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How are Quarkonia Produced?

e Gluon fusion dominates
« Color singlet or octet cC: absolute cross
section and polarization? Difficult to get both

correct!

« Configuration of cc is important for pA cold

nuclear matter effects \

« Complications due to substantial feed-down Bl

from higher mass resonances (v, %, ) ’z: 7
Polarization -0.8 |

NRQCD models predict large transverse
polarization (A>0) at large p+

« but E866 & CDF show small or longitudinal
(A<0) polarization

 recently, Haberzett/ Lansberg, PRL 100,
032006 (2008) - looks better

Cross Sections
PHENIX Runb p+p data (PRL 98:232002,2007)
begins to constrain shape of cross section vs
rapidity & py, but higher accuracy needed
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How are Quarkonia Produced?
Feeddown to J/y

J/lll from Xc < 42°/o (900/0 CL)
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Also measure of
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Traditional shadowing from fits to

DIS or
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What CNM effects are important?
(CNM = Cold Nuclear Matter)

from coherence models
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Absorption (or dissociation) of CC
into two D mesons by nucleus or co-
movers (the latter most important
in AA collisions where co-movers
more copious)

A D
Energy loss of incident /Kk

gluon shifts effective x¢
and produces nuclear _ 4R(A/D)
suppression which "
increases with x '

*
*
*
*
*
.
’0
*

0’/



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

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

Alternatively, a power law with o - especially useful
when comparing expts that used different nuclear o

targets 8l
J O,p=0 A E8§68/l_\lu5ea
p pp p+Boe?" :_e'W
a=1+In(R,, )/In(A)
0.6
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What CNM effects are important?
(CNM = Cold Nuclear Matter)

- ~ £11% Global Scale Uncertainty

g Small x
XN (shadowing |
el - region) |
el
N N

z |
n:"’o 5_PRC 77,024912(2008)
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New Analysis of Run3 data
consistent with EKS shadowing
& absorption - clear need for
new dAu data
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J/v for different s collisions
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(X, isxin tﬁe nucleus)
Not universal vs x, as expected for shadowing,
but closer to scaling with xg, why?
* initial-state gluon energy loss?
* gluon saturation?
- Sudakov suppression (energy conservation)?
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CNM constraints from new Run8 dAu J/v data

Expected improvement in CNM constraints (red) compared to Run3 (blue)
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How does the QGP affect Quarkonia?

Debye screening predicted to destroy J/y's
in a QGP with other states "melting” at
different temperatures due to different
sizes or binding energies.

PHENIX AuAu 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 RAA ratio looks flat above
Nyqr+ = 100

Several scenarios can be considered:
 Cold nuclear matter (CNM) effects

* in any case are always present
 Sequential suppression

a1
e screening only of y. & y'- removing §

their feed-down contrib. to J/vy
 Regeneration models

* give enhancement that compensates

for screening
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How does the QGP affect Quarkonia?

AA

CNM effects (EKS o
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 would get larger suppression
for forward rapidity as has been observed in

AUAU data

« could come from gluon saturation or from a
shadowing prescription that has no anti-shadowing

0.

0.4}

CNM Effects

—m— PHENIX Au+Au Data |y|<0.35 (SyStqubd +12%)

EKS Shadowing + Gy, = 28/ mb

NDSG Shadowing + Gy, . = 22 11 mb

8_

2_

Number of Participants Au+Au

In any case more accurate dAu data

/s sorely needed
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How does the QGP affect Quarkonia?
Sequential Screening and Gluon Saturation

| Slur'vlivalI Pr'pbalbi lity \INr"rl CI\IIM |

Some recent lattice calculations i SPS overall syst (guess) ~17%
suggest J/y not screened afterall 7 gl o N
* suppression then comes or'\ly via feed- o= 1fm/c]
down from screened y. & v s | used here |
« the situation could be the same at & o ) i
lowc.ar'. energies (SPS) as for RHIC mid- PHENIX overdll
rapidity 041 gyst ~12% & ~7% T
e and the stronger suppression at 02' @ NASORDPD
forward rapidity at RHIC could come W PHENIX AutAu y=0 (1 mb)
. . . - B PHENIX Au+Au y=1.7 (1 mb)
rom giuon saruratrtion (previou iae . | . | . I . I . |
f gluon saturation (p s slide) 0 1
0

* Is suppression stronger than can come from = .|
Yo & v’ alone? z H :
* Can this picture explain saturation of the et ]
forward/mid-rapidity RAA super-ratio? T ol E

2 02[ Global syst 14% -

= 0 I . I , I . i

0 100 200 300 400
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How does the QGP affect Quarkonia?
Regeneration - compensating for screening

* larger gluon density at RHIC expected to PHENIX 200 GeV J/y

give stronger suppression than SPS L A

e but larger charm production at RHIC [ o dven o) TR vl

gives larger regeneration R b :

« very sensitive to poorly known open- "W Grandchanp, Rapp, Brown WI<05 syst 12%

charm cross sections Rua [ PRL 92, 212301 (2004) 1.2<|)l’|<2.2/syst17;/$ i

» forward rapidity lower than mid due to I8 7 3 nucl-ex/0611020

smaller open-charm density there o R — i

« expect inherited flow from open charm gf [] 1]

* regeneration much stronger at the LHC! [ e P

0'00 - 1(50 2(I30 SEI]O 400
part

* need to know what happens to y. & v’ & < VT . . .

measure J/y flow? =T ;

« flat forward/mid-rapidity RAA super-ratio Zosf :

consistent with centrality frends of the two 5 °°f ]

components (screening & regeneration)? 2 02l Global syst 14 ]
B 00 I l(l)O I 2CI)0 I 3(I)O I 400
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Heavy Flavor Electron v

How does the QGP affect Quarkonia?

J/vy flow

J/y's from regeneration
Should inher‘iT The Iar‘ge ;-H u.z_l | |.:Inlallels.|=;r:nlal | | | LI | LI | LI | LI | LI | | I_
char'm-quar'k elli ptic flow ._—f“f"m-"ﬂ#“:::-':f:ﬂ?;! U Initialy produced Jipsi (PRLS7:232301)
. : . ::‘h-'anl:-url o 5 ' = m Comaowers [Lynnik priv. comm.] __
First J/y flow measurement 020 e s e comm. ]
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Transverse Momentum Broadening
Another Cold Nuclear Matter Effect

CC

Initial-state gluon multiple scattering

1.4

1.2

Jy

1.0

0.8

causes py broadening (or Cronin

effect)

PHENIX 200 GeV dAu
shows some pt
broadening, but may be
flatter than at lower
energy (Vs=39 GeV in
E866/NuSea)
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PRC /7, 024912 (2008)
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Transverse Momentum Broadening in AA Collisions

* Relatively flat with centrality - slight increase at forward rapidity
* CNM effects should broaden p+
* initial-state mult. scatt. for both gluons
 Regeneration should narrow p+
e square of small-p; peaked open-charm cross section
* Other effects in the presence of a QGP?
* early escape at high- p;?
* "hot wind" suppression at high-p+(5-9 GeV/c)?

G‘h 6_III| T T IIIIII| T T IIIIII| T T II__|||| | | ||||||| [ I TTTTTT [ [ II_
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Other pieces of the J/y puzzle: the y ., v', Y

Raw spectrum, NJ: =4145

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

Counts/ 40 MeV/c?

© Mass=0.472+0.012 GeV/c? | 32 '1 28 i
250: ; NDF--- :
A PHENIX h024/8 -
sook L'wil Run5200GeVp+sp ]
i g
- 4145 J/y give
150 v ~80 y. candidates
-t Feeddown to J/vy
me T 42% (90% CL)
sof-— ity ——
L L..é ; _
:f . J \ — @éﬁﬁwﬁ"mﬁ e
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10?
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1;_\|/'ée* - H
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Y I T Ry S
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1st Upsilons

at RHIC

150

BR*do/dy(pb) (y=0)

PHENIX 200 GeV p-p
Upsilon -> '

Vogt NLO CEM MRST HO
— Vogt NLO CEM GRV98HO

@ PHENIX up EXTRAPOLATED to y=0

PHENIX Preliminary

QMO5 I

~|27 cn‘r; .

3

PHENIX 200 GeV p-p
Upsilon -> 1l

- Vo
PHENIX Preliminary

o
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I

BR*dsig/dy (nb)
3

' | ' | ' |
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— . NLO MRST - R. Vogt

=]
A
\

0
Rapidity
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Suppression Factor

FVTX

PHENIX Upgrades

Si Endcaps I3 Vertex detectors (VTX,FVTX) &

forward calorimeter (NCC) will give:
« y' msmt with reduced
combinatoric background + sharper
mass resolution

* xc msmt with photon in NCC

* precise open-heavy measurements

Si Barrel Wl to constrain regeneration picture
« installation in 2009 - 2011 period

FVTX:
* 4x less n,K decays

* oy 170100 MeV

10 =———

50
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100

decay + de
decay + punch
10° 10°

: 280 . 2 25 3 35 4 -
150 200 Nii‘?ber ofaF{'): rtin:ipasnﬁtg Invariant Mass (GeV/c) Invariant Mass (GeV/c)
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Integrated luminosity [nb]

Integrated luminosity [pb-']

80

70 F

60 |
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40 }

RHIC Luminosity Advances will Enable
Access to Heavier Quarkonia

Au-Au luminosity projections 100 GeV/nucleon IOO'OOO J/\lj - ““
(\\5" and ~250 Y — up per year at
- highest RHIC luminosities
LS
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Progress Towards Understanding Quarkonia at
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Tuchin & Kharzeev...

11
Gluon saturation (CGC) 1 |-
can give xg scaling of 09 [
pA J/\p suppressionat . -
various energles 07 i
5
hep-ph_0510358v1 o8
05 — pink : Rs = 5.5 TeV
B red | Bs = 200 Ge¥
04 — blue . Es = 38 GeV
E green - Rs = 18 GeV
0.3 :—
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1.69 GeV?)
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EPSO8 (Strong) Shadowing
Eskola, Paukkunen, Salgado, hep-ph 0802.0139v1
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Another shadowing scheme?

Shadowing from

Schwimmer multiple + E-p conservation
scattering : + regeneration

z [ sz o ]
514—_ s e'e PHENIX (|y|<0.35) B '%1.4:_ ) B pu PHENIX (Jyle[1.2.2.2]) _:
T e E I -

] = == 4 dissociation
C=0.59 — + recombination

— 1 ]

\s =200 GeV | \s = 200 GeV

s
- -
-
L
- -
-----------------------

= 4 recombination

I.IlLl

ll.IL

Shadowing effect: :
Ll | s b by by by by s by by |l

NDSG: (y=0) < (y=1.7) L 1 e 1
300 350 400 0 50 100 150 200 250 300 350 400
EKS: (y=0) = (y=1.7) Noart

N
Schwimmer: (y=0) > (y=1.7) -
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RAuAu VS

CuCu provides more accurate
2 L Nuclear modification factor RAA at smaller Npar"r' but within
errors confirms the trends
seen in AuAuU in that region

|
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0.2/ PHENIX, Cu+Cu, |yfe[1.2,2.2], & 8% syst. 0.6/ @ E ]
"L © PHENIX, Au+Au, |y|<0.35, + 12% syst o4 ™ AuAuU, S}:‘StglomiI +14 % E N
PHENIX; arXiv:0801.0220 “L i
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New results from Run7 AuAu data

Preliminary analysis
of new Run7 AuAu

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

4/24/2008
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(Run7 preliminary)
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2
<PT > VS Npar’r

Recombination of charm
quarks could cancel the
Cronin and leakage
effects.

Need more statistics to
draw a conclusion.

L. Yan, P. Zhuang and N.
Xu, Phys. Rev. Lett. 97,
232301 (2006)

X. Zhao and R. Rapp,
arXiv:0812.2407 [hep-

ph]

4/24/2008
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RdAu

0.5
1.5

0.5

Ratios vs pt for dAu and AuAu
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From run8 BUP presentation

Precision of J/w v, measurement
PHENIX, Au+Au Run 7 + Run 9, 2.4 nb™

Coalescense at hadronization

Coalescence in medium

No coalescence
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bottom fraction in non-photonic electron
p+p \s=200 GeV

—_ 1=
@ —  mmm PHENIX (RUN5&S6) |y| <0.35
T o9 == PHENIX (RUNS) |y| <0.35
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The result iIs consistent with FONLL

4/24/2008 Mike Leitch - PHENIX/LANL 28



configuration of
ccbar state

/

absorption

d+Au constraint? \

~40% feedown
from yc, v
(uncertain fraction)

The J/vy Puzzle

PHENIX J/y Suppression:
- like SPS at mid-rapidity
- stronger at forward

shadowing _c

M

Data - SPS, PHENIX,
STAR LHE
Need high statistical

rapidity with forw/mid ~0.6
saturation
* <p72> centrality indep.

or coherence

CGC - less charm
at forward rapidity

comovers
more mid-rapidity
suppression

9
~
e

lattice &
dynamical screening
J/y not destroyed?

4/24/2008

A\ 4

Sequential screening

/ e, v 157, J/y later

large gluon density
destroys J/vy's

& systematic accuracy

Regeneration & destruction
less suppression at mid-rapidity
narrowing of pt &y
J/vy flow

t

Regeneration

(in medium?)
large charm Charm

cross section dE/dx & flow
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