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Quarkonium Study

1.Help to understand QCD

possibly colored QQ

pair of any possible ¢
“IL, quantum numbers n%\"

red quarkonium (H)

2) non-perturbative
evolution
to the observed bound state

Y
1) perturbative phase Quantum numbers change!

2.Help to understand the interaction with
Quark-Gluon Plasma, thus probing the

properties of QGP.
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Different models can well describe
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CGC+NRQCD
V'S =02 TeV for RHIC NLO 1yRQCD
- or /'
V'S =7 TeV for LHC 1005 Tic 2<y<4 5

For J /i
ALICE Jy|<0.9
ATLAS,ly|<0.75
0.2xLHCb,2<y<4.5
0.1xPHENIX JJy|<0.35
0.1xSTAR Jy|<1

measured cross-sections

- Color Evaporation Model

- NRQCD approach —applicable at
high p;

- Color Glass Condensate+NRQCD
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Different models have different™ . e 3
predictions on J/i polarization 101 & 5 + _
- 3
102 \ ’t Z
g
Measurements of J/i polarizationcanhelp ... . . . # o ... ., 0,
understand J/ production mechanismin ©° 3 10 15 20 25 30
hadron collisions and distinguish between p1(GeV)

: Phys.Rev.Lett. 113(2014)192301
different models. y (2014)
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J/U polarization can be analyzed via the angular distribution of the decayed leptons

do
1+ A, cos’B+A, sin(20)cosp+ A sin® @ cos(2
dcosOdg ’ oy SIN(2O)COSP+ 4, (29)
quarkonium e Y )LH + 3A’<0
rest frame ny
9 -2,
production \ e +

plane TT—e b g The helicity frame defines z axis along the J/Y
B momentum in the center of mass frame.

The Colllins-Soper frame defines the z axis as a bisector
beam of the angle formed by one beam direction and the
opposite direction of the other beam in the J/i rest
frame.

0: Polar angle between momentum of positron in J/y

rest frame and the polarization axis z

Proton bea

¢@: Azimuthal angle
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Solenoidal Tracker At RHIC

Barrel Electro-Magnetic '\
Calorimeter

N Time-Of-Flight Detector Time Projection Chamber
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Electron identification with 1/B, no, and E/pc measurements.
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Measurement of better precision can be
made to higher p;.

Run9 data Indicates a negative trend of Ay towards
higher p;.

Can not really distinguish different models within
the precision and kinematic reach of STAR 2009
data.

To make improvement:

- Need more data sample.

- Need to extend measurements to higher p;.
From STAR p+p 200 GeV collisions:

EMC Trigger Threshold

HTO E.>~2.5 GeV
HT2 E.>~4.3 GeV
209 2012
TOF 72% TOF Fully installed
HTO(&&!HT2)  L=1.8pbt
HTO L=1.4pb!
HT2 L=23.5pb!

6/5/16 S. Luo, QWG 2016 7



400F
E Fit : 406.10 +/- 37.58 S/B = 0.67
350FBin : 405.00 +/- 40.19 (% =10.08
C . +
800E .1+ Jhp signal
250F i 4! ¢ unlike-sign
2001 .‘+ ' = like-sign
:

15

100 —STAR pre/lmlna

1000

800

400

2 22 24 26 28 3

(=]

600

200

HTO 2 GeV/c < P, < 3 GeV/c

;# it ¢¢+*#+¢+

2 22 24 26 28

3 32 34 36 38 4

ee

HT2 4 GeV/c < P, < 6 GeV/c
[ Fit : 973.10 +/- 60.40 S/B = 0.69
s _
" Bin : 1004.00 +/- (:72.47+ {Se28 " 16.07
[~ +
+ ‘o
Bt 4
) tﬁm' I et
imi ey **#'zﬂ
+l+ +-LL+I \
R +F

32 34 36 38 4
M

ee

6/5/16

350

HTO 3 GeV/c < P, < 4 GeV/c
Fit : 383.54 +/- 32.97 S/B =0.78
. 5 s _
300f-Bin : 380.00 +/ 36.74. | [5:25 10.34
i ﬁmt**
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4

ee

450

400

350

300

250

200

HT2 6 GeV/c < P, < 8 GeV/c
Fit : 499.74 +/- 36.92 S/B =0.88
. S
Bin : 521.00 +/- 41.29 —=__=12.62
I1s+2B

2
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M
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ee

EMC electron identification cut

-15<no,<3 &&

0.3<pc/E<15,pT >14GeV /¢

TOF electron identification cut
-15<no,<3 &%
1/8-1<0.03
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A,B,C and D parameters in Crystal-ball
function are fixed in individual cos® bin to
the same as those in inclusive case.
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-0.6 <cos6<-04,2< P, < 3 GeV/c
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1. Raw cosB distribution of J/ is extracted by subtracting the cos6 distribution of like-sign

pairs from that of the unlike-sign pairs.

2. Efficiencies are estimated by generating J/U signals, decaying them via di-electron

channel and propagating the decayed electrons through detector simulations using GEANT.
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Angular distribution of decayed leptons:

do
dcosOdg

After integration over ¢, we get the theoretical cos distribution

1+ A, cos’ 0+ Ay, SIN(20)COSQ + A sin” B cos(2)

w(cosB) x 1+ A, cos” 6

A, is extracted from the fit to the corrected cos0 distribution.
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The difference in extracted Ay due to changing the p/E cut both in data and
simulation is assigned as the systematic uncertainty.
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1. The measurements are extended up to 8 GeV/c with Run12 data.

2. The previous measurements indicate a declining trend of A, to high p;, but
the result using Run12 data does not seem to follow this trend.

3. Extraction of Ag and A, in Collins-Soper frame is underway.
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; 8
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p+p at 500 GeV from RHIC
2011 run

dsmAdc>18 (E > 4.3GeV), p; >
3.5GeV/c

Luminosity 22 pb!

Electron identification cuts:
-l1<no, <2
E/pc>05(p, >2GeV/c)
E>100MeV

|1//3—1| <0.03(p<2GeV/c)

<2cm

|y Local
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1. AgAyand A,

-
B

., are extracted for p+p collisions
at 500 GeV both in helicity and Collins-Soper
frame using STAR Run11 data.

2. In helicity frame, A4indicates a negative trend
while A is consistent with 0.

3. In Collins-Soper frame Agincreases vs p;, while
A, decreases.

A, are consistent between helicity frame and
Collins-Soper frame.
16
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1. A4 1s extracted using the STAR Runl2 data up to 8 GeV/e.
Results don’t indicate the negative trend at high p

2. Extraction of A, and A, both in helicity and Collins-Soper

nv
frames using Runl2 data 1s underway.

3. Runl15 200 GeV dataset has significantly more data sample
to improve the measurement and possibly distinguish
different models.

4. Expect Runl7 to take about 10 times more data for pp
collisions at 500 GeV.
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