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Introduction

« J/1 in A+A collisions Gescn PRL 101, 122301 00
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The “RHIC J/ ¥ puzzle”

NA38, S+U,0<y<1, E. Scomparin {QM06), nucl-ex/0703030

* Suppression doesn’t
increase with local &,
density o

- Ry, ([y[€0.35) > R,, (1.2<]y|<2.2)
~ Ry, (RHIC, [y|<0.35) = R, (SPS)

0.6 MRl [
. Possible candidates "' | Febefy )

NAGB0, In+in, 0<y<1, E. Scomparin (QM06), nucl-ex/0703030

NAS50, Pb+Pb, 0<y<1, E. Scomparin (QM06), nucl-ex/0703030

RHIC, Au+Au, |y|<0.35, PRL98, 232302 (2007)

RHIC, Au+Au, 1.2<|y|<2.2, PRL98, 232302 (2007)

RHIC, [y|<0.35, Global error = 12%
: : RHIC, 1.2<|y|<2:2, Global error = 7%
0.8 [ 8PS, 0.0<y<1.0, Global error = 11%

| | 04 _____________________ H ______________________ ___________ i E a o
— Suppression (gluon diss.) S B T E+

. . 0.2_ ................ ..................... ...................... ..................... .................... e
— Sequential melting S N R R R *

— Regeneration % 50 100 150 200 250 300 350 400

Number of participants Au+Au

— Gluon saturation

— Some combination of all
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(Experimental) Ways forward

e Better CNM constraints (d+Au) [€ Euizdasiva 1D
« Higher masses (¢, Y(1S,2S,39))

— Better understanding of sequential melting
— Less nuclear absorption for Y family

* Other observables

~ Momentum dependence The main focus of this talk

— Rapidity dependence will be on the three
— Elliptic flow highlighted measurements

» Higher energies (LHC)
— Regeneration => Spectacular increase in Ry,
— Sequential melting => Onset at start of J/ ¥ melting
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Momentum dependence

Au+Au Cu+Cu (0-20%)
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p: [Gt-;-‘{/lt.:]5
 Momentum distribution 1s rather flat up to 5 GeV/c
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Constraints from <p>>?

* More or less flat dependence vs. centrality

— Regeneration models expect narrowing (p:2> | )

— Initial state multiple scattering expect broadening

T
L )

> (GeV/c)? (p_ < 5 GeVic)
w

2
T

<p
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Suppression at high momentum (1/2)

S
* High momentum measurements can be helpful

— Better constraint on <p®>
— How far will the flat tendency of R,, vs. pr continue?
* Challenge: High momentum counts are low

— Propagate error on like and unlike sign pair counts
using Poissonian statistics to draw probability
distribution of Ry,

—~———
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Suppression at high momentum (2/2)

e ——
* Range of predictions
[ o ];HENI!X Cu+bu 0-9!1% (Rlin 5+6 Ip+p retl')

— Less su PPress Tolg - — Zhao, Rapp Cu+Cu 0-60% with formation (2008)

| — . Patra - gluonic dissoc. + flow (MB) (2005) B _
* Zhao, Rapp: Due to B e
finite J/ ¥ formation
time, B feed down and £ [ &lerss e
CI‘OHIII effe(}t (a4 [ PHENIX PRELIMINARY

— Stronger suppression

* « Hot wind » model —cc |

pair in motionw.r.t. hot . . , . |, | " e,
. = d f 0 2 4 6 3 1
medium ecrease o p. (GeVic)

screening length.

* Too early to talk about an increasing R, ,(p)
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J/ ¥ elliptic flow

o J/ z flow : possible test A. Dion, 5D

Ofregeneratlon ﬂ OZP“HVE—N.X
— Electrons from open ¢ and b : d c&b(J/Y) |-
semileptonic decays show § o i | -
nonzero elliptic flow oosf- I it } 3
C L] ]
- J/ ¢ regenerated from ¢ quarks of it :
should inherit their flow 005t minimum-bias 3
: Ce e e e e A Do st et WO
P Maln CrltICISInS Y o5 1 15 2 25 3 35 4 pT4[.gewc.]5
— Flow seen at NA50(*) and NA60(**) where net charm yield is not that high
 Indication of other causes that induce J/ ¥ flow (*) F. Prno@HP08
*k) R. Arnaldi MO8
 But then... ) R Amaldi@Q

— Absence of J/ ¥ elliptic flow would weigh against regeneration models
which all predict substantial flow

———
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J/ ¥ elliptic flow results

p; integrated v, = (-10£10)% @ |y|<0.35 and (-9.3 + 9.2)% @ —1.2<|y|<1.2

™ 03 L I I LI L | Frr I Frr I L I L I L I L
> B Coalescence T ] o
- ﬁ: ::gﬁ;‘;g#‘ nﬂ 252;5?:@:5)5 P Initially produced J/y{ (PRL97:232301){ O
0.2 in fireball (PRL97:232301) " — — ®
NEIEIETR initial mix (Zhao, Rapp priv. comm}) omovers (Lynnik prjv. comm.) o
- - B 41 »n e
L _ % o
0.1 — s
L. T 4 o i
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N 1379
- ® 1 €
01— 1 3 ®
n ‘e 1+ £
B 1 J/y Au+Au 200 GeV [20-60%]7 _; S
0l PHENIX preliminary 4 8 O
0.2 — —— v -
- i O  lyl<0.35 42% Run-7 1.2
 Global Relative Syst. + 3% 1 ® |yle[1.2,2.2] online filtered 5 E ©
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Probability of positive v, from p- integrated values = 15%, and 8% if the
two rapidities are combined.
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Suppression of higher mass states?

e ——
* Y peak 1s not clearly significant yet...

— Best we can infer is correlated di—electron excess
whatever the source (Y, open b, DY)

—‘-v___ m
PHENIX PRELIMINARY | Z°10°=* PHENIX preliminary
p+p @ \fg _ 200 GeV E — Au + Au at \[s =200 GeV
- . » oo
- Iy|<0'35 10° = - —&— e'e" +ee
10: + +e o ; O e'e mixed
- e
L L L -1 _I T B [ [ L1 ] |5’:5’§:3 d o b
4 10 1074 5 6 7 8 10 11 12

e*e invariant mass [GeV/c’] m,, (GeV/c?)

p+p[8 5,11. 5] nl|ke_12 & Nynlike™ 1 AU+AU[8-5;11-5]: nlikez:l'7 &n =5
N
PH-“ENIX
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Extracting Y suppression

N([8.5,11.5]) 44/Ae(V) 44
RAa([8-5,11.5]) _ NeyxN(B511.5)pp/Ac(V)pp
RaA(J/4) N(J/y)aa/Ae(J/V) Aa
Al Neoit X N (J/4)pp/Ae(T /) pp

—~— C ~—
. . T - PH ENIX PRELIMINARY
Normalize high mass by J/y o i @N5=200 GeV' <035
(same data sets, cuts...) S | o Measured Vield
= otal signa
& 10’ T Y
. =
Double ratio of acceptance '\: o Y(1S4285+3S)
% " B2 Correlated cc and bb

and efficiency = 1 Kt Drett-tiza

10
Scale to the J/y R, ,
PRL 98, 232301 (2007) e
0.425 £ 0.025 £ 0.072 =

2 3 4 5 6 7 8 910
e*e Invariant mass [GeV/c?]

_ (N[8.5.11.5]/N(J/¥))as Ry a(J/%)

Raa(l8:5.11.5) = e e 31 8 /N (T 70) 12115
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A hint of Y suppression (1/2)

Probability
o o
2 N

0.008 PHENIX preliminary

0.006 RAuAu < 0.64 at 90 % CL

0.004

o \,—\'_4_'_‘_'

002" 04 06 08 1 12 94 16 18 2

R, A, for m, €[8.5,11.5] in (GeVic?)

High mass correlated di-electrons are suppressed

———
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A hint of Y suppression (2/2)

* High mass correlated di-electrons might be
— Y decay electrons, open b and Drell-Yan
— Relative contribution is not very well known

* Predictions about upsilon suppression ?
— Direct Y T,#4.1T_, unlikely to melt at RHIC (*)

— ~50% of observed Y are from X, decays T ~1.7T_(¥)
» CDF: PRL84 (2000) 2094, for p(Y) >8 GeV/c

e Cautions: Cold nuclear matter effects

— Expect smaller 0, than J/ ¢ due to smaller size
— What kind of (anti)shadowing is the Y subjected to?
(*) H. Satz, hep-ph/0512217

—~———
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Summary and conclusion

S
* Looking for other observables other than R, , 1s an

essential way out of the “RHIC J/ ¢ puzzle”.

— Better constraint on CNM effects € Luizda Silva; 1D

— Three measurements, at very early stages at RHIC
 J/ ¢ elliptic flow: Negative by one sigma

« J/¥ R, , at high pr: PHENIX analysis up to pr of 9 GeV/c
doesn’t show any significant increase within errors

» High mass quarkonia: Inclusive high mass di-electron excess
seems to be suppressed

* Improvements on all these results with higher
statistics from RHIC-II and PHENIX upgrades.

———
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Data driven extrapolation from d+Au

° |ﬂ1n1ma| IIlOHC! HCPGHHCHCG

— Modification depends only on local impact parameter
— Glauber model + rapidity symmetrization of d+Au points (%)
* Ry (Fy,b) = (/N p)* Z Rys(-y.b; JxR,(+y,b, )
— Suppression slightly higher than accountable by CNM effects at least at y=0

()
|
(o]
j
)
-+ < <
(U c r ——m——  PHENIX Au+Au Data |y|<0.35 (syst___+ 12%) e r
o 2 1 - 1
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? k B
o L E
" . 0.8 ly|<0.35 0.8
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| . - B
S o 0.6 0.6
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- ) -E; i L
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- ) - [ -
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T O L [ H L
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00 50 100 150 200 250 300 350 40 Cb 50 100 150 200 250 300 350 40
Number of Participants Au+Au Number of Participants Au+Au

If we want minimal model dependence, R,,/CNM doesn’t exclude
the same anomalous suppression at forward and mid rapidities.
pm|x 03/31 (*) For method cf. R. Granier de Cassagnac, J.Phys.G34:5S955-958,2007 p. 17/15



CNM from run 8 data

 3(0x more stat. than run 3

~20% 0-20% - .
N 020 o/<|\| > = -
inv s |

R 0-20% __ coll <, E RHIC 2008 : ?'-]ﬂ E
E deAu(5g, = 200 GeV

o N 60—-88% N 60—-88% 97E-411% Global Scale Uncertainty _E
InV - 40-60% 3

coll

* R, ratio: smaller syst. errors

— Same data set for normalization 5 *
() SenSitive tO both nuc1€ar 0-718.27% Global Scale Uncertainty QLT] __
- 20-40% =

absorption and shadowing

* Numerical extrapolation to A+A
coming soon o

- : I T

[ g S—
0715.05% Global Scale Uncertainty S 3

= | 3
I

- 2 A 0 1 2 -
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« Estimate reaction plane

— New detector for event by event
reaction plane determination

* Measure v,
B Nsig*VZ,J/w: Nfg*VZ,fg - Nbg*v2,bg(MJ/lp)
— Vyp = <cos(2%( =¥ 30))> of unlike sign
pairs in J/ ¥ mass window .

~ Vype @t M, Is interpolated from a
polynomial fit outside of J/ ¢ mass
window of like sign v,(m)

e Correct for finite resolution

= V3 = Vymeas / O gpr Where 24 segment plastic scintillator

T~ 1<n<28
PH%}%ENIXI Opp =2 X 1/(005(2>< (lPFep A — Voo (s )» ;




J/ 1 flow at SPS

_ |
peripheral
L : T T T I : E :_
G S : 2 0.12¢ ,
r ] = 3. o .-# o
0.05 - — oo, i » e
5 ] s 04f .,f.“m ...
0[14— E -
0.03f ‘ : 0.08 3 NAG60
0.02F \ t 0.06 [
oolk ; : v, =0.07 + 0.03
Bl ; 0.04 -
[}__ ...................................................................................................................................... - |
ool —f 0.02 28% <olc,,, < 83%
0 05 1 15 2 25 3 | T TN ST TN
p; (GeVic) 3 2 4 0 1 2 3

. L4y
A non zero flow 1s observeu at oro

— Impossible to explain in terms of recombination, since

the open charm yield per collision is low.
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Suppression at high momentum (2/2)

* Range of predictions
. [ e ]I3HENIIX Cu+ICu 0-911% (RLIm 5+6 Ip+p re’rl')
— Less suppression | O STAR Cu+Cu 0-60%

b — Zhao, Rapp Cu+Cu 0-60% with formation (2008) B
. — - Patra - gluonic dissoc. + flow (MB) (200¢)
* Zhao’ Rapp Due tO - = = Xu, Kharzeev, Satz, Wang (1995)
ﬁnlte J/ w formatl()n | @8 Hot Wind 20-30% (2007)

- 200 GeV Cu+Cu 4

| Global Sys +16%
PHENIX PRELIMINARY L
— Stronger suppression i e =
* « Hot wind » model — cc

pair in motionw.r.t. hot L . . . | T e—e
. 0

medium = decrease of p, (GeVre)

screening length.

* Too early to talk about an increasing R, ,(p)

time, B feed down and
Cronin effect

RAA

———
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