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Color Screening

_' | ColoF Screen ing
0O 02 04 06 08 1 12 14 16 1.8 2 22
r [fm]
State J /W Xe V4 T Xb T’ X T’
Mass (GeV)  3.10 353 3.68 946 9.99 10.02 10.26 10.36
AE (GeV) 0.64 020 005 1.10 0.67 0.54 0.31 0.20
AM (GeV) 0.02 —0.03 003 0.06 -—-0.06 —0.06 —0.08 —0.07
ro (fm) 0.50 0.72 090 0.28 0.44 0.56 0.68 0.78
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QGP Thermometer

Xb >
Y(]S) [ ' ' > Ipc.gfrul functions at finite
; ~ temperature estimations
Y (25) > ~ from 35 papers
Y(3S) —=>
Xr: '=> E
, hydro models fitted o
Y’ = PHENIX thermal photon data
(assuming Tc=170MeV)
I/
hydro at RHIC I |
1 2 3 T T/1k

quarkonia is much more than a Q6P signature
*if color screening effect can be isolated quarkonia can be a
more direct gauge for QGP temperature

Cesar L. da Silva - RHIC/AGS Users Meeting 2013



J/Y Suppression in Au+Au

Competing effects:

-__:' + 1 3 ]' * 1 5 71 ] L ] T 1 T ] LB L) T ] L L) T L) l T T T T l L] T T L] l T T T L X w ,
1.4 initial-state Ul «
W 2004 Au+Au, lyl<0.35, global sys. =+ 12% P

effects in hadrons 7 feed-down

oy

1.2
® 2007 Au+Au, 1.2<lyl<2.2, global sys. ==+ 9.2%

‘lllllllllllllllllllllllllllll

0.8
0.6 H H
0.4 - ﬁﬂ [ﬂ ¢ B il Color
- LI ﬂ E coalescence, Screening
0.2 U % % regeneration
AR ] 300
Npart
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Isolating the color screening

Needs variation of:

»collision species to study the path length
dependency of the quarkonia suppression

*collision energy where some of the suppression
effects are reduced or enhanced

*rapidity which strongly depends on initial state
effects

Cesar L. da Silva - RHIC/AGS Users Meeting 2013
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RHIC ions — 6 species and 15 energies to date

238| J92+—238| J92+ - first time in 2012, 3 weeks physics
96.4 GeV/nucleon

197 Ay79+=197 A 79+
3.85,4.6,5.75, 9.8, 13.5, 19.5, 27.9, 31.2, 65.2, 100.0 GeV/nucleon
63Cy29+-197 Ay 79+ - first time in 2012, 5 weeks
99.9/100.0 GeV/nucleon
63C429+—63C 429+
11.2, 31.2, 100.0 GeV/nucleon
d_197Au79+
100.7/100.0 GeV/nucleon
pT-p?
31.2, 100.2, 204.9, 249.9, 254.9 GeV

Can collide any species from protons
(polarized) to uranium
— with each other or with another species

from Wolfram Fischer talk in Forward Physics at RHIC,BNL - 07-31-2012
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Integrated nucleon-pair luminosity Lyy [pb!]
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Heavy ion runs

2011 Au-Au I< 2010 Au-Au

2012 Cu-Au

Weeks in physics

2007 Au-Au
- 2008 d-Au
2012 U-U 2005 Cu-Cu
i 2004 Au-Au
2000 Au-Au
2003 d-Au
_ l ZQOI Au-{xu
0 2 4 6 8 10 12 14 16 18

20
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Integrated nucleon-pair luminosity Lyy [pb!]
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- 2008 d-Au
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2012 PHENIX Detector

PC3
PC3 Central
Magnet TEC

yl<0.35  Ad=2xTT/2

=We6L

1 9¢

PHENIX can measure
quarkonia from zero

Aerogel

momentum West Beam View East B
RPC3
R
Central Magnet
dilepton decays: J/¥ ,¥,Y
radiative decays: xc->e'e Yy _
74
ZDC South |3 ZDC North
MulD l MulD
12<lyl<2.2  Ad=2Tr ||“ - ||
5 4 South Side View North
I >

18.5m= 60 fi
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Solenoidal Tracker At RHIC : -1< N<1,0<p<2n
[\Barrel ElectroMagnetic Calorimeter J

[ Magnet 1
J

(/y Time Ot Flight J

[ Time Projection Chamber

(¢ Beam Beam Counter

J

Il
{
R
y
1 v , ‘
-—:7 . . <
x I osiMetcctgp J
v gl
v % A
% 21 N
(’/ ;I‘gj
: 4
/]
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p+p Collisions

Cesar L. da Silva - RHIC/AGS Users Meeting 2013
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Extended pr J/¥ Polarization

1
S° 'L p+p—> Jly +X, {5=200GeV ¥  STAR data, |y|<1
8 lyl<? T e  PHENIX data, |y|<0.35
0.6 COM
- <=uei= CSM - direct NLO'
04— ——— CSM -direct NLO + approx.
0.2 _ [fFeeddown
0
-0.2F
-0 .4 :— - W R e .
-0.6—
-0.8—

p (GeVIcfs
Big experimental and theoretical uncertainties.
No conclusion about charmonium formation mechanism from
polarization measurement

Cesar L. da Silva - RHIC/AGS Users Meeting 2013



d+Au Collisions

Cesar L. da Silva - RHIC/AGS Users Meeting 2013
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Probing the initial state

d+ Au \/SNN — 200GeV

2 I I T T T I T T I 2 | I I I I
1 gl ® STARIyl<1 d+Au — Jip+X  _ , gl © STARlyi<i d+Au — Jhp+X
o PHENIX lyl<0.35 \/Syn = 200 GeV ' o PHENIX lyl<0.35 (minimum bias)
1.6 — R
EPS09 +0.,_ (3 mb) — 1.6 — EPS09 +0,_ (3 mb)
1.4} Clp+p — 1.4~ Do
OPHENIX. ' p+p stat.
10k _ 1ok B p+p syst.
> 5 LJPHENIX.
g 3" mil b
=t —
0 P : o T S
0.8 T -} - 0.8 'E| %
: S— 0{) Q o H
0.6 —] 0.6 —
0.4 — 0.4
0.2~ - 0.2[~ \/syy =200 GeV
0 | | | | | | | | | 0 | | | | |
0 2 4 6 8 10 12 14 16 18 0 1 2 3 4 5
Neoi P, (GeV/c)

EPSQO9 + J/w breakup in hadronic matter qualitatively describes
Minimum Bias R4a, data

Cesar L. da Silva - RHIC/AGS Users Meeting 2013



Final-state effects in cold nuclear matter

Phys. Rev. C 87,034904 (2013) L I I B A B B B
Y- AN IR I I IULEM IR I I L LR 1__ i
[ m -2.2<y<-1.2 (8.3%) i & - .
S ly|<0.35 (7.8%) - ¢ 08 + ®
- & 1.2<y<2.2 (8.2%) H & 06 N (1 H‘—
SRR I .
e @ |:‘:| - Y 0.2_ ‘l f _—
1T 2 L I 2 " |
g | § “?.,_" 0 1 B d+Au 22<y<-12 |
| . 0.2 ® d+Au lyl<035  _
' O d+Au 1.2<y<22 -

oL~ v b b e LT T
—llllllllllllllllllllllllllllllllllllllllllll- 2 4 6 8 10 12 14 16
0 1 2 3 4 5 6 7 8 9 Neo

P, [GeV/c]

Significant Cronin effect

* Ryqa increasing with pris larger than what is expected from
shadowing/anti-shadowing

» result can explain the larger J/ ¥ Raa at high ptin A+A

Cesar L. da Silva - RHIC/AGS Users Meeting 2013 14


http://prc.aps.org/abstract/PRC/v87/i3/e034904
http://prc.aps.org/abstract/PRC/v87/i3/e034904

Final-state effects in cold nuclear matter

I ' "l [ | I
— oV — .
1.4: - Global Sys +27.8% . arXiv:1305.5516
- = J/y Phys.Rev.Lett. 107, 142301 (2011) T
1-2_ Global Sys + 14.6% -
Ao T [eemmeemeeem e -
3 ol o . -
-}mgO.B_ | ¢ . -
0.6 —
0.4 —
0.2} - -
-1y[<0.35 \s,,=200 GeV d+Au .
] P PR P P R T - ] L
24 6 & 10 12 14 16 18

coll

« same initial-state effects for J/¥ and '

-stronger suppression of ¥’

Cesar L. da Silva - RHIC/AGS Users Meeting 2013 15


http://arxiv.org/abs/1305.5516
http://arxiv.org/abs/1305.5516
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* —&— PHENIX d+Au

|

* crossing time is very short,
there is no time for the formatio
of the final states J/¥ and '

Illllllll

E866/NuSea

» data suggests J/% and %' can

lll‘lllllllll

F. Arleo et al.

be formed differently at

107

Quarkonia time in nucleus (7) [fm/c] pr‘ecur‘sor‘ CC-: S'l'(]ge

A A

- -

N L
T T T T

NA38 p+A

NA50 p+A
HERA-B p+A
PHENIX d+Au MB
NA50 Pb+Pb
NA38 S+U

* breakup with final-state hadrons
| (comovers) ?

10 HIJ-lllgg
dN,,/n "
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PHENIX Future 1 'Measurements
FVTX  VIX FVTX

Upcoming measurements at large
rapidities will scan different
charmonia crossing times

100 = ——_

j—

decay + d_e\?-
decay + punj::nrl;'ﬂ_\j ey
10’

L
| L =
2 25 3 3.5 4 4.5 2 2.5 3 3.5 4 4.5
Invariant Mass (GeV/c) Invariant Mass (GeV/c)
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CNM effects on Upsilon Family

TITTTITT

: + +—t +—t +—t * 1
| S, = 200 GeV ] T(15+28+3S) @ u'yw’, ly| « [1.2,2.2)(PHENIX)
NLO EPSO09 for ' (15+25+3S)(Vogt)
witho,_.:01to 8 mb by 2 mb

-\__:-—\-“.—_-— ¢
" 1 7.8% Global Uncertainty (b)
3 2 1 ) Q 1 2 3
Rapidity

Phys. Rev. C 87, 044909 (2013)
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http://prc.aps.org/abstract/PRC/v87/i4/e044909
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A+A Collisions

Cesar L. da Silva - RHIC/AGS Users Meeting 2013
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mid
AA

/R

forward
AA

Ratio R

Propagaﬂon of nPDF cannot describe the stronger
nP DF"'bf‘eC(kLlP suppression observed at forward

o Au+Au rapidity in Au+Au collisions

PRC84, 054912 (2011)

' :: Bm 2004 Au+Au, lyl<0.35, (global sys. =+ 12% _: For'war'd rapldl.ry In AU+AU |S a mlx

® 2007 Au+Au, 1.2<yi<2.2, global sys. == 9.2% Of SmC(”-X, lClr'ge'X effZCTS WhiCh

0-br= ]

==om ] cancel out

] ‘% { Eskola, Paukkunen, Salgado,
——— mb_: g _ JHEPO04 (2009) 065
N - I
:_ — 6 mb_: cé 1.2—
E lil %7 EJ-H\L] mb E E
— @ 5 @ - £ 1
] e |

-

o
[oo)
'I ||l T T
|

global sys. =+ 10.7%

IIII|....|....|....|....|....$...,|IIII 0_4—“”] bl Loyl
200 250 300 350 400 1072 102 10"

Bjorken x

0.6

O
(@)]
o
—
o
o
—
(@) ]
o
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http://link.aps.org/doi/10.1103/PhysRevC.84.054912
http://link.aps.org/doi/10.1103/PhysRevC.84.054912

Coalescence and Regeneration

Mid-Rapidity ~ Forward- Rapldn‘y

centrality 20~60 % : Au+Au—Jhp+X \ s =200 GeV

mssm non-flow estimation B |E|PHENIX PRELIMINARY (1.2<lyl<2.2)20-60% centrahty
y=0 predictions
—— Coalecence at freezeout[Greco,Ko,Rapp- PLB595 202]
.3 — —— Transport model[Ravagli,Rapp-PLB655 126]
- Coalescence in fireball[ Yan,Zhuang Xu- PRLY7 232301]
Coalescence + initial mix[Zhao ,Rapp- hucl th/0806 1239]
—— Regeneration in fireball[Song Han-PRC83 014914]
—— Hydro w/ viscosity T-lZOMeV[Hean Shen]
.2 —— Hydro w/ viscosity T=165Me¥ [Heinz ,Shei]
Hydro wo/ viscosity T= 12OMeV[He1nz ,Shen]
| - Hydro wo/ viscosity T= L65MeV[He1nZ Shen]
- Prompt J/yp[Yan Zhuaﬁg Xu- PRL97 ,232301]

— coalescence: initially produced [3}.8fm

. —— atfreeze-out [1] MB  hydro: [6] 20-60%

— i in transport model [2MB—— T=120 with viscosity

LIS in fireball 13][7.8fm — T=165 with viscosity
....... + initial mix [420-40% T=120 without viscosity

oo *initjal mix [S]7.8fm | - - =165 withopt viscosity

0 2 4 6 8 0
P, (GeVIc&

data do not rule out all coalescence scenarios at RHIC
*Looking forward for theoretical estimations at forward rapidity...

Cesar L. da Silva - RHIC/AGS Users Meeting 2013



Collision Energy Dependence of J/% Raa
Mid-Rapidity Forward-Rapidity

3 2FSTAR Prellmifary L I R
®18
1.6
1.4
1.2
1
0.8

0.6

Theory [ Raa(200 GeV) PRC 84, 054912 (2011)
I Global sys.= = 9.2%
Raa(62.4 GeV) = PHENIX data/Our estimate
Global sys.=
R,A(39 GeV) = PHENIX data/FNAL data

Global sys.=

u 200 GeV
o 62.4 GeV
0 39 GeV
62.4 GeV theoretical curve
39 GeV theoretical curve
] N, uncertainty
[ 1 ptp uncertainty 62.4 GeV
[0 ptp uncertainty 39 GeV
1 ptp 200 GeV(statistics)

||1||||||1||||||||ll

]IIIIIIIIIII Illllllllllllllllll‘l

="

|1

-2 L !‘ | AN A Lo e AT I
10 50 100 150 200 250 300 350 400
Au+Au N,

Using p+p reference from FERMILAB and ISR

TR N T S S SN AN T SO TR SO N SO T SR SR N
100 200 300 408
p+p references for 39 and 62 GeV: CEM "
R. Nelson, R. Vogt et al, arXiv:1210.4610
Theoretical curves: Xingbo Zhao, Ralf Rapp PRC82, 064905 (2010)

rt

*no energy dependence on J/ 1 Raagiven the current uncertainties

*needs a p+p reference at 396eV and 62.4 GeV

*coalescence at high energy can reconcile Raa at different energies
Cesar L. da Silva - RHIC/AGS Users Meeting 2013 22




More Curiosities about J/©U Raa

<

<

v | PHENIX - JAy |y[<0.35 [PRLIS, 232301 (2007)]
1
1 JAy 1.2<]y|<2.2 [PRC84, 054912 (2011)]
B ¢
Mmoo
i {3
‘ g g ! |

10-1 IIII||II|||||II|||||III||||Il|“| | | | | | | 1
0 50 100 150 200 250 300 350 __ 400

Npart

Log-scale plot suggests more an additional source of J/1 at
mid-rapidity

Cesar L. da Silva - RHIC/AGS Users Meeting 2013 23



More Curiosities about J/©U Raa

0
PHENIX n’ p.>5 GeV/c [PRL101, 232301 (2008)]
Jhy |y|<0.35 [PRLYS, 232301 (2007)]
Jhy 1.2<|y|<2.2 [PRC84, 054912 (2011)]

i
f
I

-1 | ] ] ] | ] ] | ] | | ] | ] | ] ] | ] | ] ] | ] | ] ] | ] I ] ] ] ] I ] | ] ]
10 0 50 100 150 200 250 300 350 N 400

part

There 1s no final state effect which can explain such a similar Raa
pattern, unless this 1s a fantastic coincidence.

Gluon distribution modifications measured 1n p(d)+A does not

factorize in Au+Au ?
Cesar L. da Silva - RHIC/AGS Users Meeting 2013




Asymmetric Collisions: Cu+Au

participant density
(log-scale) spectator density

No room for corona effects in central Cu-going direction

Cesar L. da Silva - RHIC/AGS Users Meeting 2013 25



Asymmetric Collisions: Cu+Au

| | | |

| |

|

,(g J/ \u—mp CuAu (I gl.]sys'. 7.'19/0‘)1 ~
oY Cu(d)-going 1.2<y<2.2 o# Au-going .
o Au-gomng-22<y<-12. #_0-5%central____________ _

dAu (gl. sys. 12%) .
x Au-gomg » d-gommg
# AuAu (gl sys. 9.2%) B
L ¥ CuCu (gl. sys. 8.0%) N
Y -
{L *t .y _
i o e _
] 48 , ]
N v Q;'i' H ' | ~

PH ENIX F)
- preliminary | 1 )
% 100 200 300 200

Number of Participants

Unmodified suppression in Au-going direction when
compared to AutAu

Cesar L. da Silva - RHIC/AGS Users Meeting 2013



Asymmetric Collisions: Cu+Au

-.

:
|

J5

J—

1)
ir

L
ot

0

i

~ Jp—pn |
Cu- gomg 1 2<y<2 2

¢

"PH ENIX © c&‘;@E L N TR

prellmmary

CuAu (gl sys 7. 1%) -

o+ Au-going o< Cu-going -

® AuAu (gl. sys. 9.2%) 7
Y CuCu (gl. sys. 8.0%) 7

0

00 200

1 I 1 1 1 1
300 400
Number of Participants

estronger suppression in Cu-going direction
*but still not completely suppressed

Cesar L. da Silva - RHIC/AGS Users Meeting 2013
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Asymmetric Collisions: Cu+Au
More thought about suppression in Cu-going direction:

Cesar L. da Silva - RHIC/AGS Users Meeting 2013
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Asymmetric Collisions: Cu+Au
More thought about suppressmn in Cu-gomg direction:

* initial-state can partially
describe difference

0.5@ { !

i *

i t

L Y = v oom 5] g
PH ENIX & 5]

- preliminary i

0_ 1 I I I ' 1 1 1 ._l_ 1 1 1 l'l-_ 1 1 | 1 I

0 50 100 150 200

| CuAu(OI svs 71%) A

e Au-gomg o Cu-going -

AT

Cu-gomng 1.2<y<2.2
Au-going-22<y<-12 _
CNM Calculation (Nagle et al.. PRC84. 044911. 2011)

= Au-going (CPS09 set 1.16,17, 6=4 mb)
= Cu-going (EPS09 set 1.16.17. 6=4 mb)

O *
[ ]
| | | | | | | |

Number of Participants
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Asymmetric Collisions: Cu+Au
More thought about suppressmn in Cu-gomg direction:

S r TR © CuAu(gl sys. 7.1%)
o L Cu-gomng 1.2<y<2.2 e Au-gomg o Cu-going -
| — Au-going-22<y<-12 _
B CNM Calculation (Nagle et al.. PR(] 84, 044911, 2011)
S s A= : = Au-going (CPS09 set 1.16.17. 6=4 mb
¢ InItIaI-State Can Partla”y — 4 —Clll-gmlllllg (EPS09 setl.l().17.0=4ﬁ'jb)) .
describe difference sl | by _‘
gl * |
t |
R L 2] 0 1
PH ENIX 7 @
N plrelllmimgry A R S
0 50 100 150 200

Number of Participants

* /Y formed has to cross some cold matter
(halo in the picture)
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Asymmetric Collisions: Cu+Au
More thought about suppressmn in Cu-gomg direction:

théuu | | CuAu(ﬂ.sm 719@ ]

Cu- going 1 2<y= 7,7 e Au-gomg o Cu-going -

Au-going -2 2=

B i = Y e e e —

CNM C alullatlon (I\ '101e etal.. PRC84, 044911, 2011)
- Au-going (EPS0O9 set 1.16.17. 6=4 mb)

¢ initiaI-State Can Partia”y —Cu-gomg(EPSO?)set1.16.17.0=4111b)
describe difference

— v‘
PH ENIX
0_ plrelrlmlnrary 1 1 1 ) B 1 1 ] | -
0 50 100 150
Number of Participants

* /Y formed has to cross some cold matter
(halo in the picture)

/c]

200 GeV Au+Au
200 GeV Cu+Anu
62.4 GeV Au+Au
200 GeV Cu+Cu
02 Gel Cu+Cu

[GeV/fm’

E T

BJ

* energy density times crossing _ T
time slightly larger in Cu+Au than St d i Enne
Au +Au o I IZOIO S I3(;0 o |40C'

Number of participants
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Upsilon Suppression

2 2 Au+Au\ s,,= 200 GeV
£ 18
& @ PHENIX MB (1S42S+3S) se'e W STAR I'(18+25+3S)se’e
=216 ] PHENIX p+p Stat. Unc. B STAR p+p Stat. Unc.
x 14 B PHENIX p+p Sys. Unc. B STAR p+p Sys. Unc.
i, 2 -
12 e PH ENIX STAR preliminary
TR preliminary
1
0.8
0.6 ? +
0.4 +
0.2
0:llllllllllllllllllllllllIlllllllllllllllllll
0 50 100 150 200 250 300 350 400 450

part

O scenarios
O Raa~0.64 if Y(2S) and Y(3S) melt (no CNM)
O Raa~0.37 if Y(2S), Y(3S) and xb (1P+2P) melt (no CNM)

O needs better handle of CNM and feed-down fractions

Cesar L. da Silva - RHIC/AGS Users Meeting 2013
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Upcoming Upsilons Measurements

S80mm |

38¥mm, 6mm

',,,-—‘},4::—:, ~:;._{:)——‘_‘:)~::— - —") —‘:)—{: 4::—‘:,,, —{:r{:—‘r{:-_‘:)—— -_‘:)—{;—‘}—4:;—{} -'5_4:}——::—‘}7{:._‘» ~‘:—‘:)——::—‘}—~::._:» ~';—{:)~':—‘}—<::—‘» ~':._‘:)r—'—‘}—{:—:v{}_‘:rr —‘:,,4::— , 4‘:._ l .Sm

I.Imm
mm
—0.25mm
: 0.15mm
) -a bx '—( —1 (b. —4 —l (—_ .—c —1 —. —( —(‘ !—_ bl '—4 bl l—« ‘—4 ‘—1. (b'_ _(’ —(V. l—( ‘—4 —1‘ be [-« —c (_' '— 10mm
L \ \ \ T e T T T T T T T T A T AT Y A T A AT AT AT A

0.81 I T ]IIIIIII[II T lll

300 pb p+p 20 nb'Au+Au ® T
0.7~ STAR Muon Telescope Detector ® V(
(

0.6 cl
0.5
20.4- -
0.3 -
P A A A A S $

S) W
S)— u
S)

—U

1]
2
3

|
L
—
——
-—.—-
—
I |

| Ill.ll. | ]
00 50 100 150 200 250 300 350
Number of Participants
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PH>>X<<ENIX U pSI Ions I n SPH EN IX HCAL OUTER
51.2
x| e Y(1S)
- e Y(25)
1_+\ e Y(3S)
Species / Ldt Events (N.;) Y(1S) Y(2S) Y(39) FINN
p+p 18pb~1 756B 1 805 202 106 0871 4 |
Au+Au (MB) 50B 2404 12794 3217 1687 0.6:—_
Au+Au (0-10%) 5B 962 5121 1288 675 . 4:_ .
Clear separation of the three states  ,,C + P
[arge acceptance : h
. g p . 0'11..I.II.HI\HI.IH*I...,Ilﬁ.l
Similar statistics to LHC LR A .
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Conclusions

We have a machine which provide a large degree of
freedom to study quarkonia in heavy ion collisions

Many complimentary/comparatively new data btw.
STAR and PHENIX

Large effort to measure excited charmonia and
bottomonia allowing the use of quarkonia as a QGP
thermometer

Still needs a better understanding of initial state
effects and coalescence
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Final-state effects in cold nuclear matter

1.2 T |y|<0.35 |/5,,,=200 GeV d+Au
| e
~ 0.6
oc o6 |

0.4 .

- » Feed-down Corrected J/y — e'e
0.2 o X, — e‘e

- Global Sys. £3.4% , yoee o

% 01 02 03 04 05 06 07 08

Quarkonium Binding Energy [GeV]

» charmonium breakup in confined matter depends on
binding energy
* needs better measurement of x.
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Collision Energy Dependence of J/% Raa
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System Size dependence
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Number of Participants

J/D suppression seems to scale with number of
participants for different colliding species
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