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Quarkonia at RHIC - Motivation

Charmonia: J/w, w(2S), x. Bottomonia: 1(1S), Y(2S), (3S). x,
First ideas:

v color screening - quarkonium suppression in QGP In
h eavy- | O N COI | |S | O N S H. Satz, Nucl. Phys. A (783):249-260 (2007)

T/T¢e 1/{(r) [fm1]
)

2 - [Y(1S)
T=0 0<T<T, -
v QGP thermometer - ~ | %(1P)
suppression of different states 1.2\ml 7/4(15) Y'(25)
Is determined by T and their
binding energies <T¢ %((1%;) Y*‘P(?zfg)

Screening radius:
ro(T) < 1/T

A .Mocsy, Eur. Phys. J. C61,
705-710 (2009)
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Quarkonia - other effects

But there are additional complications:

- Still unclear production mechanism in elementary
collisions

- Feed-down:

* prompt: direct J/wv (~60%) + feed down from y(2S) and yc (~40%);
non-prompt: B-mesons feed-down (up to 25% at 12 GeV/c, Phys. Lett. B722 (2013) 55)

x ~50% of Y(1S) originates from excited states feed-down (phys. Rev. Lett. 84
(2000) 2094)

- Cold Nuclear Matter (CNM) effects - nuclear
(anti-)shadowing, Cronin effect, nuclear absorption,

- Other Hot Nuclear Matter effects - regeneration,

OO
000 O
O .
B . . O.O: O regener, ﬂt]()n c .. O
screening E D .
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Strategy

- High-p_J/y and T - cleaner probes

oL Au-Au (200 A GeV) [y1<035  0-20% -

, . [ — — prim. w/fte+Bfd — - - primordial w/fte ]
HIgh'pT J/\lj - aImOSt nOt i'j-. — regenera{jgn - = =« Nuc. AbS
affected by CNM effects = total » =+ Nuc. Abs. w/fte |
and recombination <[ primorddl S

< 1 _‘__f-"'__"'—'—- ......... —_—
a7 - I R .
.. 0.8 ST T e -

v+ Y - negligible co-mover o6l b b
absorption and S S e :
recombination e “"T"',**--j%r e -

_ i o 1 2 3 6 7 8 9 10
at RHIC: o —-800|.1b >> Opp ~(2 2)“b pt (GEV) X .Zhao and R.Rapp, Phys. Rev. C82,
" 064905 (2010)

v Energy dependence of 1 dN/dy*™*

quarkonium production - varying R

AA
_ . . N ptp
relative contributions \Ne) dN | dy
- Measure quarkonia at different
colliding systems and energies,
in different kinematic regions
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B — —

tracking,
PID: dE/dXx
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tracking,

PID: dE/dx
+ BEMC - trigger » TOF - time
PID: E/p (~1 for resolution < 100 ps
electron) PID: 1/
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tracking,
PID: dE/dXx

+ BEMC - trigger » TOF - time
PID: E/p (~1 for resolution < 100 ps
electron) PID: 1/
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STAR 2005&2006: Phys. Rev. C80, 041902(R) (2009)

PHENIX: Phys. Rev. D 85, 092004 (2012)

J/v p,. spectrum in p+p

200 GeV 500 GeV

1

p+p — JIy+X, s =200 GeV
® STAR 2009 EMC
v STAR 2009 MB

* ® STAR p+p 500GeV, this analysis

o u © STAR p+p 200GeV, PLB722, 56

Odp B B UA1p+F630GeV, PLB256, 112
CDF p+ P 1.96TeV, PRD71, 032001

—

-
]

| 3 ﬁ‘ﬁ
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[ |
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o
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o
r
Bd20!(2indp dy)[nb/(GeV/c) 3
=)
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o
@

inclusive |/y
production

Bd’c/(2np_dp_dy) [nb/(GeV/c)’]
> >
IS (X
S

—
o
3]

—
i ] Dl 1 \
L]
l IIIIIII| | IIIIIII| | IIIIIII| l IIIIIII| | IIIIIII| | IIIIIII| l IIIIIII|

Il IIJII| ] IIIIIII| | IIIIIII| ] IIIIIII| L LIl

[ ldirect NNLO* CS
----direct NLO CS+CO
— prompt NLO CS+CO

10J I N R AN R A A T BN R O A 10°® Ve b b bea b by b bl b g |
0 2 4 6 8 10 12 14 2 4 6 8 10 12 14 16 18 20 22

STAR EMC : Phys. Lett. B 722 (2013) 55 GeV/c
STAR MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543 pT (GEV/C) pT ( )

STAR Preliminary

—
o
o

direct NNLO CS: PArtoisenet et al., Phys. Rev. Lett. 101, 152001 (2008) and J.P.Lansberg private communication

NLO CS+CO: Y.-Q.Ma, K.Wang, and K.T.Chao, Phys. Rev. D 84, 51 114001 (2011) and private communication
CEM: A.D. Frawley, T Ulirich, R. Vogt, Pys. Rept. 462 (2008) 125, and R.Vogt private communication

. V4 I
v Different models can reasonably Precise )y measurement at

well describe data at 200 GeV new center of mass energy of
500 GeV, up to p. = 20 GeV/c
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J/v x_ scaling

T 101? = -
E E = ® STAR p+p 500GeV, this analysis === ma i ———— .
> 16 3 O STAR p+p 200GeV, PLB722, 56 ; d“o n:
® 10" % : P+p 200GeV, . ' - = g(X s)"s
S - o B UA1 p+P 630GeV, PLB256, 112 i_Eﬁfflf{p_{ﬁ’__”_EE_T_)I{(_:{_)_I;
E 1oL s W CDFp:+F1.96TeV, PRD71, 032001
g ':,i 7 In p+p 200 GeV J/y production
g 10" E o follows the x_scaling of cross-
Q. - . . T .
S s section at mid-rapidity at high
L E o & p., withn =5.6 + 0.2 (Phys. Rev. C
5=, n o } T
2 gz[ > 80, 041902 (2009))
) ~,
10" ”’“ﬁz » X, scaling observed also In
ol by 500 GeV data
: > X_ scaling breaking -
10°  STAR Preliminary T J J
: 0 transition from hard to
10° - soft process
—] | | | ] ] | | || |
102 107
xT:sz”E n - number of constituents taking an

active role in hadron production

March 9, 2015 Barbara Trzeciak, STAR 14



w(2S) in p+p 500 GeV

* Constrain Y(2S) feed-down contribution to inclusive
J/w production

S ;;,} 0.08— O HERA-B (e channel ), 42GeV, EPJC49, 545
] I > unlike - ike =} L o HERA-B h 1), 42GeV, EP. “
5 . w(z - tur:m.;' ‘ IE[;}-glal - _E ) - i_;_l (i1 channel), 42GeV, EPJCA49, 545
“ 200 3 0.07 PHENIX, 200GeV, PRD85, 092004
- STAR Prelimigary  ¥(2s)=31003 @ o
- mean = 3.68 + 0.01 = = 5 CDF, 1.8TeV, PRL79, 572
50 aleadls T' @ 006 @ STARS500GeV, this analysis
I ; -
o :§ 0.05 — b
100/ ‘ g - T
| ‘ ‘ o 004
1 L ] ] | | | 0.03 I c:I::
1001 | - PR ] o
0 L -L-‘ o 0.02 — h ez i’ i‘ { e
[ | R A A AN %ﬁ: _f‘ @ EB Q '\1“3 ]
438 84 ey 0.01F STAR Preliminary
u B | | . | | | | 11 | 1 11 | I 1 11 1 | 11 11 | | 11 | | 11 | | | 11 11
0 1 2 3 4 L 6 7 8 9
P, (GeVic)

v/ First measurement of (y(2S) / J/y) ratio in p+p at 500 GeV
> Consistent with other experiments
> No collision energy dependence observed
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J/y v, in Au+Au 200 GeV

Phys. Rev. Lett. 111 (2013) 52301

/ Jhp v is consistent with zero at >

> Disfavors the model with J/y
production via thermalized
(anti-)charm coalescence 0.1 initially produced [31]

SER— coalescence from thermalized ¢t [32]
el initial + coalescence [34]

.0.2— — = — initial + coalescence [35]
"“f — — — hydrodynamic [36]
[ | 1 1 1 | 1 1 1 | 1 1 1 | |

0 2 4 6 8 10

[31] L. Yan, P. Zhuang, and N. Xu, Phys. Rev. Lett. 97 (2006) 232301
[32] V. Greco, C.M. Ko, and R. Rapp, Phys. Lett. B 595 (2004) 202 pT (GE‘\”‘E)

[34] X. Zhao and R. Rapp, Phys. Lett. B 655 (2007) 126
[35] Y. Liu, N. Xu, and P. Zhuang, Nucl. Phys. A 834 (2010) 317c
[36] U. W. Heinz and C. Chen, private communication (2012)
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J/v v, and p_spectra in Au+Au 200 Ge

Phys. Rev. Lett. 111 (2013) 52301

/)y v is consistent with zero at >

> Disfavors the model with J/y
production via thermalized
(anti-)charm coalescence 0.1 initially produced [31]

[ coalescence from thermalized ct [32]
el initial + coalescence [34]

10° (a) 0-20% & (b) 20-40% .0.2L- — ' — initial + coalescence [35]
' — — — hydrodynamic [36]

:I] 10-6 = 2 ! | E I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
o 107 ' N 310L Yan, P. Zh 2 d N. X Pth Lett. 97 26006 232301 8 10
S 10 {32}v G?enco C. Mua£og and R RaL;)p Pﬁ/s Lett. B 595(2004) 202 p (GE‘\”‘E)
D [34] X. Zhao and R. Rapp, Phys. Lett. B 655 (2007) 126
(B 107 S (361 U. W, Heins and C. Chem private commanication (2013)
~ Blast Wave S ' '
— 10°F m@STAR AusAL - - - Prediction
o 10 PHENIX Au+Au — Fit (B=0)
R e — = ¥/ Atlow prJ/p spectra softer
S L _A0°%. Ea _AN° Q. . .
Pl (©) 40-60% gy _ (@ 060% 140 & than the TBW prediction from
oF v - 1 S .
l:: F 3 —
8 07l R ", ' o light hadron
> ool g = 110" 8
10' :r -!:r _2_1-.-* [ |
B 10} *f = > gmall radial flow ?
| ¥r107 =
1070 NASTAR Cu+Cu o ¥ 10 O 5 .
of VS =200 GeV ggHEN& S S regeneration at low
1 1 1 1 1 5_10- \-T'o
0 2 4 6 8 6 8§ 10 - PT ?

V
Phys. Rev. C 90 (2014) 24906 T (GeV/c)

March 9, 2015 Barbara Trzeciak, STAR 17



JJwR,, in Au+Au 200 GeV

1.8

1.6

1.4

0.4

A+A - Jy+X @ STAR Au+Au
VSyn = 200 GeV

® STAR (p_>5 GeVic)
O  PHENIX Au+Au (|y|<0.35)]

G

Suppression increases with
collision centrality

High-prt Raa IS systematically
higher

- ]/ at high-pr almost not
affected by CNM effects
and reCOmbinatiOn X .Zhao and R.Rapp,

Phys. Rev. C82, 064905 (2010)
High-pr J/3 suppressed in
central collisions

02 = ] ] ] ] ] ] = . .
50 100 150 200 250 300 350 > May indicate QGP effects

Y.Liu et al., Nucl. Phys A 834 (2010) 317c N

Zhao, Rapp, Phys. Rev. C 82 (2010) 064905 part

STAR high-pr : Phys. Lett. B 722 (2013) 55

STAR low-pr : Phys. Rev. C 90 (2014) 24906

A+A
1 dN/dy

R..=
i (N eon dN /dy""?
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JJwR,, in Au+Au 200 GeV

1.8 | 1 I I I | I
G AHA D JyeX e SIARAUAL L v/ Suppression increases with
s =200Gev  ® pHEN|§E’ﬁ+AU‘°’(W20_35) collision centrality
14k Zhao, Rapp - , : .
...... Liu et al. v High-pr Raa is systematically
1.2 | - nigher
= R I > High-pr JAp suppressed in
ool I central collisions
0.6 1 < Models of Zhao et al. and Liu et al.:
04 “[o] | direct])/y production with color
@] screening + recombination
00 B0 700 150 200 250 300 350 Zhao et al.: + J/y formation time
o ko by H s ooy oeasos N effect and B-meson feed-down

part

STAR high-pr : Phys. Lett. B 722 (2013) 55
STAR low-pr : Phys. Rev. C 90 (2014) 24906

> Both models (zhao et al., Liu et al.) describe
the data well at low pr
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JJwR,, in Au+Au 200 GeV

18 | | | | | | |
A+A — Jiy+X @ STAR Au+Au v/ Suppression increases with
1.6—\/5—_200 Goy ® STAR(p >5GeVic) - lisi tralit
NN = 0 PHENIX'Au+Au (Jy|<0.35) Collision centrality
1.4k Z.hao, Rapp (p_ > 5 GeV/c) . . _
------ Liu etal. (b, >5 Gevic) v High-pr Raa is systematically
nigher

I > High-pr )/ suppressed in
central collisions

* Models of Zhao et al. and Liu et al.:
direct J/y production with color
screening + recombination

= | I I I | | = . .
| % 50 100 150 200 250 300 350 Zhao et al.: + J/y formation time
Y.Liu et al., Nucl. Phys A 834 (2010) 317c N e.ﬂ:ect and B_meson feed'down

Zhao, Rapp, Phys. Rev. C 82 (2010) 064905 part

STAR high-pr : Phys. Lett. B 722 (2013) 55
STAR low-pr : Phys. Rev. C 90 (2014) 24906

> At high prLiu et al. model describes the data well,
while Zhao et. al model underpredicts the Raa
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Energy dependence of J/yR,,

g 2 [ IA IA T J/ T )l( T T T T T T T | T T T T T ] ﬁ 2 T T T T T | T T T T | ]
c SERAMANEAA A — — 200 GeV theoretical curve ] X - 0-60% Au + Au -
1.8 - " 200 GeV — 62. 4G G\?\tlhtheortetu.ial curve 1.8 - .
1.6 = 62.4 GeV Sncer st !',ca curve 1.6 o 200Gev = N__, uncertainty - =
~ = 39 GeV IZ pip uncer}am%y gg éG\?V - —1 gg.éG\?V p+p uncrzfaltnty ]
- +p uncertain e - ol .
1.4 ] B+B 200 GeV(statistics) 1.4 - W 62.4 GeV = €¥'p T p unceriainty B
1 2 :_ _: 1 2 — ¥ 39 GeV STAR Preliminary 7
- STAR Preliminary - - B -
1 — 1= —
0.8 4 0.8[F I =
0.6[ > 1 o8f; & % i ; [ -
041 - oA—£ . .
0.2 - 0.2 =
0 - ! ! | ] ] ! ! | ] ! ! ] | ] ] ] ] 0 il 1 L | | ] ] ] | -

0 100 200 300 408 0 5 10
theoretical calculation: X. Zhao, R. Rapp, Phys. Rev. C 82 (2010) 064905 part P (GeVic)

CEM: R. E. Nelson, R. Vogt and A. D. Frawley, Phys. Rev. C 87, 014908 (2013).

v/ Suppression observed for all energies: 200, 62.4 and 39 GeV,
similar trend in p,

> No strong energy dependence of J/y Raa within uncertainties

> Data agrees with the prediction of the two-component model

* p+p reference for 62.4 and 39 GeV data from Color Evaporation
Model (CEM) - large theoretical uncertainties
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J/win U+U 193 GeV

* Higher energy density can be reached In
U+U collisions, at the same centrality

1-8"'I""I""I"I""I""I""I_'
xm 1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

U_u:||||||||||||||||||||||||||||||_|
0 10 20 30 40 50 60 70

Centrality [%]
Kikola, Odyniec, Vogt, Phys. Rev. C 84, 054907

Audu

Oblate

Uu
ey /€
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AL AL AR L AL A L
.
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e
]
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| NN~

-

-t
S,
(3]

=

Counts

= 0-80% MB
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L
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T T TTI II|

-t
<
o

— 200 GeV Au+Au

2
Bd N/(Erc ppoT
o
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— 193 GeV U+U

T IIIIIII|
i —o

-
<
[
o
Y .

" L L | 1 ] ! | 1 1 L | ]
o 200 200 600 R g
uncorrected dN_, /dn p, [GeV/c]
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J/yin U+U 193 GeV

2
< L
< -
o - A+A—>J/\.|!+X Zhao-R 2 . . "
1.8 — Zhao-Rapp 200 GeV
— m Au+Au 200 GeV — — Zhao-Rapp 62.4 GeV v S|m||ar SUppFESSIOn pattern
1.6 SETEY Zhao-Rapp 39 GeV .
E - AU+AU 62.4 GeV \:l Ncoll uncertainties I n U + U a n d Au +Au
U m RSO o b 39 GeV uncertainy collisions, similar p_trend
- o p+p eV uncertainty
12— ® U+U193 GeV MinBias [ p+p 200 GeV stat. uncert. ! pT
R (p+p reference from 200 GeV)
0.8 H
0.6 \
VA S — 22
- T - B 0-80% MB U+U
0.2 imi —
n STAR Preliminary 2: ®  0-60% HT UsU
_I|||||||||||||||||||||||||||||||||||||||||| -— -AN°
% 50 100 150 200 250 300 350 400 1.8~ STAR Preliminary *  0-60% AurAu, PLB 772
Npart 1.6F- ¢  0-60% Au+Au, ArXiv:1310.3563
1.4 .
<1.2—
< L m
o | T hy SRR, R i Cl.... I
0.8 L
0.6F é 0y 3
0.4 é p+p syst uncertainty
0.2 :_ Cpp uncerainty
E B N, uncertainty
O-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 7 8 9 10

4 5 6
P, [GeV/c]
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Yin d+Au 200 GeV, CNM effects

200

180

120

100

Y(1S+2S+3S), B,.. xdo/dy (pb)

80

60

40

20

160/

140—

5 -2 15 -1 05 0 05 1 15 2 25
Phys. Lett. B 735 (2014) 127 y.

-~ STAR (a)
| \SNN =200 GeV
L Y(1S+2S+3S) — I

R. Vogt
~ STAR PHENIX NLO pQCD CEM
Y PP ¢ rp i PP
- @ dAu/1000 () dAu/1000 i dAu / 1000

= 2 T T | T T | I'TTT1 | T 1T | T T | T T | IT'TTIT | T 1T T T T TTT
=L - -
E . </ STARR,, (1S+2S+3S) (b)
g 1.8~ STAR p+p Syst. Uncertainty -
o L “— PHENIX ]
1.6~ .\ Shadowing, EPS09 (Vogt) —
9_7 ~ —— Energy Loss (Arleo, Peigne€) ]
= 1.4 Energy Loss + EPS09 —
1.2 N\ —

- ¥\\\\\\\ \\\\\\\\ )
* S N
03 X\ i "H\ —
\ \-
osb ¢ —
§ —— -
0.4 —
_I 111 | L1 11 | L 111 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | 111 I_
25 -2 15 1 05 0 05 1 15 2 y2.5

T

v Agreement with models except y~0

> Suppression at y~0, in addition to shadowing and initial
state parton energy loss

(Y - predicted negligible co-mover absorption and recombination)

March 9, 2015
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IR,, iIn Aut+Au 200 GeV

M

=L _l_ LILELEL I LILELL I L L L | | I | L | | I I | U I

o

< - (@ 3
n:ﬂ: 1.8— @ STAR Au+Au O STAR Au+Au, Centrality Integrated —_
a 16— [ STARd+Au Strickland-Bazow Model ]
(ap ] I I ]

+ C ©% pip Stat.+FitUncertainty i@ Emerick-Zhao-Rapp Model =

m 1 .4 __ ............................ —_
C_E — - Common Normalization Syst. i
(7)) 1.2— ]
F f—
e’ —
= 1

0.8

0.6

0.4

.= STAR Y(1S+2S+3S)

=]
ﬂ—l-llllll|||||||

Phys. Lett. B 735 (2014) 127

\'Syn = 200 GeV |yr|<1.0
11 1 1 I 1 1 1 1 I 11 | | | | | L1 | 11 | | | | | | | | 1 1 1| | | | | |
50 100 150 200 250 300 350 400
Npart

Strickland-Bazow Model
(Nucl. Phys. A879, 25 (2012)):
428 < T < 442 MeV,
Internal energy potential

Emerick-Zhao-Rapp Model

(Eur. Phys. | A48, 72 (2012)).
CNM effects included,
strong binding scenario

v Suppression increases with collision centrality

v/ Strong suppression in central collisions

>  Agreement with models that include presence of QGP
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rin U+U 193 GeV

N

% _L L | L | [ | [ I | L | L | Tl | L B
g 1.8 :— @ STAR Au+Au ()  STAR Au+Au, Centrality Integrated —:
E - Q STAR U+U, Cent. Integrated, Prelim —
gg 1.6 :_ ’ STAR U+U (prelim) Z Strickland-Bazow Model _:
+ — ) ] i Emerick-Zhao-Rapp Model -
o) 1.4 i p+p Stat.+Fit Uncertainty STAR limi —
“r L - Common Normalization Syst. preliminary _
(/)] 1.2 — —
; : B
— 1
0.8F -
0.6 =
0.4 —
- STAR Y(1S+2S+3S) -
021 5,y = 200 GeV ly I<1.0 '
R | | | | yY | =
% 50 100 150 200 250 300 350 400
STAR Au+Au: Phys. Lett. B 735 (2014) 127 Npart

v The same trend in Au+Au and U+U collisions
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Suppression of I states in Au+Au

2-5 T T 1

@ STAR Au+Au O STAR Au+Au, Centrality Integ(r:zed - ‘/ S u p p re S S i O n Of Y(1 S) i n C e n t ra I

g 2o
= : P . .
@ 2 W sTRdm Strickand-Bazow Model collisions consistent with model
"E‘ L p+p Stat.+Fit Uncertainty Liu-Chen Model ] " .
: -Common Normalization Syst. : predICtlonS
1.5 — . _
- + 1+ Liu et al. Model - suppression
B S ST + mostly due to dissociation of the
+ < + - excited states (CNM effects not
0.5 E iIncluded)
- STAR Y(1S) i
:I\/qﬂl=200IGeV T ||)r'f,|,<-ll'|0, » .: I:i:"{IE 12 STAR Inclusive Quarkonium Measurements
% 50 100 150 200 250 300 350 400 ~ Au+Au, |s,, =200 GeV, |y|<1
Phys. Lett. B 735 (2014) 127 Noart ]
S-B Model:Nucl. Phys. A879, 25 (2012) —
Liu-Chen Model: Phys. Lett. B697 (2011) 32 i
. s 0.8—
- Central collisions - L
: : 0.6 — Jy, p_>5 GeV/c 1 3)
» Indication of complete - 0-10% Centrality | Cantrality
Y(25+3S) suppression 0.4
- Y(25+38), 95% limit
» Suppression of Y(1S) similar o2 L 0-60% Centrality
tOhlgh-pTJ/W 0:...|...|...|...|...|...|...
0 0.2 0.4 0.6 0.8 .1 . 1.2 1.4
Phys. Lett. B 735 (2014) 127 Binding Energy (GeV)
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_Upgrades gy installed and take data since 2014 STAR
Muon Telescope Detector (MTD) » Acceptance: 45%at

Precision quarkonium |TPC| |TOF| EMC magnet| |MTD| [n| < 0.5

measurements via di-yg channe AR » Multi-gap Resistive
— \ Plate Chamber
(MRPC) - gas detector

~ Long-MRPCs

u advantages over e:
* No y conversion
* Much less Dalitz decay

contribution ¥ 300 off PR
* Less affected by radiative ! BN ngg o et —
energy loses in the s o wa Wb ° o
detector material
Heavy Flavor Ti racker (HFT) S e o

Inner tracking system with 3
sub-systems

IST at 14 cm

3 = e,
- B o e
= v ==
. | - 1
= e

| Precise pointing resolution
B—]/p +X

Separate prompt J/{ production from
non-prompt one, from B decays

PXL at 2.9
and 8.2 cm

SSD at 22 cm P
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Summary

> No strong energy dependence of J/1p suppression in Au+ Au’ s
200, 62.4, 39 GeV

> Similar J/Ap and Y suppression in Au+Au and U+U
> Y and high-pr JAp suppressed in central Au+Au 200 GeV

> Indication for complete Y'(2S) and Y (3S) suppression in
central collisions

> Signals of the QGP presence

»HFT and MTD since 2014 — significant improvement of
quarkonium measurements

This work was supported by the European social fund within the
framework of realizing the project ,,Support of inter-sectoral
mobility and quality enhancement of research teams at Czech pubc eumorean von T30 2 5

Technical University in Prague*, CZ.1.07/2.3.00/30.0034. PESTHIENTS IV ERHCATION DEVEFOPMERT
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Thank you !
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Quarkonia Measurements

Jy

> p+p, vs = 500 GeV, and y(2S)
» Aut+Au, vs, = 200, 62.4, 39 GeV

> U+U, vs,, = 193 GeV

Upsilon
> p+p, vs = 200 GeV
> d+Au, vs,, = 200 GeV
» Au+Au, vs,, = 200 GeV
> U+U, vs,,, = 193 GeV
> Y(1S) at ¥s,, = 200 GeV
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J/w polarization in p+p 200 GeV

':D.I_ """"" I L L quarkonium
< 0 BE p+p — J/y+X %  STAR data, |y|<1 E rest frame
) E \{g =~ 200 GEV ® PHENIX datag WI":OSE E production e
0-6 - |Y|‘=1 I:l COM — plane \
- e m  CSM - direct NLO* =
0.4 K] CSM - direct NLO" + approx._ . v
2aE 02F 5 oxsRinns %’0’0‘0’0’0’###-@00 e
= g - ?A’“"”"‘?"" ";L“A’A’A‘;‘i"_'i**’# :*;’i"s”"”‘."‘ -
282 OF KRSttt E MO IR < 030K
NS w - 23R MPRIEEIIEHRIBE R H RIS ISR L& istribution i
2885 0o SRS R I R X X 8% The angular distribution integrated
08af T R ERERSERISRIIIET R RR KIS the azimuthal angle:
ot ERIIEEEEEIIIIIETL LR OVer the azimuthal angle.
-583 -0.4 Nalan O O - 8 0a%%a%% % % 0 20 Y e 5
GE3E% peE ~ 3 W(cosf) o< 1 + Agcos“6
fe:8 T E —-0.16*p_+0.18 | .
s8> - . T - _ : >
£22: -0.8f helicity frame indf: 1.5/4 L 3  Ae— polarization parameter
TOW0n c B - - ] . . . .
o OO ®© _10 1 1 -Il 'EE T I 2| L1 1 1 3' 'S TR TN T R TR T B 5' 6 KB — —1— longltUdlnal pOlarlzatlon
STAR: arxiv: 1311.1621 p. (GeV/c) Ao = 1 - transverse polarization

v Polarization parameter Asis measured in the helicity
frame at |y| < 1and 2 < pr < 6 GeV/c

»> RHIC data indicate trend towards longitudinal
polarization with increasing pr

»> The result is consistent with NLO* CSM

32
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J/wv BES results

— 10 —
;q; - STAR Preliminary O 200 GeV - . . .
> i =s2cev | v Larger invariant yields at
S .
= 10°F 3 - % 39GeV larger center-of-mass energy
- = o .
E—l_ - = i
'E'l_ 10° 3 = * _ E
:E" E E :*3 E "@ 2.5_ | L E— L N L ]
o i =4 | nﬂ — O 200 GeV m 40-60% Ncall UI"ICEI'tEiI"I‘Iy -
w107 7] ER © m 62.4.Gev =1 0.509% -
- i 1 T 2 % 39Gev “ o ~
B i E B STAR Preliminary i
108 b v 1 v E B ]
0 1 2 3 4 5 & 15 o
p_ (GeV/c) g B i
n:& T N A ES ]
v Similar R, in 62.4 and : :
200 GeV collisions 0.5 20.40% oo -
L i 40-60% 40-60% i
v/ Large uncertainties of ] S
4
39 GeV result Noart

* Reference: 40-60% centrality
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A !
'aég ‘
12 olfA™ scaiing f% g

0.8 Y (1S)
0.7
- O E7721S (pA), |5y, = 40 GeV, 0<y<1.05
0.6~ [ | E7722543S (pA), |5, = 40 GeV, O<y<1.05
E '7STAR 1S (dAu), |/, = 200 GeV, |y|<1.0
0-5 ] | L1 1 11 | | ] ] L 1 1 11 | ] ]
2 10 102

Mass Number (A)

« Similar suppression seen at E772

* Better understanding of
CNM effects needed
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Heavy Flavor Tracker (HFT)

* Inner tracking system
i with 3 sub-systems
Ls= _° Direct topological

$ reconstruction of a
decay vertex

IST at 14 cm

PXL at 2.9
and 8.2 cm

-
-

P t N
CETOMPH . P My
. . . prl pr
Precise pointing resolution ;UE
B—]/p +X ‘g“‘z? . J/v from B

Separate prompt J/{ production from °F -

non-prompt one, from B decays =0 N R . ;ﬂ uthilh
-0.2 0.1 0 0.1 0.2 0.3 0.4 0.5

“pseudo-ct (cm)

Fully installed and takes data since 2014
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Muon Telescope Detector (MTD)

Precision quarkonium measurements via di-pg channel

u advantages over e: Acceptance: 45% at |n| <0.5
- No y conversion TPC| | TOF | |EMC | mag“'“] o

* Much less Dalitz decay contribution

* Less affected by radiative loses In
the detector material

* Multi-gap Resistive §gbaeg’

L160 Y ouY Plate Chamber
S 140 £ 0<p, <5 GeVie 15425435
Umi— C o (MRPC) - gas
ot * detector
ok « Long-MRPCs
og; Y "'-m T 08 ‘11 - STAR Muon Telescope Detector —
w” Invariant mass (GeV/c?) & i _Y projection "™ oowlomamnhehs| 4l 600 oe 20 i, 0:20% .
simulations: o 1.2+ Soin pin 09 -
> Excellent mass T < + ¢ oo . q] + [+ s -
resolution ‘+ iy ‘k boegd Cal [B B
> Trigger capability for "t a4t 1 } H_:
low and high prJ/y in + ’ + + i + B o2 1 . Jy

central Au+Au B e e L I '(Ge\',,c) 7 8 9 10
Fully installed and takes Jata since 2014
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