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State J Xe ! 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 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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R Q6P Thermometer

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

equarkonia is much more than a QGP signature

*if color screening effect can be isolated quarkonia can be a
‘unique Gauge for screening length
‘more direct Q6P temperature
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PH: <ENIX J’/w suppression in AU""AU
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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 -IWHQP 2012 - Utrecht, Netherlands
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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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Integrated nucleon-pair luminosity Lyy [pb!]

200

180

160

140

120

100

80

60

40

20

Heavy ion runs

2011 Au-Au l( 2010 Au-Au
2012 Cu-Au
2007 Au-Au
- 2008 d-Au
2012 U-U 2005 Cu-Cu
- 2004 Au-Au
2000 Au-Au
2003 d-Au
_ l 2QOl Au-lAu
0 2 4 6 8 10 12 14 16 18

Weeks in physics

20

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands



PH: <ENIX

yl<0.35  Ad=2xTT/2

PHENIX can measure
quarkonia from zero
momentum

dilepton decays: J/ ¥ ,¥,Y
radiative decays: xc->e'e Yy

1.2<19|<z.z AD=2TT

2012
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Probing the initial state

d+ Au +/syn = 200GeV  PRL107,142301 (2011)

X F b
o [
8 e \ ____________________________ ? ______
& T A" N
309 ILd
oc E /""-? .\~\<.‘ \
0.8 é ...... - + N
0.7 ""?\;‘\' T
0.6 :_ : ‘.\
0.5 —e— Jiy at\s,, = 200 GeV IR
- Global Scale Uncertainty + 7.8% '
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Y
O EPSQ9 + J/w breakup in hadronic matter qualitatively describes
Minimum Bias Rgau data
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http://link.aps.org/doi/10.1103/PhysRevLett.107.142301
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pH ENIX Propagation of

nPDF +breakup
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PRC84, 054912 (2011)
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nPDF cannot describe the stronger
suppression observed at forward
rapidity in Au+Au collisions

Forward rapidity in Au+Au is a mix
of small-x, large-x effects which
cancel out
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o
I ]
?J'L2
B i
5
<
g 1
(=] -
oc

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

0.6

0_4—“”] ] el ] L gl

-3 -2 -1
10 10 1ijorken X

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands 10


http://link.aps.org/doi/10.1103/PhysRevC.84.054912
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| J/y in d+Au aty s =200 GeV

Centrality 60-88%
Global Scale Uncertainty £10%

IIIIIIIIlIIIIIIIlIII

=

Centrality 0-20%
Global Scale Uncertainty £8.5%

|lII|III|IIIIIIILII||III

Centrality 0-20%/60-88%
Global Scale Uncertainty £8.2%

-2 -1 0 |

« |

O EPSO9 cannot reproduce either
RdA in peripheral events or Recp

O one of the first indications of an
impact parameter dependence of

the nPDF

EPS09s
JHEP 1207 (2012) 073

(z,Q% = 2.25 GeV?, 5)

Pb
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http://link.aps.org/doi/10.1103/PhysRevLett.107.142301
http://link.aps.org/doi/10.1103/PhysRevLett.107.142301

N
PH-<ENIX

s

Arbitrary Units

0.4

0.2

II|III|III|III|III|

O e T 1 1 1

r [fm

The impact parameter is still poorly determined in d+Au
collisions

Future p+A collisions and additional centrality detectors can
provide a better measurement of the impact parameter and
how nPDFs can be extrapolated to A+A collisions

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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o AIXIv:1204.0777
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Significant Cronin effect

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

» result can explain the smaller J/ ¥ suppression at high ptin A+A

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands |3
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Final-state effects in cold nuclear' matter

| ® y' PHENIX Preliminary
Global Sys + 28.4%

m J/yv Phys.Rev.Lett. 107, 142301 (2011)
Global Sys + 14.6%

a al

0.4 -~ 1
N PH ENIX .
0. 2 preliminary
B |y|<0 35 VSNN-ZOO GeV d+Au } N } O
2 4 6 8 10 12 14 16 18

coll

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

stronger suppression of ¥'indicates charmonia cross the

nucleus as final singlet states
Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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Final-state effects in cold nuclear matter
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0.4 J/y Phys.Rev.Lett 107, 14231 (2011)
%, PHENIX Preliminary

0.2

v' PHENIX Prellmmary

%~ 0.1 02 03 0405 06 07 08 0.9
Quarkonium Binding Energy [GeV]

» charmonium breakup in confined matter depends on
binding energy
* needs better measurement of x.
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" and x. feed-down

suppression

3 =RRREARE * not clear if there is any
» ® 2004 Au+Au, lyl<0.35, global sys. =+ 12% :
> -+ confined matter in A+A to break
® 2007 Au+Au, 1.2<lyl<2.2, global sys. =+ 9.2% | . .
RO o 4 charmonium as in p(d)+A
42i9 c’/o: 1S
osf tex 1 collisions
b PRI
oaf E@ 3 B ! 8 g 1 * but ¥'and x.can be totally
s ¢ . .
ool 88y i superessgd by cci)lor'sscrjeereung
B0 TE0 00 5h0 500550400 '
Npart XC |=|l >
LI)J :{> a a
A
hydroat RHIC | p.
1 5+
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PHENIX
Coalescence and Regeneration

— Au+Au— J/p+X \/s,,=200 GeV 20-60% centrality
- STAR PRELIMINARY (lyl<1)
PHENIX PRELIMINARY (1.2<«lyl<2.2)

P, [GeV/c]

*J/Y vz is a great tool to probe path length dependent suppression

*Forward rapidity consistent with mid-rapidity from STAR

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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Coalescence and Regener‘a‘hon

>N 0.4 Au+Au—J/p+X \/s,, =200 GeV .

&

B E]PHENIX PRELIMINARY (1.2<lyl<2.2)20-60% centra,hty
y=0 predictions
—— Coalecence at freezeout[Greco Ko ,Rapp- PLB595 202] -
—— Transport model[Ravagli,Rapp-PLB655 126]
- Coalescence in fireball[ Yan,Zhuang, XuvPRL97 232301]
Coalescence + initial mix[Zhao Rapp'ﬁucl th/08()6 1239]
—— Regeneration in fireball[Song,Han-PRC83 014914]
—— Hydro w/ viscosity T= 120MeV[Helnz Shen]
.2[— —— Hydro w/ viscosity T=165Me¥[Heinz Shen]
Hydro wo/ viscosity T= 120MeV[Hemz Shen]
n - Hydro wo/ viscosity T= L65MeV[HemZ Shen]
- === Prompt J/1yp[Yan Zhuaﬁg Xu- PRL97 ,232301]

-0.1

5
P, [GeV/c]
*Can we really say there is no coalescence at RHIC ?
*Is there a hint for regeneration at 3-5 GeV/c ?

*Looking forward for theoretical estimations at forward rapidity...
Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands |8
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Collision Energy Dependence of J/% Raa

arxiv:1208.2251

1.6

I

1.4

------------------------------

fE

---------------------------------------------------------------------------------------------

R,.(200 GeV) PRC 84, 054912 (2011)
Global sys.= +9.2%
R,.(62.4 GeV) = PHENIX data/our estimate

Global sys.= + 29.4%
R,.(39 GeV) = PHENIX data/FNAL data

Global sys.= + 19%

Jhvy - uu, 1.2 <ly| < 2.2

Au+Au
ol :
g ow g0
¥ § ®
400 150 ‘200 250 300 ' 350 . 400
Npart

Using p+p reference from FERMILAB and ISR

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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Collision Energy Dependence of J/% Raa

1.2¢y<2.4 |y[<0.35-2.2<y<-1.2

=
< 1 4‘ 396GeV
£ 7L 26020%’—\(/ S | Theory B R,,(200 GeV) PRC 84, 054912 (2011)
Ll Vo - 200 Ge Global sys.= = 9.2%
1.2 62 GeV _
- 2— 39 GeV o R,(62.4 GeV) = PHENIX data/Our estimate
i - Global sys.= + 29.4%
1 1E A R,A(39 GeV) = PHENIX data/FNAL data
B— Global sys.= = 19%
0.8
0.6 EPS09 NLO Q?=13.0 GeV? LT B
B T S N | :::.'.""Hul::u: ........ @
0.4 E ts 2-31 10_1 - X. Zhao,R. Rapp; ............... R rrrrIizrrfTirrsszrasnses
- Central set 1 E PRCSZ, 064905(2010) : ------------------
0ok | i Direct (x0.5)
i oneertainty band _ Regeneration (x0.5) ... -
| JHEP04 (2009) 065 T et K
0 ] [ I B A | [ N A | L1 1 1111 u "'.’ R ———
103 102 10" J RTTEIL Lttt
Blorkenx 10-2 11"1111.‘1"1‘1111 l 111|1111|1111|111 | 1

0 50 100 150 200 250 300 350 400
Au+Au N,

*X-range coverage changes with energy
balancing effects makes Raa similar at different energies

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands 20
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System Size dependence

:’: | | Jl\llﬁll'll'll | | | | | | | | | | |
o d-going 1.2<y<22 —
_________ Au-gomng -2 2<y=-12

dAu (gl. sys. 12%)
*» Au-gomg = d-gomng
| F; W AuAu (gl svs. 9.2%) n
ﬁ | ¥ CuCu (gl sys. 8.0%) ]
| } |
i Lt ]
L Y= LI, i | _

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

Number of Participants

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

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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Asymmetric Collisions: Cu+Au

participant density
(log-scale) spectator density

No room for corona effects in Cu-going direction
for central collisions

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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R/\ A

Asymmetric Collisions: Cu+Au

| I'w—mu] - S C uAu('gl.]sysl. 7.'1‘3"0)1 -

Cu(d)-gomng 1.2<y<2.2 o# Au-going .

__Au-gomg-22<y<-1.2 #_0-5%cental ____________ _

dAu (gl. sys. 12%) .

* Au-ﬁomo % d-gomng

| .l' # AuAu (gl sys. 9.2%) 7]

L ¥ CuCu (gl. sys. 8.0%) N

Y i -

5 { jt % 1 _

. - " _

] N y |'H ]

“PH ENIX S

- preliminary | 1 )
% 100 200 300 200

Number of Participants

Unmodified suppression in Au-going direction

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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PH CENIX Asymmetric Collisions: Cu+Au

 Jy—uu CuAu (gl.sys.7.1%) -
Y, Cu- gomg 1 2<y<2 2 e+ Au-going o< Cu-going -

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

R

- PH ENI)@ [

0 plrelllmlmgry o

0 100 200 300

Number of Participants

estronger suppression in Cu-going direction
*but still not completely suppressed
* /Y is not melted !

* contribution from regeneration !
Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands




PH “ENIX Asymmetric Collisions: Cu+Au
More thought about suppression in Cu-going direction:

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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Asymmetric Collisions: Cu+Au

More thought about suppressmn in Cu-gomg direction:

* initial-state can partially
describe difference

o.s@{* {

VAT

Cu- going 1 2<y< 2.2
Au-going -2 2<y<-1.2

CuAu(OI svs 7. l%) |
o Cu-going -

e Au-goimng

B i e e e e —

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)

i *

i t

Y o 4 2] g
PH ENIX o L]

- preliminary

) S e il R S U
0 50 100 150 200

Number of Participants

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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Asymmetric Collisions: Cu+Au

More thought about suppressmn in Cu-gomg direction:

* initial-state can partially
describe difference

0.5 —
0B I . { |
N (8] ' |
PH ENIX & 5]
prellmmary i
0 50 100 150 200

) Ty

T

. Cu- going 1.2<y<2.2
Au-going -2 2<y<-1.2

B i e e e e —

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) .

CuAu(OI svs 7. 1%) A

e Au-gomg o Cu-going -

Number of Participants

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

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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PH CENIX 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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Conclusions

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

R 4a,(0-100%)

e
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Global Scale Uncertainty + 7.8%
—— EPS09 and 6, =4 mb
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| [®JPHENIX PRELIMINARY (1.2<lyl<2.2)20-60% Lemr‘ll’lly
y=0 predictions
—— Coalecence at freezeout[Greco, Ko, Rapp-] PLB595 202]
31— —— Transport model[Ravagli,Rapp-PLB655 126]
- Coalescence in fireball[Yan,Zhuang Xu-PRL97 232301]
Coalescence + initial mix[Zhao Rapp-hucl- th/0806 1239]
—— Regeneration in fireball[Song Han-PRC83 014914]
—— Hydro w/ viscosity T—IZOMeV[HemL Shen]
2[— —— Hydro w/ viscosity T=165Me¥ [Heinz,Shen]
Hydro wo/ viscosity T_]20MeV|Hem7 .Shen]
- - Hydro wo/ viscosity T—wiMeV[Hemz Shen]

= Prompt J/Ap[Yan, Zhud;ﬁg,Xu PRL97 ,232301] ! ’

5
o [GeV/c]
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arxiv:1208.2251

R,.(200 GeV) PRC 84, 054912 (2011)
Global sys.= +9.2%

R,.(62.4 GeV) = PHENIX data/our estimate
Global sys.= + 29.4%

R,4(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%
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More studies and data can allows us to quantify the effects
involved in charmonium suppression

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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More on Future Measurements talk on
Saturday

Thanks for your attention!

Cesar L. da Silva -IWHQP 2012 - Utrecht, Netherlands
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BACKUP SLIDES
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Charmonium:

Lattice QCD [4,5,6,7,8,9,10, 11,12, 13],
QCD sum rules [14,15,16,17, 18],

AdS/QCD [19, 20,21, 22],

resummed perturbation theory [23, 24],
effective field theories [25, 26]

potential models [11, 27, 28,29,30,31, 32, 33].

Bottominum:
[12,17,27,29,33,34,35]
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PH T ENIX CNM + QGP effects

Au+Au\ s,,= 200 GeV
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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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