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J/y nuclear modification factor

» Subtracting cold nuclear

E i 0 NASO, (Jfyr fDY)Fbe (i J'DY]FP. O<y<1
matter (CNM) effects %o | 1 rremmmns
is crucial to i nterpret [ £11% global systematics

. 0.5k % +12% global systematics
J/w SUPPf’@SSlO” ot + + + 7% global systematics
- ®|

0.6 M
- How is it done @ SPS ? = U E*H .

o 0.4 i W Etb Hb ? 5
- How is it done @ RHIC? | E 3 i

0.2
- A new method for RHIC.. .
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Normal nuclear absorption
alone does a splendid job
in describing pA, SU, and
peripheral PbPb & InIn...

- (including preliminary pA
@ 158 GeV from NA60)

) exp('oabs Po L)
- (or in Glauber model)
- O4s=4,18+0,35mb
- L nuclear thickness:

—
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B,,o(J/¥)/o(DY

10

J/y / DY rescaled to 158 GeV

— °L

¥ NAS1, pp,pd, 450 GeV :
O NASO p-A 450 GeV LI I !
s NAS50 p-A 450 GeV HI T
A NASO p-A, 400 GeV HI

O NA38, S-U, 200 GeV |

NAS50, Pb-Pb, 158 GeV
NABO, In-In, 158 GeV o
o NABO, p-A, 158 Gev <4mmm NAGO preliminary

L
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J/y yield

Do we fully understand
CNM @ SPS ?

*  Not these surprising
rapidity distribution
asymmetries —

- Variation of ~30 to
~50% in one unit of
rapidity |

- TIs it (anti)shadowing ?

- Not taken into account
in CNM extrapolation...

NASO, CERN-PH-EP/2006-018, 05 04 03 -02 01 0 01 02 03 04 05
to appear in Eur. Phys. J. C. Yem
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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 _%u_-:-fﬁ?‘@:‘“jﬁ-- 7 - Colored lines: FGS shadowing

+0,.= 3 mb

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

1% .. B wwy=1y] - Favoring moderate shadowing
0.8F —=rx; e : + 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
QM2006, November 19th Cold nuclear matter toy model - raphael@in2p3.fr 5/16



—)

What is on the market ?

1.

Model of nuclear absorption +

inhomogeneous (anti)shadowing
(Ramona Vogt, nucl-th/0507027)

2. exp -[ (O4iss(Y)+T4iss(-Y)) pol ]

QM2006, November 19th

(Karsch, Kharzeev & Satz
PLB637(2006)75)

04ss from fits on dA data —
(unrealistic error bars)

But shadowing doesn't go like L...

1.0
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Tams(y = 1.8) = 3.1 4

O'diss(y = 0) = [.2-H

Odis

8 —

(y = —1.7) = —=0.1N

2

KKS, PLB637(2006)75
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—0 3. Another approach... C

» Godl
- Predict R,, from Ry,

- Concerns

- Stay as much as
possible data-driven

- Take full advantage
of dAu centrality-

dependence...

© Uderzo & Goscinny,
Asterix chez les helvetes
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- 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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* 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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L Varying the fit  Raf 1
parameters o] L S

- Uncorrelated o Iy: 17 “mw mm” E
Within +1o S

to propagate the statistic ;E ;EY ____ =O e
+ systematic dAu =
uncertainties T g
throughout the ey 18 | E
Glaber computation o e
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2. Varying line shapes —
= 31’050/0@)”"1.7
- 3t012%@y~0

(asymmetric and depending
on centrality)

3. Varying Glauber
parameters (pp total
cross section, Woods
Saxon parameters,...)
- 2% @y~17
- 4%@y~0
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The OUTPUT: RAA (NCOII)

5 B T T T T T T T "] < B I I ' I I ]
<
A B * A |
0_8:;“ —: 0.8 E“_ -\-.--\-H-'\-\__ _:
yﬂ: i - xx\-_\ 3
O.E_— ] 0'6__ hhk____‘“ S
0.4:— —: 0.4:— T _:
- | Ry extrapolation i - | Rya extrapolation ]
o2 1.2<]y|<2.2 E 2 ly| <0.35 B
uu_ L 1 | L L L | L 1 L I L L L | L L 1 | 1 L L L L L I |_ o_l 1 1 I 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 I 1 1 1 | 1 ]
200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Ncoll Ncoll

»  Black curves reflect stat. and syst. errors from dAu

*  Much less constrained @ y~0 because:
- R,4(0) measurements are less precise than R ,(-1.7) and R ,(+1.7)
- and squared while computing RdA(-y) x RdA (+y)

* Then, take the average in experimental centrality classes
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Comparison to models & data

@ 0.2

v v b b b P P B gy v v b b by by by Py n g
l.’0 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
N N

part part

» Consistent with Vogt's prediction (EKS shadowing + 1 or 3 mb o)
* Prediction @ y~1.7 is much more powerful than @ y~0

< [ | PHENIX, nucl-ex/0611020, Au+Au |y|e[1.2,2.2] s ® PHENIX, nucl-ex/0611020, Au+Au |y|<0.35
(v B —@&—— RGdC, cold matter Glauber model, y=1.7 (14 __ —<—— RGdC, cold matter Glauber model, y=0
1.2 I - R. Vogt, nucl-th/0507027 (y=2, o, =3 mb) 1.2 I T PP PP RS R. Vogt, nucl-th/0507027 (y=0,06,,.=3 mb)
- R. Vogt, nucl-th/0507027 (y=2, 0, _=1 mb) = R. Vogt, nucl-th/0507027 (y=0, 6,,.=1 mb)
L g
EY _ZI;
Bl
0.8+ 0.8,
0.l @ e ] 0.6
0.4 N 0.4—
0.2— —

See T. Gunji & A. Glenn talks
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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 recomputing

Raallyl) 7 RaaC-y) X Raa(*Y) Ry with new pp data (A.Bickley's talk)
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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 1L { bt
0.6 ;
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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. \
ﬁ Conclusions CF

* Pro's
- Very little model dependence (apart from Glauber)
* (no o, ho shadowing scheme, y=0 & 1.7 independence,...)
- Proper error propagation from dAu (and pp)
- Proper centrality selection (experimental classes)
— J/y survival of 25+12% @ y=1.7 & 44+23% @ y=0
+ Con's
- Not applicable without p+A (or d+A) centrality

dependence at same energy and at both +y and -y
wrt A+A collisions (thus not at SPS or LHC)

- Limited by dAu statistic | We need more |
+ Especially @ y~0 (and dCu to apply this to CuCu)
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Disappearance probability

+ Disappearance o
o o 8 y ~ 0.8
Pr'ObClblll'l'y 3 2 fm |
- No assumption on 3N e N
production point + ) -

- Weighted by Woods ) I:j
Saxon 5 s o o

y~ 178 78
4?— Bfm | o = —0.7
R \THE .. 3 o
1:1:; 5 tln 510152(:'2-1 1:1:; 5 0 S 10 15 I:J
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+ Compute L with
Glauber model

- Fit exp(-oabs Po L)

- Results are
different wrt KKS
humbers

<15 I I“Ix?.-'ntzlf 472213

zl4 Prob 0.1934

12 ; Absorption (mb) 0.2609 + 1.142
1 e ——— e oo oo .- —=
0.9 —
0.8 T * =
0.7 —=
u.ﬁ 1 1 1 1 1 1 1 1 1 _5
0.5 1] 1 2 3 4 5 6 T B 8 10
L{fm)

< | %2 I ndf 151213

& Prob 0.6795

Absorption (mb) 2453 + 1.367

COoO00D La--aa
MO =00 o MW A

4 5 6 7 B 9 10

L{fm)
= e : 2/ ndf 0.2361/3
Rapidity KKS fit [4] My fit ;EE ' ‘:f,mb Lo716
y=-17 | =01+02mb | 0.3+ 1.1 mb 2 Absorption (mb)4.538 + 0.8168
y=0 | 124+04mb |24+ 14mb 08 E R E
y=18 | 31+02mb |4.5+0.8mb 06 E
059 1 Z 3 1 5 3 7 B 3 10
. o . Li{fm
TAB. 1 - 04, values from KKS and my analysis. o
KKS, PLB637(2006)75
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Sampling local impact parameter in AuAu

Local impact parameters (fm)

25000 - — Minimum Bias
B b>0.0 && b<6.6
B b>6.6 && b<9.5
20000 - b>9.5 &8& b<11.5
B b>11.5 && b<13.3
B b>13.3 8& b<20.0
15000
10000—
| |
| [ |
5000 — ¢
— F T
u 1 l L T : (] |
o 1 2 3 4 5 6 7 8 9 10
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Varying Glauber parameters

- o, =33 mb & T, = 39 mb
3 E - a,, =45 mb s E . G, = 45 mb
i — - Woods-Saxon: R =665 fm, d = 0.55 fm i 1 04 __ - Waoods-Saxon: R =665 fm, d = 0.55 fm
:1 -02 C Woods-Saxon: R =625 fm, d = 0.54 fm E ' = Waoods-Saxon: R =6.25 fm, d =0.54 im
E 21030 .
®015 . o . : =1-03¢ . 8
— - % - & L ] -
31 01— 02—
= -~ C .
- c »_ C
4,005 @o1.01—
E F. . . . . S F 8 . ' ] | i '
T 1= e e . . . 3 11— . .
= -
3995;— 0.99—
0.99— 0.98—
— Muclaons with hard core [r= 0.4 fm) C Muclaons with hard core (r = 0.4 fm)
0.985 E - ZDC: diffarent neutron loss function 0'97 . - ZDC: different neutron loss function
— ] gray disk nn-overlap funclion E L ] gray disk nn-overap funciion
0-93 :_ L] gaussian nn-overap funclion 0.9.6 :— & gaussian nn-overlap funclion
:||||||||||||||||||||||||||||||||||| _|||||||||||||||||||||||||||||||||||||
0 50 100 150 200 250 300 0 50 100 150 200 250 300 350
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- Exponential fit & Exponential fil
g”'ﬁ_— o o o . § + e
= - Absorplion-like - T‘ — Absorplion-like
E - E 11—
5104 ° . s
| B - 3‘ L
3.‘ C Z1.05
_ .02_ H . . x r
"~ L - - . B -~ - . .
E - . S F
-ul 1__' ...................... i M W T 3 1.:..,. ..................... -y PO WO . WO WS . W— -
3 o] ' S
981 . 0.95—, . .
B B . . . .
0.96— B . .
B 0.9_—
0.94— CL Ll P R P I C Ll cl N IR |
0 50 100 150 200 250 300 0 100 150 200 250 300 350

Varying the line shape
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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

o= Tl

o <

10 i e et Dl y<0

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

RN A (U (U NPA696 (2001) 729
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J/y (or cc) absorption
(Anti) shadowing
(gluon saturation, CGC...)

Energy loss of initial
parton

p+broadening (Cronin
effect)

Complications from
feeddown y' & x. ?

Something else ?

Jip
hoa g
8
S 8
L

@Of 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
0.7 E=— T @=225GeVE -
0.6 , 1 1 | 4 x

Eskola, Kolhinen, Vogt | 1o 107 100 107 qom
NPA696 (2001) 729
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A real puzzle | Especially when one goes to low x5, high x...

1.1

0,(pA) =
o,(pp) x A”

1.0

0.9

04

0.8

0.7

0.6
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| T T T T T T
(a)
| dE/dx ? .
Intrinsic [] oy
B ‘) —— :c}:-".—
Charm : s ] o
| = ® 3 T - d .
N O E866(39Gev)  AEKT
i T o NA3(19 GeV) T T
i . @ PHENIX 1 (200 GeV), |
B PHENIX e'e (200 GeV)
4 A E789D° (39 Gev) ]
¢ NA50 (29 GeV)
| 1 M U U S
2 -1 0.0 02 04 0.6 0.8
10 - 10 -
X2—XA XF—XP‘XA
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