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Outline

. Heavy ion program at RHIC in BNL
. Motivation for heavy flavor physics
. STAR detector

. Open heavy flavor
— Charm mesons: DY
— Non-photonic electrons

. Quarkonia

— J/y and Y measurements

L) jaroslav.bielcik@fjfi.cvut.cz



Relativistic Heavy lon Collider

RHIC site in BNL on Long Island, USA

weooy T R

Colliding systems:
pT+pT, d+Au, Cu+Cu, Au+Au

Energies

Vs = 20, 62, 130, 200GeV
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RHIC has been

exploring nuclear matter
at extreme conditions
over the last few years

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




Probing of Dense Matter with jets

p+p Collision Au+Au Collision
« nuclear modification factor R :
Yield (A+ A)
R —
P = Cetd (p+ p) < (N o)
T

Average number of NN collisions in AA collision

* No “Effect” of nuclear matter:
| % eading particl | cadingpartide R, o = 1 at higher momenta where

Jet t .
JQV; hard processes dominate
|

e Suppression: Ry, < 1
STAR 4
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quark or gluon

quark or gluon

e Partons interact with medium
gluon radiation/energy loss

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




Hadron suppression in central Au+Au

0

] AN At Ap
. O ptp
I *K+K
0
il ¥ Kg
Q I Kaon w/ jet conversion
I Kaon w/o jet conversion

0-12%
AUAU

R

STAR prelimin;ry | @

STAR QM 2009

0 2 4 6 8 10 12
p(GeV/c)

 Hadron yields:
strongly suppressed
In central Au+Au at 200 GeV

- Large energy loss of light partons
In the formed nuclear matter

Energy loss depends on
properties of medium
(gluon densities, size)

properties of “probe”
(color charge, mass)
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Heavy gquarks as a probe

Radiative energy loss

e p+p data:

— baseline of heavy ion measurements 317 oadcome light
— test of pQCD calculations N, ﬁm\
agl ©
E

* Due to their large mass heavy quarks

are primarily produced by gluon fusion in :
early stage of collision ol HortoscrrLos o [4im A=
— production rates calculable by pQCD T e 7
M. Gyulassy and Z. Lin, PRC 51, 2177 (1995)

RERRRY i t .l Prys AT 2007 a0

o8l i
* heavy ion data: NN

s 9%% i

 Studying energy loss of heavy quarks $r% \ \“
— independent way to extract properties i
of the medium

Py (GeV)

S'sTan
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Heavy flavor -

Direct: reconstruction of all decay products \//'
D° 5K 7z",D° > K"z, \/B’O |
B.R.=380+007% [l

Indirect: charm and beauty via electrons

c —> e"+anything (B.R.:9.6%) _

b — e* + anything (B.R.: 10.9%) g

iIssue of photonic background 0o
charm (and beauty) via muons s

c — u+ + anything (B.R.: 9.5%) \

r

_t

.ﬁ. R 7
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STAR detector

Silicon Vertex
~Tracker

Magnet

® TPC (tracking,p,dEdx)
*Inl <15
* Ap/p = 2-4%
* G4g/0/dEAX = 8%

* BEMC (energy, trigger)
*Inl <1
« dE/E ~ 16%/NE
» Shower maximum detector

* High tower trigger

» Upsilon high level trigger

E-M

Calorimeter

Time Projection
hamber

Time Of
~ Flight

Forward Time Projection Chamber

EETA R o
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Direct D-meson reconstruction at STAR

| 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 I | 1 1 1=_ B _Dﬂ+Eﬁ N K +1 p < 3 3 Ge'v!c
» | .
- Do d+Au\S..=200GeV minbias Aut+Au 200 GeV @ [ o Rotating + Lin T e ckoround
NN 4 E [ Rotating Background Subtracted
3 8 *F Gaussian+Linear Fit ; p

‘Gaussian Fit

— D'(D%) - Kn i
. <3 GeV/c M i
| i<t % af
N #{. i
o #2/ ndf 50.35/68 | B
‘; + # Yield 2409+ 0.496 3 -
~ o +, Mean  1.8678 = 0.00190 || i
+ o 0.0080 = 0.00081 i

" §IJIN ~47

Cu+Cu minbias

N

ly|<1

Counts (x 10%(10 MeV/c?))

12

sGeVie | & R R awmma|| 2 f -

1F Py< ev/c S | PS  -45.2572:0.23955 | E+ + S = 200 GeV
L 1 — __
0 % 0 2Rl 22re -lreeiod HE o Tl - el Lln £ i 4’ © & (f;‘
j i - ° i & ¢ i
.Phys.IRev. Lett. 9 (2005) STAR arXiv:0805.0364 ! ]
1.8 1.9 7 18 19 2 Ak, STARFPIMINAY |
M (K7) (GeV/c?) Kr invariant mass (GeV) s 18 188 19 1es 2

K 7 Invariant Mass (GeV/c?)

e Kr invariant mass distribution in d+Au, Au+Au minbias, Cu+Cu
minbias at 200 GeV collisions

* No displaced vertex used for open heavy flavor
STAR
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Measurement of charm

EE‘-"-. L | LI | L | 1T 11 | L |
. 107 et ¥ D in AutAu [«10'] 3
D F cotenen g D iaanbzd] 1 STAR charm measurement:
{5 105 I e: in Au+Au minhias N
T ~ B e in AutAu ceniral 12% [=5]
a [ --- Power-Law Aot in Awd An minhias —] .
'U|_ __ i :;*En AwdAu central 12% [=5] __ ¢ DO In d+Au1 AU+AU’ CU+CU ZOOGeV
_g- B ""‘:_h_ ¥ O et ind+Au ] .
g P O etinpep 71 e« low p; muon in Au+Au 200GeV
E 10| 3% _
- L, .., ]
o~ A cvstematic Fr : :
> __%’w._* z:f- SsemadeLeer—— 1 e non-photonic electrons in p+p, d+Au,
S B.om 1  cu+Cu, Au+Au 200GeV
Z L SRy
n_.lu = I.. I- 3 ) ]
~10°3=. oy W 4 ¢ 90% of charm total kinematic
= ..'*""?}'q)_o;"'-,. e - range covered
- [;][5; {:}"':L. * f ]
B e J:}],,D”" " .
7 B-.., K- _
107F B, T
- STAR arXiv:0805.0364 I ﬂl_
0 1 2 3 4 5

P, (GeVic)

STAR 10
[N jaroslav.bielcik @fjfi.cvut.cz



Suppression of

STAR, PRL 98 (2007) 192301

‘\l‘ T T T | T T T | T T T | T T T | T T T | T
° ¢ Au+Au 0-5% (x1000)
> . v Au*Au 10-40% (x100)
o i +  Au+Au 40-80% (x10)
5 102 W d+Au
o ud] = p+p (right axis)
8 i
—
& E
T 10+

L 3

1IN, 1/27 p
=
&

-
o
&

scaled FONLLD —» e T
scaled FONLLB > e ‘?
scaled FONLL (D+B) - e

-

o
L
=)

.......

non-photonic electrons

STAR, PRL 98 (2007) 192301
2 [ | ||:| STAR hadrons pT|>6 GeVic ]
............ DVGL Rad dN /dy = 1000

——— BDMPS c+b §= 14 GeV?/fm
—— DGLV Rad+EL

van Hees Elastic
-------- BDMPS charm
Collisional dissociation

-
o
R

-
o
A

-
o
do

g2 L
107 2 4 6 8 10
P, (GeVic)

=
&
(¢ ,.A2D qu) dp/ENo p3

-

o
L
=)

 Large suppression of non-photonics electrons similar to hadrons

« No satisfactory theoretical description yet Rua(Py) = N

|

STAR . o
=3 Central Au+Au 200GeV jaroslav.bielcik@fjfi.cvut.cz

1 ><dNAA/dpt

dN,, /dp,

coll
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Bottom contribution to electron spectrum

o 1 .
_il_a - ® from e-h correlation o E 1 .
oog— B from e-D correlation T L) STAR preliminary
o = (1 e
rm - FONLL SR [ ] I: Rad,iaﬁve
o 0.6 LT s é + # ﬁﬂ
- ‘ L Y Y I:Dissociate
0.4— , ~ + i e
02k PP@200GeV 2 0. lll:Resonance
- STIAR prg!iminary | | | | | |
2150 PRL 98 192301 0.
= 15_ ¢ e nonye
052 o . O hadron 0.2
T AvAu@ocey . T 00 @ ¢ 4 +D .
12 3 4 5 6 7 89 : 1
P, (GeVic) . . . . ReD
. . . . AA
« Difficult to interpret suppression without the knowledge of
charm/bottom

« Data show non-zero B contribution consistent with FONLL

« Charm and bottom contribution comparable at p; of 5 GeV

~+« B meson

| .
STAR
S

IS also suppressed

12
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Quarkonia at STAR

T < T, T =1.2T,
(100 ([ (1] e
WXCW’ Y be’x,b ‘lf Y XhY’ Y %e-l-e_
T= 3T,
H. Satz, Nucl. Phys. A (783):249- TR TETERT
2601200 TR
Y

« How they melt in hot/dense nuclear matter?

« What is production mechanism at RHIC?

oTAn
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Jhy In p+p and Cu+Cu 200 GeV

= o
- \|s =200GeV B Cu+Cu MB trigger 200 [1] === AdS/CFT+Hydro
©10° o B Cu+Cu HT trigger 4@ STARGutGu 0 20:“ [2] ceeeeee 2-Component
= 102%™ "I Cu+Cu PHENIX 3 ¥ STAR Cut+Cu 0-60% [3] —— charm quark
0 = ¥ p+p Jly trigger 2006 O PHENIX Cu+Cu 0-20% [4] ...... heavy resonance
E 10 o -60% ¥ p+p HT trigger 2005 2+
S 4 : ¥ p+p HT trigger 2006
py " p+p PHENIX
> ' — MRST, m =1.2, u=2m
5,10 B . MRST, m=14,pu=m 1
-8'1 02 ‘ 0.8
a 060 s  E s Jedr
.3 x
§1 0-4 0.4 ' '
,212105 L Ay _{::,_,_._.- v
10° APy iy ~ _ S
am . STAR: arXiv:0904.0439 | | STAR: arXiv:0904.0439 Wi,
10°

0.2 PR I R S B |
c 2 4 6 8 10 12 14 %5 ¢ 2 3 4 5 6 7 8 9 10 11

Transverse momentum p_ (GeV/c) pr (GeVic)
* RuA(pt>5 GeV/c) = 1.4+ 0.4+0.2 A. Adil and 1. Vitev, Phys.Lett. B649, 139 (2007), private c.
. . . . S. Wicks et al., Nucl. Phys. A784, 426 (2007), and W. A.
 Consistent with no suppression at high p; Horowitz private communication.

» Expectation of J/y suppression at high p; from strong open charm suppression
from color octet model

«Two component model+J/y form. time+ B feeddown describes the trend well
R. Rapp, X. Zhao, nucl-th/0806.1239

I
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Y measurements in p+p and Au+Au

I | IIIII‘ I T TTTrT I
p+p 200 GeV 10° ey :
J. Phys. G: Nucl. Part. Phys. 34(2007)S947 - ]
>25F i il
D o _ 102 | ]
Ezo:— 2006 p+p 8 Ve -
S o f :
%15_— \s=200 GeV noL i
- = | |
S10¢ I
Q S 10" - —
© 5 + I :
- X - 1 ¢ STAR p+p 200 GeV
Or Eé i Preliminary i
: NLOin CEM
-5¢ 10° - B et e 0412156 —
_103 iSTAR preliminary - m&g:g mjgswp::h:? E
SWETY FRET FERES FETEN PwifFl R FETHN FTI AT S - VMRST HO, m=5.0 .
576 7 8 9 10 1112 13 14 15 I GV 96 HO, et 75, et -
. me [GEVICZ] 10'1 He ||||||‘ [ |\||||| [
30 signal : 107 102 102
Vs (GeV)
5 [do e 01 28(stat) £ 22(syst) pb The cross section in p+p
X| — = T ) . . . .
“\dy ), R is consistent with pQCD

ST
STAR
L)

jaroslav.bielcik@fjfi.cvut.cz

Au+Au 200 GeV

J. Phys. G: Nucl. Part. Phys. 35(2008)104153

STAR PRELIMINARY

. I { [ 0-60%
30: '_'_:_°_' ! 2007 Au+Au
F [ I ‘ ‘ NSy = 200 GeV

o

(7]
%)
TTT T

- . .|.
e

2 13 14 15 16
m,. [GeV/c?]

Cross section calculation
IS in progress
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Y signal in d+Au 200 GeV collisions

STAR Preliminary

g0 T T T T LANNLIN L L B B B B B0 L L L L L L ]
u —— unlike sign ] - —N— STAR Run8 d+Au s, =200 GeV |y|<0.5 7400
70 ;_ ) . g 50 L — e anti-shadowing(EKS98)+no absoption, R. Vogt 4350
R like sign i i
60 . - —~ [ —®—— Raw Counts 300
: d+Auvs, =200 GeV 1 £ 4o i
501 1 -7 i P d+Au 200 GeV | o
2 1 + F ¥ STAR Preliminary {°°° &
g F 1 % anl ) % 1 8
3405 4 "»30[ —200%
Cr ] 2 . L 2
30 ] 8 T P s ] E
- H + + ] g 20 S . 150
L - - B @ 1 . ]
20 + : ++ :+ ] C o t . 100
- sr H N B . - ! ® ]
10F L -++ ++++—+=* ;:- 10[ K , + . a.. N
" um . " = - ] -5
- #+‘_.- L FT TR 5 :_+_ d | P ¥ -.. .
m 1 | I I 1 1 | L1 | I L | L t.i J _I L 1 I | | I - I I - Ll Ll I 1 1
0% 8 10 12 14 16 18 0 _?E"'"“" . R R B

M,, (GeVic?) Rapidity

« Strong signal (8o significance) extracted

d Y+Y'+Y”
B.. X (—UJ = 35+ 4(stat.) £ 5(syst.) pb

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

y=0

_ « Consistent with N;, scaling of cross-section p+p —> d+Au 200GeV
STAR
___.w,n jaroslav.bielcik@fjfi.cvut.cz




Conclusions

 Heavy flavor is an important tool to understand medium properties
 STAR results are interesting and challenging
charm measurement
* Three different channels: D° ,u, electrons
non-photonic electrons
* Bottom relative contribution consistent with FONLL
« Strong high-p; suppression in Au+Au
 Heavy quark energy loss not fully understood
J/IPsi
« Consistent with no suppression at high-p;

Upsilon
» Cross section measurement in p+p and dAu
» Follows N, scaling

[N jaroslav.bielcik @fjfi.cvut.cz
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Outlook

« High luminosity for Y & high-p; J/y:

Time-Of-Flight: RHIC Il + DAQ1000:
Electron identification Enhance statistics
< 1.4 ~ 04F y(1s) Sy = 200 GeV Au+Au
2 " STAR Au+Au 2 nb", p+p 50 pb™"| & |
2 4o Statistical errors only = F
§ ¢ ‘ 5 OF
c - ] | ] C -
3 1— . & . o-02
< C S S| EF
08l W-04r RHIC: 2nb"  RHIC-I: 20 nb-!
N o 1
: | 8 F Y(1s)
06— © 08
N - E Predicted
0.4 ;E} ;]1 ; PHENIX PRL 98 (2007) 232301 _5 0.6 e Suppression Y(2s) and Jhp
E . hj o Run 4 % 0.4 Pattern .
0.2 L = E (schematic)
- [ g 02F Y(3s) and '
U_;|||.;"lu|||;-4]u;.!4|||. w0_\L\\\\Lllllllllllll\\J\Jl\illlllll_[
0 2 4 8 10 1 0 50 100 150 200 250 300 350

6 2
Transverse Momentum P; (GeVic) ..
Number of Participants

* Open charm : 2008 data d+Au 200 GeV with low material
Heavy Flavor Tracker (HFT) for topological reconstruction
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Electron ID iIn STAR — EMC

1. TPC:dE/dx forp >1.5GeV/c
*  Only primary tracks
(reduces effective radiation

length)

* Electrons can be discriminated
well from hadrons up to 8 GeV/c

e Allows to determine the remaining
hadron contamination after EMC

2. EMC:
a) Tower E = p/E~1for e
b) Shower Max Detector
e Hadrons/Electron shower
develop different shape

85-90% purity of electrons
(pr dependent)

dEdx [keV/cm]

10,

-
(=]
B

-
(=
2]

-
=
X}

_______________________

.................... : ' 10

) - M w & w =] ~ @ ©
I TTFIIT
il I Iu

p [GeV]

;ETAH _ o » ' dEdx [keV/cm] ' 20
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Photonic electrons background

» Background: Mainly from y conv and ©t%,n Dalitz
- Rejection strategy: 30007 e e
For every electron candidate ] é é E :
» Combinations with all TPC : | : :
electron candidates 20000 _________________________ ____________
= M, <0.14 GeV/c? flagged photonic i 5 5 :
= Correct for primary electrons
misidentified as background
" Correct for background rejection efficiency

2500 s RTINS

15001

1000}

~50-60% for central Au+Au 500
Inclusive /Photonic:
5r
el (S+BYB % 005 01 015 02 025
TE AutAu Vsy, =200 GeV .
4 | "[Excess over photonic electrons observed

for all system and centralities
=> non-photonic signal

w .
T TT

Inclusive/Background
w
wv

25| ¥
L]

STAR Preliminary
III] lII|IIlI|IJIl|IIJIlIIJIIIIJI]IIIIl'IIl|JI

R T R S S S S R SR T
pr(GeV/c)
E%T, 21
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>

-g - * STAR u+e in Au+Au (12% most central)
> " % STAR D%+p+e in Au+Au (min. bias) ]
zb"-’104 = v STAR DO+e in d+Au =
- 0 PHENIX e in Au+Au 2
" @ PHENIX e in p+p Y g
3| A SPS/FNAL _
10°E ¢ Pamir/Muon -
C 0 UA2 i
10° F E
10 3 — NLOpQCD (uR=2mc) E
- ---- PYTHIA -
I|J' ] | L1 1 III | | | |1 III| | ]
10 102 10°
STAR

arosiavbieicikafiicudS (GeV)
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Binary scaling of charm cross-Section

E — H‘ I T I b 1
= = -
-.._'? =l ~ I Sys. error \/Syn = 200 GeV -
=~ 400 AutAu - : : .
N - Contral 12% 1 . observation of binary scaling
(4] = —]
© £ | -
T 300 = N
- | T 1 e« large NLO uncertainties
250 Cu+Cu j =
= (p reo I-i?l?i:ﬁ]a ry) =
200 d+A Au+A —
- i MinBias | « PHENIX values are lower
150 =z
1001 NLO in p+p E
50 E
03 il NIRRT L] T
1 10 102 10°
number of binary collisions Nbin
NLO Ref: R. Vogt, arXiv:0709.2531v1 [hep-ph]
STAR:
J. Adams et al. Phys. Rev. Lett 94, 062301 (2005)
S. Baumgart, arXiv:nucl-ex/0709.4223
] B. Abelev et al.,, arXiv:nucl-ex/0805.0364
| -
STAR
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High-p+ J/w - hadron correlations

STAR Preliminary

Z25200GeVp+p v, 5 oy
PYTHIA8.108 T

Z associate
S | - PromptJiy  P; ©>0.5GeVic
% o e B—Jiy+X
— Sum

—

£

O
Z
5

» Near-side correlation due dominantly to B — Jhy+X

* B-meson feeddown to inclusive J/y production of 13%z* 5%
at pr > 5 GeVl/c.

oTAn
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