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Quarkonia & Deconfinement

For the hot-dense medium (QGP) created in A+A collisions at RHIC:
* Large quark energy loss in the medium implies high densities
* Flow scales with number of quarks

* Is there deconfinement? — look for Quarkonia screening

s ;L roem Debye screening predicted to destroy J/y's
o “fh‘:’“'"l”tf ] in a QGP with other states "melting” at
o4 e Beiee J/;(; different temperatures due to different
é& o sizes or binding energies. AQ%SY’ WWNDOS
o [ % ] ¢ _ LAr) ifm]
RHIC: T/T,~ 1.9 or higher

Y(15)

Different lattice calculations do not agree on whether the -
J/vy is screened or not - measurements will have to telll

Satz, hep-ph/0512217

N(1P) [ £7(28) || T(1S) | xo(1P) | T(25) | xs(2P) | T(35)

%o (1P)
J/p(1S) Y'(25)

w(P)  Y'(39)
%(1P) w(25)

state

T,/T. 1.16 1.12 > 4.0 1.76 1.60 1.19 1.17
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PHENIX A+A Data and Features

PHENIX Au+Au data shows suppression
at mid-rapidity about the same as seen
at the SPS at lower energy

* but stronger suppression at forward
rapidity.

« Forward/Mid R4, ratio looks flat .
above a centrality with N, = 100 02

AA

[am—

Several scenarios may contribute:
 Cold nuclear matter (CNM) effects
* in any case are always present
 Sequential suppression
* QGP screening only of y. & v'-
removing their feed-down
contribution to J/y at both SPS &
RHIC
 Regeneration models
e give enhancement that
compensates for screening

/Mid R
e o 2 o
O N B O o —
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Forward R
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What CNM effects are important?
(CNM = Cold Nuclear Matter)

Traditional shadowing from fits to
DIS or from coherence models
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| —— This work, EPS08
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Gluon saturation from non-linear gluon
interactions for the high density at
small x; amplified in a nucleus.

high x

Absorption (or dissociation) of CC
into two D mesons by nucleus or co-
movers

AN
Energy loss of incident \

gluon shifts effective x;
and produces nuclear .. fR(A/p)
suppression which ~ R=1—=
increases with xg

*
*
.
*
*
*
.0
*

-
./
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CNM Physics - PHENIX, E866, NA3 Comparison

New Analysis of Run3 d+Au o, =0oA”
with new 2005 p+p baseline
PRC 77,024912(2008) J/v a for different Vs collisions

Compared to E866/NuSea p+A
results & lower-energy NA3 at
CERN

Not universal vs x, as expected for ,,

shadowing, but closer to scaling _ | _
with xg, why? i 19 GeV % ]

... 0.7 T o NA3(19GeV)
* initial-state gluon energy loss? 39 GeV O Eses (33 GeV)

. T @ PHENIX (200 GeV) 1
* gluon saturation? .

Ll II 1 I 1 I L I L L
10™ 0.0 02 04 06 0.8

0.6

II
-2

10 X,

(x, is x in the nucleus)
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Present CNM Constraints on A+A data

CNM effects (EKS shadowing +

dissociation from fits to d+Au dataq,
with R. Vogt calculations) give large

fraction of observed Au+Au

suppression, especially at mid-rapidity

PRC 77,024912(2008)
L L LN B LN

—m— PHENIX AurAu Data |y|<D.35 (systdqbd + 12%)

_mid-rapidity

EKS Shadowing + 0., =287 mb
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more accurate d+Au
constraint badly needed

—e— PHENIX AurAu Data 1.2<|y|<2.2 (systghm + T

 forward-rapidity

EKS Shadowing + o, =28 47 mb
NDSG Shadowing + Op ey, = 2235 Mb
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Mistake in extracting Oy .qu,, VS. rapidity

Phys Rev C 77, 024912

.......
-
s

X (€b. €, ) — +e + e

g;

i (yi + €b0b, + €cyioe — pi (p))*
i1

Phys Rev C 77, 064907
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Run-6 & run-8 p+p 200 GeV data.

« Factor of three more data in run-6 compared to the

previous run-5 p+p baseline

Run-8 d+Au 200 GeV data <=

L

Vv

« Factor of thirty more data in
run-8 compared to the
previous run-3 d+Au

« Constrain the CNM effects
present in HI collisions to
make un-ambiguous
statements about anomalous
suppression.

« The statistics are therel!
Main Focus is on reducing
systematics.
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Quarkonia Production is Also an Issue
Lets look at p+p Collisions

J/p
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Quarkonia Production is Also an Issue

* gluon fusion dominates
* but is cC produced in a color-singlet or -octet

state?

« important for CNM effects

« difficult to get both absolute cross section &

polarization correct

* singlet models under-predict cross

sections

 octet models get cross section but

predict transverse polarization at large p+
- but small longitudinal polarization was

seen (E866, CDF)

* recently a new singlet model seems to get
both correct (Haberzeﬁ/, Lansberg, PRL 100,

032006 (2008) )

 Latest PHENIX data starting to define

rapidity dependence
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J/y Production - Polarization

A = +1 (transverse)
1— -1 (longltud/nal)

T £ A e e 0.5 prerrprrrrprrI T T T eTrhTTe
081 (a) 1 0sf(b) ] 0.4 £ PRL91,211801 (2003) E
gj: e 4 ooF * CDFDam 3 03 E E
0.2 E_ NRQCD __ g: -_+ —i}—{fggoDﬁzaﬁon : g _E

80 e 025 +, y %2k :
-0.2;_ "‘_‘—0—-_§_. % i _0.25_ 1 E 0.1 . =
04F 3 04F E o f
06 4 08 [ 3 : ]
08 T— ; _D_B;_¥ E —0.1 F E866 800 GeV E
T s w s w TN s a s 20705 1 15 2 25 3 35 4 45 5

pr (GeVic) pr (GeVie) Pr
o . E866/NuSea — PRL 86, 2529

- Octet models get correct cross section size (unlike  '? (2001)

singlet), but... D eII-Yan

- CDF and Fermilab E866 J/y data show little 1 ® % é -------- Yoo

polarization & disagree with NRQCD predictions { ZS+3S-

A 0.5} |

And Y maximally polarized for (25+3S), but NOT (15) @1 s

* Is feed-down washing out polarization? (~40% of 1S | - il

from feed-down) B @ Drivn

(v' polarization measurement would be helpful here . . $ o

but is very experimentally challenging) 03 ' I | 2 ' 3

Py (GeVl/c)
1/23/2009 Mike Leitch - LANL 11




J/y polarization at mid-rapidity in PHENIX vs p+

0<p,<1GeVie

dN,,, fdcos® [arbitrary units]

norm = L0000+ 0.0649 2.9 <m,,, <32 GeV/i?
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Probably most
interesting at the

highest p; (2-5 GeV/c)

since this is where
theoretical models
predict non-zero
polarization
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J/y Polarization at forward rapidity in PHENIX

dN/dcos(6) (a.u.)
N B B B N

e =2 2
N B o

=
== ] -
-I_III|III|III|III|III|III|III|III|III|III

=]
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0
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A
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""\v-——
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Forward rapidity
measurement with
dimuons gives zero
polarization with large
uncertainties, and
presently is unable to
study vs p+
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J/y polarization at in PHENIX vs p+

* Small polarization at 0.5
mid-rapidity seems <S04k
consistent with s- '
channel cut theory

® PHENIX Preliminary lyl < 0.35/
— Lansberg, y =0
PHENIX Preliminary Iyl = 1.7 |
(pT =0-6 GeV/c)

e but at forward 0.2 N — Lansberg, 1.2 <lyl<2.2 i
rapidity data smaller 0.1F ~ ]
Than predicTion 0-—. ............... 4 .\.;\.............-:
L e e e e e N [ e L L IR -0*1_ \h" 7
[ Global scale uncertainty: 10.1%] ' Global scale uncertainty: 10.1%] L ~ ~

= 10; s : = 10% o 222 — 02 ~ -

0.3} _

0.4 p+p — Jhy at Vs = 200 GeV —
102k : 102g _0 5 , | L | N | | | y | | | N | | | y | |
o N e N f 0 05 1 1.5 2 25 3 35 4 45 5
AR PO R A P; (GeV/c)

Lansberg & Haberzettl, hep-ph/0806.4001 (2008)
(Singlet model with s-channel cut; does not include effect of

feeddown from y . & v')
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Complications due to substantial feed-down
from higher mass resonances (v, %, )

E-Y

J/lll from Xc < 42°/o (900/0 CL)

—s— q+A Run-5and6
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XE
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5 R. Vogt, NRQCD calculations VS (Gev) 05
< Nucl. Phys. A700 (2002) 539 10
62 1.00 |- ] | B
T xg..e""{éi I .
o Soee Jiy »] Nuclear dependence
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J/y at large p+ in p+p collisions

New invariant yield measurement from larger
luminosity Run-6 agrees with published results!

PRL98:232002,2007
e, (Islolbal‘scalle ﬁnéertélnfy: io.‘l‘%l S
10 B
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T We 107
g " E
E 3L @ |y|e[1.2,2.2]; x10
s Ly pp Sy [<0.35 N5 =200 GeV " E i3
2 1= % 10%
s B mﬂrﬁ —=— RUNS final result g
g - £ S
Sl f#qb]* —e—runé  PH-ENIX
E - *’ﬁ’# PHENIX PRELIMINARY g 0 3 p:(eev;c) 6 b
10% = i 8 ¥ *]
10° & p7ENIX i
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1079 1 2 3 4 5 6 7 8 9 10
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Y lwi<o.3s
Bijpoete= 0]y co3s (pr < TGeV/c) = 41.040.9(stat) £ 4.9(sys) nb
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V' vs pt in p+p collisions at mid-rapidity

Within uncertainties v'/(J/ v)
agrees with HERA-B & E789
measurements

e with (BR*y")/(BR*JT/vy) = 1.9%]

invariant cross section [nb]
—
o

PHENIX PRELIMINARY

pp S’ y|<0.35 s =200 GeV

o
PH--ENIX

—e— Runé y

~ el

10°
R*c,, (pr< 7 GeV/c, |y|<0.35)
104 5 0.88 +0.30/-0.20 +0.12 nb
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... _E789, PRD 52, 1307 (1995) Hi
o kAR g o bR ——e—— PHENIX Preliminary p+p \s=200 GeV
= «/_ =39GeV | 006l — HERA-B [Eur.Phys.J.C49,545(2007)] p+A 920 GeV
g ;i if ] ' PHENIX
' L o0s— (BR*W')/(BR*J/y)
i 11 ] > = 0.019 +0.005 +0.002
RS il ] ©"0.04|
i I l( s
I 1 i = L
| ﬁ S 8
e + % b 7 sl * : [ <0.38 90% CL
Q.01 - e - + I$|+ : +
0.01—
S T - R RV S B O 1 7 3 e S—
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And Now back to A+A
and the QGP -
consider two scenarios

Ay (fm)

I [
» X0 ) ]

05 | W (0.56 tm) E
0.4 [ %% Debye length from lattice QCD E

03 [ J /1029 tm) E

0.2 E
i éﬁy T 0.13 tm)

01 f 7

0 P | | | | | |



QGP Effects on Quarkonia
Sequential Screening and Gluon Saturation

Some recent lattice calculations
suggest J/y not screened at all

* suppression then comes only via feed-
down from screened y. & '

 then the situation would be the same
at lower energies (NA38/50/60) as for
RHIC mid-rapidity

* and the stronger suppression at
forward rapidity at RHIC could come
from, e.g., gluon saturation

 But can this picture explain flat
forward/mid-rapidity R, , super-ratio?

| | ! | '
] e ¢ e asasaesesasassariasisessasesesssaasiens —
. O  NA3®/S0/60
0.8 @ PHENIX lyl<0.35 | _|
L B PHENIX 1.2<lyl<22| |

S0.61 NA38/50/60 syst 1 1%—

m -
0.4 0z O _
B | | () E oo 'I-"_Hr',' i § i io
0.2 | 1Y1<0.35 syst 12% i B
L 1.2<lyl<2.2 syst 7%
0 1 I 1 I I [

< I | | :

“ 1.2} Y o
o PH:“ENIX
—— ] M e B —
é..,: 0.8} N

o
& 0.6 —
o i
g 04 —
E 02 Gl yst 14% S

1 | | |
/UO 100 200 300 400
Centrality (Npq.)
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QGP effects on Quarkonia
Regeneration - Compensating for Screening

* larger gluon density at RHIC expected to
give stronger suppression than SPS

e but larger charm production at RHIC
gives larger regeneration

 forward rapidity lower than mid due to
smaller open-charm density there
* very sensitive to poorly known open-
charm cross sections

* Vertex upgrades will help here

« expect inherited flow from open charm

* regeneration would be HUGE at the LHC!
e can the two compensating components
(screening & regeneration) which may have
diff. centrality dependences, give a flat
forward/mid-rapidity R, ,?

1/23/2009
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PHENIX 200 GeV J/y

—— Rapp total (y=0)

-—- Rapp direct (y=0)
— - Rapp regen (y=0)
Grandchamp, Rapp, Brown

Grandchamp, Rapp, Brown
PRL 92, 212301 (2004)

T T T

m AuAu |y|<0.35
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¢ dAu1.2<|y|<2.2

hep-ph/0306077
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1.2<|y|<2.2 syst 7%

nucl-ex/06110201

200 300 400

L Global syst 14%
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200 300
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QGP effects on Quarkonia - p+ Broadening

« AA data same as pp & relatively flat with centrality

* CNM effects broaden p+
* initial-state mult. scatt. for both gluons

* but regeneration should narrow p+(compensates for above?)
« square of small-p; peaked open-charm cross section

— 6 III| T T T TTTTT T T T TTTTT T T 17T TTT | T TTTTTI | T TTTTIT | T 17
S ] -
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O 5S¢ T 7
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v L T Il ]
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N T T o U ﬁ - ]
L 3r T 7
> i 1 ]
Q L
© ,r hi b
~ 4F Iyl<035 L yle.2,2.2)
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Q O ptp T O ptp B
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0_|||| 1 |||||||| 1 1 ||||||| 1 |||__III| | | IIIIII| | | IIIIII| | | II_
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Npart Npart
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How does the QGP affect Quarkonia? J/y flow

] B I L B L L I I I
\ ) g 0_2ipmﬁ|x E
J/y's from regeneration should § 7 PreUMINARY g
inherit the large charm-quark elliptic £ **; E
flow T T BT B N
0.05— v ! -
u ¢ ]
- ’i,’ ]
o SN ]
* also need to measure open-charm flow ok minimum-bias E
at forward rapidity L AwAumN 200Gy
°-‘o"'bs""1""15"‘2""25""3"'5.5'"'4"‘h[.g"l‘]5
p, [GeVic

R SRR RSN AR L R AR AR RARY L AR RN

Ia; {::ﬁii—:#tng':'agf?i?ﬁ?s}sﬂ26} won Initially produced \Lp (PRL97:232301)
. . . 0.2 in fireball (PRL97:232301) Comovers (Lynnik priv. comm.}

ThlS IS a flr,s.l. measur‘emen.‘., 01. + initial mix (Zhao, Rapp priv. comm.}

lIII|II|||||II

8!

both mid and forward rapidity. o =
Very limited statistics so that no | [——fi= 5
strong conclusion can be drawn. - N -
01— -
Need more data, and detector - &y AusAu200 GeV [20-60%]
upgpades_ ool PHENIX preliminary
L O  |yl<0.35 42% Run-7 .
- Global Relative Svst. + 3%L ® lyle[1.2,2.2] online filtered -
-0.3 _I 11| I L 11 ISF 1 .l_l 1 ] ‘l- | - l 1111 ] .I- 111 I 111 1 l | - I L1 11 l | - l—
0 0.5 1 1.5 2 2.5 3 35 4 45 5
p, (GeVic)
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Reaching Higher p; for J/y - probing for the “hot wind"?

New PHENIX R, out to pt =9 GeV/c |

* shows large suppression that looks roughly constant up to high p+

* STAR points with their huge uncertainties were misleading

AdS/CFT ("hot wind") - more

suppression at high p+:
Liu, Rajagopal, Wiedemann
PRL 98, 182301(2007)

Regeneration (2-compenent):

Zhao, Rapp
hep-ph/07122407
& private communication

Equilibrating Parton Plasma:

Xu, Kharzeev, Satz, Wang,
hep-ph/9511331

Gluonic dissoc. & flow:
Patra, Menon, nuc/-th/0503034

AA

a4

1 I | I 1 I 1
" @ PHENIX Cu+Cu 0-94% (Run 5+6 p+p ref)
- O STAR Cu+Cu 0-60%

= = Xu, Kharzeev, Satz, Wang (1995)
. @=® Hot Wind 20-30% (2007)

- 200 GeV Cu+Cu
| Global Sys £16%
PHENIX PRELIMINARY

| — Zhao, Rapp Cu+Cu 0-60% with formation (2008)
2 . Patra - gluonic dissoc. + flow (MB) (2009)

Cronin - less suppression at higher pr: 05— ¢

use d+Au data as a guide

1/23/2009

Mike Leitch - LANL
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PHENIX & STAR Preliminary Y p+p Cross Sections

Dimuon Mass (GeV) I

Entries 24684

~~—
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_ =
wlm=_ — 2 Entrles 300008
= a0
e p+p QMO5 -
107 _?..__":-"_,__‘_ .
E S oy 120 Upsilons from
T et ™ 100 Run8 d ?
. ‘ i un8 d+Au:
L ﬁ et : )
sof- (online spectrum)
Eres 05
] 0= JiPsi A‘rea 1.181e+04 + 134 &0
I s e
~E 1§ Paks Area 609.5+ 58.3
el Upsilon Area 24.04 + 3.93 A0
mg— ‘|> + 20 + u -
:?: 'J,f+ T uzr A s L T
= 11 4 6 8 10 12 14
: : ’ 0 ” i (Gaviey M i+ 1 (GeVic?)
10" | !
150 —_—
3% STAR QMO6 Preliminary 1st UpSl lons
PHENIX QMOS Preliminary 3
_.. NLO MRST - R. \r:);tmnm at RHIC % 10
~ 100l STAR | i 2
= 100 A2
) 2006 3 £ 10°
Z N
;%0 //‘. -"\\ 5
~ a 1
* / \ © 10
~ - ~ ©
M 50 / PHENIX \ ] * PS PHENIX - 2005 preliminary
/ ’ Y \\ oC (y=1.7 extrapolated to y=0)
7 — pu \ m 1 00 | STAR - 2006 preliminary ]
4 2005 N Vogt NLO CEM MRST HO
é AN — Vogt NLO CEM GRV98HO
0 - /| . | . | . | . |\ ™ - I |
-3 -2 -1 Rap?dity 1 2 3 101 102 103 10
1/23/2009 Mike Leitch - LANL \s (GeV)
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1

Quarkonia Results from RHIC - Summary

Pushing J/y to higher-p+ Better CNM baselme coming from Run8!

E 25 T IR —e— PHENIX AurAu Data 1.2<ly|<2.2 (syst, , + 7%)
- imi 200 GeV Cu+Cu J/ . -
PHENIX Preliminary eV CutCu Jiy I 11% Global Scale Uncertainty 1_ EKS Shadowing + o, = 2.8 %17 mb
Centrality 0-94% @ Run 5+6 pp ref - . P "
2f S, 16% ® STAR CuCu{0-60%)/pp ’ [ NDSG Shadowing + i, ,...= 22 %12 mb
B : 0.8
1.5/ 0 5'
o 5 Sk
L <
- E‘D e
0.5 L
e + ﬁ | EKS Model 000, . 0.4i . m
= ’ | [ ] L I- [ “leld 57,030 253 1
¢ 5 & s S [ - Crentup = 0,123 1000 % Clroid 30875000 | 1 b}
0.5— L +ig 12000 Sigma 1722 1MeV ] ?
| — BestFito, .= :t 10000 Ty =i J
- I I PO | = 1 ‘ | | |
TR AR FEENI SR NRE SEE NS CRETE F TN SUNEE SENEE S 03 2 1 03 + T —
0I:) 1 2 3 4 5 6 7 8 9 10 = = - oy B 6000 —IUIJ 150 200 250 300 350 400
p, (GeVic) Rapidit = . ! Number of Participants Au+Au
2000 =

T T T Dimuon Mass (GeVic?)

Q NA38/50/60

@ PHENIXyi<035 | | SequenTlal

B PHENIX 1 2¢lyl<2.2

NA38/50/60 syst 11%- scr'eening & - r'egener'a’rion is

0,’7_'34(0355,"5”3% : i i i io - SGTUPGTIOH ,“g_lffICl[JIT] To See L AR RS RN A

B 12<|y|<22 syst 7% 1 N at lgzﬁm??{asss 202} ]
0 . I ' I ) | . F e e s Iniially produced Jiy (PRL7:232301) -
< T | T | T | T 02 in fireball (PRL97:232301} Comovers [Lynnik priv. comm.}
L L - B + Initial mix (Zhao, Rapp priv. comm.}
x 12 L L =

1
e
TTTT T

/Mid R
i
b
F—ty
|
NS R |

0.8 - : -
< s 4 r
& 06 = 01— l. { .
) 7 F & Jive Au+Au 200 GeV [20-60%]
g 04 B . L PHENIX preliminary -
b - ) lyl=0.35 42% Run-7 e
55 02 _— Global syst 14% —- :Global fenive SE"“ \ ° |;|r[|.2,12] online filtered E
=~ 0 1 ] 1 ] 1 | ] 03yl B R e Sy S
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How does the QGP affect Quarkonia?

AA

(1

CNM effects (EKS
shadowing +
dissociation) give large
fraction of observed
AUAuU suppression,
especially at mid-
rapidity

Normal CNM descriptions give similar AuAu '
suppression at mid vs forward rapidity '
* but if peaking in “anti-shadowing” region were

flat instead then one wou

CNM Effects

<
o < -
1 ‘_ —m— PHENIX Au+Au Data |y|<0.35 (SyStqubd +12%) o 1+
L EKS Shadowing + Gy, = 28/ mb B
i NDSG Shadowing + Gy, . = 22 11 mb B
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2

—e— PHENIX Au+Au Data 1 2<|y|<2 2 (systgh + 7%)

bl

EKS Shadowing + Gy, = 287 mb
NDSG Shadowing + Oy oy, = 224 mb

IR NS PR BT RS R R
l:tl 50 100 150 200 250 300 350 400

Number of Participants Au+Au

|d get larger suppression

for forward rapidity as has been observed in

AuAu data
« could come from gluon s

aturation or from a

shadowing prescription that has no anti-shadowing

In any case more accurate dAu data

/s sorely needed
1/23/2009

Mike Leitch - LANL

50 100 150 200 250 300 350 400
Number of Participants Au+Au

200 GeV J/¥ - EKS & 2 mb

* Rapidity



Nuclear Dependence Nomenclature - Ratio (Rya,. Ras) and Alpha (at)

Ryay = O = 1if every N-N collision in a Nucleus
contributes as if it were in a free nucleon

dO_dAu/dy
RdAU — pp
2x197-(do™ /dy)

_ dN /dy <n.,> from Glauber
<ndAu >dN pp /dy model calc. - can also be

coll

Rd.tb«u

Where dNd94u¢/dy is an invariant yield w/o absolute
normalization factors that would be needed for a
cross section (lower systematical uncertainties)

1

0.5
| EKS Model

used for centrality bins ot
3 2

N

T T | T T T T | T T 1 7T ‘ L
+ 11% Global Scale Uncertainty |

; - +1.7
—— Best Fit Cpreakup = 287, mb

PH-<ENIX

Lo Cpreakup = 0,1,2,3,5 mb (top to bottom)

Alternatively, a power law with a - especially useful .. & =
when comparing expts that used different nuclear g =
Iz
targets o 0.8} =
o.\=0,,A E866/NuSea
p pp prBe,Fe. W

a=1+In(R,, )/In(A)

0.6

1/23/2009 Mike Leitch - LANL
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Transverse Momentum Broadening
Another Cold Nuclear Matter Effect

CC

Jy

Initial-state gluon multiple scattering
causes py broadening (or Cronin
effect)

1/23/2009

PHENIX 200 GeV dAu
shows some pt
broadening, but may be
flatter than at lower
energy (Vs=39 GeV in
E866/NuSea)

_ (24
o, =0A

Mike Leitch - LANL

1.4

1.2
1.0

0.8

1.2

a1.0

0.8

1.21

1

PRC /7, 024912 (2008)

|
J!'1|J ngh X, x"'-

- ~0.09 ;?E’

E;z O E866 (-0.1<x <0.3) ]

- @ dAuuy (x, =008 —
1 I L 1 L I [ 1 L I 1 L L I L L L

i I I LI I LI L I L L I L I |
-

& dAuee {xF=ﬂ) ek

-
— f"‘" =
| ::;_ -".; _______ -

L O E866 (0.3<x,<0.93)  LOWX, _
B dAupp (x, = +0.08)  ~ 0,003 -
-

0.8
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Recent Quarkonia Yields in PHENIX & STAR

YAV, Y
Run | species Expt. Lumi o ee LLLL ee LLLL
2005 pp PHENIX 3.8 pb’ 400 1250 27
STAR 3 pbt >2.5 22
CuCu PHENIX 3 nb? 2k 9k
STAR 0.9nb?! >3.75 17
2006 pp PHENIX  10.7 pb' 1.5k 22k
STAR 0.4 pb ~150
11 pb-t >4 40
9 pbt 42
2007 AuAu PHENIX 0.81 nb' 3.7k 16k
STAR 0.3 nb'! 70
2008 dAu PHENIX 80 nb 6k 73k ~200
pp 5.2 pbt! 13k




Reaching Higher p+ for J/v -
probing for the “hot wind?"

Approximate ratios by combining
PHENIX & STAR data reach higher
p+ & appear to be consistent with
R44=0.9+0.2 at high p+

* but also consistent with lower p+
data at R,, = 0.52

* & regeneration models

« & rough projection from d+Au
 but not with gluon dissociation +
flow (Patra, nucl-th/0503034 2005)

Most models expect a decrease in
R4 at high p+

AdS/CFT (“hot wind"):
H. Liu, K. Rajagopal and U.A. Wiedemann,

PRL 98, 182301(2007) and hep-ph/0607062
Regeneration (2-compenent):

X. Zhao and R. Rapp, hep-ph/07122407
Private communication

1/23/2009

<
<
a2

2

1

ol

d+Au CNM - - ]
constraint -
0 IS AR R R R N 1 |
0 1 2 3 4 5 6 7 8 9 10
P; (GeV/ce)
31

r 1T 1 17 " 1 7 1T 7 1
PHENIX Cu+Cu 0-20%

PHENIX Cu+Cu/STAR p+p 0-20%
Zhao, Rapp Cu+Cu 0-20% with formation

Patra - gluonic dissoc. + flow (MB)

RAA=0.524+0.05
¥ /DF =2.9/7, Prob = 0.89

| om.

d+Au CNM
constraint

PHENIX ICu+Cu OI-EO% I I
PHENIX Cu+Cw/STAR p+p 0-20%
PHENIX Cu+Cu 0-60%

STAR 0-60%

PHENIX Cu+Cu/STAR p+p 0-60%
Zhao, Rapp Cu+Cu 0-20% with formation
Zhao, Rapp Cu+Cu 0-60% with formatich
Patra - gluonic dissoc. + flow (MB)

RAA =0.59+0.02

¥ /DF =9/15, Prob = 0.88

I, i — -

[ ————— e

Mike Leitch - LANL



1.69 GeV?)

~

(2,

Pb
G

R

EPSO8 (Strong) Shadowing
Eskola, Paukkunen, Salgado, hep-ph 0802.0139v1

1.4
1.2
1.0 -
0.8
0.6 -
0.4 -
0.2 -

— This work, EPS08
EKS98

|.--|ll-||-|||.|ll1||-|lll|ll;‘:

=
-
=
_---l——--'----——.

[ T TITTT

0.0 -4I IIIIIII|

10

X

10

Fit includes
RHIC
(Brahms)
forward
hadron data
(as well as the
usual DIS and
DY data)



RAuAu VS

CuCu provides more accurate
I Nuclear modification factor RAA at smaller Nparf, but within
errors confirms the trends

03+ + seen in AuAu in that region
0.6
R Raaly~1.7)/
i ES 14 - -
0.4 'EE 1_2_— C) $ H -
: .
| ® PHENIX, Au*Au, |y|e[1.2,2.2], + 7% syst. o 08 0 (. -
0.2—® PHENIX, Cu+Cu, ly|e[1.2,2.2], + 8% syst. 0.6 m E N
"L © PHENIX, Au+Au, |y|<0.35, + 12% syst o4 ™ AuAuU, S}:‘StglomiI +14 % E N
| PHENIX, arXiv:0801.0220 02— o CuCusyst —+14% =
NI ! Lol | 0 PR S . L P
0 2
10 10° 10 10 Noare
Npart
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New results from Run7 AuAu data

x Nuclear modification factor

# PHENIX, Au+Au, |y|=[1.2,2.2], = 7% syst.
(Run7 preliminary)

® PHENIX, Au+Au, |y|e[1.2,2.2], £ 7% syst.

O PHENIX, Au+Au, |y|<0.35, £ 12% syst

Preliminary analysis
of new Run7 AuAu 0.8

forward rapidity 0.6
(dimuon) J/vy data
(black points) is
consistent with
published results
(blue points) from
Run4

0.4

e v b b b b b i
l.’l) 50 100 150 200 250 300 350 400
N

part
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RdAu

1/23/2009

0.5
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0.5

Ratios vs pt for d+Au and Au+Au
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