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Why are we interested in the |/ yield ?

cc resonances : early production = hard probes of the medium

@ Hot (QGP) effects :

§ melting/screening, dissociation by hard free g
§ secondary in-medium production ( recombination )
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@ Cold nuclear matter (CNM) effects : o o 5 © @
04r
§ initial-state ( shadowing, ...) 0] _
§ final-state (nuclear “absorption”,...) ° ® 10 0 20 27 w0 0 w0

Andry Rakotozafindrabe (CEA Saclay) 2 /21



Shadowing : a cold nuclear matter ettect

DIS
[ - Jepron ! 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 . =
ng with f; (x, QQ) =PDFand? =¢q,q,g
P (beam) - & nuclear struct. f. per nucleon
. : PDF € bound nucleon
(Anti-)shadowing : pA_ ®
g

g PDF € free nucleon

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

¥ refers to low-x region

¥ coherence effect
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Shadowing models / experiment’s goal

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

correction factor

<Ncoll> o PP

N

many models on the market : for e.g. EKS-like approach I, 2, 31

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

{1} Eskola, Kolhinen & Ruuskanen, Nucl. Phys. Bs35, 351 (1998)
[2] Eskola, Kolhinen & Salgado, Eur. Phys. J. Co, 61 (1999)
{3} Vogt, Phys. Rev. C71, 054902 (2005)

Rya =
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How 1s the shadowing predicted?

Range in x, Q> covered by the ® EKS-like appr oach
available data : A 2
¢ use data to parametrize I?; (2, Qg)
&"1 04 = Nuclear DIS & DY data: and DGLAP tO get lt at QQ > Q(Z)
o RHIC data (forw.n) ® NMC (DIS)
N>1 0’ " BRAHMSH (=32 MSLAG-E139 (DIS)
Q - PHENIX h* (n = 1.8) IE;@LES?:)S (DIS) Ri d (b’ x, Qz) —
g , - * FNAL-E772 (DY) Sha OWN A ( b)
~ 10 1 DA 2
= —|_ >< CIJ, — 1
10+
E perturbative T
1 ;H ............... B A A7 4 I
Enon-perturbatlve " VA"
10711 v At accounts for the gluon PDF
: v A 4 modification in nucleus
10-2_ T T A B R
10° 10% 10° 102 10" 1

X
d’Enterria, Eur. Phys. J. A31, 816 (2007)

Andry Rakotozafindrabe (CEA Saclay) 5 /21



How 1s the shadowing predicted?

pA collision

® EKS-like approach

§ impact parameter dependence :

assumption : coherent
interaction between parton 7 € p

and all partons € A along its path

nucleon tr. size A 5
Ot = 3.94 fmz Rshadow b? L, Q ) -

1 I x [Ri(z,Q%) — 1]
~ average value of N4
number of nucleons

that contributes to
shadowing at 4

random spatial position of A nucleons
following Wood-Saxon density profile
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wev* Adding the pr dependence

(21, 22) £ hard Productlon [ (y, pr)
physical constraints

® Intrinsic scheme

E. Ferreiro, F. Fleuret, A. R.
arXiv:0801.4949

§ g+ g — cc with intrinsic gluon k7
§ 4-mom conservation :

mmT
eV

1.2 = S
NN

with E 5 5
mr = mj/w—ka

¢ scale chosen accordingly :
Q* = (2m.)* + (pr)*
with m. = 1.2 GeV/c?

¢ input y and pr spectra from
P+Pp data
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o' Adding the pr dependence
N
(21, 22) (CE hard production process (v pp)
7 physical constraints

® Intrinsic scheme ® Extrinsic scheme

E. Ferreiro, F. Fleuret, A. R. E. Ferreiro, F. Fleuret, J.-P. Lansberg, A. R.
arXiv:0801.4949 (in preparation)

§ g+ g — cc with intrinsic gluon k7 ¢ ¢ + g — cc + g with collinear inital
§ 4-mom conservation : gluons : pris balanced by final gluon

mr § 4 mom conservation :
e = 5
rymry/se Y — M

L1.2 =

it - PP T T T (e — mren)
LT = \/m?f/w +p7 ¢ prod. model successful in p+p needed
¢ scale chosen accordingly : f(?f a proper weighting of each
Q% = (2m.)? + (pr)? k1nemat1c4a11y allowed (1, x2) :
with m. = 1.2 GeV/c? d*o/dy dpr dridxs
¢ input y and pr spectra from ¢ same scale as in the prod. model :
p + p data Q? = (m7)?
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Cross-section calculattonn g +9g — J/¥ + g

{11 H. Haberzettl et J. P. Lansberg,
PRL 100, 032006 (2008)

s-channel cut contributions [1} to the “basic” CSM :

P
E}\ C1 Q/’

! (3)
3
A Pl
%( Co q K
()

¢ take into account the dynamics of cC in the bound state

¢ need for 4-point coupling cc — J /1 — g

Q "

)

§ new degrees of freedom constrained by fits
& so far the best description of low-pr data
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® Intrinsic scheme ® Extrinsic scheme

Adding the pr dependence

(21, 22) £C hard Productmn e (y, pr)
physical constraints
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Adding the pr dependence

cc hard production process (y. o)

(3317 'CUQ) <

® Intrinsic scheme

physical constraints

® Extrinsic scl

3 .
102 . . . T . . . T . - : T : r : T — 10 % \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ;
- e ] Global scale uncertainty: 10.1% : E ° IVIE[1 2 2 2]! X1OE
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Our Monte-Carlo approach for ]/ production

b

Glauber MC

Own = 42mb
10, at Vsan = 200 GeV

\ 2 .
//
\. /

% F h N-N
b G e

J/W candidate produced
e according to gy, < Oy

with random :

e y and py

e random p; orientation ¢
uniformly distributed in [0, 211]

¢ X1, X2 determined from intrinsic
or extrinsic scheme

101 nd2<ao
% -5 NN

X (fm)
Random :

e b according to 2n b db
e position of nucleons € A, B
according to Woods-Saxon

Kinematics for J/W candidate:
YI pTI (pl M = pxl pyl pzl E

3

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

computed using EKS

Nuclear modif. factor =
dN real 3/w / dN 3/w canditate
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Our Monte-Carlo approach for ]/ production

¢ Physical phase space and relative weighting of x;, x, vs y in d+Au :
g+g—cctyg
collinear initial g = extrinsic mechanism
needed to give pr#0 to the J/P

O U

initial g with intrinsic At

0.6 T 0.6
[ Intrinsic ] :
050  —x, ] 0.5
04 0.4
0.3 0.
0.2/ 0.2
0.1 0.1} :
%2 1 o 1 %2 1 o 1
v v

P> consequence : different shadowing will be obtained !
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Results :1) Rgau vs y

P1 =0 Vs INtrinsic pr

>
D':g:i EKS shadowing :
) [ S 1 U ~ U " nuRREEEEEEEEEEEEE —
0.9 - :
0.8F .. pT=0 .....pT=0 \\:
07 —P; from lyl<0.35 T —p T from lyl €[1.2,2.2] 3

T2 a4 0 1 2 2 1 0 1 2
INtrinsic 7 vs exXtrinsic pr

> =5

- 1.2 S e using EKS shadowing
5 m 1-1 E- ] 'O'IOIO - '-"'-_.-
s 1 e
é) - o .--“"--....
& 09F + 00 T
=y 08- o
Ay o ]
S'\ 0-7 E
32 06:
< 8 0.5 ;— - extrinsic p, with no breakup
% g 0.4 ;— -------- mtrmsu: pr W|th no breakup ] | 1

ﬂ- | I - 111 1
T q -2151-0500511.52y

y

*€c

e

~€c

*€c

mr
o e e e=Y
SNN
Adding pr via the

intrinsic scheme: small
effect because

(pr) <2GeV/c < M7 /4

Intrinsic vs extrinsic :
significative differences

Due to <xi, x,> being
different in the two
schemes

Need nuclear abs. (final
state effect)
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Comparison to the data : 1) Rgau vs y

INErinsiC pr vs EXtrinsic p7 ¥ Good matching obtained
Raau for both schemes
‘.II% E T —— using EKS shadowing ¢ But with diff. values of
1 E— ...... 28 mb e c)-break-up
0.9 sk 4 °+ ™ At e Omb
0.8 1 T **'2"*'*&--:; ---------------------------- oahn ¥ intrinsic: same Obreak-up aS
070 — — '*""""z--.;‘, """"""" | the best estimate in
065 :ﬁ,::iﬂ;::ii:b 2mb PHENIX d+Au paper [1]
0.5 E_ -------- extrinsic p, with o,; =2.8 mb
0.4 - edrinsicpuithayazmb ¥ extrinsic: Obreakup matches
2-15-1-050 05 115 2 NAso (SPS) value at lower

y energy !

[1} PHENIX d+Au, Phys. Rev. C77, 024912 (2008)
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Comparison to the data : 2) Rgau vs Neol

pT = o similar to intrinsic pr

B _|_ 5
Obreakup — 5 2 mb ’
1: ] m .
= [ L it m -
<= ]
B + :
Obreakup = 2. 4 mb I
T +1. 6 -

Ubreakup = 3. 2 mb
R e S - T "12"14 —e 48

N

coll

PHENIX d+Au, Phys. Rev. C77, 024912 (2008)

¢

<
1.2
L |t 5 1 TR

0.8
0.6

1.2

0.8
0.6

0.6

1 - .

1.2)
1
0.8

INtrinsiC p7 VS eXtrinsic pr

1 .2<y<2.2

R t

e

0 2 "4"'6"'8' 10 12 14 16 18

N

coll

several Opreak-up Needed in intrisinc scheme to do the
same job as extrinsic scheme with one single Opbreakup
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Comparison to the data : 2) Rgau vs pr

INtrinsic P vs eXtrinsic pr

S B L e i T DL A B
31.5F | -
e ol :
1 :_..'.'T.'.'.'.'.'.'.‘;'..‘-'-'-"-;T".:..'-'.';'.'.'.'..'.'.'T.'.'.'-'.'.'.';'.'.'.'.".;.'L'.' .'.'.';','_','_"_','.",',__
C 4 ! .
L ] _
0.5 -2.2<y<-1.2
151 lyl<0.35 |
il N
L1 L I %__,.__‘J:.‘ :
- 1 ]
0.5 ~
. | | y | .w. | -
! BN A B L B

1.5F -.-.-. intrinsic P, Oaps = 2.8 mb .
:__enmwmpﬁ%m=42mb ]
1 U B .L ,,,,,,,,,,,,,, L. |
i | L ' |
S E
0.5+ 1.2<y<22 -

C | P | Lo

1 2

3 4
P (GeV/c)

*€c

*€c

¢

©)
*

First predictions of Rdau
VS PT

some ingredient missing
in the model ?

# like pt broadening ?
difficult to conclude

need more precise data
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Cold effects in Au+Au : vs Ny

® Intrinsic scheme

® Extrinsic scheme

: O |y|<0.35 syst Jobat =212 %
Bl P, lyid1.2,2.2] syst dobal=t7 %

0.7 ly|d1.2,2.2] intrinsic p,. with o, = 2.8 mb
[ |y]<0.35 intdnsic p, with o, = 2.8 mb

0 Ll 1 1 I ) I - l B I - _L L1 1 l L1 1 l Ll 11 l Ll 1 1 l L1 1l
20 100 150 200 250 300 350 400
Npart

& same CNM eflects
at bothy

O lyl«0.35 syst, .. =412%

=7 %

globa

lyid1.222] syst,,, =

08 Zue, @ g
L “ “hay 4
.‘.‘M« MWWWW
0.7 @“ = i
0.4r @ @ @
02 |y]1.2,2:2] extrnsic p with 5, = 42mh

I |y|<0.35 extrinsic p, with o, = 4.2 mb @

L1 1 Ll 11 l | - _]_ | - l L1 1 _I_ L1 | I L L1 _]_ L L 1
0 90 100 150 200 250 300 350 400
Npart

¢§ more suppression due

to CNM effects at fwd y
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Cold eftects in Au+Au : vs y

1ntr1n81c pr VS extrlnsm pr

:I — — )
> N S S Yoo Z210% 1. Voo Z*19% ]
o [ =m0 intrinsic P; Oaps = 2.8 mb IZ
0.8 — — extrinsic p_o,, = 4.2 mb —— 7

¥ Extrinsic scheme :

€c

less amount of
recombination needed
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Summary
¢ Glauber MC (no dynamic)

+ intrinsic or extrinsic scheme for the J/\p production
+ EKS shadowing model

¥ First results @ pr # o for the J/P shadowing at RHIC
¥ Different shadowing obtained in extrinsic scheme g+ g = J/ + g

™ more suppression due to CNM effects at lyl-1.7 than at lyl-o
in AuAu ’

= [ess amount of recombination needed .@

£ TO DO: in the extrinsic scheme, derive by fits to d+Au data the
best break-up cross-section value and the corresponding error
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Outlook

¢ High statistics (> 30xRun3) dAu from RHIC Run8

1.5+ O = 0 mb —

- 6, =3mb
abs

® will allow to discriminate o 105 mb
intrinsic vs extrinsic schemes

Projected Run8 |
d+Au J/y Ry,,
improvement

Iquu

0.5} PHENIX PRL 96, 012304 (2006) —
| . | , |

-2 0 2
Rapidity

¥ Recent (x, Q?) parametrisations of nPDF/AxPDF

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

® EPSo8 with updated constrains on low-x gluon PDF from RHIC
data [Eskola, Paukkunen & Salgado, arXiv:0802.0139]

¢ Predictions at LHC energies in the extrinsinc scheme
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Cold eftects in Au+Au : vs pr

® Intrinsic scheme ® Extrinsic scheme
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Cold eftects in Cu+Cu : extrinsic scheme

3 ) I I I I I I I I I I I I | I I I | I
3 g e -
o - O Cu+Culyl<0.35 -
SRy 19 ‘ | e Cu+Cu lylg1.2,2.2] -
SCHE AN T cl) SVStglobal= +8% .
0.8 ! vfe] o, .
i - O o 1
| ° -.-.-.-l_..__._ ----------- |
R _
| | I

0.6 . T 7
i o g |
0.ql — Vil1:22.2] extrinsic p, with o,,,=4.2mb 1 -
L e lyl<0.35 extrinsic p_with ¢, =4.2 mb 1
1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

20 40 60 80 100
Npart
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Various models for the y spectra in p+p

60

Global scale uncertainty: 10.1%

- -
R d
K L
.
— )

|J/;I|IIII|IIII|IIII_

o1
=)

I|T\II'I|IIII|IIII|IIII_

o)
8 40~ @ yF
S’
5 30 Iy > SE
B = Jhp->ee X
O 2030~ "0 PYTHIA - GRV98LO R,
m RO 0/ IR 1.25*NRQCD (CTEQ6M) o
o — . — 9(gg) + Feed-down \'*
10;‘ — — - Double Gaussian §
- s-channel cut .
O_..I....I....I....I....I.._
-2 -1 0 1 2

y

[NRQCD calculation} Cooper, Liu & Nayak, Phys. Rev. Lett. 93, 171801 (2004)
[g(gg) + Feed-downl Khoze, Martin, Ryskin Stirling, Eur. Phys. J. C39, 163 (2005)
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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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1 Op+p
Prob 09035 | T Prob 0.8328
[J d+Au

p0 4.096 + 0.2075 | _| po
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1 W AurAu
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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




