S
Heavy Flavor at RHIC

- A Comparative View

Xin Dong

Lawrence Berkeley National Lab

-

] A
rrreer

|.||
- _ Sept. 18th, 2011 SQM 2011, Krakow X. Dong

Cracow 2011


nxu
Sticky Note
add "Measurements"


Heavy lon Frontiers =

Heavy Flavor Program - Quantify the medium properties
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Sticky Note
I suggest add a slide on the importance

1) Heavy - produced early
2) does not change its intrinsic properties  in QCD medium

==> early clean probe for the QCD medium, especially at RHIC.
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» Experiments

» What We've Learned
» Future Prospects

» Summary
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Detectors

PHENIX

PHENIX Detector

Beam View

Central Arms: |n|<0.35, Ap = 2 x w/2
tracking, electron/hadron PID

| MRPC ToF Barrel |

” trigger || || computing|

COMPLETE

In|<1, A = 2n
Tracking, electron/hadron PID

Forward/backward Arms: 1.2<|n|<2.4, A = 2xn

muon tracking PID

e . DAQ rate ~ several kHz
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Measurements

PHENIX STAR

Open charm hadrons - Mid-y

et @ mid-y
Heavy flavor decay leptons® e @ mid-y
uw*~ @ forward-y

Jhy e*e- @ mid-y
Upsilons

e*e- @ mid-y
uwuw @ forward-y

On Quakonia:
PHENIX advantage: efficient electron trigger down to low p; in p+p
- high statistics in p+p
STAR advantage: single electron trigger on high p; J/y and Upsilon to take full
luminosity and large mid-rapidity acceptance

5

/\l \ * See presentations on Friday morning session
rrereer "
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Reconstruction of Open Charm Hadrons

"S (d)rsame] sign 11.’ ) 8114 |
Y sl DK sl i fppeedl = No secondary vertex reconstruction so far.
- B 0.010 £ 0.002 | » STAR took advantage of the large acceptance,
'g + and beat combinatorial background with statistics
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Charm Production Cross Section in p+p

Open charm hadrons
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Y. Zhang, QM 11

Data/FONLL

Non-photonic electrons

T T T T T T T T | T T T T | T

T
i b) v PHENIX: PRL 97[2006)252002—
At high pp, ~ ' )
_measurements
_agree with FONLE —

T

pr (GeV/c)
STAR, PRD 83 (2011) 052006

pr shape at py(D)>1 GeV/c agrees with the FONLL upper limit.
- Similar behavior for high p; non-photonic electrons.

5

; X
frrereer ‘m
_

Sept. 18th, 2011

SQM 2011, Krakow

X. Dong 7



Charm Production Cross Section in p+p

STAR p+p @ 200 GeV Y. Zhang, QM 11 CDF p+p @ 1.96 TeV

PRL 91 (2003) 241804

T ' T ' T ' T T ' 10

ST ' f\+ D° \: D** D*
§ 1 Run 9 p+p 200 GeV A D°/0.56 i T\ % i
@ 95% C.L. ¢ Doz = [ X MU | BUAN;
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= [ e £ | g
R 1 S ;
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% 0ok STAR Preliminary ) ALICE p+p @ 7 TeV J. Shukraft, QM 11
o C ! | . | ! | . | ! | . =
= 0 1 2 3 4 S 6 g e T apmi 6~ O~k rix
2 f T B v1sne' 1 = -Te 1.-n."
p (GeV/C) 8 [ ppASs=7TeV, 1.6nd ppAs=7TeV, 1.6 nb ] pp\s=7TeV, 1.6 nb
g 10’; ::; o I()z (5] 110 (5]
uﬁi ; ALICE Prefiminary ALICE Preliminary 1 ALICE Prefiminary
:.: 10¢ e 10; 10
I == |
Note: interestingly 3 = | |
imi ' ' ' = —
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Total Charm Cross Section

LA 1 IIIIIII| I IIII||I| I IIIIIIII I T rTT

— ? I 1 1 LA I 1 1 LA [ 1 1 LR E |
-g. - W STAR Preliminary D’ + D* in p+p 1 5 Sys. error \ Sy = 200 GeV .
-~ i % STAR Preliminary D’ in Au+Au 0-80% 1 400 B d+Au FONLL err. |
0
219 ,| A STARD +eind+Au i (D%+e) NLO err. A
o 10"F o PHENIXe IR - ]
- 4 SPS/FNAL ? H¢ﬁ """" ’ . o) o+ |
L ¢ Pamir/Muon ¢ - v"_,..,--.u;'.‘-" i \-3; 300 __ ll))o pD* B
103;.ﬁ UA2 /ﬁﬁﬁ' - = _( +D%) Au+Au(D% .
- 0 LHC e 7 == - 0-80% T
- Preli. % 1 S 200 - B
10°F 1 3 I -
! ;_f.?$ : 100 -eHNx ¢ 50-80% 20-50% 0-20% b
B | i FONLL inp+p |
L] S S — NLO pQCD (u,=2m) 3 s -
- ¥ i T PYTH[IA | ] i | | . STAR Preliminary |
[ A LLl L L edd L L L | 1 I 0 L1l 1 L L L1l L Ll L Ll | L L Ll L Ll Ll
2 3 4 1 10 10 10°
10 .10 1 & 10 ) .
Collision Energy\'s (GeV) number of binary collisions N__

Energy dependence of total charm cross section -> Constrain the pQCD calculations
Mid-rapidity total cross section shows Nbin scaling -> dominate from initial hard collisions

Total charm cross sections from p+p to central A+A collisions

-’\|> gssential to determine the charmonia regeneration rate in A+A collisions
recrrec)

Sept. 18th, 2011 SQM 2011, Krakow X. Dong 9



Open Charm in Au+Au

- - Power-law fit

- — p+p scaled by <N_ > A
| STAR Preliminary

1 I I I I 1 I I
(D°+D%)/2, |y| < 1

0-80% Au+Au 200 GeV’

---- Blast-wave fit

0

1 2 3 4 5

BW (nKp): B. I. Abeley, et al., Phys. Rev. C 79 (2009) 34909.

' STIAR PrelliminaryI A

1 2 3 4 5
pT(GeV/c)

No obvious suppression at p; < 3 GeV/c.

Blast-wave predictions with light hadron parameters are different from data.

— => DO freeze out earlier than light hadrons.
’._f/'-_”\”| ‘ml
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Compared With LHC Data

g I I 1 I I ] I I | I | I 1 I I
P
OD 1] A e U Note: RHIC data are not using silicon
i ] vertex detector
: - - Expect significant improvements in the
- near future

® STAR Prel. 0-80%
O Alice 0-20% |

PR (SN SN NN TN NN SR NN T S S N S S
O 1 2 3 5 6 7 8
P, (GeV/c)

* RHIC and LHC data seems to lie on the same trend.
« DO starts to show suppression at ~ 3 GeV/c
= Caveats — D, A, fraction enhancement (p; dependent)?

‘.Ii

1
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J/y signals
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PHENIX

STAR
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@® Measured Yield
Total signal

e —

35 4 45 5
e*e” mnvariant mass [GeV/c7]

arXiv: 1105.1966

dN/dM,. .

300

200

100

PRL 98 (2007) 232002

* Data
— Fit/ Sum -
===+ Signal

= Continuum

Au+Au 200 GeV

3 35 4 45 5

M... (GeVic?)

| p+p 200GeV
[4.0<pT<12.0 GeV/c

[ #J/y = 376
| s/B'=22

Sept. 18th, 2011
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- unlike-sign

-

Counts/(40 MeV/c?)
&
(=]

2000

Z. Tang, QM 11 %%

Au+Au 200GeV, 0-60%
3.0<pT<10.0 GeVl/c

2.

-»- unlike-sign, same event
— unlike-sign, mixed event
— like-sign, same event

#Jy = 2117
#Bkgd = 14523
S/B =0.15

SI\JS+ =16.4
STAR Preliminary

EMC triggered events
E;>4.3 GeV

3
G

ce
inv(

SQM 2011, Krakow
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J/y Production in p+p Collisions

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIII

p+p — Jhy+X, \Ns =200 GeV

® STAR Run9

¥ STAR Run5 & Run6
0 PHENIX Run6

—

STAR Preliminary

Bd?s/(2np_dp_dy) [nb/(GeVic)?]
2
I IIIIIIII

102
- |
10°F
- — Tsallis fit
104 " direct LO CS+CO
E [ direct NNLO* CS

III| L IIL1III| | IIIIIlI| | lIIIIII| l IIIII][| | ]IlIIII| LI

—

o
&

M
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0o 1 2 3 4 5 6 7 8 9 10

80: [77] Scaled NRQCD-GRV9S8 oJ/y— u+u-
— — Scaled NRQCD-CTEQ6M
70[= ---- Scaled CSM-CTEQ6M nJ/y— ete
~ --- Scaled CEM-CTEQ6M
60—~ Xg scale global uncertainty = 10%
[ — Fermi function
- — double Gaussian
50
40
30
20
0;"|"|||||||||||||||||||||||||||xi‘~|
-3 -2 -1 0 1 2 3
y

PHENIX: PRD 82 (2010) 012001, arXiv: 1105.1966, STAR: PRC 80 (2009) 041902®

» Wide p; / rapidity coverage in the inclusive Jhp spectra.
* Provide significant inputs/constrains to the J/ip production mechanism.

5
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 High statistics also allows to study other quantities e.g. polarization.
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(B>JAp) / (inclusive JAp)

g— " - STAR run9 J/y-h correlation, p+p 200GeV
) 0.6l STAR run5&6 J/y-h corrlation, p+p 200GeV
g ““F -+ UA1 J/y-h correlation, p+p 630GeV
P N DO u impact parameter, p+p 1.8TeV
3 0.5 CDF B life time, p+p 1.96TeV
2 [CMSB life time, p+p 7TeV
= [-elyl<k1.2
=0.4]-= 1.2<|y|<1.6
2 [»1.6<|y[<2.4
2 - STAR Preliminary ¥
@ ] ;@ ;
B %ﬁ é §i+
0.1 i rpratit *
0:1llllllllllllllllllllllllllllIlllllllllllllllllllllllll
1 2 3 4 5 6 7 8 9 10 11 12
P, (GeV/c)

5

N

BrERKELEY Lam

* Extracted from near side Jhp-h correlation
based on fit to PYTHIA model expectations.
* No significant beam energy dependence

i » Can be used to constrain B production

\
i

Sept. 18th, 2011

Fraction of J/¥ from B hadrons

SQM 2011, Krakow

PRC80, 041902(R), 2009
PLB200, 380, 1988
PLB370, 239, 1996
PRD71, 032001, 2005
EPJC71, 1575, 2011

lllllllllll]!llrllvllll

0.
* Vs = 200 GeV pp, |y| < 0.75

- Ramona Vogt

Workshop on Heavy Quark Production in
Heavy-ion Collisions, Jan. 6, 2011, Purdue
University

X. Dong 14



Jp spectra in 200GeV Au+Au collisions

[

SEERERARENEAREEREREERNEENLEARE LN BRERELE LIULEE B
| Au+Au — JAp+X, \sy, =200 GeV STAR

S -
— -3 i
§ il . ®00-60%x10 3
Q 10 Fe STAR Preliminary w o 0-20% -
O . A 4 20-40%/5 7
=105 Y o 40-60%/10-
2 E —TBW (f E
9 A (fix =0) -
Q.'-1 O -- TBW prediction,
T Y-
g' 107 _;’
S F :

8| B

‘E 0 N3

o - PHENIX N S

10°} © 0-60%x10 N .

- o 0-20% i

107"°} © 20-40%/5 S .

- 0 40-60%/10 _

10'1111111111 11111111111 11111111 111111111111'1111
0 1 2 3 4 7 8 g

P, (GeV/c)

5

BrRKELEY Lam

Sept. 18th, 2011

Good agreement between
STAR and PHENIX
Note: |y|<0.35 vs. |y|<1

Jhp spectra significantly softer
than the prediction from light
hadrons

- Much smaller radial flow?
- Regeneration at low p;?

Tsallis Blast-Wave model:
Z. Tang et al., JPG 37, 085104 (2010)

SQM 2011, Krakow
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Raa VS. Npart

2_

lllllIIIIIIIIIlllllllllllllllllll]lll

- STAR Au+Au, |y|<1, p_>5 GeV/c
\s..=200Gev ¥
Sww ° 1 STAR AutAu, |y|<1, 2<p <5 GeVic |

m STAR Cu+Cu, |y|<1, p,>5 GeV/c
o PHENIX Au+Au, |y|<0.35

% Nbin err.
W p+p stat. err.

(1
STAR Preliminary l % JI
[ Tsinghua U., Au+Au, p,>5 GeVic _‘ ]
... Zhao+Rapp, Au+Au, p >4.5 GeV/c l
| - — | l JI - I | I —— l P — I | I — | l | l | I —— ||
0'20 50 100 150 200 250 300 350
Npart

-

Frrereer ’m
_

* Suppression in central collisions at high p;

S

Tsinghua U., PLB 678 (2009) 72
and private communication

Zhao and Rapp, PRC 82 (2010)
064905 and private
communication

Z. Tang, QM11
C. Powell, EPS-11
PHENIX, PRL 98 (2007) 232301

» System size dependent due to JAp formation time effect?

 Escaping at high p; (without jet quenching effect)?

Sept. 18th, 2011 SQM 2011, Krakow
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Jhp elliptic flow v,

A clean probe to charm quark v2 if Jip is formed via coalescence

~ 0.2¢
> =
0.15 wssss non-flow estimation
0.1
0.055
Y 2 P ity € S U, ol B
-0.055 1 S
0.1 [1] V. Greco, C.M. Ko, R. Rapp, PLB 595, 202.
— [2] L. Ravagli, R. Rapp, PLB 655, 126.
-0.15 O [4] X Zhao, R. Rapp, 24th WWWND, 2008,
- —4@)—— STAR preliminary Run 10 [20~60%] |y|<1. [5] Y. Liu, N. Xu, P. Zhuang, Nucl. Phy. A, 834, 317.
- — 6] U. Heinz, C. Shen, priviat ication.
0'2 E il —6— PHENIX preliminary 42% Run 7 [20~60%)] |y|<0.35 2 o o, priviefe comminieation
-0-25 :f 1 1 l 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1
0 2 4 6 8 0
p, (GeVic
« Consistent with zero at p; > 2 GeV/c A) Charm quark doesn’t flow if JAp is
» Disfavor coalescence from formed via coalescence.
= ﬂthermalized charm quarks B) JAhp is not formed via coalescence.

\
receeer|
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V, and Ry,

N0.2_ IIIIIIIIIIIIIIIIIIIIIllllllllllllllll
> - Au+Al 200GeV T STAR Preliminary
0.15 wesss non-flow estimation ,| ®0-20% T |
0.1 A 40-60%
= /\ PHENIX
0.05 solid lines: Tsinghua U.
- i dashed lines: Zhao+Rapp
O (At P -~ - - - A 1
- 3
-0.05:— (14
o=l
-0.15 O
- —@—— STAR preliminary Run 10 [20~60%] |y|<1.
'0'2 E_ ———— PHENIX preliminary 42% Run 7 [20~60%)] |y|<0.35 03k
-0l25:0t-II élllalllélllélll 0 ) IlllIlllIllIllIIllIllllllllllllllllllllll
0 1 2 3 4 5 6 7 8
P (GeVIc‘ p, (GeV/c)

Initial production vs charm quark coalescence
High p+ low p;

v, measurement is from mid-central collisions. Coalescence contribution may be not sizable
The fraction changes with centrality -> would be nice to see the centrality dependence of v,

.
ﬁ|
\
reeeeerc|
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[IC vs. LHC

2 I -01.5 : : | I | | | : : : : ; ; _1111]1111] llllllllllllllll ]IIIT]IIII_
ia :ZR Pmﬂ: S | ATLAS 1 14F CMS Prellmlnary .
Sy =200€ " i
’ p+p Sys. Uncertainty ; - Pb+Pb\/sy, = 2.76 TeV - - PbPb \/ Syn = 2.76 TeV ’
p+p Stat. Uncortainty S i . 1.2 = Prompt Jhp i
: @ i ’ - * Non-prompt JAp 1
— @ ATLAS I/ prb GeV Noq - 1 . Y(1s ]
o STARJ/Y pr5GeV AnrAu 8 | 1 ¢ Yas) .
= L | 0.8} —
l_ .2 ! ] ! ]
3 i *f* | 055+ -
e —' ; 0.5 1 0.4 + -
Tl - R | . * ]
d } L cp . _ ]
~Inclusive JAhp | 02 o00<lyi<24 " -
| -centrality (ATLAS) L - - 6.5 I< pJ'I <|30 0 fSeV/c| 0.0 I< Py <|20 .0 GeV/c -
00 20 40 00 60 100 00 : '2'0' : *46' : '6'0' *8'0' 00 050700 150 200 250 300 350 400
N
50 100 150 200 250 300 350 40! 1-Centralit * Lart
Npart CE;(( 14 E m ALICE (Pb-Pb\‘sTN =2.76TeV), 2.5<y<4, pT>0 (preliminary)
L 0 PHENIX (Au-Aws,,, = 0.2 TeV), 1.2</y]<2.2, p >0 (arXiv:1103.6269)
1.2
1

Need further systematic studies on both RHIC and

LHC to understand the J/ip production
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Upsilon Signals

\) F
10 PRELIMINARY
Z & pip I<0.35 \5=200 GeV
8l
- - . correlated B
; 6i B preit-van
L:i:.l 4t B v (15+25+38)
o 2t
0: | Ll 1l
- 1 T T+T I
-Zj | | | | | | | | |
6 7 8 9. IQ 11‘ 12 13 Ifl_ l._i 7!6
60
‘g - STAR
s PRD 82 (2010) p+p, \5=200 GeV
g S0 012004 Iy, |<0.5
w e N, -2\N.N.
= 400 —— Y +bF+DY, Fit
. ; ------ Integral of Fit
4 2 300 == bB+DY
|<£ S
(7)) 200
10 ! .
I O ¥ I
o—-2FT I i
T
C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
e — 10 6 8 10 12 14 16
/\l / m,. (GeV/c?)
frereer ‘m
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Counts

E: ’ ! PHENIX preliminary
E —»— Au + Au at \{s;-zoo GeV
C —a I
E_ *fgf = g'e’ +ee
C O e'e mixed
L :8;¢_
3 I \
5 +$j[ fT
- Au+Au { 4|
: T
1074 T S S S S T R T R T
m,, (GeV/c?)
180h STAR Preliminary
0 to 60% centrality
1601 Nose.
o — Noﬂ#'.'Ne-o-
140 N."_ = 640
C N =149
1200 Np.. = 181
100~ S =310 +/-311
80
60 W11
40~
20
0 8 ET T 12

M,, (GeV/c?)
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Upsilon(1S+2S+3S) Raa

|IIIIIIIIIIllllllllllllllllllllllllll
T(1S+2S8+38S)

||r=\

—see

2 B »+p Sys. Uncertainty —
s ptp Stat. Uncertainty
----- ol (1S)— e’e /ol (1S+28+3S)- e'e
e === Ry only Y(1S) survives
i by J/w 2<p <5GeVic
- e -
i e 1 r T
1 ea [ l
B STAR Preliminary I m
\/Sy=200GeV o
0.2 -
lllIlllllllllllllllllllllllllIll"‘lllll
0 50 100 150 200 250 300 350
Npart

-

reerrrrer

BrRKELEY Lam _

« In favor that only Upsilon(1S) survives

<— 2S, 3S melt

<—all excited bb states melt

* Cold nuclear effect (shadowing / anti-shadowing?)
* Looking forward to high precision at RHIC-II in the future.

Sept. 18th, 2011 SQM 2011, Krakow
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Compared with CMS

CMS PRL107 (2011) 0562302

N§’ 80 CMS Prellmlnary ] N‘Z . ' Idata - CMé Fl’rellmlnary
- > | —
& 70 : Pp\s=276TeV 3 3 %% — popofit | PbPb\'sy=2.76 TeV
n ! 0.0<ly|<24 ] b pp shape i 0-100%, 0.0 <|y] <24
S 60- 0<p, <20 Gevic - s S0 pl >4 GeVic 0<p_<20GeVic E
= .= 2251 b’ : = [ . !
% 50 b " E 2 of L = 7.28 b 3
@, © = 92 MeVic” (fixed to MC) ] 2 F o = 92 MeV/c? (fixed to MC) 1
30 .
30 F PbPb
20f 8
20 " | * +
10 10 0|1 e _
SRR RS
o o iz 13w o 12
my, (GeVic?) My, (GeV/c?)
Y(25+38)/Y(1S)|,, =0.78%15 +0.02 Y(2S +38)/Y(1S) | popp =0.24737; £0.02
Y(25+35)/Y(1S)
PbPb 0.19
=0.31'%12 +0.03
Y(25+35)/Y(1S)|,

Rua(Y(1S)) ~0.6 —> R, ,(Y(1S+25+3S)) ~ 0.42

» Generally in consistency between RHIC and LHC given large uncertainties.
- » However, (anti-)shadowing, cold nuclear absorption, recombination
r";r}l \ contributions may be different at RHIC vs LHC
s ‘m
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PHENIX and STAR Upgrades

PHENIX VTX and FVTX

<\ . STAR Muon

Telescope
. Detector

-
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Heavy Flavor Physics Focus

Precision measurements on open HF (hadrons and NPE) in p+p and A+A collisions
- R4 t0 address energy loss mechanisms
- Elliptic flow v, (and R,,) to probe the medium thermalization degree.

- Large acceptance allows correlation measurements.

Precision measurements on quarkonia production

- To provide significant constrains to understand the quarkonia production mechanism
in p+p collisions

- To access as many quarkonia as possible to map out the melting pattern

- Upsilon families will be one of the focuses as they are expected to be much cleaner
at RHIC without too much additional regeneration from the medium.

.
A
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Physics Projections

I I I I U | I | I

2.0r 200 GeV Au+Au Collisions at RHIC 1
(DO: 500M minimum bias events; |y|<0.5)
10 b
- N,;, scaling ]
B —a*N|10% 60-80)%
a | C‘).\& RCP_a N /N( ) .
(@) - R s
m w_r\‘®“'$ |
part SCAIING é.) ________________________ _

P
01l R Charged hadron RCP |
L o Expected errors on D’ R, ]
I | . | . | \ | . | N

0 2 4 6 8 10

Transverse Momentum P, (GeV/c)

Anisotropy Parameter v_ (%)

N
(&)

2

N
o

III|IIIIIIIII’IIIIIII

RN
(&)

RN
(@)

T l T | 1 | I T l T |
Hydro

charged hadrons
—— Vy(C) =V,(q)
= = V,(c)=0

III

~ 200 GeV Au+Au Collisions
~ (D" 500M min bias events; |y|<0.5)

IIIIIIIIII

(6)]

o
|

0 1 2 3 4 5 6
Transverse Momentum P, (GeV/c)

500M Au+Au m.b. events at 200 GeV.
- Charm Ry, =
Energy loss mechanism!
Interaction with QCD matter!

Assuming D® R, distribution as charged hadron

~

A
\
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Assuming D° v, distribution from quark
coalescence.

500M Au+Au m.b. events at 200 GeV.
- Charmv, =
Thermalization degree!
Drag coefficients!
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Quarkonia at Rl

1C-

0.25

0.2

0.15

0.05

20 nb ' Au+Au, 0-80%

STAR MTD

| | | |

0.1
0.05/
- 0
(rrree

05 1
P; (GeVic)

1 1 |
1.5 2 25 3 35

4 45 5

Coalescense at hadronization
e Coalescence in medium

............. No coalescence

[ Jiy > e'e (n=<0.35)
[ Jy-p'p (1.2<p<22)

PHENIX

.........................

[ RS ENEEE NN NS NS S W

05 1 1.5 2 25 3 35

Lol
4 45 5

Iy p_ (GeVic)
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60-80%40-60% 30-40% 20-30% 10-20% 5-10%  0-5%
1T 17T 177 1T L T 1T LI LI I LI

Il._L

| T I [T I
300 pb™ p+p, 20 nb™ Au+Au

I|I|I|I|I

11 I L1 11 I L1 1 1 I | I l L1 1 1 I | I - I |
50 100 150 200 250 300
Number of Participants

w
- s, anll B N

O ¢
ST

STAR MTD (at mid-rapidity) — di-muon
« complementary measurement on JAp
« allowing separation of three Upsilon states
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Final Remarks

=

RHIC experiments have achieved significant amount of findings on the
heavy flavor production in the last decade.

Heavy flavor physics will be one of the key measurements in quantifying the
medium properties at the RHIC Il era with help of the detector subsystem

upgrades.

RHIC heavy flavor program will be complementary and remain competitive
with the LHC experiments ongoing. Some of the measurements will be
unique at RHIC.

- High precision open charm hadron measurements down to low
p to address the charm-medium interactions, thus the medium thermalization.

- Bottomonia production expected to be clean at RHIC,
recombination process is completely negligible. S

5
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Highlight

nxu
Sticky Note
Unclear what is intended!!!

nxu
Sticky Note
1) Echo introduction on the importance of HF measurements

2) Open HF

3) Close HF

4) di-leptons

all should/could be mentioned
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What we’ve learned

z;:" L *  d+Au FTPC-Au 0-20%
0:2 4 d+Au Minimum Bias >H|gh pT:
15[ Jet quenching
»Low py:
1 Hydrodynamic behavior
Multi-strange hadrons flow
05| »Intermediate p-:
T wn 0-5% Contrar. Number of Constituent Quark scaling
%% 5 0 Multi-strange hadrons flow as light hadrons
Transverse momentum P, (GeV/c)
Vs = 200 GeV '*"Au+'*"Au Collisions at RHIC
25: (a) Light quarks *l (b) Strange quarks * L
20 A A 3 e
T i ggé»--éé)""*”“ MA’* + A hot and dense matter
A R ) (e O ........ o OB . .
~ | o RS with strong partonic
A o - .
: ® = 44 ° collectivity has been
| ap | & AQ formed at RHIC!
6 1 2 3 4 5 6 1 2 3 &4 é

Transverse Momentum p; (GeV/c)

,;}ISF\R: NPA 757, 102 (2005); QM2009

BrRKELEY Lam
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Heavy Quark AE in hot QCD medium

STAR PRL 98 (2007) 192301

||:] STAR hadrons pT|>6 GeVic |
............ DVGL Rad dNy/dy = 1000

— —— BDMPS c+b = 14 GeV2/fm »Heavy quark decay electrons

DGLV Rad+EL | .
o Hooa Elastic - mixture of charm and bottom
"""" BDMPS charm 1 decays

Collisional dissociation

»Raa(€) ~ Raa(h)

»Contradict to the naive radiative
energy loss mechanism

10"'F g
: | L | L | L | L | |
0 2 4 6 8 10
P, (GeVic)
» Re-visit the energy loss mechanisms
» Require direct measurements of charm or bottom hadrons for
. clear understanding
“‘\
mn

reerrrrer

Sept. 18th, 2011 SQM 2011, Krakow X. Dong

30



Heavy Quarks to Probe Early Thermalization

B. Mueller, nucl-th/0404015

> Heavy quarks created at early 1000000 -
stage of HIC, and sensitive to the 100000 D‘:_CD eSS
. . n
partonic re-scatterings. 10000 995 oS
» Heavy quark collectivity/flow to 1000
quantify the thermalization degree at 360
the top energy.
» Thermalization - essential to the 10
RHIC Beam Energy Scan program. 1
1.4 -
Brownian Motion @ lyBre epm-15 @] £ g5f LO QCD (b)
. Y 120 Mg D (24T) = > oF
in Thermal System S8 N Tl e A 0.18F
: § P W vD@m-24 0.16F- Pt |
Medium transport property : Ea' . 0.14F P’ .
Diffusion constant o8 WS 012 o
D X 77/ (ST) 0-65 ﬁ " TSeg S-o-g °~085_ B. : Ggga *
G. Moore & D. Teaney, 0'4;_ » 008 ..,-5 G S N i
PRC 71(2005)064904 oo Charm ‘E_m Ealatak 7 |
H. van Hees & R. Rapp, | quarks . S Haoas R/
[ T " At eeed BT T b b b b b b o
s PRC 71(2005)034907 00 05 1 15 2 25 3 35 4 45 5 00 0”5' 1 1.15 é 2.15 é 3.[5 ‘; 4.15 5
2 pr (GeV) pr (GeV)

rrtrrrFl ’m"
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Heavy Quarkonia - QGP Thermometer

Quarkonia suppression due to color screening - a classic QGP signature
T. Matsui and H. Satz, PLB 178 (1986) 416

Sequential dissociation - Quarkonia as a QGP thermometer

H. Satz, NPA 783 (2007) 249¢c; A. Mocsy & P. Petreczky, PRL 99 (2007) 211602

T/T,

1000

500

2- FIavor QCD
Eé] b l 2 |~

076T —5— -
OSTT -

0.90T, —— |

0.96T% —o— 1.2
1.00T, —=—
)ZT —

107T L

12370 —— ] <T¢

4.01T, —*—

' O. Kaczmarek & F. Zantow, PRD 71 (2005) 114510
reoeereec|
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1/{r) [fm1]

%6(1P)

J/(1S)

X (2P)

X. Dong

Y(1S)

Y'(2S)

) ) (35

x(1P)w (25)

A. Mocsy & P.Petreczky, PRL 99 (2007) 211602
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DOE milestone 2016

Measure production rates, high p; spectra, and correlations in heavy-ion
collisions at Vs = 200 GeV for identified hadrons with heavy flavor
valence quarks to constrains the mechanism for parton energy loss in

the quark-gluon plasma

5
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Charm Quark |

adronization

Direct (hard) fragmentation in elementary collisions.

However, in heavy ion collisions ...

v Coalescence approach
V. Greco et al., PLB 595(2004)202

0.2

0.05 |

5

reeeeer|

Charm baryon enhancement ?
- coalescence of ¢ and di-quark

—— My, = 0.455 GeV

— m,, =06 GeV
1F ——-no diquark correlation

T [GeV]
Lee, et. al, PRL 100 (2008) 222301
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Electrons - Incomplete Kinematics

) :
3

8 S S . ' : : S S S,
9}
—~ "2:0
KO P
5 2 4 6 8 | ! s 2 4 6 B8

p:(D) (GeVie) ........ 3 7% pr(B) (GeVic). ...

al- ' ' T

2 .......

% > 4 6 8 2 8

p.(D) (GeV/c) pT(é) (Geb;//c)

New micro-vertex detector is needed for precision measurements on
g charmed hadrons production in heavy ion collisions

|

i
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STAR Approach

Detection capability at mid-rapidity, full azimuth
large and uniform acceptance
allowing precision correlation measurements

1) Direct topological reconstruction of open charmed hadrons in HI collisions
* No ambiguities in the charm hadron kinematics
* No ambiguities in the charm/bottom hadron mixture

« Significantly improved significance by reconstructing the secondary decay vertices.

2) Quarkonia measurements via both di-electron/di-muon channels
» Triggerable di-muon channel to sample full luminosity
* No bremmestrahlung tail in di-muon channel so allow separation of three Upsilon states

STAR Decadal Plan Documents:
http://www.bnl.gov/npp/docs/STAR _Decadal_Plan_Final%5B1%5D.pdf

.
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o 40 ¢

High Mass Di-muon Capabilities

ournal o

L. Ruan et al.,

5_ 200 GeV d+Au —J/y—-ptn”

= S/B=6 --- background

= 8.9 pb” pp equiv.

2 24 26 28 3 32 34 36 38 4
" invariant mass (GeVi/c?)

= You'w 280 pb™! pp equiv.

= 0<p_<5 GeVic Po PP eq

= 18+28+38

5 9 95 105

11

ww” invariant mass (GeVi/c?)

Quarkonium dissociation temperatures - Digal, Karsch, Satz

ysics G:

1. Jhp: S/B=6 in d+Au and S/B=2 in
central Au+Au
2. With HFT, study B>Jhp X; JAp=2uu
using displaced vertices
3. Excellent mass resolution: separate
different upsilon states

Heavy flavor collectivity and color

screening, quarkonia production

mechanisms:

Jp Raa @nd v,; upsilon Ry, ..

state || J/WU(LS) [ xo(1P) | ¥/(25) || T(1S) | xo(1P) | T(25) | xs(2P) | T(3S)
o 1,/T., 2.10 1.16 1.12 > 4.0 1.76 1.60 1.19 1.17
rrl'_f
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DO sianal in p+p 200 GeV

"g _RLn9p+$2oocs'erpdr'\AB () | ":9 K*0 (b) DO(DO) %Kij[i
i’ 600 8 = same event i’ 150 ) bg subtracted by
1= 2% —track rotation I= 8 > track rotation
a — same sign 3 100l 8 - samesign | B.R. = 3.89%
O 400} \  02<p<22Gevic {1 .
3 SN\ it 3 ©
o : T o5l K (1430) .
200" \\STAR Preliminary| g° STAR Preliminary| PTP MINIMUM bias 105 M
0S5 1 15 2 25 @ o5 1 15 2 25 3 4-0signal observed.
Mass,_(GeV/c?) Mass, _(GeV/c?)
Different methods
U:E_; (c)ltrack [rotaticl)n IYTA’/;:" I37;5830-32/;:3S 1 c:;: -(d)lsamel signI ]7 u 142046;8;;2/(;& 1 repl’OdUCG Combinatorial
X 6 mean  1868+00031 X 6 | mean 1866 0.003 - background.
) | ] 0.010 £ 0.003 | ) | o 0.010 £ 0.002 |
1= 1= +
3 = . =3 | tl ] R
S ﬁfh Vaad S Tyt ! .. +,4, | Consistent results from two
3. LA AL ' g .| % +{+‘¥+"+'* t | background methods.
178 : £ :
& L, ’,i\ WL ¢ . & . 4 (L Q s
0 ool Lo 0 il :iml‘ *-—| PDG mass = 1864.5 + 0.4
. [ ~ $TAR Preliminary - | . TAR Prelin"llinar)f? .
18 1.9 2 18 1.9 2 MeV
Mass,_(GeV/c?) Mass,_(GeV/c?)

— —— l ]
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D* signal in p+p 200 GeV

%) T E— T | £ 2000 -
% D*: — DO(DO) + n,: %K?T[i + n,: 8 1800 D’ candidates
8 2500 — by — O 1600 ;# side band
, I lﬁu g‘”ﬁ } #{ T 1400 i
Wﬁfﬁ‘*ﬂ&% 3 %#ﬂ@%‘*’i 1200~ Prim,
2000 [~ * H'H’f'&{; B 1000 [ 3Ny
+i+:h& : y*k' 800 [ %
1500~ #g‘i*w ] 600 [
400
1000 - }(MJ —}— right sign | 200~
f ........ wrong sign 97 175 18 18 19 195 2 205
500 |- ff  ide band | M(Kr) (GeV/c?)
i B.l.~Abeley, et al., PRD 79 (2009)
0 {l | | | | 112006
0.14 0.145 0.15 0.155 0.16 0.165 Background combinations:
M(Knr)-M(Kn) (GeV/c?) Wrong sign:
0 - +
Minimum bias 105M events in p+p 200 GeV collisions. D. and s, B> and
Side band:
. . < <
Two methods to reconstruct combinatorial background: 1;3 <'\|<I/fz<£3) <12'800 é’;v 162
wrong sign and side band. ' '
~_8-0 signal observed.
(rereer ||}
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DO signal in Au+Au 200 GeV

> 300 | | | | 0 < 1500F | T | 0 < | | | | | |
= Run10 Au+Au 200 GeV MinBias (a)| o= (b) = I 1d"df 311727
= 250 0.4 <p_<5.0GeVic] < . < 60 - x:an (54? 3622)3382 )
B2 T B2 mixing event 0 . 0'012: 0'002
= lyl <1, 0-80% 5 bg subtracted = e
& 200} 1 8™°F 1 S y
2 o same event $ % §+
5 + N : 5 § %, it
@ 150} —mixing event { € ° (v ‘e ¢ ++
500 | _ 20 ‘,*ﬁ 'l“ |
100} . ’ ¢ #" t
% ;I+ ++L ; t 1
0 e T A . 5
? o iy rdet P PR A O
50 _ o T *-’f" ":1\-"]‘;)[ T QT TR
o g ; 5, O &
0 2 . q - .
ol | Lo ] | | | ! | | PTAR Prelimingry
0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3 1.7 18 185 19 195 2
Mass,_(GeV/c?) Mass, _(GeV/c?) Mass,_(GeV/c?)

Year 2010 minimum bias 0-80% 280M Au+Au 200 GeV events.
8-0 signal observed.

Mass = 1863 + 2 MeV (PDG value is 1864.5 + 0.4 MeV)

Width =12 £+ 2 MeV

.
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J/y Polarization in p+p collisions

p+p— Jhy + X, fs =200 GeV M sTARdata, [yl<1
lyl<1 . PHENIX data, |y|<0.35 do

[ co d cosf*

snmnen CSM - direct NLO"

0.8
= A(1 + Acos?6%),

0.6

CSM - direct NLO" + approx. Feed-down

04

. Results shown are in helicity frame

-0.2

-04

-0.6

08 helicity frame

o
lII|lII|III|III|III|IIIIIIIlIII]IIIlIlI

PHENIX: PRD 82 (2010) 012001

o=
-
N
w

5
Jhy P, [GeVic]

New opportunity to understand the J/p production mechanism in p+p collisions
Limited by statistics currently, looking forward to RHIC-II high statistics

i A
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Away side associated hadron p; spectra

'_ T e e e e e e ey

o | Away Side _
S o Jy trigger (run5&86), p_(J/y)>5 GeVi/c

=510 y iy trigger (rung), 4<p_(Jy)<6 GeV/c:
©

STAR, PRL95, 152301 (2005)
[ O hadron trigger, 4<p (tngger)<6 GeV/c ]

= STAR Prelzmmary:
EXE

i

65—
IR

0 05 1 15 2 25 3
p_?ssocnate (GeV/c)

Consistent with hadron-hadron correlation
> ;)away-side seems to come from gluon/light quark fragmentation

recceec| o
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leavy Quarkonia Program

A) Up to 2013 (TPC+TOF+EMC)

Charmonia:
low p; from minibias sample - limited statistics

high p; from single electron HT trigger - efficient and can sample the full luminosity
will carry on at RHIC |l

Bottomonia:
di-electron channel - material effect from inner tracker / limited statistics

B) 2014 and beyond (HFT+TPC+TOF+EMC+MTD)

Charmonia:
di-muon channel covers from low to high p+
high p; from single electron HT trigger
Bottomonia:
di-muon channel - excellent in mass resolution and able to sample full luminosity
di-electron channel within HF T acceptance - limited statistics

.
A
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FT vs. PHENIX VTX

STAR HFT

r

BrRKELEY Lam

Sept. 18th, 2011

N \\\\\\\\\\\\\\\\\\\\\\\\\\'\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Q\
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SN \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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Y
e
AN RSN
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2-layer CMOS: x/xq~ 0.37% per layer;
2.5cm inner radius; 200us integration
1-layer* Si strips

SSD: x/xg~ 1%

e, DO*s’ A, B...
0.5<pr<10GeVic: v, Ra
D-D correlation functions
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Compelling Physics with HFT

1)The STAR HFT measurements (p+p and Au+Au)

(1) Heavy-quark cross sections: D%*", Dg, A, B...

(2) Both spectra (Rys Rcp) and v, in a wide p+ region.

(3) Charm hadron correlation functions

(4) Full spectrum / v, of the heavy quark hadron (separated) decay electrons

2) Compelling Physics
a) Establish elementary charm and bottom cross sections
b) Characterize the medium through parton energy loss
c) Determine the degree of thermalization via heavy quark flows
d) Analyze hadro-chemistry in the charm sector

)

e) Study the bottom behavior in medium via the separation of charm contributions

.
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MTD Detecting Probes

» di-muon pairs from heavy quarkonia decays
» single muons from the semi-leptonic decays of heavy flavor hadrons
» e-mu correlations to distinguish HF production from initial di-lepton production

Advantages over electron channels:
no y conversion, much less Dalitz decay contribution
Much less combinatorial background
less affected by radiative losses in the detector materials
excellent mass resolution, allowing separation of three Upsilon states
triggerable in Au+Au

sample full luminosity from low to high p; for JAp in central AA collisions

.
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Access Bottom Production via Electrons

é_ I 1 1 I I 1 I I 1 I I I 1 1 1 | I 1 1 —g
= (a) — Dg —>e .
-4 i : g—:)ee |
3210 ?‘ _____ '?
0 E NN e -
> e e e —]
ge) = 3
()] ~ 3
N B i
© 10° E TS
E £ ~ U™
(@) - +
< 3 o
108 2.4<p <3.0YGEV/Srame, N
= A RS R T R v B 3
0 0.02 0.04 0.06 0.08 0.

DCA (cm)

Two approaches:

a) Statistical fit with model assumptions

b) With known charm hadron spectrum
to constrain or be used in subtraction

5

reecreec| o

(b) HQ decay
electrons
spectralv,

Charm hadron
spectralv,

A 4
Charm decay

electron spectralv,

2 2
Bottom decay

electron spectra / v,
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Statistical Projections on eg Spectra / v,

2.0

1.0

' T ' T ' T ' T
- 200 GeV Au+Au Collisions at RHIC

N,;, scaling

| A T |

v, (%)

Transverse Momentum P, (GeV/c)

Curves: H. van Hees et al. Eur. Phys. J. C 61 (2009) 799

5
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------- Doe < 0 500M minimum bias TPC+HFT
- Boe ® ®m 500 ub™' L w/ HT trigger ]
B . | . | . I ' ' |
0 2 4 6 8

20

10

L L I L L I L L l T I LI L L I L

D

V,(€)=0 v,(c)=v ()

IIIIIIIIIIIII

]
¢

Expected error forB — e

500M Au+Au m.b.
s = 200 GeV

P IR TR SR

4 5

electrons from inclusive NPEs:

» (B—e) spectra obtained via the subtraction of charm decay

no model dependence, reduced systematic errors.
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e-mu correlations

: 10* m =
§ ptp (_(i\l'f =200 GeV STAR preliminary v __ — el
= 10° c = — background
e% H 107 M Events e data : T T T background II
g 102 : —— cocktail STAR dN/dy o lg_ S/B~2 (meu>3 GeVIcZ)
= - . . C
S 10l ! l O _ ++H
% bt
= | | C il
1 ;_ 1 | ;r AL ]
= I I : (14 H 1.6 pb™ pp equiv.
10 : - : 10" L p,(en)<2 GeV/c
107 ol B T T T 2: | | | | | |
0 0.5 1 I 1.5 2 2.5 I3 3-’5 10- 11 | | | | | | 1111 | N N S S S e v |
| Mass g (GeV/c?) 0 1 2 3 4 5 6 7 8 9 21 0
| cchar ! eu invariant mass (GeV/c?)
' Drell-Yan : L. Ruan et al., JPG 36 (2009) 095001
I o
Thermal radiation
eu correlation with Muon Telescope Detector at STAR from ccbar:
S/B=2 (M_,>3 GeV/c? and p;(eu)<2 GeV/c)
S/B=8 with electron pairing and tof association
A
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J/p with MTD

0.6

g E = 1g
o 0.5 3' =
:__9 = - C TOF+EMC lyl<0.5 (non-trigger)
% 04F k)
2 = I o G S s S ;:2
g = o Jhyp efficiency MTD ly|<0.5
2 o02F X 101 _
S E —e— " § = L
0.1 . C -
N g f
oFe o B
0.025: 1 1 1 1 1 PR | 1 8 .
- 0T 8 102 " STAR EMC lyl<0.5 (runé)
- + K w =
0.02- s P = ;
- ... ... PHENIXEMC lyl<0.35 [PRCE3]
0.015— Jr | emem
Q01§' _§_;%i:t:%*;%_£%: A+;ﬁ%:%%:%_ 1030IIII%IIII%IIII%IIIILIIIIg(lIIéIIII}IIIIéIIIIéIIIHO
o Ji GeVic
0.0051 _¢_:$: ‘f VP, ( )
- _A__ —A—_ _—A—_ —
o PR TR SR NN T S T ' A ":‘ L L
0 2 E 6

(GeV/c)

1. muon efficiency at |n|<0.5: 36%, pion efficiency: 0.5-1% at p;>2 GeV/c
2. dimuon trigger enhancement factor from online trigger: 40-200 in central
Au+Au collisions
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Upsilon Mass Resolution with MTD

Di-electrons with material Di-electrons with no material from inner tracker
from inner tracker Di-muons from any case
5 007 —F
E - g'TARI . — Sum £ STAR — Sum
> 0. Simulation o ———- Y(1S) c L o _
< © YResoluton LY ... Y(2S) S = Simulation — Y(1S)
g 005:_ :nclud_?sMkatirSi?/I-:rom o ]’(33) a E_ Of Y - Y(ZS)
o 8 F Resolution — Y (3S)
” 0041 Qo -
o < Without Material
: s From Inner Silicon
0.021- > Tracker System
0.011- =

% 7‘ 8 9 1; 11 12 8.5 9 9.5 10 10.5 11

Mee (GeV/c?)

2008 to 2013: di-electrons are a good probe for Upsilons
however, limited by statistics / luminosity
. 2014 -: di-electrons suffer from inner HFT material - hard to separate three states

ceerees . di-muons will be a great probe to measure different Upsilon states with RHIC
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B—Jhp + X with HFT+TPC+MTD

o
— e e+ >
1= Prompt JAy L "
E Ov'o 81»
103 E— DCA 6\}\?’60
g E Gold ions * Gold ions
10? = Z
£ Jhp from B
10 = _ja;
- / — pT M'l,b
B CT = L . 1/) . w
00 R O Y 1 pr|  pr
0.2 -0.1 0 0.1 0.2 0.3 0.4 0.

5
pseudo-ct (cm)

» HFT to separate B decay J/p from prompt JAhp
» MTD to reconstruct Jhp from di-muon decays
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Statistical Projections on eg Spectra

Need update

' [ ' | ! | [
— A————— [ 2.0 r 200 GeV Au+Au Collisions at RHIC §
& [ O 50MCentral TPC+HFT i
+ - @ 500 ub™' L w/HT trigger (central only) s 10 @
oP08[" 1 STARp+peh = - OBy N, scaling -
I [ — FONLL i - “ $4a -
(Dm 06 — o B 2 - T%*‘ ‘ _
- : O L G ++ T
B - (n'e __.\‘5:9«.4* B i BE |
0.4 — Noar SCaling T +++
i ] 02 |
“Fo Au+Au 200 GeV Central 0-10% - o1 L D—e © = 500M minimum bias TPC+HFT
I 1 B Boe ® m 500 ub" L w/ HT trigger ]
0 2 4 6 i . | . | . | \ | |
p_ (GeV/c) 0 2 4 6 8
Transverse Momentum P, (GeV/c)
Curves: H.van Hees et al. Eur. Phys. J. C61, 799(2009).
» (B—e) spectra obtained via the subtraction of charm decay
electrons from inclusive NPEs: no model dependence, reduced
systematic errors.
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Statistical Projections on eg v,

Need-update

;\? _l 1 T 1 I T 1 T 1 I T LI T I 1 T 1 T | 1 T 1 1 I I 1 1 l-

‘t:‘ = v,(c)=0 VZ(C)zvz(q) 500M Au+Au m.b. i

> rlp e \§ = 200 GeV -

20 __D —e O o) _J I —_

Assuming D meson v, from quark - —— T -
coalescence (curves). i 6T i
10— - —

et

r iS the eB/(eD+eB) ratio O .__. ....... e | ................................................................................... .__
V2(eD) isD — e Vs i Expected error forB — e i
v,(eg) is B — e v, , which can be T T SE-S—
extracted from this equation. p, (GeVic)

Dashed-curves: Assumed D%-mesom v,(p+)
- in coalescence model

Symbols: D decay e v,(p;)

Vertical bars: errors for b decay e v,(p;) from
200 GeV 500M minimum bias Au + Au events
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Physics Run Plan

1) First run with HFT: Au+Au 200 GeV

a) v, and R, of D-mesons with 500M minimum bias collisions

2) Second run with HFT: p+p 200 GeV

a) Ry, of D-mesons

3) Third run with HFT: Au+Au 200 GeV high statistics
a) Systematic studies of v, and Ry,
b) A, baryon with sufficient statistics

c) Charm correlation / Electron pairs

5
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