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Shadowing : a cold nuclear matter ettect

DIS
- Jepeon I Charmonia production Processes used to probe :
Drell-Yan
ON — ptpu—X ¢ nucleon struc2t. I :
N(target) U+ FQZZQZ' xf?,(x?Q >
ﬁ X1 Y * o Z . =
o with f; (z,Q?)=PDFand i = ¢,q, g
P (beam) - ¢ nuclear struct. f. per nucleon
(Anti—)shadowing : nuclear
nucleon

¥ initial-state effect “calibrated” in d(p)+A

at a given Q2 :

¥ refers to low-x region
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Shadowing models / experiment’s goal

¢ When considering shadowing as the so/e nuclear effect :

correction factor

<Ncoll> o PP

/' AN

CF-like approach 1, 21 EKS-like approach (3]

¢ Favorite experimental observable = nuclear modif. factor :
J/Y
dN. pA
<N coll> dN s

{1} Capella, Kaidalov & Tran Thanh Van, Heavy Ion Phys. 9, 169 (1999)
[2] Capella & Ferreiro, Eur. Phys. J. C42, 419 (2005)
{3} Eskola, Kolhinen & Salgado, Eur. Phys. J. Co, 61 (1999)

Rya =
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How 1s the shadowing predicted?

® CF-like approach ® EKS-like approach
¢ physical origin described using # use data to parametrize R? (e Q(Q))
multiple scattering formalism and DGLAP to get it at Q% > @
Rﬁladow(bﬁ Y, plT) — Rﬁladow(bAZE? QQ) —
N N (b) pA 2
1—|—NA(b).F(y,pT) 1+<NA>>< [ g(xv )_1}
accounts for initial accounts for the gluon PDF
interactions between gluons modification in nucleus
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How 1s the shadowing predicted?

® CF-like approach ® EKS-like approach
¢ physical origin described using $ use data to parametrize
multiple scattering formalism and DGLAP to get it at Q% > @
Rﬁqadow(b? Y, pT) — thadow(a L, QQ) -
. N“(b) Al 2
1 1 (NA(B))F(y, pr) Iy (R (2, Q%) — 1]
~ average value of N4

number of nucleons
that contributes to

shadowing at 4 assumption : coherent

interaction between parton 7 € p

and all partons € A along its path

nucleon tr. size /‘Y

G = 3.94 fm? Q.

“random spatial position of A nucleons following
Wood-Saxon density profile

o'
o
K
.

z X
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Where 1s the pr dependence ?

® CF-like approach ® EKS-like approach

¢ explicit dependence : F'(y, pr) $ for the charmonia production,
relate (21, 22) to (Y, PT)

mT :I:y

& our choice: T12 =
SNN

with mp = \/m2 + p=,

» often used in litterature
» g+ g — cc with non-zero initial

gluon pr

¢ scale chosen accordingly :

QY= 2m )t =i
with m. = 1.2GeV/c?
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Our Monte-Carlo approach for |/

1 2
g For each N-N
Glauber MC r) % collision
O = 42mb J/W candidate produced
10, at Vsnn = 200 GeV o according to 0y, < Oy

with random :

e y and p; according to p+p data
e rgndom py OFi ion ¢
uniformly distributed in [0, 211

r - 60; \ I Global scale unéertainty: 10.1% I E
I 1 N-N collision if : s\ =
40l nd2 <o - E
-10 -5 NN 5 4o ——, E
X (fm) % Y -
2 F N
20; —— PYTHIA - GRV98LO o ~E
7 = == PYTHIA - GRV94HO m

Random : 104 —— NRQCD - MRSTHO Pmlx \
. i == NRQCD - CTEQ5M N
e b according to 2xt b db o , -+ NRQCD - CTEQ6M , ]

« position of nucleons € A, B 2 O 2

according to Woods-Saxon Kinematics for J/W candidate:

YI pTl(le=>pxl pyl szE

production

3

J/W canditate = real J/W if :
random[0,1] < Rshadow X Oy;y [/ Ony

computed using CF or EKS

Nuclear modif. factor =

dN real J/¥ / dN J/W canditate

10°

Global scale uncertainty: 10.1%

T

—
PH--ENIX

1/2r p_ Bd%c/dydp_ [nb/(GeV/c)?]

eV ool v vl vl vl e

10°F
- e Jyle[1.2,2.2]; x10
00 SO
0 2 4 6 8
P, (GeVic)
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Results

1) Raau vs y

-
m%tz ¥ Larger amount of anti-
' shadowing for EKS
S N SO
0.9 118 .
i L.Md °
os i ¥ Adding pr: small
- =0 - =
07F B} from lyl<0.35 —_pl from lyl €[1.2,2.2] eftect because
E L B B L e B A A L LA o O 2o o E 2Gevc m
120, EKS shadowing EKS shadowing 7 (p T> = / < my /Y
1.1 ) E 1-3 1 |||||”| | ILBLILILLLL I |.||||||I. I |||||||I. LILSLLRLLL
Ll S 12| (LHC RHIC RS 4
09 ] M A28 006V o7 TN
0.8 1 Q: 1.0 _ ....... ......... /,,/;/{/ ...... AW |
0.7 ; {Eﬁ 0.9 e i
2 4 0 1 2 B I I I R S R - ]
0.7 T .
$J 0.6 1 illlllII i |||||||I 1 I:IIIIIII: 1 |||||||I: 1 |.||||:

¥ For EKS : larger pr = larger Q2

= smaller R;]Ain anti-shadowing

10*  10° 107 10" 1
Nucl. Phys. A696 (2001) 729-746

/ 107

region = smaller Ryay ...

¥ For CF : F(y, pr) monotonic function, increasing with y, decreasing with pt
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Results : 2) Raau vs Neol

I:‘dAu

-2.2<y<-1.2 CF shadowing

o p;=0
o P, from lyl€[1.2, 2.2]

00000668650606606066888888888681e° b=

° P, from lyl€[1.2,2.2]

== O

- 900

OO0

£ lyl<0.35 = lyl<0.35 3
f% _E‘OQQB 900000000
= QQQQQQOGOQQQQ = 880000000005558555:)5:)5;;;
] i °800888880ef o p =0 E
E o P, from lyl<0.35 = PT from lyl<0.35 E
£1.2<y<2.2 _‘ 1 2<y<2 2 E
%foe Efeeg 3
E_ e (C] QQQQ _% 8888868.8.... _E
= =0 QOQQQQQ = OOOO(.)(.)(.) 0000¢, .
S 800pes = O Pr=0 ©0000063&;
E o Py from Iyl €[1.2,2.2] °s p, from Iyl €[1.2, 22 e
5 10 15 20 25 5 10 15 20 25
coll

Adding pr : small
effect

Remarkable
difference between
CF and EKS at

y<O :

diff. amount of
anti-shadowing in
each model
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Results : 3) Rgau vs p1

Main result !

e —
< 1.3F -2.2<y<-1.2 -2.2<y<-1.2 &

m'c 12l Up to 20%
1.1 amplitude variation
o5 Cfshadouing | ESshadouing with p:
12F lyl0.35 Elyl0.35 ]
" ;¥ EKS: stronger pr
0.9¢
08" dependence
0.7}
- ¥ Striking : opposite
0.9t :
08" behaviour for CF vs
0.7t
0.6F EKS at y<o

123456789 1234567809
(GeV/c)
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I:‘dAu
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Comparison to the data [1]

IIII|IIII|II I|IIII|IIII|IIII|IIII|I|II||IIII|II
= =
SN =
|
ill
B W
|
|

"‘---T—nz__“_
...... p =0
_pT;éO
Ty

Bar = pt-to-pt uncorrelated err. (stat. + syst.)
Box = pt-to-pt correlated err. (syst.)

[1} PHENIX, Phys. Rev. C77, 024912 (2008)

¢ PHENIX data (2003) :

400 + 1250 J/Y
ly] < 0.35 : J/¢p —eTe”
1.2<|y| <22 : J/¢Y— fyae =

¥ predicted Ryau
overshoot the data

¥ need a break-up cross-
section
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I:‘dAu

Comparison to the data

CF shadowing + 0,5, = 1.5 Mb

I3
g

(Good matching
obtained for both
models

EKS shadowing + o, ,, = 2.8 mb

III|IIII|IIII|IIII|IIII|IIII|IIIIE'|'|'|'|'|'|T|'|'|'|T

o O
@4
|||||||||||||||i|

€

But with diff. values of
Obreak-up

coooo
S 010N
W—Wllllllllllllllllllll
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RdAu

Comparison to the data

22< <12 CFshad. i  _ EKSshad. |
I TR
-’ 1 AN, I
Toyestcap = 1:5 Mb 1w H. Coreateup = 2:8 MD
‘_IyI<O35 | | +
150 E3 H E
w80 i ogn =
osb E L =
e
1.2 —1 2<y<2.2 E3 3
op g 14 ﬁ_@ﬂm :
06y ¥ " wE -;
I DI S e S R S
p.(GeV/c)

data with large
uncertainties and limited
range in pt

at y<o, EKS seems to not
match the trend

crude matching elsewhere

at y>1.2, both models
seem to have a smaller
slope than seen in the
data
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Summary

¥ Glauber MC (no dynamic)
+ (y, p) spectra from input pp data

+ two different shadowing models
¥ TFirst results for the pr dependence of the J/Q shadowing
¥ In general : more suppression in CF than in EKS shadowing

¥ But at y=-1.7 for Rdau vs pr : increasing for CF, decreasing for EKS
shadowing

Open questions

¥ Vanishing break-up cross-section at high energies ? [A. Capella ez o/,
arXiv:0712.4331}

==
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Outlook

¥ High statistics (> 30xRun3) dAu from RHIC Run8
¥ Shadowing in AA as predicted by our Monte-Carlo
¥ Recent (x, Q?) parametrisations of nPDF/AxPDF

® NLO [de Florian & Sassot, Phys. Rev. D69:074028]

® updated constrains on low-x gluon PDF from RHIC data
[Eskola, Paukkunen & Salgado, arXiv:0802.0139}

¥ Use a better way to relate (y, pp) to (i, x,)

9 fromg+g = J/AP + g cross-section computation {Haberzettl &
Lansberg, PRL 100, 032006 (2008)}

® allows to free the MC from any pp data input

= predictions at LHC energies
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Range in x, Q? covered by the

available data

~10%:
N S Nuclear DIS & DY data:
° " RHIC data (forw.n) ® NMC (DIS)
N> 3 B BRAHMS h* (n = 3.2) B SLAC-E139 (DIS)
q;1 1 ) ietg 7 FNAL-EGSS (DIS)
0 F =% AEMC (DIS)
= L * FNAL-E772 (DY)
o~ 10 N
<l %
1 0 = S
- &

N perturbative

B AA
10-15_ AAA
E A
10-2 NIRRT B AR T] B R A I R RT] B R A W R ET] A R AR R
10° 10* 10° 102 10' 1
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Constraints on the CNM effects (1)

EKS Model

Opreakup = 0:1,2,3,5 mb (top to bottom)

: _ 1.7
—— Best Fit Opreakup = 2.8 :.4 mb

= 11% Global Scale Uncertainty

-2 -1 0 1 2
Rapidity

3

CNM effects =

RdAu VS H
O ®Best '(:l:t : Obreakup — 281_11 mb

@ large uncertainties

@ cownsistent with lower energy value
at CERN-SPS 4.2+0.5 mb

Bar = pt-to-pt uncorrelated err. (stat. + sgs’c.)

Box = pt-to-pt correlated evv. (sgs’c.)
global err. = quoted on the fig.




ons“trai_hts on the CNM effects (II)
‘ CNM effects =
shadowing (EKS) + O break-up

Raau VS Neoll
Nosa Snadowms wennn 233w 1 O] comstrabnts the oeometric
parametrization of the
WPDF wrt the Location of the
parton tn the nucleus

L | IM™]

PHENIX Data lyl<0.35 (syst__ _ = 10%)

1.9
16 Mb

O.c brea R-up -

large wncertainties

different values obtained

consistent with the value from Ryau
AVAS 5

= 119%) |
.Gmb

o PHENIX Data 1.2<y<2.2 (syst o bql

i




The pr-broadening picture

»

B — T — T T <'P-r;2> \/S Npart

| O flat or moderate
E] H H broadening

o ﬁﬂ o g Lf brodened,

3 what origin(s) ?

lyl < 0.35 1 wien222 1+ cold effect
Cu+Cu 1 Cu+Cu - ,
p+p 1 p+p ' (shadowiing,
d+Au T d+Au T ’
Au+Au T Au+Au ] Cro WLW)

10 10 102 \ +  hot effect
part part (recombination)

<5 GeV/c)
(3)

|—4:

w

N
T I T T T

2
o
)
S
Q
S
A

2
T

<p

Bar = pt-to-pt uncorrelated err. (stat. + sgs’c.)
Box = pt-to-pt correlated err. (sgst.)




pr-broadening due to random walk ?
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[R. qrapier de Cassagnac, RMOSL]

2 I ndf 2793/7 | — I¥I<035 %2 I ndf 4.261/8
1 Op+p
Prob 09035 | T Prob 0.8328
[J d+Au

p0 4.096 + 0.2075 | _| po

3.363£0.1316
1 W AurAu

p1 0.01151+ 0.04611 | + @ Cu+Cu p1 0.09325 + 0.03453

IlllllllII~—|I1I|III|1II|]IIIlll‘i

<pT>AA

4l | 6 8 100 2 4 6 10
L(fm) L(fm)
(1), + P00g—N Ap7 X Las
W—J W—/
'PO 'Pi

<p 2ol

0

random walk of the
tnitial gluons tn the
transverse plane

at mid-y : slope
compatible with zero
pL = 0.011 * 0.046
at forward-y :

PL = 0.093 * 0.034
compatible with
wmid-y




