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Heavy Quark Energy loss and thermalization

Deadcone effect of Energy loss
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Y.L. Dokshitzer, D. Kharzeev, PLB519(2001)199
WHDG, arXiv:nucl-th/0512076

Upper bound on escaping parton p
D.E. Kharzeev, arXiv:0806.0358,0809.3000

Brownian motion in thermal system
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Heavy object in sQGP with AdS/CFT
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Quarkonium in heav4y ion collisions

T<T, T =12T,
VAN Y Y x, Y Y XpY?
T= 3T,
H. Satz, Nucl. Phys. A T I nonon
(783):249-260(2007) R !
Y

JAP suppression at lowgxould be
from suppressed excited states (x.)

F. Karsch, D. Kharzeev and H. Satz, PLB 637, 75 (2006)

High p; direct J/Y suppression =»
related to hot wind dissociation?

2-component approach

Dissociation+recombination
X. Zhao and R. Rapp, hep-ph/07122407

Color singlet model predicted
an increase Ry

(formed outside of medium)
K. Farsch and R. Petronzio, PLB 193(1987), 105
J.P. Blaizot and J.Y. Ollitrault, PLB 199(1987),499
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H. Liu, K. Rajagopal and U.A. Wiedemann
PRL 98, 182301(2007) and hep-ph/0607062
M. Chernicoff, J. A. Garcia, A. Guijosa hep-th/0607089
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The STAR Detector

MTD (BNL LDRD) EMC barrel

EMC End Cap

MRPC ToF barrel
Ready for run 10

FPD \\ ? TPC E | I /

mi - Run8: without any inner tracker ||

PMD / l i _ !

IComplete]
SAG1000 [Ongoing]
Ready for run 9 || R&D
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Measurements of inclusive
open charm and bottom

D reconstruction non-photonic electrons low pp muons
Sub-systems TPC TPC+TOF | TPC | TPC+EMC | TPC+TOF
pr coverage (GeV/c) ~0.1-3 ~08—-4 |~2—4| ~2-10 | ~0.17-0.25
p+p - v v v —
d + Au v v v v -
Cu + Cu v - - v -
Au + Au v v - v v

PRL94(2005)062301; PRL98(2007)192301; arXiv: 0805.0364
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Inclusive Spectra
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Species:
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Momentum range:
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Rapidity:
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Energy loss and thermalization
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Heavy-flavor tagged correlations

2.5 < P,(trig) < 3.5 GeV/c, P_(asso) > 0.3 GeVi/c ‘
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E d°s/dp’ (mbarn GeV? c?)

Discrepancy with PHENIX spectra
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STAR p+p NSD Spectrum Fits for cocktail method

10 T Cocktail method:

1 B 1379 + 0 0503¢
n g7+ 0
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~50% from Dalitz decay
~50% from conversion

2. Cocktail from spectrum fit
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Electron PID in run8 TOF

Removal of inner trackers
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Y Conversion Reconstruction
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e/Ttratio
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Open heavy-flavor Summary

Pt coverage: [0,10] GeV/c

PID techniques:
dE/dx, EMC, TOF

PIDed particles:
NPE, U, DO, D*

Detector Material:
~5.5%X, in run3—run7/
~0.55%X, in rund

Plans for next few months:
NPE from TOF, EMC in p+p
(2.7 pb) and d+Au (30 nb1)
minbias d+Au x3 run3

e Physics Conclusions:

1.

NPE Suppression at high-pt
similar to light hadrons

Binary Scaling of total cross-
sections

Large open charm cross-
sections

less radial flow than light
hadrons

Significant Bottom
contribution to NPE

Away-side Q-h ~= g-h
Jet content of charm (~<10%)



counts

Low p; J/Win p+p and Cu+Cu at 200 GeV

J/P trigger o<p,<5.5GeVvic

Invariant mass spectra (signal+background)
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High p; J/W in p+p at 200 GeV

sv—e'e EMC trigger

p+p 2005
STAR Preliminary

(S+B)/B: 24/2
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EMC+TPC electrons:
/<L, p>2.5 GeVic

TPC only electrons:
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STAR Preliminary
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p+p 2005
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No background at p,>5GeV/c

JIY pr

STAR Preliminary

i
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| I ]
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Reach higher p; (~14GeV/c)

Zhangbu Xu (STAR Collaboration)
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J/W spectra in p+p and Cu+Cu at 200 GeV

B Cu+Cu MB trigger
B Cu+Cu HT trigger
Cu+Cu PHENIX
M p+p J/y trigger 2006
M p+p HT trigger 2005
M p+p HT trigger 2006

p+p PHENIX
— MRST, m_ =1.2, u=2m
---- MRST, mc=1 4, u=m

| STAR Prefminmy
| | | | | | |
0 2 4 6 8 10 12 14

Transverse momentum p_ (GeV/c)

Zhangbu Xu (STAR Collaboration)
SQM08

« Significantly extend p
range of previous
measurements in p+p at
RHIC to 14 GeV/c

* Agreement of the
measurements between
STAR and PHENL

» Consistent with Color

Evaporation calculations
(R. Vogt, Private communication)

*Cu+Cu:
0.5<p <8 GeV/c

17



Nuclear modification factor R,,

M STAR Cu+Cu 0-60%/ STAR p+p
(Y 10 CPHENIX Cu+Cu 0-60%/ PHENIX p+p
_ #® PHENIX Cu+Cu 0-60%/ STAR p+p
~ OPHENIX Cu+Cu 0-20%/PHENIX p+p
" BPHENIX Cu+Cu 0-20%/ STAR p+p
— Two Component Approach, Cu+Cu 0-60%
- —Two Component Approach, Cu+Cu 0-20%

\8,,=200GeV il
~ STAR Preliminary +

0o 1 2 3 4 5 6 7 8 9
Transverse momentum P, (GeV/c)

10

e Double the prange to 10GeV/c

« Consistent with no suppression at
high py:
Raa(pr>5GeV/c) = 0.9+0.2
20 above low-p; data

e Indicates I,, increase from low -
to high g

e Contrast to AdS/CFT prediction

* Formed out of medium?
Affect by heavy quark/gluon energy loss

e Decay from other particles?

2-component Approach predicted slightly increase R,, after more consideration X. Zhao, WWND2008

Zhangbu Xu (STAR Collaboration)
SQM08
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J/W-hadron correlation
Jhy

Near side correlation
Bottom decay or fragmentation

%jﬁi JI¥Y—>e'e — unlike-sign
g 135_ p+p 2006 ---- like-sign
£ _E STAR Preliminary
Heavy quark fragmentation 8 E[(s+B)B: 54/14
123— 540
10;—
8-
Good S/B ratio makes this g F
measurement possible :_ I e T
96 ~ S e

M,, (ee) (GeVic?)

Zhangbu Xu (STAR Collaboration)
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-+ 2.9 (a) 200GeV p+p
> o p;" > 5 GeV/c
_g piss“ia‘e > 0.5 GeV/c
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Constrain Bottom vyields

0.9

B—J/Y¥ / inclusiveJ/V
= = = = = =
w B w B N @

e
()

5t (pQCD)/(STAR Spectra), p+p 200GeV
M STAR, Jiy-hadron correlation, p+p 200GeV
® UAA1, J/y-hadron correlation, p+p 630GeV
DO, p impact parameter, p+p 1.8TeV
CDF, B life time, p+p 1.96TeV

STAR Preliminary

4 6 8 10
P, (GeV/c)

» pQCD predicts significant B=>J/W¥
 Correlations shows low B contribution
» can used to further constrain B yields
* PYTHIA productions all show strong
near-side correlation =
higher order production mechanism?
» constrain Correlation from jet fragmentation

Zhangbu Xu (STAR Collaboration)
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Y cross-section in p+p

T 1= =
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1;_ u l.. _E
0.5 " E
0 . Loaa | ?‘H LT

-3 -2 -1 0 1 2 3
Rapidity
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STAR 2006Vs=200 GeV p+p
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@ Preliminary

NLO in CEM

Bodwin et &l hep-ph/0412158

MRST HO, m=4.75, ui/m;=1
MRST HO, m=4.5, 1/m;=2
MRST HO m=50

GRV 98 HO, m=475, wm=1 ~

IIJIII{

Zhangbu Xu (STAR Collaboration)
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Y and high-pt J/W in run8 dAu

physics results in next few months!!!

dEdx>3.5 KeV/cm for both daughters

unlike sign

like sign -

—#— unlike sign - like sign

1

STAR Preliminary
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STAR Preliminary
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dAu data sampled luminosity: 31 nb-!

STAR Preliminary
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Y5=200 GeV
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p+p equivalent: 13pb-1
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205 ] (] ’J STAR Preliminary °J/LIJ Spectra

- i «J/W-h correlation
e *Isolated J/¥
b W(2S)
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A prototype muon telescope (MTD) at STAR in
d+Au collisions

physics results in next few months!!!

m— 3__ ............... - ........... PP P
s T STAR Prellmlnary ._ @
=~ L, S P 2nﬂ..ﬁ.e.v..d.mu ............ S
= = o | 4 o
- : : &
1:_ OO SO OO ONN: SO TSR SOOI = 1
YR I v SRR R S . — N
BT o R R N R g,
2 R L
_3__ i ‘ ..'.I..'...',....I ..... }...‘.I ..... r||'||-| 1
0 2 10 12 14
p. (GeVic)

2500

2000 —

1500

1000

500

« MTD hits: matched with real high p; tracks

e Az distribution has two components:

narrow (muon) and broad (hadron) ones

e Sample luminosity: 4.19 pb-1

e In the process of decomposing the
contributions using velocity, dE/dx,
tracking topology, EMC

09/27/2008

Lijuan Ruan (Spectra Phone

Meeting)

z1
Entries 5124
Mean -4.064
- |.U'h 2 at IAZ|<20 RMS 27.55
Y S OSMRI SU SNRSRIS SR 4, B #2 ) ndf 320.6 /74
uon po 2.667e+04 + 401
- ' : p1 -1.036 = 0.093
Hadron _____________________________________________________ p2 10.35+0.13
P > 2 Ge\h’c p3 2.61e+04 + 373
p4 -7.62+0.28

35.86+ 0.43

00 80 60 40 =20 0 20 40 80 80 100

trackhits Zrawhits (€M)

N

Physics (open heavy-flavor):

*Single muon spectrum

ee+ Mass spectrum
first ever to directly measure
irreducible charm dilepton
background
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High luminosity forY & high-p. JW

I b S]] S = 200 BV AutAu
32 - g'min :-\u-;Au 2 nh'1,|p+p 50pb?| 2 ¢
P o tatistical errors only = F
I 1 ettt
g 1 ® ¢+ s e s 02F
e T S I e |
08F- woap | RHIC: 2 b RHIC-II: 20 nb"
- g Y(is)
0.6 8 081
- c . F Predicted )
o4 jEH i PHENIX PRL 98 (2007) 232301 | § 06| Suppression V(25) and Jiy
[0 4 h?' - U Run4 b 04l Pattern
0.2 | 3 (schematic)
- l g 02t Y(3s) and '
) EPIRI I JA IR R R Lol ¢p Q0w vl T T
0 2 4 6 8 10 12 0 50 100 180 200 250 300 350
Transverse Momentum P, (GeVic) .
Number of Participants

Electron identification Enhance statistics

Zhangbu Xu (STAR Collaboration)
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Summary (J/P)

« J/P spectrain 200 GeV p+p collisonsat STAR
1. Extend the prange up to ~14 GeV/c
2. Spectra can be described by CEM and CSM.
3. High p JA follows x; scaling with n=5.6
4. Spectra at high{an be used to constrain B production

« J/Y—hadron azimuthal correlation in p+p
1. no significant near side correlation
Expectstrong neéside correlatio from B> Jp+X
Can be used to constraigJiroduction mechanism
2. Away-side spectra consistent with h-h correlation
Indicates gluon or light quark fragmentation

e J/P Ry, from 200 GeV Cu+Cu collisonsat STAR
1. Extend R, from p, =5 GeV/c to 10 GeV/c
2. Indication of R, increasing at highp

Zhangbu Xu (STAR Collaboration)
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Future

JAP results from Run 7 Au+Au

Upsilon Ry,

Run 8 (d+Au), Cold Nuclear Modification

Run9—10, Au+Au and p+p runs with TOF and DAQ1000

Longer term RHIC Il + Heavy-Flavor Tracker
Talks:

Non-photonic electron yields in p+p collisions
at STAR with reduced detector material ~  -------------- Jin Fu

Study of b contributions to NPE by e-h correlation --- Shingo Sakai

J/W Spectra at low pt in Cu+Cu ---- Daniel Kikola



Backup slides

Zhangbu Xu (STAR Collaboration)
SQM08
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THE factor x2
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s107g e/n in rung p+p
_::‘, STAR Preliminary
X
1022
- * %
- h

1073

m1mim STAR Simulationr® Dalitz/x

Edo0>@®
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Zhangbu Xu (STAR Collaboration)
SQM08
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Constrain on bottom suppression

1
LD § I: Radiative -
| II:Dissociate _
0.8 (1 Il:Resonance R¢,, & RP,, correlation
together with models

STAR Preljminary

o0 Dominant uncertainty is

normalization in RAA analysis

o RP,, #1 ; B meson suppressed

o prefer Dissociate and resonance model
(large b energy loss)

I; Phys. Lett. B 632, 81 (2006)

IT; Phys. Lett. B 694, 139 (2007)

ITI; Phys.Rev.Lett.100(2008)192301

b 02 04 06 08 _1
RAA

Shingo Sakai, Parallel Session 12.11

Zhangbu Xu (STAR Collaboration)
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J/Q spectra in p+p at 200 GeV

f 10 M p+p iy trigger 2006
L i*\ M p+p HT trigger 2005
> LTS M p+p HT trigger 2006
3 = }TEE‘T‘\ PHENIX p+p
= m ----- MRST, m =1.2
o 1078 .K!-T MRST, m =1.4
=3 n Nl — . CTEQ5M, m_=1.2
= 107°E B —— GRV9BHO, m_=1.3
S F T
O '3=— - L'
o 107E #\
D—l_ — *“Q‘f‘"-
& 10°g A,
— - TPy R
B 450 H""‘I*I;f;
o2 10°F s S
E - STAR Prelfiminary e
109 > 2 8 0 12 14

Transverse momentum P, (GeV/c)

Zhangbu Xu (STAR Collaboration)

SQMO08

« Significantly extend p
range of previous
measurements in p+p at
RHIC to 14 GeV/c

* Agreement of the
measurements between
STAR and PHENL

» Consistent with Color
Evaporation calculations
(R. Vogt, Private
communication)
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J/Win Cu+Cu

High p;
"‘E " (c) Cu + Cu
=12
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U 2_ ------
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= | . | . | . .'|..E g 103§ \]%—ZODGeV B Cu+Cu HT trigger
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2.6 2.8 3 3.2 5 3.4 3.6 102§_ - . 006
Minv(ee} {GEVf C :' = 10 po-60% ¥ p+p HT trigger 2005
. . . -E ¥ p+p HT trigger 2006
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] > = — MRST, m =1.2, p=2m
*p; range overlaps with p+p data =J0 Jo " --MRSTm=t4em
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Zhangbu Xu (STAR Collaboration)
SQMO08

Transverse momentum P, (GeV/c)



R n Comparison to NA6O

M STAR Cu+Cu 0-60%/ STAR p+p 3 2r
Y 10k ©PHENIX Cu+Cu 0-60%/ PHENIX p+p o [ e« 3<Ey.<5TeV(central)
@ PHENIX Cu+Cu 0-60%/ STAR p+p 180 . 9<E, <1 TeV
- OPHENIX Cu+Cu 0-20%/PHENIX p+ - .
- B PHENIX Cu+Cu 0-20%/ STAR p?i-pp 1.6 © 15 < Bz <16 TeV (peripheral)
| —Two Component Approach, Cu+Cu 0-60%  _ -
- —Two Component Approach, Cu+Cu 0-20% 1.4 R. Arnaldi (NA60) QM08 [
S\ =200GeV s 1.2 ’
~ STAR Preliminary C I %
1 .
- pbrd
| $ ----------------------------- e 0.8 1ol
: - T I }
e g 8 LT ] s LBy
M 0_4:_* § 4 9 i
B 0.2
| | | | | | | | | :III|III|III|III|III|III|III|III|III|III|III|III
0 1 2 3 4 5 6 7 8 9 10 % 02040608 1 1.21.41.61.8 2 2224
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Transverse momentum P, (GeV/c)

RHIC: Cu+Cu, /sy, =200GeV SPS: Intln, |5, =17.35eV |
consistent with no suppression atb GeV consistent with no suppression atpl1.8 GeV

Cronin
PA=>pp
Thermal fit

Important to understand production mechanism =

Zhangbu Xu (STAR Collaboration)
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Yields in near/away side

9 T 1 T T I I TTT T T T 1 L I
= 1 02 - a) Near Side =+ b) Away Side E
= ; O T My trigger, p' "t >5GeV/ ]

. 055 To o | A trigger, p, “>5GeVic ]
o L oo 1 »hadron trigger, 4<p <6 GeV/c
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=R 05r : i
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pjill_ssoclale (GEV/C) pjill_ssoclate (GEV/C)

Associated hadron spectra with leading J/:

» Away side Consistent with leading charged
hadron correlation measurement (h-h)
=>»away-side frongluon or light quark fragmentation

* Near side Consistent with no associated hadron production
B->JAY not a dominant contributor to inclusivepd/
constrain Jp production mechanism

Zhangbu Xu (STAR Collaboration)
SQM08
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pT dependent sDCA cut

Red curve: resolution

black: conversion at IFC 00
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