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Charmonia at RHIC - Motivation

v/ Charmonia suppression in QGP in heavy-ion
collisions due to color screening

v/ Suppression of different states is determinate by Tc
and their binding energy - QGP thermometer

T;Tf-;-« 1/{r) [fm1]

Screening radius:
2| Y1) ro(T) < 1/T
— | %,(1P) dFei T =12T, d=F iy
The QGP L.2/m| 3/w(15) Y'(25) [I] D]]] I I:[I: o i
Thermometer VI Y X YX] v Y XY Y
ermomete T, |Bl %2P) Y'(35) S | |
x1P) w(@s) Quarkonia spectral lines as

thermometer

H.Satz, Nucll. Phys. A 783, 249
(2007)

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

/  But there are more complications:

< Still unknown production mechanism in elementary
collisions - measure pr spectra and polarization

~  Feed-down
> prompt J/y production:
> direct J/y (~60%)
> feed down from g’ (~10%) and xc (~30%) decays

> non-prompt: B-mesons feed-down (10-25% at 4-12 GeV/c, STAR,
Phys. Lett. B722 (2013) 55)

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

«  Other Hot Nuclear O.O.O.. O .O O
Matter effects - Bl — 000eC _,. @d&XEO
recombination, ... recombination &
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- How to disentangle color screening
m" - vs CNM effect vs recombination
> Energy dependence of the J/y

production - varying relative  1s AuAu (00 A GeV 035 0-20% -

. . L6 pnm w/ltetBfd — - - primordial w/fte -
contributions . — regeneration  ++ =+ Nuc. Abs.

LA total - = = Nuc. Abs. w/fte

. .2 yrimordial O PHENIX 7

> High-pr J/y - almost not - A N S o

affected by CNM effects and — °f ey 000 :

. . (.6 - T =

recombination [,_4%11%——1 —— - 1

STAR high-pr signal: R N

o 1 2 3 4 5 o6 7 & 9 10

pp 200 GeV P, (GeV) X Zhaoand R. Rapp, PRC82, 064905
& 301
Q| Bepiatek Au+Au 200 GeV R, L N,
> 251 a0 T - AN dN|ldy
s © - (a) unlike-sign pairs coll Y p+p
o 20r + E Eﬂﬂﬁ o 3<p_<5 GeV/c
= | S 70 4 4 e 5<p <10 GeVic
E ol + N bgckgrnund
R T nmsonn) - Measure J/y prspectra,
ot Ttn 1L § 00| Raa, polarization, elliptic
2628 3 3.2 343638 4 200
M. (ee) (GeV/c?) 100 - k... ﬂ ow ...
EEEB 3 32343638 gf
Phys. Lett. B 722 (2013) 55 M (ee) (GeV/cT)
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STAR EXPERIMENT, PID

JJu—e' e (BR5.9%)

Solenoidal Tracker At RHIC : -1< nN<1,0<dp<2n
@ [_ Barrel E]:cn'Magncﬁc Calorimeter _J

'1"1 i l\ \/T Tll‘ﬂEOfF]lg]lt ]

lﬂ’ll [ o G ]
THAEAN 10 ik !M\‘ﬂ" B

| Time Pmy:ctu:ln Chamber

A

v Large acceptance:

*Inl <1, 0<o<2n
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STAR EXPERIMENT, PID

J/y - e e (BR 5.9%)

Sﬂlenoidal Tracker At RHIC -1k <1,0<p<2m
(“Magoor ) [ Buarrel Ekdegm Coalorimeter |
\\\I‘.!ilﬁ\!unﬁ-"" T [1 Bean Bean Couer |

".'- pr——p—

v Large acceptance:
In] < 1,0 <@ < 2nm

v TPC
- Tracking: pr, N, ¢

* dE/dx: PID

Momentum (GeV/c)

** % =< O
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STAR EXPERIMENT, PID

+ -
J/Jw>e e (BR 5.9%)

Solenoidal Tracker At RHIC : -1< nN<1,0<dp<2n

Barrel ElecroM agnetic Calorimeter |
M [ — J
IR s v Large acceptance:

| Time ijccliun Chamber

‘Inl <1, 0< ¢ <2n

v TPC
- Tracking: pr, N, @
- dE/dx: PID

v  TOF
* Timing resolution < 100 ps

* 1/B: PID
Momentum {Gev/c)
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STAR EXPERIMENT, PID

+ -
J/Jw>e e (BR 5.9%)

3 v Large acceptance:
o Auz00Gev ] cn|<1,0<¢<2m

"/ 1 v TPC
ﬂ ] - Tracking: pr, N, ¢
- dE/dx: PID

" TOF /B - 11 <0.03

‘I 1 1 IIIIIII 1 | | | 1 IIIIIII 1 | |

0.3 1 5 03 1 5 o
mmMOmentum f?ﬁ.\ﬂﬂ | e I [ 0] o
R R k . - Timing resolution < 100 ps

el L)

Al

dE/d -

. 1/B: PID

Momentum {Gev/c)
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STAR EXPERIMENT, PID

o S

200 GeV

+ -
J/Jw>e e (BR 5.9%)

0.3

1

_Momentur
. _' .':"._ B

|_1.-

4000
5
3000}

2000

mnu-:-

0 02 04 06 0.8

2
Momentum {Gev/c)

1

1.2 14 16 18

—+1.0<nas, <15
—+ Gaus + Expo

2 22 24
Elp

Large acceptance:

‘Inl <1, 0< ¢ <21

TPC

- Tracking: pr, N, @
-dE/dx: PID

TOF

- Timing resolution < 100 ps
-1/B: PID

BEMC

*Tower An x Agp = 0.05 x 0.05
*Energy: E/p ~ 1 (for electrons)

PID

- Trigger
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STAR EXPERIMENT, PID

+ -
J/Jw>e e (BR 5.9%)

. v Large acceptance:
= < <2m ‘Inl <1,0< ¢ <21
O 5
E, Y TPC
g 4 Au 200 GeV | - Tracking: pr, N, @
iy - 1 - dE/dx: PID
- | B { v TOF
! EESNIN | : I - Timing resolution < 100 ps
;E_ L ¥ E— 5 " ;”""‘”GEW“ 1 -1/B: PID
L. - [’_g’!_gentur sooo- : !
T e : 17 BEMC
4k m? : ' ;]F - Tower An x Ag = 0.05 x 0.05
_ L "'ﬂﬂ';- ’ *Energy: E/p ~ 1 (for electrons)
- : | PID
2 | I:IIII 02 04 06 08 1 12 14 16 18 2 22 24 u
T Elp - Trigger
Excellentb el&nmentum (GeVic)
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J/w spectra in p+p collisions
at 200 GeV

p+p — Jy+X, Vs =200 GeV
® STAR 2009 EMC

v STAR 2009 MB

——.mwﬁm*:w’m%»ﬂ@‘%ﬂk“‘j&m x RS

v prompt NLO CS5+CO
model describes the data
for pr > 4 GeV/c

| 3 ﬁﬁ

N
2
>
A
N
o
o
&)
Qo
)
o
>
|

o PHENIX 2006
STAR Preliminary

v prompt CEM model can
reasonably well describe
the pr spectra
(overpredicts the data at
pr ~ 3 GeV/c)

—
=
o
BRI

104L Inclusive J/y
production

v direct NNLO* CS model
misses high-pr part

Bd’s/(2np_dp._dy) [nb/(GeV/c)’]
S

} IIJII| | IIIIIII| | IIIIIII| | IIIIIII| L Ll

[ ldirect NNLO* CS

----direct NLO CS+CO
— prompt NLO CS+CO * J/y pr range extended to

|III|III|III|III|III|III|I 0-14GeV/C

¢ 2 4 6 8 10 12 14 .,  gTAR results consistent

P, (GeVic) with the PHENIX result
STAR EMC : Phys. Lett. B 722 (2013) 55

STAR MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543
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STAR 2005&2006: Phys. Rev. C80, 041902(R) (2009)
PHENIX: Phys. Rev. D 85, 092004 (2012)
direct NNLO CS: P.Artoisenet et al., Phys. Rev. Lett. 101, 152001 (2008) and

J.P.Lansberg private communication

communication
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. J/y polariz

ﬁSCr/m/nation power between different
J/w production models at high-pr
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D

ation in p+p collisions
at 200 GeV

PHENIX: Phys. Rev. D 82, 012001
(2010)

COM: Phys. Rev. D 81, 014020 (2010)
CSM NLO*: Phys. Lett. B, 695, 149
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(2011) and private communication

STAR:
arxiv: 1311.1621

oh

1

2

3

5 6
P, (GeV/c)

Polarization parameter A¢is measured in helicity frame at |y| < 1
and 2 < pr < 6 GeV/c

v

Increasing pr
v/ The result is consistent with NLO+* CSM

RHIC data indicate trend towards longitudinal polarization with
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_ J/w polariz

‘bm;scr/h";nation power between different
J/w production models at high-pr

D

2011 500 GeV data can
help improve precision of
polarization measurement

and permit analysis of the

full angular distribution

~1.8 pblvs ~22 pb

1

ation in p+p collisions
at 200 GeV

(2010)
COM: Phys.

PHENIX: Phys. Rev. D 82, 012001

Rev. D 81, 014020 (2010)

CSM NLO*: Phys. Lett. B, 695, 149

(2011) and
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Polarization parameter A¢is measured in helicity frame at |y| < 1
and 2 < pr < 6 GeV/c

v
Increasing pr

v/ The result is consistent with NLO+* CSM

RHIC data indicate trend towards longitudinal polarization with
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J/w v2 in semi-central Au+Au

collisions at 200 GeV

Phys. Rev Lett. 111
(2013) 52301

- Au+Au 200 GeV l

- i

: 'H% ++ i

-t

- e 0-10%

- B 10-40 %

— 4 40-80 % maximum non-flow

T ) | ! ! ! ! | ! ) ) | ! ! !

0 2 6 8 10
P, (GeV/c)

initially produced [31]
coalescence from thermalized cc [32]
initial + coalescence [34]

— = jnitial + coalescence [35]
— — — hydrodynamic [36]
1 1 1 I 1 1 1 I 1 1 1 I

2 4 6 8 10
p, (GeV/c)

[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
[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)

v J/@ vz Is consistent with zero at pr > 2 GeV/c

* disfavors the case that J/p with pr > 2 GeV/c are produced
dominantly by coalescence from thermalized (anti-)charm
quarks

19 December

2013

~—
* o
Pl
* *
**
* ok
| in the MINISTRY OF EDUCATION
i EAN UNION YOUTH AND SPORTS
I \TION DEVELOPMEN

cepd;
im .
iri
L1 .

H



J/w pr spectra in Au+Au
collisions at 200 GeV

10° (b) 20-40% v At low pr J/y spectra
S softer than the TBW
O 107 . . .
S e prediction from light
5 00 hadron
g Blast Wave
—~"°"F mesTARAL+AL - - - Prediction small radial flow ?
o 10" PHENIX Au+Au — Fit (B=0) C
© } : I i . .
> s - % recombination at low
T_10 (c) 40-60% > 0 ?
A (A"
Q 10° g P ’
1 3
& 107 42
— 8 10" &
g 1 102
2 10°] _®4 .2 J/yprrange extended to
-10 NASTAR Cu+Cu o
O em-200Gev § #STARpip ' * 1wt  0-10 GeV/a
oy OPHENXWP ___F10%%,
0 2 4 6 8 G V/ ) 8 10 —
P eV/c
T
Tallis BlastWave model STAR high-pr : Phys. Lett. B 722 (2013) 55
Z. Tangg, L. Yi, L. )F/{u.an, M. Shao, H. Chen, et al,, STAR IOW—pT : arxiv:1310.3563
PHENIX Py Row. Lot o8 (3009 232301 STAR high-pr Cu+Cu : Phys. Rev. C 80 (2009) 041902
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0.14}| (a) 0-60%
Au+Au 200 GeV

v Viscous hydrodynamics

* prediction for two J/y decoupling
temperatures: T = 120 MeV and
T =165 MeV

Fails to describe the low-pr J/y
yield (< 2 GeV/c) and J/y
elliptic flow at pr > 2 GeV/c

Q.
<) .
O 0. - {E} 20-40% | (d) 40-60% | -
E 00? ....|nitia| / L’u etl all
& 0.06 [ -- Regeneration ] :
M 0.05F + = Initial+Regen. 1 ¢ J/w suppression due to color
s\ == Hydro T=120 MeV : e
0.04 H: T -.-Hydro T=165MeV - screening + statistical
0.03 regeneration + B-meson
0.02 feed-down + formation-time
0.01 effects
% 10

Describes the pr spectrum

8
p.. (
communication STAR hlgh'pT . PhyS Lett. B 722 (2013) 55

Liu et. all: Y. Liu,Z. Qu, N. Xu, and P. Zhuang, STAR |0W_p.|. -arxiv:1310.3563
Phys. Lett. B 678 (2009) 72

Hydro: U. W. Heinz and C. Shen (2011), private
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e g " 4 Wiy X
B T AR RS AU R R
¥ 3

J/L|J Raa VS prin Au+Au collisions

at 200 GeV

1.8
1.6F
1.41
1.2F

0.8F

0.6}

0.4F
<0.2}
<

Zhao, Rapp (a) 0-60%

--Liu et al.

| B

;

TOe STAR
T O PHENIX

(b) 0-20%

0C 18}
16}
1.4
1.2

1

0.8

0.6

0.4

02}

-
"
‘i
-

Au+Au 200 GeV

6 8 2 4

P, (GeV/c)

Y.Liu et al., Phys. Lett. B, 678 (2009) 72

Zhao, Rapp, Phys. Rev. C 82 (2010) 064905
PHENIX: Phys. Rev. Lett. 98 (2007) 232301

STAR high-pr :

6 8

10

Phys. Lett. B 722 (2013) 55

STAR low-pr : arxiv:1310.3563

v/ J/g suppression decreases with
Increasing pr across the
centrality range

Strong suppression at low pr
( < 3 GeV/c) for all centralities

At high-pr:
* suppression for central collisions

* Raa consistent with unity in
(semi-)peripheral collisions

Data agrees with theoretical
calculations

* color screening + statistical
regeneration

 Zhao et. al: +
formation-time effect and
B-hadron feed-down
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al

. J/w Raa VS Npart in Au+Au collisions

200 GeV

AtA > Jly+X O
|'Syn = 200 GeV

STAR (p.>5Gevi) | Y Suppression increases
BHEN AdrAu (Iy1<0.35) with collision centrality
E::.f{;épp | v High-pr Raa is

I systematically higher

v High-pt J/y suppressed in
central collisions

* QGP effects ?

Y.Liu et al., Phys. Lett. B, 678 (2009) 72
Zhao, Rapp, Phys. Rev. C 82 (2010) 064905
PHENIX: Phys. Rev. Lett. 98 (2007) 232301

0 50 100 150 200 250 300 350

N

part

v Both models describe the
data well at low pr

STAR high-pr : Phys. Lett. B 722 (2013) 55
STAR low-pr: arxiv:1310.3563
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N ;AL:?N ’!:F-‘I'{;’ o
ARG e
PAREA 1 s
= R ».zf! -
7 = =
7 sl ',,",;/ Ao

40-60% 30-40% 20-30% 10-20% 0-10%
18F I | | | | 1
. (a) 1 ® STAR
16k P, >5 GeV/c * STAR Cu+Cu i
| o PHENIX {p >0)
14k X 200 GeV Au+Au O STAR |
] —e— Model |, Litt et al. 4
12F -v=— Model II,thx{;- et al._
v
o [2]
0.2 - 4
ol AP R B EFEFEE EPEE BT P
50 100 150 200 250 300 350
Npart V4

Y.Liu et al., Nucl. Phys A 834 (2010) 317c
Zhao, Rapp, Phys. Rev. C 82 (2010) 064905
PHENIX: Phys. Rev. Lett. 98 (2007) 232301

STAR high-pr : Phys. Lett. B 722 (2013) 55
STAR low-pr: arxiv:1310.3563

at 200 GeV

Suppression increases
with collision centrality

High-pr Raa IS
systematically higher

High-pr J/p suppressed in
central collisions

* QOGP effects ?

Both models describe the
data well at low pr

At high prLiu et al. model
describes the data well,
while Zhao et. al model
underpredicts the Raa

19 December 20
2013




theoretical calculation: X. Zhao, R. Rapp, Phys. Rev. C 82
(2010) 064905

NeW measuremen tS at 62.4 and 39 Gev CEM: R. E. Nelson, R. Vogt and A. D. Frawley, Phys. Rev. C

87, 014908 (2013).

m& - STAR Plrulilmillmrjlv o é [ ' ' ' [
n 200GeV o STAR Prefiminary P .
o 62GeVMB STAR Preliminary 0-60% Au + Au
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v/ Suppression of J/y at 62.4 and 39 GeV - no strong energy
dependence of J/y Raa

v 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

* Kk = B -
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4 Non- spherical nucleus - higher initial energy density
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MU’Itl-gap Resistive Plate *  No y conversion
Chamber (MRPC) - gas detector ' Much less Dalitz decay
Acceptance: 45% at |n| < 0.5 SR B T contribution
Long-MRPCs gm A Less affected by radiative
Electronics same as in STAR *‘In.: 5 looses In the materials
(SR He Eal mevem -

NS ﬁgr" S ::_ 8.9 pb”' pp equiv. - hackground

:
e

uri invariant mass (GeVic®)

With HFT, B-J/y + X decays possible to study e Excellent mass resolution
1 PO0P 1. E AR G20 :{E: s -+« Trigger capability for low
| o | 1 and high pr J/p in central
208 R | L || Au+Au
N - LT |
oz Jhy o Yy Full system in 2014
R R -
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Heavy Flavor Tracker (HFT)

E_U
: . P + || [T
Non-prompt J/{: B—=J/¢ + X i
T
“1":""="-m-._,:,_r_ﬁ ; . DCA ﬁa‘P{\ E

oS (O .| Hit Resolution "
Detector Radius R/ - Z (um - Radiation
(cm) length
um)
SSD 22 20 /740 1% X,
IST 14 170 /1800 <1.5 %X,
8 12/12 ~0.4 %X,
PIXEL 2.7 12/12 0.4% X
. : ~U.4%0
Full system 1n 2014 0
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Summary

* NLO CS5+4+CO and CEM models describe J/y pr spectrum in
p+p, polarization consistent with NLO+ CSM

«]/y v2 measurement disfavors the case when J/y is
produced dominantly by coalescence from thermalized
(anti-)charm quarks for pr > 2 GeV/c

/g suppression in Au+Au increases with centrality and
decreases with pr - at high pr suppression for central
collisions

«Similar J/y suppression at 200, 62.4 and 39 GeV

Czech Technical University in Prague

Faculty of Nuclear Science and Physical Engineering
Project ,, Support of inter-sectoral mobility and quality enhancement of research teams at Czech Technical University in Prague “
CZ.1.07/2.3.00/30.0034
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Thank you !
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Backup
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J/Jw-hadron correlations in p+p
collisions at 200 GeV

Phys. Lett. B 722 (2013) 55

B - j/l|l feed-down

= | e STAR2009 (c)
Model based extraction > [ O STARPRCE0
using PYTHIA >0.3F — FONLL+CEM
16T T T T a -
d-l:l*:p ‘:ED ,{_ = -3.“! E -
1.410-5<P7 ] 5,0_2:_ o
| STAR Preliminary ~ - —
12 PYTHIA | = f
| PromptJiy = -
g LBy p O
T [ —Sum m .
Z | any -
EE-E_ 0.|.|.|.|.|.|.|2OOGeVp+p
z" | 123456 7 8 9101112
0.6 p_ (GeV/c)
0.4f- + + 1 v Extracted from near side J/y-h correlation
024 % ... 1 v B-hadron feed-down contribution of 10-25%
R at 4-12 GeV/c
ull = - I L - I I = I ] ]
10 1 2 3 4 v Result consistent with FONLL+CEM
calculation
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2 | T T | T

J/w Raa in d+Au collisions
at 200 GeV

T T | | 2 | T T l ]
1 gk ® STARIyl<i d+Au — JAp+X 1al ® STAR lyl<t d+Au — JAp+X
6 o PHENIX |}F|-=:ﬂ.35 \/Sun = 200 GeV 6 O E;Iggglilyl':ﬁgib) (minimum bias)
Jor- Jor- (] —
EPS09 +Uab5 (3 I'Tlh} .Ncuu ON abs
1.4 Eﬂﬂ-‘l 14— o stat —
PHENIX. |
Mp+p syst.
_1.2f 5 127 OpHENIX, m n
3 1 3 1 [i
o - i ! o T
0.8} 0 Eﬂl ‘% 0.8 |§| 4 =
|
0.6 — 0.6 —
0.4 | - 0.4 ,
STAR Preliminary STAR Preliminary
0.2} - 0.2 \/s,, =200 GeV
0 | | | | | | | | | 0 | | | | | |
0 2 4 6 8 10 12 14 16 18 0 1 2 3 4 5

E Eskola, H Paukkunenea and C Saleo, Nucl. Phys. A 830, 599 {2009)
R Vogt, Phyvs. Rev. C 81, 044903 ¢20110)

Neoi p_(GeV/c)
V' Measurement of J/¢ in d+Au collisions provides information on CNM eftects

v Good agreement with model predictions using EPS09 nPDF parametrization
for the shadmﬂng,, and J/ l|J nuclcar absorption cross section
dha]’f"\ = 2. 8 u (’n‘m‘) ,:H (ﬁ}s.f) L 1 ﬂ:f S09) mb obtained from a fit to the data

v STAR results consistent with PHENIX measurements
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i J/w Raa VS Npart in Au+Au collisions
at 200 GeV

40-60% 30-40% 20-30% 10-20% 0-10% 50-100% 40-50%30-40% 20-30% 10-20% 0-10%
1.8} | - | | | | I | | | | o
C @ | ® STAR | (b)
16 p_r-;.s GeV/c * STAR Cu+Cu | @STAR, 200 GeV Au+Au, |y|<1.0, pT:n-5 GeV/c 1
- 200 GeV AurAu | erarme P01 G CMS, 2.76 TeV Pb+Pb, |y|<2.4, 30>p,>6.5 GeVic
'n_

14r T —— Model |, Liueral. 1|

1ok —v— Model I, Zhao et al._| |¥| i
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v Higher Raa for STAR than CMS for all
centralities
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