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%8 Introduction and outline

Measurements of quarkonia (e.g. Y ) serve as an excellent probe of the QGP and its temperature
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Heavy quarkonia as a QGP probe

The STAR experiment
Analysis of Y - e"e™ in Au+Au collisions

Summary and outlook
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Heavy quarkonia in QGP

J/Y,Y etc.
e
J/¥,Y etc. are good candidates to probe QGP ,

cc, bb pairs created mostly before the QGP formation

Production cross-section in p+p collisions can be T=0
Calculated based OI‘l pQCD lllustration: A. Rothkopf
T < T

Dissociation by colour screening T. Matsui, H. Satz, PLB 178 (1986) 416 D I | |:|] |

Quarkonium expected to dissociate when its radius

exceeds the Debye radius: VAN Y %Y Xy

Tpebye X 1/T T =2 12T
Sequentia] me]ting A. Mocsy, EPJ C61 (2009) 705 D Y I:I | "

Dissociation depends on the quarkonium binding v Y %Y

energy T=3T"

Different states expected to melt at different T | Rt

temperatures o unou

QGP thermometer Y

@ H. Satz, IIMPA 28 (2013)
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Other effects also play a role

Other phenomena complicate the measured quarkonium suppression

Statistical recombination B | Das, QM2015,
. https://indico.cern.ch/event/355454/contributions/838966/
Coalescence of deconfined quarks at QGP phase boundary RHIC 200 GeV | LHC 2.76 TeV

Cold nuclear matter (CNM) effects #cc / event 13 15

Initial state: shadowing, energy loss #bb / event 0.1 3
Final state: inelastic interactions with hadrons
- nuclear break-up
- co-mover absorption

Can be studied in p+A collisions /"y« 9t RHIC VSnn = 200 GeV : A

no recombination A. Emerick, X. Zhao, R. Rapp, EPJ A48 (2012) 72
Feed-down

less co-mover absorption  z tin, ¢ ko, PLB 503 (2001) 104

\_ > cleaner probe! /
el
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TPC
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RHIC (Relativistic Heavy Ion Collider)

Excellent PID, full 27 coverage at [p| < 1 <
» TPC (Time Projection Chamber) :
tracking, p measurement, dE /dx PID _ e e
» BEMC (Barrel Electromagnetic Calorimeter) : M stk :
trigger on and identify high-pr electrons 1 @,&4 ) o
» MTD (Muon Telescope Detector) : A y
Inl < 0.5 and ¢ ~ 45%, u PID and triggering A

\
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Data and event selection 5

Au+Au collisions /syy = 200 GeV from 2014
118.9 M high-tower—triggered events with BEMC

(corresponds to integrated luminosity ~4.1 nb ~1)

%% s 60 40 20 0 20 40 60 80 100

Event cuts: VIP¢ [om]
|[vIPC — /PP < 4 cm N ﬁ
|vIPC| < 30 cm Hﬂ h
10 g e LLL
: ¢ m
+ Monte Carlo dataset with embedded Y's : .
: : P L
900 K events with full GEANT-simulated detector ol T
response -100 -80 -60 -40 -20 0 20 a0 60 VIEP?? [cr:;}ﬂ

€3
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-

|dE/dx|

Y reconstruction at STAR

Reconstructed from the di-electron decay channel

Trigger on hard electrons

© a4 N W R OO N DO O
TTTTTTTT[TTTT

Find electron tracks in TPC R

p[GeV110
Match tracks with BEMC-clusters f o
Further PID
iy N
Make Y's from e*e™ pairs ff( .
+ reconstruction efficiencies (in progress) 1:
TPC: BEMC: o [ B TR T 35

energy deposit in clusters

PID with E /p, cluster shape

tracking, momentum measurement

PID with energy loss dE /dx

€3
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Signal extraction

Limited statistics + contributions from background complicate the Y yield extraction

Signal shape:

Y(15),Y(2S),Y(3S) peaks fitted from embedding
Crystal-Ball function

8
€
3

@
S 80

Combinatorial background
Like-sign: sum of e*e™ and e"e™ spectra

Event-mixing: e*e~ from different events

Physical background:
Drell-Yan, BB semi-leptonic decays

Monte Carlo simulations (Pythia, Herwig)

&
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Mass spectrum
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Di-electron invariant mass spectrum with Y signal

Composite fit including the signal peaks, combinatorial & physical background

&
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Summary
Y successfully reconstructed from Au+Au data of \/syy = 200 GeV from 2014 via the di-

electron decay channel
Some reconstruction efficiencies were studied

Signal extraction from the mass spectra was done by carefully analysing the major

contributions in Monte Carlo simulations

Qutlook

Improve the fit result by e.g. including the Drell-Yan background

Finish the determination of the total reconstruction efficiency

Construct the nuclear modification factor R4 as a function of N4, and pr

Thank you for your attention!
&
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Cuts used in the analysis

PID:

« TPC cuts
+ Primary tracks

« nHitsFit >= 25

« nHitsDedx >=10

« nHitsRatio >=
0.52

« DCA<15cm

- -15< NO¢jectron

« EMC cuts
« 0.3<E/p<18
((:luster/)p

+ |zDist| <5
+ |phiDist| < 0.05

« Kinematics
« |eta] <1

« Low electron:
Momentum >
.5 GeV

Oliver Matonoha (CTU)

Leading electron:
pMomentum >

Pair_Pt <10 GeV
|Pair_y| <1

<3

&
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at least 1 electron fired the
trigger

both have BEMC

clusters

Event selection:

+ |vzTPC|< 30
+ |vzDiff| < 4

« isTrigger(450202) || isTrigger(450212)
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Entries 893229

na®_cut efficiency I U

Important part of total reconstruction efficiency
studied with identified single electrons:

- too many pions! results not too stable

Entries 374533 Enlries, 269188 1.05-
PO 7.47e+03 £ 3Bde+01 : B0 3560403 + 3350401 E i
p1 ~0.318 £ 0.006 10° :‘Z -0-2‘00';1031“12 i | single electron efficiency
p2 1.08 + .00 g T=< p, < 8.5 A X E I A8 < o 20 cut
o —e 095 _lyl<1 0-100% AuAu14 BHT2
—e 10° = 930
- T E — T > | i i
— K+p r — K+p 2 0-9; ! ! ! ——
10° E g E i | [
E £085— T
E [T P i
3 = i —— i
16 - g o8 : i
E - = H H H
B 0.75 i i
= E 1 i
H ﬁ E +Jr T P I
= \+ SN PN PSP FUUUE PO DTN U OO
A AN R ,‘,,‘,\ SHJ I Y PRI RS PRI R RPRAIN . P 0.65 > 3 2 5 3 7 8 3 10
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Results from p+p and p+Au collisions

E . . Ag.s\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
-Y(1S+2S+3S) STAR Preliminary & [~k STARprImnay R <1AR Prelimi .
[ % STAR Vs =200 GeV 9 Tzl STAR published R refiminary 7
3| Y STAR Vs =500 GeV c PHENIX " 7
10° 7 o , 7
—_ F 5l¢ STAR Vs = 200 GeV Published @ | FEFE shadowing, EPS09 (Vogt) j
.g- C lyl <0.5 @ CFS, p+A @ Energy Loss (Arleo, Peigné) T
-~ r L Energy Loss + EPS09 ]
o 02 L M E605, p+A c 1
> F A CCOR, p+p |
% C ¥ R209, p+p y
;% i OR806, p+p
ko] 10§ CJUA1, p+p “ ————I—
: r /\ CDF, p+p
Q N O CMS, p+p N
1=
F —— NLO CEM, MRST HO,
r m=4.75 GeV/c?, m/u=1 —— i el
PHENIX Ry, common norm. Syst.
Lol Lol [ R AR N NN SR RN SRR SRR R

-1
10 —%.5 -2 -15 -1 05 0 05 1 16 2 25

10 s Gev)'" 2
p+p : precise baseline for comparison with Au+Au collisions
- improved precision: ¢ = 64 + 10 (stat.) + 14 (syst.) pb = 81 + 5 (stat.) + 8 (syst.) pb

. . : s At A.Frawley, T.Ullrich, R.Vogt,
- consistent with the Colour Evaporation Model (CEM) prediction PR 462 (2008) 125

p+Au : quantification of CNM effects with Ry, = 0.82 £ 0.10 (stat.) 70:03 (syst.) & 0.10 (global)

&
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Signal in Au+Au collisions

+ —_
You'u 2014 data
= Unlike-sign pairs (UL) Aus+Au @ 200 GeV L ~ 14.2 nb™"
350 + Like-sign pairs (LS) v2/ndf 22.38/17
C —Combined Fit Y(1S) Yield 156.7 + 23.5
300 — —Fit to LS y o
- - Fit to Y(1S) Y(25+3S)/Y(1S) 0.375 +0.132
- ~-Fit to T(28)
250 ~Fitto T(3S)
200
150 —
100 —
50 f_ STAR preliminary
:L [T J—""]’l L Ll-l—"T":E:;:iL_t;i:\::T‘ﬂ'-:J’-tu I R JL S

mc

8.5 9 9.5 10 10.5 11 11.5

12

M, (GeV/c?)

- combinatorial background (estimated as N;+;+ + N;-;-)

- Drell-Yan di-leptons, BB semi-leptonic decays

+ —_
Y—-e'e 2011 data
S *F STAR Au+Ay200 Gev ~ _* eSO el
:'?:; 5oi L~1.1nb" Y(1S): 96+ 16
2 E  cent.0-60% T(25+38): 17 + 13
L T(1S+25+38): 114 + 22
40:_ —— BBsDY
30[—
20— STAR Preliminary
"o SWRESERY
S I #
0 1 +
:\III‘IIII‘IIII'IIl\lll\lll\Ill\llll\lll‘\lll‘lll\
8 85 9 95 10 105 11 115 12 125
M,(GeV/c?)
Background sources:
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Results from Au+Au collisions 12

1
Nuclear modification factor
P 0.8
; d2Naa/dptd ) <
Rpp = —anel = AA/ADTAY oo 4 function of &
(Ncon) d“opp/dprdy @ 0.6
]
mean number of participants Np, =
04
¥ is a combination of * results 0.2
0

0

Di-muon and di-electron results consistent

with each other within the uncertainties

— results combined for increased statistical precision

&
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30;60% 0-6?% 10;30% 0;10%
L Au+Au@200 GeV lyl<0.5 STAR N_, uncertainty
| X¥ Y o
¥ Y o e'e STAR Preliminary
[ | | stat. uncertainty
| DO syst. uncertainty
- mm common norm. syst. unc.
| L | |
100 1\2}00 300 400
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RypVS. N, at RHIC

1.4 3{}'—60% O-G(ID% 10;30% 0;10% 1.4 30;60% 0-6?% 10;30% O-II(]%
F 2L T(S): Au+Au@200 GeV Iyl<0.5 - 2L T(2843S): STAR Au+Au@200 GeV |yl<0.5
121 ¥ Y(1S+28+3S): p+Au@200 GeV lyl<0.5 1.2}
T — | | |
L | STAR N_, uncertainty
< 08 _@ STAR Preliminary . 08} STAR Preliminary
2
& 0.6 E 0.6
04 $ 04 % %
0.2 0.2
- STAR N_, uncertainty -
0 | ! | ! | ! | ! 0 L ! | ! | ! | !
0 100 200 300 400 0 100 200 300 400
part part

Y(2S),Y(3S) states more suppressed than Y(15) in central collisions

&
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Compare RHIC with LHC

1.4 3{}'-60% 0-6?% 10;30% 0;10%
FELaE T(18): STAR Au+Au@200 GeV |yl<0.5
1.2 4 Y{1S): CMS Pb+Pb@2.76 TeV lyl<2.4
¥ Y(1S+25+3S): STAR p+Au@200 GeV lyl<0.5 -
1 PP
< 08 _@ STAR Preliminary
Q.\ -
=9
e 06 @
0.4 E$ @ % @
0.2
- STAR N_, uncertainty
O 100 200 300 400
part
Comparison with LHC:
- solid consistency for Y(15)
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[ 22 Y(25+3S): STAR Au+Au@200 GeV lyl<0.5
~ 4 Y(2S): CMS Pb+Pb@2.76 TeV lyl<2.4
[ —— Y(3S): CMS Pb+Pb@2.76 TeV lyl<2.4

STAR N_  uncertainty

coll

STAR Preliminary

] 8t

| | IT 95% C.L. $ D]

0 100 200 300

part

Y(2S),Y(3S) states more suppressed than Y(15) in central collisions

CMS, PRL 109 (2012)

- hint of less suppression for Y(25),Y(3S) at RHIC than at LHC

&
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Suppression vs pry

1.2 1.2
¥ STAR Au+Au@200 GeV (0-60%) ¥ STAR Au+Au@200 GeV (0-60%)
T(1S) lyl<0.5 Yop'u T(2843S) lyl<0.5 YT—pp
1™ 4 CMS Pb+Pb@2.76 TeV (0-100%) 1™ 4 CMS Pb+Pb@2.76 TeV (0-100%)
Y(1S) lyl<2.4 T(2S) lyl<2.4
LU E STAR Preliminary 0.8 STAR Preliminary
2 0.6 7 00
m L0 m 0
.
0.4 AM‘ 04b 90% C. L.
0.2 0.2} ‘
Yo 2 4+ ¢ T 10 Yo 2 4 6 T 10
P, (GeV/e) p, (GeV/e)
RHIC vs. LHC
Consistent for Y(15)
Signs of less suppression at high-pr for Y(25),Y(3S)
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30-60%  0-60% 10-30% 0-10%
I T I I

* STAR Au+Au@200 GeV |y|<0.5

Comparison with models L oTAR b Gov s

Strickland, Bazov:  NpA879(2012) 25

No CNM, no regeneration i
SBS (Strongly Binding Scenario): fast dissociation—potential based
on internal energy

WBS (Weakly Binding Scenario): slow dissociation—potential based

on free energy

N
\

Ty,

(a) ij(1S+2S+3S)

Liu, Chen, Xu, Zhang : PLB 697 (2011) 32 12 % Str‘ickland‘WBS | ‘Rapp éBS
No CNM I W\ Strickland SBS == Liu-Chen
Dissociation only for excited states, suppression of ground state L= . I
due to feed-down i \\\ STAR Preliminary
08
Emerick, Zhao, Rapp : EPJ A48 (2012) 72 rx:(( 06 ////%ﬁF \\\\Q\g\\\\\\\\\\\\\
Includes CNM, SBS case i o % "ML NG
- SBS models favoured by the data i oAy
°% 100 200 300 400
N
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&
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Results from p+p
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Results from p+Au
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Excited-to-ground-state ratio

T(2S+3S)/Y(1S)

0.8

0.6

04

0.2
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