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ﬁxﬁ"" Outline

* Motivations

* Measuring Y

 STAR detectors and the Y trigger
* Y measurements

— pPtp
— d+Au
— Au+Au

« Summary/Outlook
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i{m Motivations

« Suppression of quarkonia is predicted to be a QGP
signature Matsui T and Satz H 1986 Phys.Lett.B178:416,1986

— Quarkonia = heavy quark+anti-quark meson (bb,cc)
* b+c quarks are produced early in the collision

— Makes them an excellent

O.Kaczmarek, F. Zantow,
Phys. Rev. D71 (2005) 114510

probe F, [MeV]

* Quantifying suppression 1000 -
requires:

— Baseline p+p

measurement

— Measurement of cold
nuclear matter effects 500

500 -

'2-Flavor QCD

« d+Au collisions RN
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iQTAR

Motivations

Sequential disappearance of states: )
—Color screening = Deconfinement -

Matsui T and Satz H 1986 Phys.Lett.B178:416,1986

—QCD thermometer = QGP Properties

A. Mocsy and P. Petreczky PRD 77 014501 (2008)
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A .Mocsy, 41 7th WE-Heraeus-Seminar,2008
A. Mocsy and P.Petreczky, PRL 99, 211602 (2007)

Expectation at 200 GeV
Y(1S) does not melt
Y(2S) is likely to melt
Y(3S) will melt



igTAR

* Y quark content is bb

 Decay channel: Y - e*e”

— My5=10.02 GeV/c?
— My;35=10.35 GeV/e?

Measuring Y

at STAR

Yield (Arbitrary Units)

~  STAR

9.5 10

- Simulation — Y(1S)
- of Y — Y(29)
- Resolution — X(3S)
— Without Material

From Inner Silicon
Tracker System

— Sum

10.5 11
Mee (GeV/c?)

— unlike-sign electron pairs — Signal + Background
— like-sign electron pairs — Background

Drell-Yan (DY) and uncorrelated bb pairs also
contribute to e*e- mass spectrum  so.oreiianat-m. van,

— DY is qg—y* —>e'e

PRL 25, 316 (1970)

R. Reed - Hot Quarks 2010




ﬁxm Measuring Y Pros and Cons

Pros

« Efficient trigger - works in p+p up to central A+A
Large acceptance at |y|<0.5

« Small background at M~10 GeV/c?

« Co-mover absorption is small

Z.W. Lin and C.M Ko PLB 503:104 (2001)

 Recombination negligible at RHIC

Zhao and Rapp, PLB 664, 253 (2008)

Cons
« Low rate of 102 per minbias pp interaction
* (Good resolution needed to separate 3 S-states

R. Reed - Hot Quarks 2010



i{\m STAR Detectors

BEMC
Inl <1
O<¢p<2n
E/p —» electron ID
High-energy tower trigger

TPC
In| <1

0O< (I) < 21 _— #
Tracking - momentum

rackl T I T T I TTTI1
ionization energy loss -

electron ID
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SiPR STAR Y Trigger

LO Parameters pp 2006 (dAu,AuAu)
High Tower E; > 3.5 GeV (4.0 GeV)
Trigger Patch E; > 4.3 GeV (NA)

E, Cluster L2 Parameters
0 E, Cluster,
T E, Cluster,
Tower Cos(0),

Invariant Mass

Rejection
~10°in pp
Can sample

full luminosity

E, Cluster
R. Reed - Hot Quarks 2010




TAR
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Analysis Technlques

mzuOT T
0180; . e Y Trigger Il
160:— —— Simulated 1'(1S5) e
1400 -
1200 | e arXiv:i1001.2745v2 [nucl-ex]|
100Fe -
80 —
- ™ e O
60} Y o e ® {
— Teeae’ E
200 £
% 0.02 0.04 0.06 008 0.1 0.2 0.14 0.16
R
£350F 5<E<6GeV
8 300 :_ E R A\ | R pion+proton
O - E — electron
% 250 - T T
$H Foo
200 o /
F =
150 - %E/;Zﬂ
100 © /
50 F

-10-86-4-20246 810
N G. = normalized dE/dx




SSPR Analysis Techniques

Track pairs combined into: gsommw |
e*e- = N,. = Signal + Background oo | s
ee,e*e” = N_,N,, = Background |}
Inv. Mass is calculated giving the yield: | . & I
S - N+_-2\/N -_N++ 205— Ii?

T
Yield of bb and Drell-Yan determined by ol ".'14.. ts
fitting S with 3 Crystal Ball functions for ma OV

the Y(1S+2S5+3S) states and power series multlplled by an erf

functions for Drell-Yan *7 SN £ < crvstal-Bal
and bb ower Series x e rystal-ba

15—

- = DY and bb e Function =71

100_—

Y =S—bb-DY| /\
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TAR Y in p+p 200 GeV
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™R STAR Y vs. theory and world data
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arXiv:1001.2745v2 [nucl-ex]
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Y |n d+AU 200 GeV QM 2009
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— Strong signal (8c significance)

13



sipr Nuclear modification factor
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Y+Y'+Y"
B X (deAu )
1 dy ),
X

_ y=0
RdAu O-d dG Y+Y'+Y
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Nbin X ce x( pp j
pp dy y-o

Cpp = 42 mb

Ny, = 7.5 £ 0.4 for Minbias dAu

‘RdA = 0.78 + 0.28(stat.) + 0.20(sys.) ‘

Consistent with N,;, scaling
Cold Nuclear Matter effects
(Shadowing) are not large.
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iQTAR

« Y(1S+2S+3S)=S-DY-bb
— Amplitudes of DY and bb depend on fit with Y function

» The form of the Y function depends on suppression assumption
* Yields of Drell-Yan and bb in p+p have a large uncertainty

unlike - like sign counts
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Y Yield Extraction Scenarios
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Raw Yield: Y = 87 +18
DY+bb = 3.5 + 11
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i{ﬁm Y, Drell-Yan and bb in Au+Au
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Correlations between yields adds to systematic uncertainties
when extracting the Y yield
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Summary and Outlook

« measured Y(1S+2S+3S)—>et*e" cross-section at vVs=200 GeV,
ly|<0.5

— p+p (from £=7.9 pb)

e Consistent with CEM model

3
» Does not exclude CSM model Z B(nS) x o(nS) = 114 + 38 22 pb
» Consistent with the world trend | ;.55

— d+Au (from £ =33 nb")
* Rya, = 0.78%£0.28+0.20
» Follows Binary Scaling
— Au+Au (from £ =496 ub-)
* In central 0-60% - 40 Signal significance
e Systematic uncertainty and Drell-Yan bb analysis in progress
« Addition of ~20 pb-!' more p+p statistics
— will improve Ry,
— reduced uncertainty in Drell-Yan and bb yield

« Addition of 1.4 nb-" more Au+Au statistics may allow us
to resolve the Y(1S) to Y(2S+3S) states

R. Reed - Hot Quarks 2010
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bb contribution from PYTHIA 8 + Drell-Yan

Like-sign background from data parameterizes

trigger effects
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2
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detector resolution =
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Exponentials from PYTHIA and Drell-Yan are
multiplied by erf function to convolute background

with detector effects
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Updates: Using STAR HF Tune

| e+ e- Inv. Mass |y|<0.5 |

Pythia 8.108

Changes from defaults

— m=4.3 GeV/c2
o 4.8 GeV/c2 Default

— PDF : MRSTMCal.LHgrid
« CTEQSL default

— Renormalization scale

From HF Tune:

- b-bbar cross section : 1.02 ub
- Into ete- - 7.7 nb

- into ete-, 8<m<11 :212pb
- et+e-, 8<m<11, |y[<0.5: 47 pb

counts

10°

10}

PYTHIA 8.108

p+p — b-b — ete-
ly]<0.5
— Default

—— STAR HF Tune
Am°

2 4 6 8 10 12 14 16 18 20

m,._. (GeV/c?)

From Default Pythia 8:

- b-bbar cross section : 0.83 ub
- into ete- :6.5nb

- into ete-, 8<m<11 : 135 pb
- ete-, 8<m<11, |y|<0.5: 24 pb
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