See discus-
sions 1n the text.

(d)
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What can we learn at the LHC

« Higher c and b cross

SeCtionS: E -”!l.— ﬁI:ICEIlreIIImIrluII'\fI(IIItIaIunc-}I T
— More abundant heavy Tggr [ e
flavour production S
— Better precision (reduced v .
errors) 0% 7
olhc ~10-0ic =
bb bb i
One =100 gy N
« High precision vertex -
detectors W S/ S
— Background removal 10

— Separate cand b
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High T: the potential between the
guarks i1s modified.

Charmonium —
suppression: 1000 | Vo(ET) MeV] syt ST
longstanding QGP 800 | Y by
signature 600 1 b et o <2
— Original idea: High T leads 400 13T ——|]
to Debye screening 200 1257 o |]
— Screening prevents heavy %[ /; 140T¢ |
quark bound states from  -200 | // ‘
forming! -400 |-/ ﬁ:ggﬁ — |
— Jhy suppression: -600 | | | | | 7.50T, —— |7
* Matsui and Salz, Phys. Lett. B 02 04 06 08 1 12 14 16 18

178 (1986) 416
— lattice calculations confirm
screening effects

* Nucl.Phys.Proc.Suppl.129:
560-562,2004

r [fm]

O. Kaczmarek, et al.,
Nucl.Phys.Proc.Suppl.129:560-562,2004
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Better Knowledge about the Baseline

\V,_) e+e_

- T
C PH:<ENIX PRELIMINARY

ptp @ \s=200 GeV |y|<0.35
—8— Measured Yield

Total signal
= sz J/ 1|I
7 v

— Y(1§+25+3S)

meE Correlated ¢¢ and bb
HHitittt Drell-Yan

il

2 3 4 5.6 7 8910
e*e invariant mass [GeV/c?]
B .o
J/Y '
R =200 (9 649 4y,
Oy

/40 MeV

ee

Consistent with world average!!!

9/19/2011

?\' .I.T

Xe Iy +y
120 2.9<M_._<3.3 GeV/c”
100 + y - 0.3 GeV
col_ T+T e Same Event
_ + —— Mixed Event
60— —— ¥ simulation
4{:-_— # ----- correlated BG

+ - Total
*-\K ",

14 16 1.8 2

N,y <&, 1&g >

[GeV/c?]

= (32+9)%
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Non-photonic RAA at RHIC

' ' [ [
é I DGLV Rad. dN Jdy = 1000
DGLV: 14 B STAR charged had. p_> 6 GeVic gg::x R;d"'ELR d+EL 7
. .. - charm Raa+ .
?ngégj)evuc, PLB632, 81 I DOMPe e B Geviifm

van Hees EL

=== Collisonal dissociation.
BDMPS: n Ads/CFT D=3

Armesto, et al.,PLB637, 362
(2006)

T-Matrix:

Van Hees et al.,
PRL100,192301(2008).

Coll. Dissoc.

R. Sharma et al., PRC 80,
054902(2009).

Ads/CFT: 1 0-1

W. Horowitz Ph.D thesis. : *+  STAR Au+Au (0-5%) H

+  PHENIX Au+Au (0-10%)

RL.+ CO“ L l 1 | L l L l L

J. Aichelin et al., SQM11 2 4 6 8 10

O Modelswith different or similar mechanisms can or can not describe the data

» Which one is right and what are missing?



STAR detector and Particle ID

olenoid "racker /At THIC (STAR)

Large acceptance
Inl<1, 0<¢<2m

» Time Projection Chamber
dE/dx, momentum

» Time Of Flight detector
particle velocity 1/f

» ElectroMagnetical Calorimeter

E/p, single tower/topological Trigger

Au + Au 200 GeV

05 1 2
Momentum (GeV/c)

Momentum (GeV/c) 43



PHENIX detector and Particle ID

2011 PHENIX Detector

PC3

weL

U9z

1 Muon Arms 1.2<|n|<24
West Beam View East - JIV.Y
RPC3 y & RPC3 . - -
5 Central Magnet « Unidentified charged hadrons
o Heavy Flavor
S
O
@CSouh 13 ZDCNogy - . Lo
e > MpC 3.1<|n|<3.9
N [ ] 5 g e
|| ||| 4 South Side View North
& 185m= 60t & 2
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STAR Jhy spectra in Au+Au 200GeV

':9_ 3000E Au+Au 200GeV, 0-60% -»- unlike-sign, same event
> — unlike-sign, mixed event
g $¢ 3.0<p.|_<10-0 GeVic — like-sign, same event
P [ *iat #Jy = 2117
S 2500 #Bkgd = 14523
> . ** + S/B=015
£ - » " \d SNS+B= 16.4
=]
5] B e 4% STAR Preliminar
© 2000 * Y
B EMC triggered events
[ E,>4.3 GeV
1500} % . s
S s
1000520 y :2 AL 'y,
B “I- N fﬂ’” 'E;gt
_|||2'|5|||3|||?'|5||4 |\|\‘I\I|\II|II%
24 26 28 3 32 34 3.8 4
M, , (GeVic?)

S E ® © 0-60%x10 3
D g STAR Preliminary u o 0-20% -
104 5
S 3 A A 20-40%/5 3
= - == ¥ 0 40-60%/10
E — TBW (fix p=0) 3
%"10-6';_- -- TBW predictio%
(= -
‘%' 10‘75
2 10°f
"g - PHENIX
107k © 0-60%x10
F © 0-20%
107'°} ¢ 20-40%/5 <
F © 40-60%/10 3
10.11 e g by b b oy b b g Ly
o 1 2 3 4 5 6 7

8 9
P, (GeV/c)

Phys. Rev. Lett. 98, 232301 (2007)
JPG 37, 085104 (2010)
ArxXiv:1101.1912 (2011)

Consistent with other RHIC measurements. Moreover we extend pT region up to 10GeV/c.



Nuclear modification factor

2 IR SPS 17.3 GeV (PbPb) GLV: dN/dy = 400 ]
o o n° WA9B (0-7%) GLV: dNydy = 1400 i
N RHIC 200 GeV’ (AuAu) GLV: dNJdy = 2000-4000 |
B 5 x® PHENIX (0-10%) T YalEMD 4
= . elastic, small F’Esc —
1 5 [ 1L * 0 STAR (0-5%) —— elastic, large P__ -
i SPS LHC 2.76 TeV (PbPb) — YalEM ]
P B J ® h* CMS (0-5%) —— ASW a
p+ p D:< L ‘ + h* ALICE (0-5%) PQM: <G> = 30 - 80 GeV¥m
1 _%L } .................................................. —
o O r e>+ %1 7 CMS preliminary -
- lz.ll;TI 1 T % ‘ -
i
0.5 ﬂ N
- ﬁh"‘.‘wi*o i -
ca8segt.,
L S ENE | |
= TP :

?? 0 B 1 L 1 1 | I | 1 1 1 1 L1 ‘ 1 1 ]

1 2 3456 10 20 30 100 200

p, (GeV/c) CMS PAS HIN-10-005

 Hard probes - produced in hard scatterings in initial phase of collision
* Nuclear matter influences the final particle production
e.g. production of particles at given p;
supresion of particle production of particular type

* Nuclear modification factor - quantification of nuclear effects R,

__ Yield ., (pr)
— Raa(Pr) = (Nbin) , Yield (p;)
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Cold nuclear matter effects

Nuclear Shadowing — Modification of PDF's for nucleons

bound in nuclel.

Parametrizations of (mostly) DIS data (ex. EKS98, nDSg, EPS09).
Nuclear Break-up — Break-up of cc pair through collisions with
nucleons.

Usually parametrized using break-up cross section.

Cronin Effect — Broadening of the pT distribution through
scattering of incoming partons.

Initial State Energy Loss — decrease in parton momentum due

to soft scatterings while propagating through colliding nucleus.
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Cold nuclear matter effects

1.5

2.2<y<-1.2
lyl<0.5

1.2¢y<2.2

— LOEPS09R, Q=13 GeV

[ ] epsos arror band

0.5
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