


Au+Au has large excess of
photons above scaled p+p
expectation.

[t slope &« 1/7T, this is an
experimental lower bound on T!

Fits to low p give
T = 221 + 23(stat) + 18(sys)
MeV

Data agrees with hydro models

using T, = 300-600 MeV
Eur. Phys. J. C 46, 451-464 (2006)

Ed’N/dp(GeV2c?) or Ed’s/dp® (ml GeV2c?)

—
<
(=

|'|T|'| IIIII|T1 IIIIIII| II”"“]‘._LI.“I"] IIII|'|T|r IIIII|T1 IIIIIII| T TTT

A& & AgAu MB x10*
a *  Aufu 0-20% 102
o = Agfu 20-40% x10

PP

1

2

3 4 5 6 7

The matter appears to be well above T

p. (GeVic)
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T/T,

¢

Potential model (I from lattice)

Not clear whether U i1s better. 25 [ERTYG L]
Or study spectral functions 2 .
(similar results on the lattice). 15| / 037 -
F ettt S0 090
Sets upper limits for quarkonia 1t e 238
melting temperatures ' s
111 -
1/(r) [fm] 123
— 1.36 »
150 -
- | Y(s) 165
_ 181 -
- . Rd"™ 1w
- | J/y¢(1S) B 1 19 2 25 &4 35 4 45 9
a[GeV]
%o (2P) hep-ph/0706.2183v2
[(1P) ’
’;..(3 5 _state Xe J /Y T b T
w2S)  Tys <T. <T. 121, 127, 137, 2T.
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e Production mechanisms.
* Feed down from higher states.
e (Cold nuclear matter eftects.

* Regeneration (coalescence) of uncorrelated pairs.

¢
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System Vs GeV

Au+Au 7,9, 39, 62, 130, 200
d+Au 200

Cu+Cu 22,62, 200
pr+p7 22,62, 200, 500

¢
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x10°

> [ rryp T T T T T T T T F‘h10-65IIIIIIIII\IIIIIIIIIIIIIIII\IIIIIIIIIIIIIE
O 1.6 PHENIX preliminarye PRL98:232002 = Q_I_ - PH|ENI)|( prel|1m1n|ary | o lPRL9£L:23200|2 | E
% [ \/Spn= 200 GeV ptp e RHIC2000y&[-035035] 7 T (7 Tares o RHIC 2006y & [-0.35,0.35}
0 14— e RHIC2006ye[-22-1.2] — Q_'_ - m%::m o RHIC2006ye[22-1.2] ]
. B o RHIC 2006 ye[1.2,2.2] ] B2 10_3 _ E;;mm s RHIC2006ye[1.2,2.2] -
L i n 1 o - ‘E:;@ . Soe= 200 GeV pt+p ]
1 o Z 107 g E
- = 7 O - -9 ]
B @ ] i -10 * ®
0.8 - 7 107" = u}gﬁ ® —
- [ _ = @ -
- a - - C f # + ]
0.6/~ @ 3 b 101k -
N - | E .
0.4 ki % ] 10" T =
oob 10.1% Global Scale Uncertainty - 1030 ]
. L1 L1 L1 L1 L1 L1 E + 10.1° 1 1 1 taint =
-3 -2 -1 0 1 2 3 :|||||||||||\/c: |C|]|(|)]|3|a|||SF?'||6|[|{I??|C\I-|£\H|I|1|)|(||||| L]
y o 1 2 3 4 5 6 7 8 9 10
P (GeVl/c)

* Powerful data set to test production models.
e Baseline for HI Data.
* Final result coming that combines run-6 and run-8 (~2x these stat.)
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' [ / - -
/ i / é ZHX ,/”,ZG
// h, E h, /L {:(./’,
> '&--—— @ —F——_—_—,—,—,——_———————
/ N Z
1 2
// J/yp Lab Frame / Jyp E Q Rest
Frame

Measure 1+ direction with respect to:
1. Helicity (HX): Q momentum in rest frame
2. Gottfried-Jackson (GJ): direction of &, or h, in Q rest frame

3. Collins-Soper (CS): bisector between k, and (—)h,, directions in Q rest frame —
~ direction of relative velocity of colliding partons.
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—————
>0 i ° PHENIXPreliﬁiEary Iylfﬂ.BS ) dN
s ! = Gosceve ] = A(1+ A cos’ 6)
03 1 dcoséd
0.2F —
C .
0.1F -
b b b
o1k ; A>0 transverse
-0.2:— S - )‘<O_ _
03f Helicity ] longitudinal
0AF n4n — JAy at Vs = 200 GeVirame )

05~ 05 1T 15 2 25 3 35 4 a5

5.5
Pr (GeV/c)

e PHENIX acceptance limited in other frames.
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0.8 Helicity Frame o Xy 0.8 Helicity Frame o Ay
0.6 v ;tb 0.6 v ;tq)
0.4 > T0p 0.4 =~ e
02F || 0.2
<0 0 <0 ] m

-0.2 ﬂ = @ -0.2 K ™ @

-0.4 -0.4

0.6E PH ENIX pp = Jy*X PHENIX prp=> JiytX
o Ns=s00Gev | O-8F 7 - N5 = 500 GeV
0.8 reliminary L2<p| <22 0.8 reiiminary L2<|y| <22

b 1 2 3 4 6 7 TG0z 603 1:14 B Y
p. (GeVic) |x

* 500 GeV and 200 GeV polarization measured.
* Full angular distribution measured at 500 GeV.
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R(y’) =8.6£2.5% PHENIX (Qmos)
R(\V’) =8.0%£2.0% from the lattice (PhysRevD61:091015)

R(y’) =8.1+0.83% from average of world data (hep-ph/0so9.2153v1)

x* 1 ndf 80.59 / 64
T Prob  0.07869 | [ —¥— p+p PHENIX
> 235 g pt
Q = e - PP
= PHENIX PRELIMINARY S -
2 102 o 3 #— pra
=10 ' —
2 Y2 49+05+02% | . F —— NRQCD Theory
c U — ee o n el
3 L2 25
&) ; ]' I.
10 * 2 . l
ity |
]‘ 1.5 1
11 = PHENIX
1= o 1:_ PRELIMINARY

; - *

. - 0.5 |

E Ll [ B TN N N T [ TR I I R —

2 25 3 35 4 45 7]5 n_| | L 1 | | | 1

Mass e'e [GeV/c 10 102
\fSNN (GeV)

¢
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0.8

| —=— n+A
DHA
| —— pip

p+p F*'HF:"NIIXI bféilmlnary

Run-5and &

[
o
o

P11 ) .

—=— p+p

Wil

IFFIIIIIIIIIIIIIII

100

The number of counts [1/50 (MeV/c?)"

bbb el et eeid e ppeberee e b

n
o
T TTT | T

10 102

Mass=0i472+0.012 GeV/c? |

GD
[ ]

Mass-(e‘e'y }-Mass(e'e’) [GeV/c?)

2

2

Xe— I AP+

1.28

lI.I.lIlIIIIIIIIIIII

2.3

R(X.) <42% (90%C.L.) PHENIX
R (X.) = 30% % 8.0 Lattice (Phys.Rev.D64:091015)
R (X.) = 25% £ 5.0 World average (hep-ph/0809.2153v1)

(final Hera-b : 18% * 2.8% hep-ex/08087.2167v1)

e [f the X.melts in Au +Au 200GeV collisions 20-40% of the J/W disappear !

¢
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50

" PHENIX (PAL 09 232002) *——+—
PHENIX (2009; Prelim.) *=——@—

40 | Fe ggsi09 L NLOY | | Note: PHENIX 90% CL for X is
0 - th — ~40%. So the PHENIX data may

do/dy x Br (nb)
S

—
o
T

-—
S =
| -,
Lo s
ot Y
- ~
L o =l 2
s M
4 s
5 o
.
2y ’
”,

______
______

actually need F~50% (moves
points down a bit more)

——m

CSM with cg fusion has

another experimental
signature too look for!

to assess experimentally the importance of cg fusion, whether
from the usual CSM or from CTM effects, the measurement
of J/i in association with D meson would be illuminating, as
has been noted in ref. [14] for J/y + c¢. More accessible is
the study of the azimuthal correlation of J/i + e in the central
region by PHENIX and STAR and of J/ + u in the forward
region by PHENIX. The key signature for such subprocesses
is the observation a lepton excess opposite in azimuthal angle
¢ to the detected J/y.
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e-u*, e*-u” Azimuthal Correlations

*

=

(=]
&

0.16 I I I T I I I I T I I I I T I I I I I I I I I I I
T F - N |
® 0.44F-  PHENIXpreliminary  PH ENIX
=~ C Vs = 200 GeV p+p
— e with p_>0.5, hl<0.35 H H
- u* with p_>1.0,1.4 < nl<2.1
:_ Overall systematic error 13.5% E| E| E|

-1 0 1 2 3 4
A¢ (radians)

*This signal (if it exists) must be in this data.
«Can PHENIX actually extract this and confirm or rule it out?

¢
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Production mechanism of quarkonia is still not settled.
- 22717
- 12>1°?
— What is the x1, x2 mapping (smeared out as in extrinsic?)

S-channel cut is small (Braaten et al. arxiv:0907.0025v2)
CSM Still in the game (Brodskey and Lansberg)

— Needs to confront p spectrum

— No polarization shown in this paper.

NROD (pT>5 GeV/c)
— Still completely oft on the polarization

CEM

— Nice comparison to p'T spectra

— No possibility to calculate
Azimuthal correlations could be another tool to differentiate production
mechanisms.

— Theory needs to calculate these. Experiment needs to measure them.

Lawrence Livermore Linden Levy - ICHEP 2010, Paris FR 7/23/2010
National Laboratory
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"F £5.05% Global Scale Uncertainty
06f-0-20%
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*Difficult to account for the forward rapidity central collision with
a constant breakup cross section. (EPSO8 = Brahms)
*Energy loss or different initial state (CGC).
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N; R e Dh
3 100 L L I B ' |
”@ gluon at Q = 3.16 GeV
10
1.0 4 e
S {,HHHH mH||||| L |
N iy Hmmmumuu
3 i
1( 3
. — JHEP 0207:012
Note: This i _
(Ax?=50) frc oglibile o | . | 1L ﬁ{m
the preVIOUf 10 lﬂ ltl .01 .02 05 .1 2 3 A S & ¥ B B8 1 ;;}E }
MOSt CENIA. oo e e e e e 3 (LO)
band. (arxiv:0902.4154) ‘
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Drell-Yan at £E772 and E866

Energy loss calculated in target rest
frame.

dE/dx = 2.73 £ 0.37 £ 0.5 GeV/fm (from
hadronization)

dE/dx ~ 0.2 GeV/fm (from gluon
radiation)

Changes the x of the incoming quark and
theretore changes shadowing? How 1is this
extended to gluons? What path length
dependance to use?

“This 1s the first observation of a non-zero
energy loss eftect in such experiments.”

Ratio (W /Be)

1_2 _||||\||||||_1_2 L
11 | = 1.1

1 H o1k .
09 4 09 F -
0.8 | - 0.8 F =
0.7 [ - 0.7 L -
06 | A<M=d 2 06 | =
0-5 I AR B R B 0-5 o Ly v n by

02 04 06 08 1 02 04 06 08 1
1.2 T T T T 7 T T T T ] 1.2 CT T T 7]
1.1 H 4 11 F =

N Ty 11k ;
0.9 ) E 0.9 n -
08 H 4 08 F .

[ 4 ] C 7
0.7 H 4 0.7 ¢ -]
0.6 :_6<M<7 E :_7<M<8 E
0.5 . ] | ] l: 0.5 E ||||||||||||:

02 04 08 08 1 02 04 06 08 1
X4 X,
Johnson, Kopeliovich, Potashnikova, E772 et al.

Phys. Rev.C 65, 025203 (2002) hep-ph/0105195
Phys. Rev. Lett. 86, 4487 (2001) hep=ex/0010051
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0.8 -
- = -
0.6 - 0-20% H -

Intrinsic2 - 1

mr

*Softens the result
*Does not completely describe forward suppression

(shadowing model dependent)
*What does this look like for CSM+IC? (arXiv:0908.0754)

1_

0.8

0.6

B =

40-60% ]

LLg Lawrence Livermore
National Laboratory

-2 -1 0 1 2

3
y

Ximy A/syye — M?
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Lansberg et al. arXiv:0912.4498
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*Also calculate the backward
rapidity? (anti-shadowing as
conservation of momentum)
eNote: Not valid for low

energy data at the SPS?
1.1
1 [o-g
:J.'W' LI
09 [ )
08 [
07
= C
0.6 .
0.5 [dashed-dotted :Vs = 5.5 TeV o
C dotted : Vs = 200 GeV v
0.4 __S(Jhd Vs = 38 GeV A&‘l'
= dashed : Vs = 19 GeV —_—
0.3 [ o.pA Opp

0 2 I 1 | ] JF—fe=i] | I ‘ I | ]
’ 0 non naAa neg D_s
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3/ ONM Suppression Summary

* Very difficult to test our data when nPDF are
so poorly constrained.

* Up to this point initial state energy loss has
been 1gnored (we have to put it 1n).

* What leverage do we have to differentiate
between the CGC initial state and normal
shadowing (are they difterent?).
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e-lL Opposite - Like Sign Pairs, Background Subtracted
x10°®

=
d

PHENIX preliminary
\:!5“ = 200 GeV p+p and d+Au
rall systematic error 13.6%({d+Au), 13.5% (p+p)
e* with p_>0.5, nl<o0.35
u with p_ > 1.0, 1.4 < < 2.1 (d+Au)

deuteron direction

dN/dAo (rad™
=
&

I|I|Jj|III|III|III_
Il

0061 L P e scaiod | P -
rad 1 i
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0.02 ]
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* C(learly missing some physics. (O(y) )
— Similar trend in lower energy data.

* Energy loss is in DY data at lower energy should be in
the RHIC data too.

— However gluon rather than quark
* Or, is the initial state completely coherent?
— Only applicable in a forward limit
— Can the CGC calculation be extended to other regions?

* Possible that suppression is seen in the e-[l correlations
that contains some of the CSM IC signal (if it exists).
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Extract best fit to R¢p at
a given rapidity versus
centrality.

Based on predictions
from R. Vogt.

Parameterizes all the
effect that shadowing 1s
missing.

Same shape at lower

energy (initial state energy
loss).

Gbl‘ﬂk“p il'l'lh]

(=2 . I -

18
16

-2

A. Frawley ECT, Trento

=
=

—

EKS98 shadowing

PHENIX sys  +5.0-4.1 mb
glob

EB66
HERA-B

= =
— =

A

suppressiol

L

15 -1 05 0 05

rapidity

Lawrence Livermore
National Laboratory

Linden Levy - ICHEP 2010, Paris FR

7/23/2010



5 iF=======- EKSE8- - - - - =
14 ly| =

- e m s a m o = = = =

[] o MdBess
%’] % M o IVEf Biop s rsyst 2T
WA
T oo

III|IIII|III
50 1000 50 00

* Resolves the rapidity question.(?)
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5 ! | ! I
AL W STARGHLIG: 3 oF it fonmtion (2008) ]
3L V STARCu+Cu0-¢ | » (MB) (2005) ]
5| © PHENIX CusCu o= Avg:1.4+0.44 1995) ]
i 1.6
} 1.4 Ji b 7
1 Hb oo 1.2 -
® 08 _I' s F
06F2 .. E A
0 4 .."§ ....... § ...... § § 0.8 ;_ +
il 0.6 : Avg:0.65+0.18
o2l 1 11 041" o STAR Cu+Cu 0-60% 43
0 1 2 3 0.2~ * PHENIX Cu+Cu 0-94%
u_l I4.|5I 11 1 é 1 1 1 I5.|5I 1 1 1 é 11 1 Is.lsl 11 1 } 11 1 I?.lsl 1
-

*Data are consistent at ~ 1 O level.
*PHENIX data would appear to remain constant over pT.
*STAR predicts binary scaling (overstated conclusion).
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N p+p J/y trigger 2006
M p+p HT trigger 2005
M p+p HT trigger 2006
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6
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11 12 13 14

Transverse momentum P, (GeV/c)

 STAR p+p baseline lower than PHENIX at high p.
* Is the STAR data internally consistent?
* Different rapidity ranges being compared on previous slide?
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2 81025; PHTENX PRELIMINARY |
= Au+Au |y|<

0.35

e'e

10}

etet+ee

ete invariant mass [GeV/c’]
m,, (Gevic’)

Probablllty

Y(1S), Y(2S), |
Y(3S)

0002 04 06 08 1 12 14 16 18 2
Rua, for my, €[8.5,11.5] in (GeVic?)

* Poisson probability analysis to set an upper limit.
* Upper limit R, , < 0.64 90% CL for Upsilon atRHIC.
* Need Run-8 d+Au value for CNM baseline.
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* The million dollar high pT question
— 2007 Au+Au data coming with

* Disagreement between star and phenix baseline?

— Is it worth beating this drum anymore since the data have huge error
bars.

* PHENIX rapidity difference in Au+Au collisions can
be accounted for by an eftective breakup cross
section.

— Parameterizes all the physics that 1s missing
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