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Quarkonia as a probe of QGP

Large masses of ¢, b quarks Quarkonia family:
created during initial stages of collision c-c: JIy, ¢, xc ...
calculable by pQCD b-b: Y(15), Y(25), Y(39) ...

Due to color screening of quark potential in QGP
quarkonium dissociation is expected

T=0

H. Satz, Nucl. Phys. A (783):249-260(2007)
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Other effects-complications

Quarkonium production mechanism is not well understood.
Color-singlet vs. Color-octet?

Observed yields are a mixture of direct production + feed down
E.g.J/y ~ 0.6 J/y (Direct) + ~0.3 . + ~0.1y’

Suppression and enhancement in the “cold” nuclear medium

Nuclear absorption, Gluon shadowing, initial state energy loss,
Cronin effect and gluon saturation.

Hot/dense medium effects
Recombination from uncorrelated charm pairs.
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Common approach - R, ,

baseline - p+p: test of pQCD

|II

"normal” suppression - d+Au

RdAu o <NCGII> dN/d'ypp

"anomalous” suppression - Au+Au

R 1 dN/dyAuAu
AA — <Ncoll> dN/dyPP

Raa = 1 if no modification of the
production in the medium.
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Cold nuclear effects important for
interpreting Au+Au results.

R4a, cOnsistent with model calculations
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Upsilon measurements

Y'-cleaner probe compared to J/y

Less feed down
Co-mover absorption — negligible

Y'(2s): tightly bound, larger kinematic threshold.

Expect o~ 0.2 mb, 5-10 times smaller than for J/y
Lin & Ko, PLB 503 (2001) 104

Recombination — negligible
at RHIC: o, ~8oopb >> o, ~(1-2)ub

Excited states: expect sequential suppression of Y(1s), Y(2s), Y(25s)
states

Challenge: low rate, rare probe

Need large acceptance, efficient trigger
STAR upgrades



STAR experiment

Large acceptance electron ID

Chamber (TPC)

charged particle tracking,
271 coverage in |n|<1.3

dE/dx PID
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Project

Time
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Nucl. Instrum. Meth. A 558 (2006) 419




STAR experiment

Large acceptance electron ID

Time Projection Chamber (TPC):

charged particle tracking,
271 coverage in |n|<1.3

dE/dx PID

EM Calorimeter

21 coverage in [n|<1
Electron IDviaE/p~1
Triggering capability

3<p<5GeVic
> Data —
A Simulation '

Electrons
Au+Au 200 GeV —

E/p
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Triggering on Y->e*e  decays

Level o Trigger

IQ (p+p,d+Au,Au+Au):
] ! Hardware-based
L/

Fires on at least one high tower

Level 2 Trigger (p+p,d+Au):
Software-based

Calculates:

Cluster energies

Opening angle

Mass
Decision in ~5 ms for slow detectors
to keep / abort data

High Rejection (~10° in p+p) allowed
to sample full luminosity.
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Y in p+p 200 GeV from STAR

2009, JL dt = 20.0 pb arXiv:1312.3675

Signal extraction: .
Extracted signal for Y(15+25+3S) and E 7°:_SST=AZ§OZ?, © NaN.oN. @
Y(ls) 6oy <05 || e Comb. Background (CB)
Two rapidity regions |y[<0.5, 0.5<|y|<1 50

CB + DY + bb + Y(1S+2S+3S)

* CB + Drell-Yan + bb
4*

Common fit to unlike and like-sign pairs 4,

——
_¢_
+
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Crystal-ball for Y signals 30 E
momentum resolution + energy losses 2 §++ | +
Background obe A +$+++ + 4
Drell -Yan from NLO pQCD (R. Vi 9% N . +,
rell ~Yan from NLO pQCD (R. Vogt) R e s m% <:>*a% QM.
bb - PYTHIA 8 9 10 1
m, (GeVIc)
Fit used for background subtraction only
dO_T(18+25+35)
Bee X — = 80 % 9+ pb

ay |y <1
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Y ind+Au 200 GeV from STAR

2008, [L dt = 28.2 nb-1

—STAR d+Au

O N,,#*N_. e N,. (b)

-------- Comb. Background (CB)

CB + Drell-Yan + bb

CB + DY + bb + Y'(15+2S+3S)

Y(18+25+385) if R_=1 (All states)

H'\ Observed suppression with

Separate yield extraction
For |y|<0.5, -1<y<-0.5, 0.5<y< 1
For Y(1s) and Y(1S+25+3S)

respect to binary-collision
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‘ . T ﬂ, scaling
|$¢§9¢W{H> %ﬁ@@? 364 iﬂﬁi{g@;

m, (GeVIc )

] T(15+25+35)
Bee X —
dy 1y <1

— 224 375 nb
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Comparison to NLO pQCD

~ Y(1S+2S+3S) 0
108 % STAR, p+p
- @ CFS, p+A
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—10": v R209, p+p
_EF
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'.C - O R806, p+p
q - [] UA1, p+p
1 /A CDF, p+p
- O CMS, p+p
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10-1 | 1 2 | 3
10° (s (GeV)10
Y (1S+2S+3S) —e*e cross section:

Agreement with world data trend

R. Vogt, Phys. Rep. 462125, 2008
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Comparison to NLO pQCD
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Y (1S+2S+3S) —e*e” cross section:

Agreement with world data trend

Consistent with pQCD Color Evaporation Model (CEM)
except for mid-rapidity d+Au

shadowing included for d+Au R. Vogt, Phys. Rep. 462125, 2008
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R4a, @and model comparison
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arXiv:1312.3675

T

Arleo F., Peigne , JHEP 1303 (2013) 122
arxiv:1212.0434
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Comparison to CEM calculations

Shadowing/Antishadowing of gluon
nPDF

Initial parton energy loss
No absorption

CNM effect

Models expect slight enhancement at
mid-rapidity.

Data indicate suppression in CNM
beyond these effects.
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Y in Au+Au 200 GeV
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Au+Au 200 GeV: R, ,
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Outlook

Ongoing analyses:
Au+Au @ 200 GeV, 2011

same setup as in 2010
double the total luminosity ~ 2.8 nb™

p+p @ 500 GeV, 2011
higher Upsilon cross section
approximately 22 pb of data

U+U @ 193 GeV, 2012

non-spherical nucleus
higher maximum initial density

Y'—polarization and azimuthal hadron
correlations
study production mechanism
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Outlook : Muon Telescope Detector

Multi-gap Resistive Plate Chamber (MRPC):
gas detector, avalanche mode

A detector with long-MRPCs covers the

whole iron bars and leave the gaps in-

ON TELESCOPE DETECTOR ro— between uncovered. Acceptance: 45% at
AR | In|<0.5

, . _ \\ N 122 modules, 1464 readout strips,

i A\ D 2928 readout channels

' ¥ Nl NG

b - ] ~—— \v/,

'-__L';;' =1 5 4, Long-MRPC detector technology, electronics
e - 34V same as used in STAR-TOF
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Outlook : Y via muon channel

advantages over electrons: 2160 EY oY
_ S 140 £ 0<p <5 GeV/c 15425438
no y conversion S120E
less Dalitz decay contribution ‘B”g 3
Less affected by radiative loses 60 |-
. 40
excellent mass resolution 20f
- - %5 9 8.5 ETRENETE 11
separate different Upsilon states Lo’ invariant mass (GeV/c?)
trigger capability
. . 0.8 T
full installation for 2014 ~ 300 pb” p+p, 20 nb AurAu ¢ Y(1S)—p 1 -
. 0'7_ STAR Muon Telescope Detector ® Y(2S)—u 1 ]
physics run 0.6 N
0.5 + + ? . —+
% 0.4- -
0.3 |
02+ Y S — .
0.1 — ' |
[
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Summary

Measured Upsilon production in p+p, d+Au, arXiv:1312.3675
and Au+Au collisions at 200 GeV

Extracted signal for Y'(1S+2S+3S) and Y'(1S) states
Rapidity dependence

Upsilonin p+p and d+Au 200GeV
Consistent with pQCD Color Evaporation Model.

Additional suppression from CNM effects needed for d+Au at mid-rapidity to fully
reproduce Y production

Increased statistics from run 9 have refined our p+p measurements

Upsilon in Au+Au 200GeV

Increasing of Y suppression with centrality.
Data consistent with models that contain bottomium melting in deconfined matter
Increased Au+Au statistics from run 11 will further decrease R, uncertainties

Muon Telescope Detector upgrades.
Significant improvement of STAR quarkonium measurements
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