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Disclaimer

e Before to claim for anomalous suppression,
one has to check for normal suppression

e Cold nuclear effects on heavy flavours are so
important to understand J/y in AA collisions...

e ...that most of my talk was covered by Alex,
Taku and others yesterday!

e Thus, you could have slept half an hour more...
e Butlet me try to wake you up...
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Some semantics: my definition of cold

Parton Antishadowing Energy loss

Parton Shadowing Cronin effect

Parton saturation
(Color Glass Condensate)

Probably Initial state
others... Final state

Nuclear .
Color screening
Sequential suppression
Comovers
Partonic / Hadronic ? Quark recombination
or coalescence
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Outline: go through experimental
programs and observed cold effects

@SPS (20 GeV): many pA ! High statistics ! But small kinematics
(—0.1 < x; < +0.1) = Nuclear absorption

@FNAL, HERA (30 GeV): less pA... High statistics | Large rapidity (x;)
coverage... 2 Many cold nuclear effects needed! But no AA...

@RHIC (200 GeV): only dAu, low statistics (for now), but
1. Rapidity (-2.2 to +2.4) = Absorption + (anti)shadowing
2. Centrality dependence - Data driven method

3. Open charm, with large uncertainties
Bonus: a word about Cronin effect

@LHC (5.5 TeV): likely to be as RHIC, only dPb to start with, large
rapidity coverage (three experiments)... 2 Uncharted territory
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SPS charmonia & nuclear length L

Introducing nuclear absorption o,
“One parameter to fit them all
And out of nuclei to unbind them”



J/Y / Drell-Yan versus L =

e Normal nuclear ~
absorption alone doesa »~ %]
« q - oy - o
splendid job describing ¥
pA, SU and peripheral £
Inln and PbPb: e
m 20
— exp (-0,,. p° L)
e (or more sophisticated T A 0 GV Ll H
Glauber approach) 5 NASD p A 400 GeV Hi }
— L = nuclear thickness 10-| ' NASO, Po-P, 158 Gev
e Collisions subsequent to . ,:lm,igg:;::‘l‘;n’ﬂ‘fga‘?i?’vl R

J/P formation 0 2 4 6 g8 10

L(fm
— 0,,,=4.18£0.35mb NA50, EPJ C39 (2005) 335 (fm)
NA60, PRL99 (2007) 132302
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BTW, cold effects on Drell-Yan @ SPS?

AxB scaling in various systems Pb+Pb Ncoll scaling

| fETrE B
200 GeV,/c)-A (W) (NA3S) L ) _
g e s o G “Wiimum b '
L X - .
>l' o ’5’&[2053158‘3:’\-’/-;)—{%}{151&50} bol . ‘nimum bias Glauber ]
'g I 1000 —
T | :
2 l‘l & i
? L b~
s |
| L pp pd pA SU PbPb i
BT '
T ! NA50, e.g. QM2002 E
} [ NAS50, PLB450 (1999) 456 i
. g = g o TR T ™ T T T T T T T P
' AsvesoetioDiarget Er (GeV)

Neither cold nor hot modifications
Quark (anti)shadowing must be small

It is a good reference for charmonia
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e )’ are more absorbed than J/y
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A NAS50 p-A 450 GeV, HI 96/98
o * NAS50 p-A 450 GeV , LI 98/00 1
O NAS5O0 p-A 400 GeV, HI 2000

N All data rescaled to 158 GeV

L ® NA38 S-U 200 GeV
L ¥ NAS50 Pb-Pb 158 GeV

NA5O0, EPJC48 (2006) 329
NA50, EPJC49 (2007) 559




E866 and x;

Broadening your interest
gets you into trouble



J/U, ', D mesons

e At midrapidity (x.=0):
— D meson unmodified

(within 10% accuracy)

- Little (gluon) shadowing

— Again Y’ more absorbed

e Larger coverage reveals
new effects...

E789, PRL72 (1994) 2542
E866/NuSea, PRL84 (2000) 3256
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Examples of how to fit the whole x; range

E866/NuSea, o =o, * A"

- L DL A L LA B 1.0
E R. Vogt CEM calculations ] + antl-shadowmg
hep-ph//9907317 & PRC 61, 035203 (2000) :
L e = q 0.9 Quark shadowing :
......................... ] & final state
E e.0 absorption
' ~ 0.7 1 " +Gluon
\ Q ¢ ~__ shadowing ]
(04 +FS ; 0.6 1 X q""-.. :
08 dE/dx m : Energy loss of incident ~.
’ 0.5 parton shifts effective x;
E866/NuSea -~ 1 and produces nuclear
800 GeV p + A -> J/y ) 1 suppression which
= 0.4 17 increases with Xg
0.7} y :
o Jy i
Y ' 0.3 -
+ D (E789) ] EB866J/¢ data
ogb—a— Lo vty 1, 9 o2+
0.0 0.2 0.4 0.6 0.8 1. —0.1 0.1 0.3 0.5 0.7 0.9
XF
LF
Vogt, PRC61 (2000) 035203 - Many effects, complicated story
Kopeliovitch et al, NPA696 (2001) 669 .
Courtesy to Mike Leitch Not very relevant for AA studies...
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Other experiments and quarkonia

HERA B = wealth of J/{, ¢’
E772: Upsilon less suppressed  and x_ to negative x;

Less shadowing & absorption? J/{ fromy :18.8+1.3+2.4%

E772, p+A—> p' HERA B, arXiv:0807.2167

Integrated Cross Section Ratios

N e e L R TTE Py )
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Lost 0 NAS0

g & i -
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10 NABO (7 nucle)

1 : g E_ . . NASO (5-7 nudlei
Is 0,,, Varying with Vs ,? ; Z@ﬂy preminary | £ I
75 % Hera-B (2 nuclei)
e Theoretical arguments —
that it should decrease 3
with Vs o LT M =l 3 Cortese (NA60), Hard probes 08
_ I§ +homemade powerpoint fits
Oabs_O@RHIC’ LHC 5 s e s s
because t; ., >>t_ .. & (GeV)
. ) 20; power-law /
e When comparing el o

- 16—: w920 GeV :

. ] Woehri et al,
experiment, please el s A0
hoaw/ara nf offarctc 127
NGUOUVVAUI U VU

I TIITULLWL ™% CTEQBL-EKS98

interplay

67 T
— Same x; or same o CRUSeNONE T
shadowing scheme! 2
0o—F— —
3 3.5 4

e No firm conclusion...

See also, Arleo and Tram,

EPJC55 (2008) 449, slide XX
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RHIC & rapidity dependence

Linking rapidity and shadowing...



The hot (burning) qu

1
In AA collisions, is the ©

higher J/J suppression

1

seen at forward rapidity osf

due to cold effects?

— Otherwise, the hot
candidate is quark
recombination

0.4+

0.2

0.8

estion...

A. Linden-Levy

T. Guniji

ly|<0.35 :ag‘f:stglﬁhﬂl
lyle[1.2,2.2] systgmba +

4
(] @@

i PHENIX, PRL98 (2007) 232301 @

efaaf syst  =+14%
£ 1@ ..... G
Eﬁ u_a- 60%
e Therelevantplot > & . _____ @__@__.@.___.@____
a4 Raa(y~1.7
— Need a 40% effect... ! pm=1.7)
1 RAA(y~OI) | | | | |
0 50 100 150 200 250 300 350 N
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Linking rapidity & shadowing

e At RHIC, J/w mostly produced by gluon
fusion, and thus sensitive to gluon pdf

e For example, in Phenix, rapidity probes
different momentum fraction of Au gluons
— 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

Example of predicted gluon shadowing in Pb

gluons in Pb / gluons in p

1.3 I Ellll]l] ! I IIIIIII I l:lll[lll: I IIIIIIII . T I:IIII
12 :LHC: RHIC 2 §PS
F ! : : ; AN
o LLE A= 28 0000:GevE 7 TS\
Qo[ e et O
8 : : Nz A n
< 0.9 N \ n—g. i AnT| Vi
S 08 7 ——"LZ}" / Shadowing-
0.7 =m0 Q'=2.25GeV”: -
0.6 ] | m | vl |;|||||||: vl ‘ ] I. ||||: X From ESkOIa, KOIhinen, VOgt y = O
107 10 107 107 107" 1 Nucl. Phys. A696 (2001) 729-746.
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Rya, VS rapidity

NDSG Shadowing scheme EKS Shadowing scheme

+ 11% Global Scale Uncertainty |

RdAu
RdAu

NDSG Model ’ | EKS Model

preakup — 0:1,2,3,5 mb (top to bottom) - S Opreakup = 0:1,:2,3,5 mb (top to bottom)

I - ] I : 17 ]
B — Best Fit 0-breakup _ L — Best Fit Gbreakup .
| 1111 ‘ I 11 1 0 1111 | 1l 11 1L 11 1 | 1111 | 1111 | 1111

||||||||||\|||
032 4 0 1 23 )3 1 0 1 2 3

Rapidity Rapidity

PHENIX, PRC 77 (2008) 024912

Underestimated error bars to be revisited
o, hot better known than a couple of mb!

No strong constraint on shadowing models
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A complication : production mechanisms

Possible solution of the J/{ production puzzle,

e Cold effects depend on
production mechanisms

o Iyl1.2.2.2]

e Forinstance:

— g+ g-> J/P (+ soft) giving o
intrinsic p; (from initial 3

—s-channel cut

Haberzetl & Lansberg, PRL100 (2008) 032006

gluons k;)
— g+g2>J/Y +ggiving
extrinsic p;(balanced

by gluon p;) and working
well for pp

Intrinsic

e Sample different Xg;yen

Fereiro, Fleuret, Lansberg and
Rakotozafindrabe arXiv:0809.4684
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Extrinsic/intrisic effect on dAu and AuAu

Effect on dAu = 10%
(on top of shadowing)

intrinsic P, with :

NI p_r = ﬁﬁab
Beere: P from |yle[1.2,2.2] Tops = 0mb
@-wee P from|yle[1.2,2.2] 6 =28 mb

s:‘l‘l’l‘lb

extrinsic

0.9; - =
0.8F |
__ L | | T E
0-7:_ extrinsic p_ with : ]
L | —=— G, s =0mb : : : .
0.60| o~ 2.8mb intrinsic E
- | — G, =4.2mb .
0'5; IIIIllbflllllIlllllllIlllltllllllllltillll_
2 15 1 05 0 05 1 15 2

Fereiro, Fleuret, Lansberg and

Rakotozafindrabe arXiv:0809.4684
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Effect on AuAu
Intrinsic R,,(y=1.7) = R,, (y=0)
Extrinsic = 10% (right direction)

g | ! N \ | \
< G | e s s o ey &
Y iy extrllnlsT:| |:>2T2,c;ibs 42mb |
- I:”H..l — y € —
0.8%-._3.‘ .............. |Y|"-'0 35 |

. g R

0.6lf @ ...................... "
_= - n

0.4_- E)] [OD EI

AuAu (]
0.2, |y|<0 35 syst -+%% @ o

- o IVIE[1.2,2.2] s%';s"f'(1 =+7%
||\r|\||||\|||||||1 III\[I\II'I\I\'IIII
050 100 150 200 250 300 350 400

N

part
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To illustrate that we don’t know much...

nuclear absorption m pdf modifications

0 o
* K537  w E866 o All P .
v NA3  + HERA.B Use EKS98 & EPS08 in paral{el to map
g * NA3S ¢ PHENIX B out most of such uncertainty”
O NASG 4 NMC
~~ * S
—Q é"'m1.4*
& 6 - =
N % | 1.2
%) :
a ) . e
o 0.8+
) o
OEKS 0'4_: 1 =m_(GRV94 GRV98)
i -~ EPS08
%% 2 4 6 8 10 0.2 -
d T nDS
* a global (uneasy) fit of o, to all data %0¢  10c ez aer

* shadowing scheme dependence of o,
°0,.,=3.5+0.2+1.7mb

Arleo & Tram, EPJC55 (2008) 449-461
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Eskola, Paukkunen, Salgado, JHEP 0807 (2008) 102

Eskola & Paukkunen, Hard probes 2008




What should we do now ?

1. Try not to rely on shadowing and o, ?

(centrality dependence and data driven method)

2. Try to disentangle them ?

(open charm)
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RHIC J/Y centrality dependence

First place where we compute
centrality in pA like collisions !

Can this replace varying A ?

A data driven method in which you don’t rely on
1/ shadowing scheme 2/ o_, . 3/ production
mechanism 4/ feed down ratio, but on A/ a

(usually assumed) factorization and B/ the
Glauber model.

RGdC, QMO06, JPG35 (2008) 104023

PHENIX, PRC 77, 024912 (2008)



PHENIX, PRC 77 (2008) 024912 RdA versus central Ity

E E mreemsmmE 1 e Convert to local impact
E E H ] parameter and fit... Ex:

“r E ’ 14 R,y=-17) h(;‘m)”,__;
- —2.2<y<-1.2 7 PSS S, S 1 SR e

} 1 T 1 T R e o 0.8 e T e
7 0.6

a ; T ndt 108173
0.4 Prob 0.01283

L - 0.2 E‘ o slope 0.04671+ 0.01455
L ittt |4 et 1| Ittt ] 0 B v b e e e e e I.ﬂ. I I B .sui. .a-
B 7 0

Rdﬂ.u
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a
>

L

]

e

' ‘L|_LLL|.L ;'|||I|||I|||||||||||I
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7 1.2

0.5— — 1

0.8 sme
i IyI < 0-35 7 0.6 LR R TEtierr
: . . T Tndf 106873
- 0.4 Preb 0.7848
slope 0.05661+ 0.01537

7 0.2
1+ 11% Global Systematic - 0

] 14

E ] 1.2

[ E E ) 1

0.5 E . 0.8

- . 0.6

- 1.2<y<2.2 : 0.4

L p 0.2 slope 0.09684 + 0.008175
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0 2 4 6 B 10 12 14 16 18 PR T S S S T T T ST S S S S e o o S s S S e

N, 1 2 3 4 5 6 7 8 9 0

1 | | 1 1 1 p1 ai D
1 2 3 4 5 & 17 8 9

SN
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Prob 0.8582

1 .
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b(fm)
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Plug it in a Glauber model

e Glauber provides, for a given A+A collision
at b,,, a set of N+N collisions occurring at

b', and b'..

e One minimal assumption is rapidity

factorization: Ry,(|y],baa) = = X

zcollisions[ RdA (_y'bi ) X RdA (+y' ) J / I\Icoll
e Correct (at least) in the case of absorption

& shadowing since production : = —@

7
X

~ pdfl x pdf2 x exp —po(L,+L,)
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Extrapolate to AuAu

e Full error propagation of dAu uncertainties

— [ dramatic for midrapidity since R(—y) = R(+y) |

Eﬁ 1-_ e, PHEHIES At Dt 1241222 il o TR0 :E '|L e PHEHD Sl Dot 4055 ot 312960
] Cata Driren Fiokeation of Coll Hinkar Hatker Effeat Data Diiven Frofeation of Coll iwkear Mater Bt
08/ urvival = 38 *18_,, %
_- _H_-_‘_—_'—_—'—-——_
06 _
: - Midrapidity ‘H
0.2 EF 0.2 03
- - i = + 0
: Folrwa';d ralpidi’fy | | | [ | |Surv|lva|| 55| |_38 /|0
%IIIIHIIliﬁlliﬁllhlléﬁllﬁlléﬁllam %IIII‘WIIII1WIII%ﬂ;llﬁlllzﬂglIl3ﬂglléﬂglléW

Nunber of Pailiclpants Ausdu Humber of Paiticlpants AusAu

- J/P anomalous suppression could

be the same at mid and forward rapidity!
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Recent news from CGC

e Gluon saturation could
further suppress forward
J/U in AuAu

— First numerical estimate

— Absolute amount of
suppression is fitted to the
AuAu data!

— Waiting forward to new dAu
data to fit them first

— However, rapidity
dependence should be ok

— But it fails to reproduce
peripheral data 2

— Anyway...

- J/P anomalous suppression could

Kharzeey, Levin, Nardi, Tuchin

arXiv:

0808.2954 & 0809.2933

EEEREERE:
§

O |y]<0.35 systglobal —+12%

® yd1.22.2] systy,, =27 %

50 100 150 200 250 300 350 400

be the same at mid and forward rapidity!
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Open charm

Peter
Helmut
|n

Should help understanding shadowing
(common with closed charm)

“We want open charm

2008, October 8th Cold effects on heavy flavours - raphael@in2p3.fr
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Cross Section (o) [mb]

Heavy flavour (bulk)

ﬁ | ST Fialmant . A factor of 2 difference

1.4 ¢ AR d+Au | ! .

1.2;_NWrBound[NeW]| [ T between expe”ments
3 STAR Prefiminary — “detector material is not the

I:I.ﬁ;_ +pHEN|@ *PHENIX AusAu issue”

R temmee ] e Open charm is suffering

10? 10
Number of Binary Collisions

) e from a ®25% systematic

o 140 Au+Au@ﬁ_200 GeV PHENIX -
1 H i error
o g H | II — Too large to constrain any
o | : shadowing...
oo ggggﬁ » % | e Binary scaling (within these
oo.'nsop'jozeevio'zsu"z.r',o'soo"séo' Uncertainties---)

N part

PHENIX, PRL9S (2007) 172301
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Heavy flavour rapidity dependence?

e Only pp measurement, very poorly known

015

0.1

0.05

2008, October 8th

Muon systematics reduced 407 relative to
Run 2 muon result

-
—l—
-

B PHENIX elecfrons

PRL 97, 252002 (2007)

® PHENIX muons
preliminary

FONLL charm

cent. —

upper/lower =====
T

PH “ENIX

y
D. Hornback, PHENIX, QM08
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Heavy flavour (p; dependence)

STAR, PRL (2007) 192301

RAA

STAR charged hadrons P> (5] (Sle\.l"fc ' '

mmssmsss |- DWGEL R

———— 1l BDMPS c+b °

el ¢ Interesting d-Au
I‘\.l" wvan Hees EL 1

————— W BDMPS ©

P P B Al gy == N g P o v ar - gt el b et gt i Vet it "l g gl Vol J
o e e e L e e e
1 o /’;v./ g g ) Ve S gl gt °
o e et s s Aol ittty
ey o o e e ]

/////// U_i.././_/./././/./././././. Fe

| confirmation with
iﬁ?iu (0-52) - | . ru n 8 !

> = a4 e ' 8 10

e Homemade R, from

R, (0-88%) ‘

PHENIX preliminary dAu ,

(run3) and PHENIX
published pp :>

—> Wait for serious run8

&
o
tn
—
—
in
o
)
(]
w
w
tn
£

analysis
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Even better will be the silicon era...

e PHENIX e STAR

side-view
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Bonus : Cronin effect
and J/U p; broadening

(doesn’t change the total yield)
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Cronin effect...

e Multiple scattering of the incoming partons
raise the outgoing quarkonia p;

— <p;*>pp = <P;=>,, + 8 x L (random walk)

14 ¢ . . : . =
13F  mY_EmR L : —_SPS S i
1ok mY, E772 :-rL i o &
14 F i B o =
S ot Iﬁi ~gl'1.&'— X
0.9 % ?: C Do
; Upsilons _ - © 2
—— 1.8~ =3
13 F  @uyEsss FNAL : C j_ 3
. @y E8 T3 " g
12F Cbyere 14— 1 - e S g
=t  Drell- Yan N & L, irdn 1R —
i0fe o o @® fg B — e R, ek ADG QY =
; - T e O O
09 F ;I‘t;é 121 _- & HEE, .U S0y £ <
05 [EBE &Y | - A NS PAZDGEY S+
%000 100 200 300 400 4L ill L1 .' L1 i R é Lot ; ! =
p; (GeV/c) L¢fm}
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Cronin effect at RHIC? <p-2> from PHENIX,

PRL101 (2008) 122301

Homemade L values

6_|III|III|IIIIIIIII|_|III|III|II.I1III|III
- Mid rapidity Forward rapidity

aft _j %

< p? > (GeVic (p, < 5 GeVic)

o o _ s\ope
I 0 7 sigm?
2:— l¥| < 0.35 21 ndf 2793/7 | 1 |yle[1.2,2.2] 21 ndf 426118
RELAL Prob 08035 | T CPP Prob 0.8328
. Od+Au 1 Od+Au
1 =sauAL po 4.096+ 0.2075 mAu+AL po 3.363+ 0.1316
- »Cu+Cu pl 001151004811 | T Cu+Cu pl  0.09325+ 0.03453

0 2 4 b 8 10 0 2 4 b 8 10
+ No strong <p-2> dependence... L(fm)

e Modest rise at forward rapidity

e Could be broadening
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LHC = uncharted territory




LHC : another cold vs hot fight ?

e EKS vs EPS extrapolation vary by factors of 10
at LHC x’s | And you need two gluons...

e Would be fun if regeneration takes over...

e o N L DL L B

N i - ]
=] > - ]
=R Wil =
= E". 9'_8.5-—"'_'". .
— =125 =
— T B

x 1 ]
S o ]
»»»»»» 1 = m_(GRV94 GRV98) — 0.75 T._ R I IR—
. . > s " f_ 555 _f
105 104 102 102 107 x1 0.25 o -
_ ) 0 A I N I A A =

(emited gluons and p; neglected) 50 100 150 200 250 300 350

N

part
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Conclusions

e Heavy flavour suffer from cold effects, which are
qguite unconstrained...

e Easier when they go in the opposite direction as
the hot effects

— e.g. for the jet quenching
e Let’s hope it will be the case for the J/{ at LHC
e But RHIC can still play:

— RHIC run8 : J/, open charm, {’...

— Silicon upgrades for open charm
— | think a dCu run could be interesting too (ala SPS)
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BTW, Nambu, Maskawa and Kobayashi
got the Nobel Prize yesterday ©

En 1964, quatre physiciens observent la violation légere du produit de ces deux opérations
CP. L'enjeu de cette découverte est considérable a bien des égards. En cosmologie d une part, Sa-
kharov remarque en 1967 que son existence est indispensable pour expliquer 'asymétrie matiere-
antimatiere que ['on observe dans ["univers. En physique des particules d’autre part, lhobayashi
et Maskawa proposent, dans le cadre du modéle standard alors balbutiant, une explication na-
turelle de la violation de CP, valable des 'instant que la nature dispose d’au moins trois familles
de particules. Depuis 1977, nous savons qu’ll en est ainsi. ,

(RGdC, PhD thesis)
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That’s all folk...
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J/W different energy
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Intrisic / extrinsic on AuAu

intrinsicpT,oabs=2.8mb T e
- _—yei1222) R e oo A
fé 1I; ________________ L e ly|<0.35 - extrinsic p_, c,,; =4.2mb
Y o — lylel1.2,2.2] i
B . A = T R || | s - U |y|<0'35
0.8 | - s
B e ﬁ—ﬂ_________ ........................... .
0.6} % - Eﬁ] 7
- B . i
0.4 © AuAu |y|<0.35 g H -  AuA o [ 9 3
- ® AuAu |y[e[1.2,2.2] ¢l ' 0.2, VI<0.35 syst L % % ,:'IF] -
0.2F © Cu+Cuy|<0.35 & o |y|e[1 222] °y fg.qb =+7% |
L i 1 A
of- Splubiteda 0 . T 0~"""50"100 150 200 250 300 350 400
10 10° N, Noart

2008, October 8th Cold effects on heavy flavours - raphael@in2p3.fr 41



Complication : feed-down

X, large dispersion P’ =8.6 pm 2.5 % at RHIJIC
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