Latest J/y results from
L

PH ENIX

Raphaél Granier de Cassagnac
LLR - Ecole polytechnique / IN2P3

Tsinghua university,
November 22nd, 2006

Selected Tﬂpics on Heavy F]aw:_)r I_/I/L
roduction in High-Encrgg ( _ollisions



i. Outline .j

1. The facts, and only the facts
(nucl-ex/0611020)

2. A word of caution
Cold nuclear matter is not under control

3. Comparison with multiple models...

Stolen materials from A.Bickley, P.Braun-
Munzinger, A.Glenn, T.Gunji, M.Leitch,
E.Scomparin, P.Zhuang, R6dC @ QMO06
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The facts
(nucl-ex/0611020)
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I2AuAu (YNO) > RAuAu (yN17) .

PHENIX, nucl-ex/0611020, Au+Au |y|e[1.2,2.2]

PHENIX, nucl-ex/0611020, Au+Au |y|<0.35
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i. Rauau (y~0) ~ Ryyay (SPS) .j
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LOW r' r'ap . .Ty AA m1_2— - NABO: Scomparin's talk at QMO0
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AUAU versus CuCu

R 14 —@®— AutAu : |y|<0.35 sys |b_—12%
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j QMO06 versus QMO5

2 2

1.2— B Auhu|y|=1.2,2.2] final m1.2

®  AurAu |y[<0.35 final

Au+Au |y|<0.35 preliminary

- [0 Autbu y|=[1.2.2.2] preliminary
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Good agreement |

- At forward rapidity, on the lower edge of systematics
- (better handling of backgrounds and new pp reference)

At midrapidity, less subjective "onset” like shape...
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+ No dependence of <p2> 2| S e e |
- Maybe a modest rise at @ ° D
forward rapidity. E 4i+%ﬂ¥i ———————————— § 1
H SN
- Note that PHENIX 2 8 eoweii
discard an earlier <py® 24, 05 5 . '
at forward rapidity in 4,
p+p: (Il - 1(|}0 | N II 260 300
- 2.51+0.20 (GeV/c)? -
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First, beware of
cold nuclear matter

(CNM) effects |

=




— R,, from cold nuclear matter

0.8
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0.4

0.2

™ PHENIX, nucl-ex/0611020, Au+Au |yle[1.2.2.2]

—8— RGdC, cold matter Glauber model, y=1.7
R. Vogt, nucl-th/0507027 (y=2, ¢, =3 mb)

R. Vogt, nuckth/0507027 (y=2, =1 mb)
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- Two CNM methods agree quite well
* (shadowing+absorption by Vogt and dA-driven Glauber by RGdC)
» Clear anomalous suppression (stronger @ y~1.7)
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® PHENIX, nucl-ex/0611020, Au+Au |y|<0.35

—<—— RGdC, cold matter Glauber model, y=0
R. Vogt, nucl-th/0507027 (y=0,06,,.=3 mb)

R. Vogt, nucl-th/0507027 (y=0,06,_,.=1 mb)

R. Vogt, nucl-th/0507027
RGdC, Quark Matter 06
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R,, / CNM @ RHIC

J/y survival beyond CNM

+ First RAA/CNM extraction
including (proper) error 12
propagation

u PHENIX AuAu / RGdC CNM, y=1.7

» PHENIX AuAu / RGdC CNM, y=0

1

1

- Boxes are correlated errors os

from AuAu & dominant CNM - { {
o E E g 44+
+ Important: missing overall  ** . 23%
global relative uncertainty = .50 conalsystematios @ 25+12%

+30% global systematics

III|III|II|I!|IIIIIIE|III||I

- 30%@y~17/35% @y~0
- Due to different pp references % 50700 150" 200 250 300 350 400
that don't cancel in R, and R,, Npar

— This will decrease by recalculing
Raallyl) 7 RaaC-y) X Raa(*Y) Ry with new pp data (A.Bickley's talk)

Heavy flavour workshop in Beijing Latest J/psi from phenix - raphael@in2p3.fr 11/23




i. Quick comparison to SPS .j

J/y survival beyond CNM

1

© At mid-rapidity, the ., R
amount of surviving % .
J/y @ RHIC is % .

ﬁ idk PHENIX AuAu / RGAC CNM, y=0

compatible with SPS
(~60%) but depends a os

IIIII|§|!I

lot on CNM (and pp s 1L { bt :
references)... : } ] o
* At forward rapidity, 4 J E - 2f|’>%
- £11% global systematics
RHIC Gnqma!ous 0.2~ 1+359% global sistemat:cs @ 25+£12%
Suppr‘eSSIOH IS mUCh - +30% global systematics
stronger | b ~~50" 100 150 200 250 300 350 400

Npart
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Then... What's going on with the
anomalous suppression ?

E =




Most of the models that did a

"NABO only" effects

good job at SPS fail |

Jiy sundival probability

- Gluon dissociation (y~0) doesn't

1

0ar

0.6 |

04 r

0.2

]
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give the right trend and/or
amount of suppression

Comovers (of unknown
partonic/hadronic nature)

give R,,4(y=2) > R, 4(y=0)

Parton percolation has an onse'r\

at N+ ~ 90 and simultaneous
J/y + x. + ¢ melting

(no cold effects):

R. Rapp & al., nucl-th/0608033

Yan, Zhuang, Xu, nucl-th/0608010

—@- Au+Au : |y|<0.35 |

Digal, Fortuno, Satz,
EPJC32 (2004) 547

Au-Au, Ys=200 GeV
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- B S Dissociation (Xu et al) y=0
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ol v L0 by e b L L L
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B - —— Au+AU : 1.2<|y|<2.2
B Capella & Ferreiro,
T=""|  hep-ph/0610313 [~~~
B Comover :a,,_ = 0mb : y=0
0.8—
B Comover :g,,_=0mb : y=2
0.6—
0.4
0.2
O_I 111 | | T | | 111 1 | | I | | 111 1 | | I | | 1111 | 111 1
0 50 100 150 200 250 300 350 400
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i. Regeneration ? .j

- Various coalescence /
recombination
approaches...

+ Better match

- (look in particular
Bratkovskaya's)

+ Depend a lot on poorly
known cc reference

* But can accommodate
- rapidity harrowing
- <p72> flatness

&

1.2

— R.Rapp : y=0

0.8/
0.6
0.4

02 _@ Au+Au: |y|<0.35

— Thews : y=0
— Nu Xu : y=0 B

—— Bratkovskaya : y=0

— Andronic : y=0

L

0_||||
0

11 | | I | 111 1 | | I I 111 1 I | I I | I
50 100 150 200 250 300 350 400
Number of Participants

R. Rapp et al.PRL 92, 212301 (2004)

R. Thews et al, Eur. Phys. J C43, 97 (2005)
Yan, Zhuang, Xu, nucl-th/0608010
Bratkovskaya et al., PRC 69, 054903 (2004)
A. Andronic et al., nucl-th/0611023
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i. Veterans/newbies balance

» Detailed shape is not easy to get!
+ Experimental J/y keep falling down...

PHENIX 200 GeV J/y

e PHENIX 200 GeV J/y
. | | |

——— Thews total (T = 0.5 GeV, y=0)

m AuAu |y|<0.35
Thews diagenal (T, = 0.5 GeV, y=0)
— — — Thews in-medium form. (T, = 0.5 GeV, y=0)

¢ dAu1.2<|y|<2.2

- = « = Thewsdiagonal (T, = 0.35 GeV, y=0]

Thews, Eur.Phys.J C43, 97 (2005)

1.0
ly|<0.35 syst 12%

1.2<|y|<2.2 syst 7%

A nucl-ex/0611020

- m AuAu 1.2<|y|<2.2

& i ¥

T

T

— Yan lqt'c}l_(Y=U} m AuAu ee |y|<0.35
.—- Yann initial (y=0) AUA 1 2<lvl<22 ]
— - Yan regen (y=0) - UALTHL L o<lylss.

¢ dAupp 1.2<lyl<2.2

Yan, Zhuang, Xu, nucl-th/0608010

ly|<0.35 syst 12%
1.2<|y|<2.2 syst 7%

nucl-ex/0611020

e N e E L .

0.0

part
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<pt2> vS recombination ?

8

Initial production
depends a lot on initial

p+ broadening (Cromrg\«e“@
effect) /

[=))

(GeVic ) [p; <5 GeVic]
= W

s

<p, >
[§]

]
I T

1 T T L T T

T

direct 1.7

- o ——
7 "reclt —_1: == Thews hep-ph/0504226 |
y= 0.- g nucl-thi0505055
P < - - and private comm.

| Vi d ” - — Thews Direct (mid-rapidity) _

7 P - ——  Thews In-Medium Formation (mid-rapidity)

P - — = Thews Direct (forward rapidity
s ——  Thews In-Med: Formation (forward rapidity)

B Audulyl<035
B AvAu 12<iyle22
) CuCu lyl<0.35 Preliminary

R. Thews et al,

i S s ™ EPJ C43, 97 (2005
- Ear'her' (r'un3) dAU/pp L . 2”’12” e e T ( . .)I
daTQ Showed Clear‘ 0 200 400 600 800 1000
S L e L B AL
: "oy = — o | [ yan, Zhuang, X
broadening @y~1.7 fere S Sl 0608010 |
. O L _
- Not clear with new C initial
=5
(run3) pp data =1
> |3 o
@ 3 " W AuAulyl<035 (p,<5 GeVie ther‘ma
Nt D e oy
52_ 8 CuCu].3<I}'I<_2.2Pre]r|min:uy PHENIX 200 GeV  Jhy
\ & pplyl<03s (p,<5 GeVic) e A\l
- & op L2<lyl<22 (p,<5 GeVic) E
™0 30 0 s0 1000
coll
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Sequential melting ?

Before QMO6, it was

conceivable that only the

excited states melt
J/y~0.6J/y+0.3x,.+ 0.1y
(with ~10% uncertainty)

Now, survival = (25+12)%
— direct J/y do melt @y~1.7 ?

Why not/less @y~0 ?

Isn't Rya(y~0) > Ryaly~1.7)
ruling out all "density”
effects ?

s(fw
1.00 TS S Karsch, Kharzeev & Satz |
‘+ %+ PLB637(2006)75

1Mt

050 |-
@ In—In SPS +

025 L O Pb—-Ph, SPS
w Au—Au, RHIC, |y| =035
4 Aun—Au RHIC. |v|=[1.2,2.2]

£ (GeV/ifm¥*)

1 2 3 4 5

ﬂ’lease, be careful with this plot | \
* No systematic uncertainties on
PHENIX points

* No uncertainties from CNM...

* € is given by Bjorken formula for 1,

= 1fm/c but is the formula applicable
Q‘or' SPS crossing time of 1.6 fm/c?/
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Sequential melting ?

— direct J/y melt @y=17 o4
+11% global systematics @
+35% global systematics
+

* Why not/less at y=0? 0.2
© Isnt Ry.(y~0) > e

: ° L T NASO PoP apa Dy e
° Befor'e QMOé, 1T was 1.2 B PHENIX AuAu/ RGdC CNM, y=1.7
conceivable that only - » . PHENIX AuAu/RGdC CNM, y=0
: B e —— IR
the excited states melt : Te } )
J/y~0.6J/y+0.3x.+ 0.1y 0.8~ @‘ @ sl
(with ~10% uncertainty) 0_6:__ i { { {
* Now, survival = (25+£12)% = E ; —E m

: % 1 2 3 4__5 6
BAA(Y'.vl'Z) r'ulmg out all My version of this plot..Cex, (Gev fmc
density” effects ? + Latest PHENIX results

* CNM from my Glauber model
* € X 1, to label x-axis...
The picture is not clear at all |
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i. Density threshold ? .j

* The shape of the . —— CNMo, =3mb:y=0
.« . & : ——— CNM+n_=36fm?:y=0
pr'ellmlnar'y da.l-a o — CNM+n_ =38fm?:y=0

probably motivateda .
threshold approach

- New data show little oal
threshold (only the | é
4Th p0|n1‘ |S hlgh) | E A.K. Chaudhury, nucl-th/0610031

- It worked only for R I
AuAuU @ y=0 (and not L
CuCu @ )7:0 cfcc. to * Again, isnt Ry,(y~0) >

author) R,4(y~1.7) ruling out all

- What about Y~1-7 2 “densi’ry" effects ?

—— CNM+n_=4.0fm?:y=0
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—)

ala co

- But they have to violate
rapidity symmetrisation

RAA(lyl) = RAA(-y)xRdA(+y)
- (otherwise taken into account

in RGdC CNM)

Could this + sequential
melting produce R, ,(y~0)
and R,,(y~1.7) ?

Double ratio should drop...

Lf regeneration is
responsible, shouldn't the
double ratio fall too ?

- (narrowing of rapidity)

Heavy flavour workshop in Beijing

S’rron? initial states effect *
or glass condensate ?

3

charmed meson yiel

arcIIR mid
AA

forw
RAA

LT 1

=

e
)

e
o

b
’S

e
o

o
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Vs = 200 GeV
AA

This calc. is for
open charm, but
J/y similar

Tuchin, hep-ph/0402298
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i. Conclusions .j

»+ Two qualitative possible scenarios

1. Large melting + some regeneration
2. Initial effects (CGC) + melting (of v/, xC )

Need better handle of CNM _
Need better open charm measurements !g
Smoking gun would have been a J/y rise..:

Elliptic flow v, (%)

v, could become the smoking gun
- (maybe run7 with 4 x run4 and reaction plane detector)

+  Data is young, new ideas may arise...
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o 1.8

1.6
1.4]
1.2]

0.8

0.6
0.4

e 1.8}

1.6
1.4
1.2

0.6
0.4
0.2

Back to the facts

0.2

I I I I
— 0-20% systglnbaf +10%

[ Q |yl <035

® |y|l=[1.2272]

- 20-40% syst

=110% 7]

global

0.8}

F 60-92% syst

=+28%
a

{Gew-::j

» Should help constraint the models

Heavy flavour workshop in Beijing
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0.2~

RAA

0.8

0.8

0.4

0.2

PHENIX, nucl-ex/0611020

[ 40-60% syst . =+13%

obal

=128%

60-92% systg o

-2 -1 0 1

-2

-1 0 1 2
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Back-up slides



‘\I SNN

=200 GeV Au + Au — J/y + x

Details from Pengfei's talk .j

1.2

1

| ! |
(a) pQCD

A data

1
(b) thermal

A data

0.8 —
<
X 06 |
04 .
0.2 _
regenerated regenerated
oLl o 1 . IR BTN R g. L N
0 100 200 300 400 0 100 200 300 400 part
6 (a) pQCD (b) thermal
o™ P —— N —
o 5 *+ initial ++ initial
""}"‘"- I - N s S
4
QO _%_ % H”'—%—-_.._.
S.D.- 3 all all
A N .
Nl regenerated | cccmeeeoooal e
Vo4 A data A data
0 N
250 500 750 1000 1250 0 250 500 750 1000 1250 coll
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i. Details from Peter's talk .j

g I

I

Z ,5| — SHM,pQCD do, /dy=63.1 ib
T R y=1.7  PHENIX data
> B |y[<0.35
=’ 3.5 A
Z yl=1.2-2.2
% 3 e
U‘E:_) 25
2
0-20% (Nyyi=280) | '[  Au+Au 20-40% (No=140)
0.8 _ 1
0.6 | | 3
Npar‘r 1
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First centrality dependence in

| dA (or pA) of J/y production !
: Y=-17) | *  Reproduced by Ramona Vogt
- Y=-17 8 tﬁg\;{B(\;z)-l.?) :
0.4 —————+——++—+—+1++ =(YI_O=)I * - Black lines: EKS98 shadowing
__yL_ _____________________________ %z{_ ,,,,,,,,,,,,,,,,,,,,,,,, ? ...... eeMB(Y=0) + Ogps= 0 To 3 mb
0alf _m“_-i_ég’%;;fg—__"*jﬁ“ 7 - Colored lines: FGS shadowing

+0,.= 3 mb

_I 'y': +1.'8. = . Im.ll{Yzle%)l I_

% .. B mwc=n] - Favoring moderate shadowing
0.8F ez I== - + moderate absorption...
T s e i
- S s S PHENIX, PRL96 (2006) 012304
L e e i S Klein,Vogt, PRL91 (2003) 142301
0 4 8 12 16 20

Number of Collisions
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o C

What is on the market ? + o +

1. Model of nuclear absorption + «[ ¢ ¢
inhomogeneous (anti)shadowing e
(Ramona Vogt, nucl-th/0507027)

2. exp -[ (O4iss(Y)+Oqiss(-¥)) PoL 1 1. e
- (Karsch, Kharzeev & Satz L M

PLB637(2006)75) —

Tams(y = 1.8) = 3.1 4

o

—
[

1.0

o

ol

- 044 from fits on dA data —» o = [} e L0

- (unrealistic error bars) ass(y = —1.7) = 0.1\

- But shadowing doesn't go like L... |KKS, PLB637(2006)75
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) T

- Re-plot PHENIX Ry, vs impact Ry, E a=
A E E

parameter b from Glauber model ) EL ....... % — — } .................................... _i

* Phenomenological fit to Ry,(b) » .. :y 47 :
Cut off RdA=1 at high b L S e e e e S B
- Physically expected £ 2 V=0 E

T s 5

- OK for an upper bound of CNM i i://_,,/,._—- E
OO ) 200 20- 40% 40- 60% 7] 60- B8%| fooemtemeopeeen g e o4
12005: E::: é: | :é
B £

00: 1 2 3 47785767 s s 10 b(fm) b(fm)
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E.

* Glauber provides, for a given A+A
collision at b,,, a set of N+N

collisions occurring at b'; and b',.

* One minimal assumption is rapidity

factorization: R ,(lyl.baa) = = X
2 coltisions [ Raa (<Y.D'1) X Rys (+y,b'2) 1/ Ny

* Works (at least) for absorption &

shadowing since production —O —®

~ pdfl x pdf2 x exp -po(L+L,)
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——=® Deuteron —

* In PHENIX, J/y mostly produced by gluon
fusion, and thus sensitive to gluon pdf

* Three rapidity ranges probe different
momentum fraction of Au partons
- South (y < -1.2) : large x, (in gold) ~ 0.090
- Central (y ~ 0) : intermediate x, ~ 0.020
- North (y > 1.2) : small x, (in gold) ~ 0.003

Anexampl®of gluon shadowingprediction

rapidity y

| Pb /gl

i3 9,”‘,”.‘?’. et 9’.[.‘.‘,°”.S. ne — X X2
T

Nf"'\ . < O

10 i e et Dl y

oS08 _ A, Shadowmg— 4 > Iy at
07 BT Gansai - v 50
()‘6 1 ; lllllll ; 1 IIIlI!l 1 ]E]IlllllE 1 I]llll]l : 1 IEIII]: X ESkOla, KOIhinen, VOQT

10° 10" 10 107 10t 1 NPA696 (2001) 729
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Heavy flavour workshop in Beijing

J/y (or cc) absorption
(Anti) shadowing
(gluon saturation, CGC...)

Energy loss of initial
parton

p+broadening (Cronin
effect)

Complications from
feeddown ¢’ & x. ?

Something else ?

Iy

hoa g

8
S 8
L

f gluon shadowin

gluons in Pb / gluonsin p

]..3 Ll !IIIIIII ! IIIIIIII ""l. I IIIIIIII o | TTIT

12 :LHC: RHIC /P

o P A= 28 10000iGevE 277 T~ A

C): L1 |smii s 5500 9 6 S g3 ,.f/;:_/{x 2335 auranifle 5

= o ¢ N e g .

< 091 :  ShadoWingZ~ ./ Anti g

e 08 =" . =2/ Shadowing
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A real puzzle | Especially when one goes to low x5, high x...
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