\ Charm Production at RHIC
-- _signature of thermal equilibrium
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(1) Introduction

(2) Results from RHIC (selected)
(3) Partonic Collectivity

(4) Partonic Equilibrium

- light-flavor equilibration and heavy-flavor spectra / v,

Many Thanks to: Organizers
X. Dong, H. Huang, H. Ritter, K. Schweda, P. Sorensen, A. Tai, Z. Xu
L. Grandchamp, J. Raufeisen, R. Vogt

Nu Xu The QCD-Phase Diagram: From Theory to Experiment, SKOPELOS, 28 May - 3 June, 2004 1



>

S. Bass

Initial conditions

Experime interactions _ g - The

Initial high Q2 Parton matter - QGP Hadronization
- The hot-QCD and Freeze-out

(1) Hard scattering production - QCD prediction
(2) Interactions with medium - deconfinement/thermalization

(3) Initial parton density

harm - productions plus the combination (T) and (2)

(1) Initial condition in high-energy nuclear collisions
(2) The cold-QCD-matter, small-x, high-parton density
- parton structures in nucleon / nucleus
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= QCD Energy Scale

/INxu/tex3/TALK/2(

Tra Tcn
Tr: Agep *"ﬁ";r;

\ , . 1/x

m, my, Mg Mg
2 3 4
1 10 10 10 10
Energy Scale (MeV)

s-quark mass ~ 0.2 GeV, similar to values of c-quark mass ~ 1.2 -1.5 GeV >> A,

T, critical temperature -- pQCD production - parton density at small-x

Aqcp QCD scale parameter -- QCD interaction - medium properties

Teq chemical freeze-out temperature

R.. ~ 1/m, => color screening
A, =4xf  chiral breaking scale Jhp => deconfinement and thermalization

u-, d-, s-quarks: light-flavors || c-, b-quarks: heavy-flavors
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=1 Energy Loss, Dead-cone Effect
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Energy Loss:
ol -o-d+Au FTPC-Au 0-20% 7 gy
N ~4 d+Au Minimum Bias ] o
. . i 1) Heavy quark gluon radiation is
o i - reduced in the colored medium
D 15 - 2) Less energy loss for charm-
o . i hadrons -> less suppressions
I ] 3) Test partonic energy loss
- N assumption
i . 4) Implication on both open- and
Z i close-charm hadrons spectra!
0.5 ]
- ~Au+Au Central i
DD — é — all — é — é S— 1'0 M. Djordjevic and M. Gyulassy, nucl-th/0404006
(G eV/c) Yu. Dokshitzer and D. Kharzeev, Phys. Lett. B519
Pr 199(2001)
Nu Xu
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Early Freeze-out

Central Au+Au collisions at RHIC

1/m dN/dydm, (GeV)™
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Chemical Freeze-out: inelastic interactions stop
Kinetic Freeze-out: elastic interactions stop

Nu Xu

1) Multi-strange hadrons
seem to freeze out earlier
than others o> sensitive
probe for early dynamics

2) Charm-hadrons should
be better. A possible
complication is the pQCD
hard spectrum.

3) JAp coalescence/melting:
a tool for early dynamics
CGC, deconfinement,
and thermal equilibrium

PHENIX: Phys. Rev. C69 034909 (04).

STAR: Phys. Rev. Lett. 92, 112301(04);
Phys. Rev. Lett. 92, 182301(04).

A. Andronic et al., NPA715, 529(03).

P. Kolb et al., Phys. Rev. C67 044903(03)
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Charm Measurements

PHENIX: Electrons and Muons
STAR: Electrons and directly reconstructed Ds
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PHENIX Detector

% 4

PHENIX: Ability to Study Charm

-- electron and muon measurement

West

Beam View East

dab
.{é

ey
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Central Magnet
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wi

Side View

B
. 1
‘MulD v ':LT.-—\____\__ D

1) High resolution tracking and
momentum measurement
from: Drift chamber

.
2) Electron identification from:
__ RICH

_ EMCal

3) Good momentum resolution

and muon identification from:
__— mlID and mTrk.

/

** High rate capability
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PHENIX: Non-Photonic Single Electron Spectra
d-Au s =200 GeV
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_ o
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~rv | 1) seems to scale

with number of
collision in d-Au
collision

2) no indication of
shadowing effect at

E d+Au (40-60%) [+e)2 ] -g d+Au (60-88%) |(e+e)2 _ 7 . A
AN SRR N N — Srvamatoaror | mid-rapidity
§~ . — PHENIX ppfit | 7 % ) — PHENIX ppfit | =
Ry ; |
10°
10"
10755 Wei Xie, AGS/RHIC User’s meeting, 04
o2tal _ 709+ 85(stat.)' 22 (syst.)(ub)
cc — */-281 y J\U
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BERKELEY LAB
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PHENIX: J/p y-distribution

RUN3: ~300nb-' p-p and ~3nb-" d-Au collisions.

pp J/V — PHENIX Preliminary
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dAu JV — PHENIX Preliminary
25000 ; , ; : .
@ PHENIX i
B PHENIX e'e
dAu
20000
15000 -i
10000 F E
5000 | _§_
O 1 L i 1 i
-3 -2 -1 0 1 2

Rapidity
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v PHENIX: Jhp p,-distributions
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pp J/¥ — PHENIX Preliminary

dAu J¥' PHENIX Preliminary

JW¥ —>e'e” — PHENIX Preliminary 200 GeV

1 J/lp — M+M_ K | @®FRun3e’e dAu
10 W Run3 (South, y=—17) 10° | 10° | T B Run3e'e pp
®Run3 (North, y=1.8) :‘:1\ dAu ‘*! °
S Uy - e oo
N i \%\ 107 b <p >=399(89) .
s 2 N - , os
10 !\ Pp E _ '\\\\:\i i SORMHpA 00T I f
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»:6 N\ % 3 14 00\ % N\ £10 5 |
T RN x| SO /A00] v A z 0.62[1+(p/3.94)7 s
gm_a 3.77[1+(p,/3.29)’] N TC: <p5=3 99(25) \ \\\ 5 <p.’-380(43) \\\
;;5 <p,’>=2.70(24) \ 8 T \\ k 0 N
& . T | mRun3 dAu (South, y=—1.7) N =
= \ @®Run3 dAu (North, y=18) \ 10° :
10° , 0 2 4 6
0 2 4 10° . . : p; (GeVic)
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1) At SPS (17 GeV), <p2> ~ 1 (GeV/c)?
2) At RHIC (200GeV), <p;?> ~ 4 (GeV/c)?
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2 STAR: TPC & MRPC-TOF

A new technology -
Multi-gap Resistive
Plate Chamber
(MRPC), adopted from
CERN-Alice

» A prototype detector
of time-of-flight (TOFr)
was installed in Run3

»One tray: ~ 0.3% of
TPC coverage

» Intrinsic timing
resolution: ~ 85 ps
pion/kaon ID:

pr~ 1.7 GeVic
proton ID:

pr~ 3 GeVic

\

N
K

A ——
f \.@
\. .L. “.‘
1A
i

Silicon Vertex
—Tracker

Magnet

E-M
Calorimeter

s~ Time Projection
hamber

Time Of
Flight

— Forward Time Projection Chamber

TPC dE/dx PID:

pion/kaon: pr ~ 0.6 GeV/c; proton p; ~ 1.2 GeV/c
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=2 Electron background
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Single Electrons Spectra: - ] ]
y-conversion 5o E
n0 , n-Dalitz decays B L \ TPC
Kaon decays s TENY, ’
p, W, ¢ vector meson decays 5 0_ ."/ . “::::::::II:M
heavy quark semi-leptonic decays } "ol ,
others like direct/thermal photons L Y
_10(]:_ \\\ :; " —~— .w“"“/,'
At low p+, y-conversion and x® Dalitz -1501
decays are dominant sources. These 200 oo ._.1|0;r e "'/1';'.6 il
are obtained from data. % (cm)
Backqground Topology:
1) TOFr tagged et/e
2) Large TPC acceptance
3) High efficiency
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Electron spectra

p+p—oe+X |
® TOF+dEdx O dEdx only ||
— Bked Sum |

-y conversion ||
=== ¥ Dalitz decay||-
------- 1 Dalitz decay |[

d+Au—e+X
® TOF+dEdx O dEdx only
— Bkgd Sum
--- Y conversion

- n" Dalitz decay
------ 1 Dalitz decay

-t N

ratio

STAR Preliminary
\8=200GeV . .. > | \Su=200GeV
| ! | L |, ‘b \ | 1 | 1 | 1 | | |
{._g__{'___?__tg__,___‘% ______ SR T X NI
1 2 1 2 3 4
p; (GeV/c) p; (GeVic)

An increasing excess found at higher p; region, p; > 1.0 GeV/c,
- Expected contribution of semi-leptonic decays from heavy flavor hadrons

Nu Xu

The QCD-Phase Diagram: From Theory to Experiment, SKOPELOS, 28 May - 3 June, 2004

13




1/2nd?N/p, dp,dy (GeV/c)?

~xy  Gonsistent in D measurements

||||
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10 o [ s
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STAR: nucl-ex/0404029 o F STAR Preliminary TOF
1028 D/D"~D*/D"=0.40+0.10-0.15 > 107 @ d+Au
g 8 g A p+p [/10] (NSD)
10-3;_ power-law fit ;1 o ;_ ..$ g dE/dx
E dn/dy = 0.0300 + 0.0041 '5,_ 8 & $§ * ® d+Au
Al o : Ty, Y )
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- o'V E g |
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m = = » e cay
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F @ STARd+AuD’ (from Kx) - e s, , ~~~~~~~~
1 0.7" O  STAR d+AuD' (from Krp) 10 E' .
Eg [1 STAR d+AuD'(scaled to D") § ,,,,,,,,,,
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0 0.5 1 1.5 2 25 3 35 4 4.5
Py (GeV/c)
Directly reconstructed D mesons Electrons from D decay

D and electron spectra are consistent!

Nu Xu The QCD-Phase Diagram: From Theory to Experiment, SKOPELOS, 28 May - 3 June, 2004 14



>

frreeeer

||||

Open charm production at RHIC
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-2 - -
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0 P o STAR da T - pQCD distributions are
- Al dla
> 10 R steeper
g power-law fit ?E
> @ i . .
< 10 5 - Fragmentation with delta
£ g function has harder spectrum
> 3
g 1 g
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— [}
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ol 10
= 3
F [
ja i
7 2
10 =
""" =
- o]
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, Open charm spectrum is hard
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DI
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Tuned PYTHIA

Saturation Model
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--- 659ub
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Phenix: Phys. Rev. Lett. 88,
192303(2002)

D. Kharzeev,hep-ph/0310358

10° ® STAR d+AuD" (from Kn)
® STAR d+AuD’ (from Krp) R i
10 [0 STAR d+AuD'(scaled to D) -
A  STAR d+AuD¥(scaled to D)
10_ | | | | | | | | | | | | | | | | |
0 2 4 6 8 10
p; (GeVic)
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-~y OQpen charm production at RHIC
|
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J. Raufeisen and J. Peng, Phys.Rev. D67, 054008(2003)
T 1) do/dy = o: a factor from
200GeV p + p — open charm + X model like Pythia. At
300 s 200 GeV, the factor 4.7
+ ® STAR data g was used at STAR.
e MRST é
Z 00 B 2) A strong dependent on
e - CTEQ E the method of
ze . — =18 Gov 3 fragmentation in
e 100 Me= 12 me 2 charm p; spectra
— e, g observed, but not on
“‘*mqih 2 rapidity distributions.
ol T e .. S
0 1 2 3 4 5
Rapidity
AN (D) [dy|y=0 (1072)|do XN /dy|,=0 (mb)
DY 2.840.4£0.8 0.2940.04=£0.08
D 4ot 2.940.440.8 0.30-£0.0440.00
D +e* 2.740.340.7 0.28-0.0340.08
Nu Xu 17
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-y Charm production cross-section

:::::::::::

1)  NLO pQCD calculations
under-p.redict the ccbgr 31 X START »eindan STAR Profimin
production cross section at {.o ot ® PHENIX sigle cin Auo ry
RHIC o | A SPS/FNAL p heam

0 UA2

2) Power law for ccbar -
production cross section i
from SPS to RHIC:
n~2 -
(n~0.5 for charged i WA A5 (nel.740.2)
hadrons) T e MSEL=4 CTEQ5M1

10— ——— MSEL=1 CTEQ5M1

3) Large uncertainties in total 4 %’ o o NLoctEQRmammel2
cross section due to 10° 10°
rapidity width, model Collision Energy \|S (GeV)
dependent(?).
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Charm Summary
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First JAp data at RHIC, high statistic data are coming

2) Open charm yields measured in both 200GeV p+p and d+Au
collisions. No evidence of deviation from binary collision scaling
in d+Au collisions

ot =700 -1200(ub)

—
N

3) Perturbative calculations under predicted both yields and
spectrum shape. Hadronization process not under control.

|
Nu Xu The QCD-Phase Diagram: From Theory to Experiment, SKOPELOS, 28 May - 3 June, 2004 19



Anisotropy parameter v,

coordinate-space-anisotropy [] momentum-space-anisotropy

Initial/final conditions, EoS, degrees of freedom

The QCD-Phase Diagram: From Theory to Experiment, SKOPELOS, 28 May - 3 June, 2004




>

/\l /\
frreeeer

||||

Partonic collectivity at RHIC
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PHENIX: PRL91, 182301(03)

STAR: PRL92, 052302(04)

(b)

0 0.5 1 1.5 2

i FOfEWOE Zaelssalnby de NS Yy L S

With the v, and spectra
of multi-strange hadrons
and the scaling of the
number of constituent
quarks

= both deconfinement
and partonic collectivity
have been attained at
RHIC!

Next question is the
thermalization of light
flavors at RHIC:

- v, of charm hadrons
- Jy distributions !!
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Thermal Equilibrium at RHIC
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At RHIC, yields of open charm is high:

1) The rescattering will lead to collectivity motion and thermalization
among partons. Since mg >> T, and m, 4, thermal equilibrium is first
reachable among light flavors.

2) Coalescence of charm quarks will lead to the enhancement of J/y

production and thermal-like spectra in central nucleus-nucleus
collisions.

= Study open charm and Jhp spectra and v,
o Study JAp yields versus collision centrality

Nu Xu The QCD-Phase Diagram: From Theory to Experiment, SKOPELOS, 28 May - 3 June, 2004
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o Centrality dependence

||||

A. Andronic, P. Braun-Munzinger, K.
J. Stachel, Phys.Lett. B571 , 36(03).

Redlich,

L. Grandchamp and R. Rapp, Phys. Lett. B523, 60(01).

'E-I:'.-E:_ —T T T T T T ]
= [ & LHC ]
= | B RHIC«iD g
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L -y
| = =
= u ]
. - -
e -
=2 u ]
+ 3_ —
=] = ]
= L N
L= Rl ]
(] 5 ]
I:l'la - -
- i -
e -
-.':': 1 1 T I R I T B .
& 1] 150 xa fjal c. el ool 400
)
s

0.4 0,z (mb)
15
—
L
S o3
2
£
0
<
> 02 1.1
o
—_—
=
"_3
=
o
0.1 0.7
0.35
o no reg.

0 50 100 150 200 250 300 350 400 450

N

part

(1) open charm cross;
(2) direct pQCD production;

(3) medium effects (y properties);
(4) absorption (color screening)

Model results are different, centrality dependence measurements are important!
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s Jhp via coalescence

6: T I E
_ —- QGP suppression
® Pythia St ‘= cc Recombination E
A Thermal+Flow | « : — Total ;
R SIS
83\ L ]
.'m._.“~ Z s \\ -
\.\\. g 2— \\\ P s -
A\ \.\.\ ] Z c .’./\\..._ .
x\ ‘— 1_ .—-""/ e _
\‘\ 0 I S S TR T TSR RSN
- N 0 50 100 150 200
0 1 2 3 4 5 &)
m,-m, ., (GeV SNN [GeV]

L. Grandchamp and R. Rapp, hep-ph/0209141(02)

JAp: in central AA collisions, due to interaction with light
flavors, values of mean p; decrease and yields increase
> deconfinement and thermalization for light flavors
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=T Open charm v,
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X. Dong, S. Esumi, et al. Nucl-th/0403030

0-2 (a)D — e
e 0. % - + y ] At p; > 2.5 GeV/c:
06" ? + g
0% 3 -
» O o > = 1) D-meson spectrum is
: —— g ‘ » : .
S 3 I g hard’, yields of pion will
Rl B - inputDyv, H be small, measure D-
© S I 5 decayed electron to
T 0 [l 2 :
° I 2 infer the open charm v,
@ | e % E
O I &
[ o
S o 4;{: %»l{’ ‘lf jL £ 2) D-meson flow =
<% T ; indication of light flavor
= o .- .
0.1 & I 3 thermal equilibrium.
oc? :
0.05 ; =
c? Input = v,
a S
0 1 2 3 4 5
pr (GeVic)
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e § Summary

1) First JAp data at RHIC, much more statistics needed.

2) Open charm yields measured in both 200GeV p+p and d+Au
collisions. No evidence of deviation from binary collision
scaling in d+Au collisions

o2 ~-700-1200(ub)

3) Perturbative calculations under predicted both yields and
spectrum shape. Hadronization process not under control
4) Study open charm v, and J/p yields to address thermalization

issues at RHIC. The run-1V data will just do that.
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