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State J Xe /i T Xb T’ X T’

Mass (GeV)  3.10 353 368 946 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 0.03 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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PHEENX . QGP Thermometer

Xb
Y (1S)

Y (25)

Y (3S)

Xc

W’

J/P

hgclro at RHIC

:

spectral functions at finite

T

temperature estimations
[references in backup slide]

>

hydro models fitted to
PHENIX thermal photon data
(assuming Tc=170MeV)

2 % + T/T’c

quarkonia is much more than a QGP signature
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However ...

B J/Y and Y(1S) have feed-down from excited states
® what quarkonium cross the nucleus?

« charmonium is a pre-resonant object above y ~ -2 in p+A collisions at RHIC
[K Tuchin, D.Kharzeev, Nucl.Phys.A770,40(2006)]

Xcis formed as a color singlet (no pre-resonant stage)
® bottomonia states also can have pre-resonant stages
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How to check if pre-resonant stage exist

® initial states are the same for J/¥ and ¢
® ¢'almost 2x larger than J/¥, binding energy 13x weaker, breakup
cross section should be very different

B Rya(U') < Rya(J7Y) if they cross the nucleus as final states

pre-resonant charmonium scenario no pre-resonant charmonium
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® pre-resonant state for xp>0.3 in E866 ?
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® NA38/NAbBO has pre-resonant behavior
in p+A and final state charmonium

behavior in A+A

® what about RHIC ?
®needs Rya of xc To confirm the pre-resonant picture
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dilepton decays: J/ ¥ ,¥,Y (15+25+3S)
radiative decays: xc->e’e” Y
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Charmonium

ly| < 0.35 (1.2 < |y| < 2.2
J/ w —e'e CuP:CIZD’uc,I;\ﬁ::Au

— p+p,d+Au,
J/w — lu lu Cu+Cu,AutAu

' —eTe”

Xel,2 — J/77b_|_7
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Detailed
study of the ground

state of charmonium (J/ %)
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new J/ U vz at large rapidity —

and the results keep
coming ...

Au+Au—J/p+X '\ 8=200 GeV A Au+Au— J/p+X \[s, =200 GeV 20-60% centrality
| E|PHENIX PRELIMINARY (1.2<lyl<2.2)20-60% centrahty

y=0 predictions B STAR PRELIMINARY (lyl<1)
—— Coalecence at freezeout[Greco,Ko,Rapp- PLB595 202] -

3 [— —— Transport model[Ravagli,Rapp-PLB655 126] e | PHENIX PRELIMINARY (1 2<|Y|<22)
- Coalescence in fireball[ Yan,Zhuang,Xu- PRL97 232301] . '
Coalescence + initial mix[Zhao Rapp- nucl th/0806 1239]
—— Regeneration in fireball[Song Han-PRC83 014914]
—— Hydro w/ viscosity T= 120MeV[Helnz Shen]
-2 —— Hydro w/ viscosity T=165Me¥[Heinz, Sher]
Hydro wo/ viscosity T-lZOMeV[HemZ Shen]
| - Hydro wo/ viscosity T= L65MeV[HemZ ,Shen]
- Prompt J/p [Yan,Zhua;rig Xu- PRL97 ,232301]

1 2 3 4 5 6 7 8 9
P, [GeV/c]

agreement with several coalescence or some path length dependence
models for mid-rapidity of Raa ?
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arXiv:1105.1966 approved for PRD
p+p s=200GeV |y| <0.35

| 2.9<M._. <33 GeV/c’
E,>03 GeV

Y measured in EMCal (Ev>300 GeV)
Evyfrom X ~600 MeV

e Same Event

Correlated background 5 My “ Mixed Event
4o o ? —— Y simulation
J/ — eTe v (radiative decay ‘, | 1 correlated BG

- | Total
electron bremsstrahlung

ete vy (from jets)
W = I/, I+

g9 — J/Yv+~v+gg (NNLO cc) 02 04 06 08 1 12 14 16 18 2
M [GeV/c?]

etey e+e”
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PH ENIX Feed-down fraction
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O feed-down fraction should go down in d+Au if breakup of xcis
larger than of J/¢

° no significant modification given the large uncertainties
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[PRC84, 054912 (2011)]
BB L L L L IR L L LU

® 2004 Au+Au, lyl<0.35, (globalsys. =+ 12%

® 2007 Au+Au, 1.2<lyl<2.2, global sys. =+ 9.2% _|
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O assuming
O final state charmonium crossing the medium
O total suppression of x. and ¥

O room for J/4 suppression, but needs to also consider Cold Nuclear Matter
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Bottomonium

1y < 0.35

1.2 < |y| < 2.2

T(1S +2S +3S) — efe”

ptp,d+Au,
AutAu

T(1S +2S +3S) — pup~

p+p,d+Au,
Aut+Au
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What Y we measure ?

= correlated BB

B Drell-Yan
= Y (1S+2S+38)

% Total

9 10

11
¢ ¢ mnvariant mass [GcV/c“:

mass [GeV/c?]

contribution™

Y(1S)

9.5

73%

Y(2S)

10.0

1 7%

Y(3S)

10.4

0%

* from CDF data

12 13 14 151

feed-down fraction

to Y(1S)**

prompt Y(1S)

"’510/0

Xb (1P+2P)

"'370/0

Y(2S)

"'110/0

Y1(3S)

"'10/0

* from CDF data
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PH-“ENIX Background in Y region

-150 T T T ™H
5 45 ¥2INDF:1.28 = ) - %2/NDF:0.50 =
Z RU n6pp Integral(8-11.5 GeV): § Z § RU n6pp Integral(8-11.5 GeV): §
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TN 7 E
] TN 3
PH- -ENIX PH-“ENIX
Preliminary3 Preliminary:

I e Loy o L™ | ——
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p*u” invariant mass[GeV/c?]

p*w invariant mass[GeV/c?]

mass shape from:

* PYTHIA (mostly back-to-back)

* random opening angle
normalization from fit o inv. mass

mass shape and normalization from
* PYTHIA, NLO calculations in p+p
* NLO + initial state effects + isospin effect (Ivan Vitev)

Y (1S + 28 + 35)
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Run8dAu/Ru n6pp - Eskola, Paukkunen, Salgado, JHEP04 (2009) 065
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O large uncertainties but overall
suppression consistent with J/¢

O better agreement w/ nPDF +

= 11% Global Uncertainty 7 some breakup cross section
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Cesar L. da Silva - WWND 2012 - San Juan, Porto Rico




PH T ENIX CNM + QGP effects

Au+Au\ s,,= 200 GeV

® PHENIX MB )'(1S+2S+3S) e'e’ % STAR I'(1S+2S+3S)-e’e
S PHENIX p+p Stat. Unc. B STAR p+p Stat. Unc.

B PHENIX p+p Sys. Unc. B STAR p+p Sys. Unc.

I'(1S+2S+3S)

- 3 ~— o
B Opposite Sign Pairs (-+,+-) . i PH . E le STAR preliminary
: preliminary

¥

B Same Sign Pairs (-, +)

+

50 100 150 200 250 300 350 400 450

part

O consistent with STAR result
O Raa~0.64 if Y(2S) and Y(3S) melt (nho CNM)
O Raa~0.37 if Y(25), Y(3S) and xb (1P+2P) melt (no CNM)

O needs better handle of CNM and feed-down fractions
for confirmations
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PHRENIX PRESENT and FUTURE
InsTalled vertex de‘rec‘rors VTX and FVTX

* measure open heavy flavor
* quarkonia Raa relative to HF can cancel out initial state effects
* better measurement of dimuon opening angle at large rapidity:

*J/% %" separation
*first studies of pre-resonant stages when looking rapidity dependence

* open the possibility to study radiative decay of xcusing y conversions in VTX
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solenoidal PHENIX (sPHENIX)

500

400

* high luminosities
» full azimuthal, -1.1< 1 <4 coverage

Y(1S,2S,35)

~ 1 RHIC AuAu run

~ noCBor
correlated BG

300
200|-

100]-

L bkt Dbl R W e S
95 T8 85 9 95

50B MB events

-l S|
10 10.5 1
invariant mass (GeVi/c?)

* calorimetry at large y will allows rapidity dependence of X measurement

2T solenoid allows Y(1S), Y(25+3S) separation at mi
* more details in Ali Hanks and Kenneth Barish talks

d- and forward rapidity

Thanks for your attention
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- PH ENIX PRELIMINARY
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E’ - %, — Jhy +v PHENIX d+Au @ 200GeV
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