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Shadowing : a cold nuclear matter ettect
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(Some) nPDFs available on the market

[ Approximate ranges and constraints in EKS98
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Shadowing computation

¢ in A+B: quarkonia production cross-section modified by
a shadowing correction factor :

F(Ry (21,Q%)) x F(Rg (22,Q%))

¢ 4-mom conservation relates (x1, 22 )to quarkonia (v, pr)

$ production models (CEM, NRQCD, CSM ...) in p+p

gives quarkonia thanks to various processes, each with:
¢ agiven phase-space in (21,22, Y, p7)

¢ agiven weight (differential cross-section) for each point

in this phase-space dels 02y
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How prod. models can differ ?

e
heme . qsic scbe™
1S1C SC e i
: ﬁ;ti § proces® : 2 — 2 process
g+ g — ccor bb g+g—{J/v, Eisg
T19 = T ety more degrees of freedom in
VINN the kinematics :
™ Handy : unequivocal o several (z1,22) < (y,pr)
correspondence B symps/ee Y
(5171,332) A (yapT) o Vs (vVsz1 —mreY)
¥ Quarkonia pr comes from $ Quarkonia pr is balanced
initial partons by the outgoing gluon
# eg. CEMLO # e.g. CSM LO, COM LO

[ Use reasonably good models in p+p to
compute CNM effects in p+A, A+A
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CNM effects at RHIC : J/4 in dAu
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CNM effects at RHIC : J/4 in dAu
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CNM effects at RHIC : J/4 in dAu

E. G. Ferreiro, F. Fleuret, J. P. Lansberg and A. R.
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CEM vs s-channel cut GSM as prod. model :
Oabs(y) from Rep in dAu @ 200 GeV

$ Gabs(y) m22 c OCeSS [1} A. D. Frawley, INT, Seattle USA, June 2009

{ of the 2 I21 E. G. Ferreiro, F. Fleuret, J. P. Lansberg
and A. R., PRC 81 (2010) 064911
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Jrrmsegmaak. CINM effects : J/AY in AuAu @,

PLB 680, 50-55 (2009)
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CNM effects at RHIC : J/3 Rcucu vs pr

E. G. Ferreiro, F. Fleuret,

—8— O,,s =0 mb

STAR, arXiv:0904.0439
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CNM eftects at RHIC

E. G. Ferreiro, F. Fleuret,
J. P. Lansberg, N. Matagne and A. R.
in preparation
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CNM eftects at RHIC : Y'1n dAu orocess
$ 2
Let us try to increase the suppression of g(x) in the EMC
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CNM eftects from RHIC to LHC

E. G. Ferreiro, F. Fleuret,
J. P. Lansberg, N. Matagne and A.

$ 2 — 2 process R., Nucl. Phys. A 855 (2011) 327-330

13— Extrinsic pT, EKS98 shadowing :

B — Oabs=0 mb

RHIC dAu @ 200 GeV LHC pPb @ 2.76 TeV

[ LHC : much smaller x, antshadowing peak at much lower y

Andry Rakotozafindrabe (CEA Saclay) 14



CNM eftects from RHIC to LHC

E. G. Ferreiro, F. Fleuret,
@'fv 2 — 2 process J. P. Lansberg, N. Matagne and A.

absorption : 0, 2, 4, 6, § mb R., Nucl. Phys. A 855 (2011) 327-330
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CNM eftects from RHIC to LHC

E. G. Ferreiro, F. Fleuret,

@ 2 — 2 process J. P. Lansberg, N. Matagne and A.
R., Nucl. Phys. A 855 (2011) 327-330
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[ LHC : CNM eftects go in the opposite way as should go the

recombination, with more suppression at mid-y than at fwd-y.
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CNM effects at LHC : J/3 in PbPb

Two models (prompt/direct J/Ap) + nPDF and pr uncertainties

vs inclusive J/p Raa :
§ 2 — 2 process
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CNM effects at LHC : J/3 in PbPb

Two models (prompt/direct J/Ap) + nPDF and pr uncertainties

vs inclusive J/(p Raa :
§ 2 — 2 process

- S COM LO
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R,

and A. R., in preparation .

E. G. Ferreiro, F. Fleuret,
J: P. Lansberg, N. Matagne
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[ Alice data dominated by low prt J/
[ PbPb suppression : about the same or slightly more than

CNM effects

= hint of a large recombination effect as expected at low pr ?
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CNM effects at LHC : J/3 in PbPb

Going to mid-y, adding a pT cut > 6.§ GeV/c to the most
conservative model and to the data:
i ¥ 2 > 2process

' 2 . ! ! -
1.2/ ) {g;g 2-7,:}55228 o 1.4- CMS Prellmmary -

I CNM: E. Ferreiro, F.Fleuret, A.Rakotozafrindrabe, |.P. Lansberg, M.Matagne, Preliminary

| ) : : | - [-2.75, 2.75] EKS98
1 1.2 NN Y - [275.2751nDSG

"

RAA

0.8

+ . 0.6

- sigma_abs set to zero ! - ol

04— * CMS Preliminary C + ]
L 0.4 + —

PbPb \'s,, =2.76 TeV
= Prompt J/y

lllll

u Prompt Jiy

E. G. Ferreiro, F. Fleuret,
J: P. Lansberg, N. Matagne
and A. R., in preparation

0. 2 + Non-prompt Jip [ ] _ _ ]
00<Iydlw<24 o 0.2 0.0 <|y| < 2.4 . .
- 6.5<p, <300 GeVic ] © 6.5<p. <30.0 GeV/c ]
0lllllllllllllllllllllIlllll'llljl']l]'l O_IIIIIIITIIIIIIIIIIIIIIIlllllllllllllllll—
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Npart Npart

[ PbPb suppression goes much further than CNM effects
= confirms that recombination is small at high pr ?

Andry Rakotozafindrabe (CEA Saclay)



Conclusion and outlook /2

# Shadowing computations can benefit from an improved
knowledge of quarkonia production process

¢ Within the extrinsic sheme (2 to 2 process) :

¢ more complex kinematics

€ for a given y, x is larger => larger absorption cross-
section needed to match RHIC data, and
antishadowing peak shifted to larger y

¢ Upsilon could be used as a tool to explore
antishadowing and EMC effect
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Conclusion and outlook ©/9

¢ Shadowing computations suffer from large uncertainties.
Especially large is the uncertainty due to pr for the J/p.

¥ Hints of recombination at low pr, and of a negligible
recombination at large pr.

¢ It will be difficult to understand the present suppression
pattern of the J/ if we do not reduce these uncertainties
on shadowing computations.

€ pA run with a good precision on the y, pr and centrality
dependence

€ move to heavier quarkonium states at LHC ?
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nPDF for Pb
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Bdo/dy (nb)
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o
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-
Q

yield vs pr

Bd%o/dydp_ [nb/(GeV/c)’]
a‘,

IyI€[1 2 2. 2], X10
Ny = lyl<0.35
== ™ S-channel cut

M + s-channel cut at RHIC in p+p
Tecmacor| g J [W
>

polarisation vs pr at

mld-y and fwd-y

P (GeV/c)

data : phenix runs p+p spectra

-t
N
w
=Y
o
o
~
o
b i

0 PHENIX Prelumnary IyI < 0. 35 1
PHENIX Preliminary lyl = 1.7 [
(pr= 0-6 GeV/c)

1(30E) Lansberg, lyl<0.35

Lansberg, 1.2 <1yl <2.2 H
B8, = 0-5Gevre) .

60 l ]
- Global scale uncertalnty 10 1% -
50— -
a0f- =
30— 3 - _
= . Cp+p — Iy at \/s =200 GeV ]
200 I E 5 2 25 3 35 4 45 s
oF . p; (GeVi/c)
— =s-channel cut e . . .
- . in helicity frame
o- E— =
L] y L] L]
yield vs rapidity
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CSM LO, NLO, NLO+¢g
vs the y spectra in p+p at RHIC

g direct J] 90 PHENIX (PR 08 292002) ——F—
40 ' direct PHENIX (2009; Prelim_.lz ——|
—~ 40 rF§r%=59+10 % NLO
g NLO
pom}:s d y spec;ra for 5 30 |
X
the direct. J I, X o0 |
as extrapolated from 2 |
PHENIX spectra T 10 ¢t
0

S. J. Brodsky and J. P. Lansberg, arXiv:0908.0754
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B, do/dy [nb]

The y spectra in p+p at RHIC

80: [77] Scaled NRQCD-GRV98 oJ/p— uw
- Scaled NRQCD-CTEQ6M i
70} -~ Scaled CSM-CTEQ6M wly—> ete
| ---Scaled CEM-CTEQ6M
601 Xgscale global uncertainty = 10%
_ — Fermi function
_ — double Gaussian
50—
40t
301
201
10f;
0»"1"111|111|lv11l|1-1|v1111111\]‘~
-3 -2 -1 0 1 2
y

g J/V

TABLE V: Comparison of the measured J/t cross section
with the three models considered in this text. Direct
J /1 cross sections are obtained assuming that the x. and
' feed-down fractions measured at midrapidity are the same
at forward rapidity. Type A, type B and type C errors are
quadratically summed in the measured result.

direct J/¢ inclusive
CEM - 169 = 30 nb
NLO CSM 53 £ 26 nb -
LO NRQCD - 140 = 5 nb
Measured 105 = 26 nb 181 =22 nb

A. Adare et al. PHENIX Collaboration), arXiv:1105.1966 (2011)

Andry Rakotozafindrabe (CEA Saclay)
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The pr spectra in p+p at RHIC

oy 5
N 10 xg-ﬁ((s@-200GeV
irect J/1)
> 10%} ~ NLONR s 100 ——————- ——
8 03 - CEM 2 g PHENIX data v ith Fj/“’ =59 +/-10%
1 ----B-meson—> Jhp+X O] 10 ».__STAR dataw.n FJie'= 57 +/- 10 %
~. = ;| - [X]
e 2. « lyl<0.35x 1000 Q - 71 2
B, 10" i Tgwy s 12<lyl<2.4 = 1 ; g LO + NNLO*
=
=) 0.1 F
\
e
B 0.01 ¢
F = 1.5 +/- 0.1 GeV
0.001 Fromiot 22 <sfre scocme

0 2 4 6 8

L o P+ (GeV)
A Adare et al. (PHENIX Brodsky, Lansberg, PRD 81:051502 (R) (2010)

Collaboration), arXiv:1105.1966 (2011)

QS
o
L

g J/V

10
P, [GeV/c]
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S-channel cut model
vs levatron pr spectra

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

Q

LO CSM: JAp+ce =rmwne }% <
LO CSM: JAp+g '

S

(0]
ﬁ 0.1 L N D ha— e )9}/ )%\
X b T e TN

© 0.01 p .. el

LU

=0.001 v o Teel o Thell 9
I S
% 1e-04 .
= 5 15 20 s—channel CUT
S Pt (GeV) (a)
©

Andry Rakotozafindrabe (CEA Saclay)
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«Clean» exp. results ... con!

... ot so clear underlying theory

Artoisenet, Lansberg, Maltoni, PLB 653:60 (2007); Campbell, Maltoni, Tramontano,
PRL 98:252002 (2007); Gong, Wang, PRI 100:232001 (2008)

Artoisenet, Campbell, Lansberg, Maltoni, Tramontano (in progress) - Kramer, Prog. Part. Nucl. Phys. 47:141 (2001)

CSM NNLO* NRQGCD = CO dominance

"% " Jhy production L

NLO masams

10 | 'h 1/2_ NNLO*
4, s '“=1.96 TeV CDF data

N -\\“f\ BRU/p—p*w) do(pp—J/p+X)/dp, (nb/GeV)

N ;\ Vs =1.8 TeV; n| < 0.6
1 .
N total
------- colour-octet 1SO + 3PJ
—r—e— colour-octet BS]
- LO colour-singlet

------- colour-singlet frag.

branching ratio: 5.88 %

0.1 uy=(4m 24P 2172
LDME: 1.16 GeV°
lyl<0.6

uncertainties:
Ho/2 < g <2 ug

for ass contributions:

min
me™<s; < 4m,

S
O
Q
o)
S
0
X
©
v
>
e
o
8
@)
°

Direct J/@ vs Pt :
= NOt satisfactory for CSM even with higher order corrections included
= good agreement for NRQCD, with matrix elements tuned with CDF data

A. Rakotozafindrabe (CEA Saclay) - July 29, 2010 29



CSM @ LO and higher order

P. Artoisenet, J. Campbell, J.P. Lansberg, F. Maltoni, PRL ro1 (2008) 152001.
D. Acosta et al. (CDF Collaboration), PRL 88 (2002) 161802.

Tevatron (1.8 TeV): RHIC (200 GeV):
CSM LO sufficient to describe CSM LO below the data ?

(183

BR X (do/dy)y—=o0 = 91 + 28 (stat.) & 22 (syst.)
STAR ﬁnal [STAR Collaboration, arXiv:1001.2745.1

BR x (do/dy)y—o = 114 + 38123

Andry Rakotozafindrabe (CEA Saclay)
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Q 10 LO Q»—"'\’S X a0
=4 : T+bb  — = 8 R
— Y © 20
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o § NNLO* m— Bz Or
X 01 ¢ . s 0
~r Ey . WL Q -
o [ — A
Y. 0.01 ¢ _ »
i_ 0.001 ............... E 140l % STAR, lyl<0.5
Ky . - 8 [ p+p,\s=200Gev N, - 2\N_.N-
.8 1e-04 — : : : : : B 120 Y—e'€ NLO pQCD do/dy
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w10~ CSM
P (GeV) g 100,
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& sof
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CNM effects at RHIC : J/3 Rcucu vs pr

E. G. Ferreiro, F. Fleuret,

—e— O, =0mb

—¥— O, =2 mb

J. P. Lansberg and A. R. g
PRC 81 (2010) 064911 2 — 2 Process
8 ol extrinsic-p_ EPS Global syst. | Cu+Cu \'sy, =200 GeV
a i T P%E.'\,i\lé ﬂ gz: nl<1 cent 0-60%
m 15 . USIIlg EPSO8 extrinsic-p_ EPS

Oaps =4 Mb

mm Oabs=6mb

Oaps =8 Mb

data
—— PHENIX cent 0-94%

0 ! ! ! ! | ! ! . . | —H— STAR cent 0-60%
0 5 10
p. (GeV) . ocessS as
T CNM effects with 2772 P
$ am
input also 18 the g shadowing
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CNM effects : J/YP Rcucu vs pr

cessS
— ZPYO

& 2

4

E. G. Ferreiro, F. Fleuret,

J. P. Lansberg and A. R.
PRC 81 (2010) 064911
EKSo98 nDSg
= i = L
0 2 | extrinsic-p EKS Global syst. O 2 L extrinsic-p nDSg Global Syst. Cu+Cu \/SNN =200 GeV
= L T PHENIX] +16% = L T PHENIX] +16% o
O L Inl<1 cent 0-60% STAR £15% O B STAR £15% Inl<1 cent 0-60%
m i m i extrinsic-p_ nDSg
1.5 B H ﬁﬂ 1.5 B U Eﬂ —e— 0,,,=0mb
L ml B I
L o—o o L —¥— Ogps =2 mb
B W -
1 s * % G LR 1 esveo06050000000000-010—0—018-0—0-0-10—0 O,pe =4 mb
i s = :\V;-,\"’,;\‘:}’KKﬁﬁ ::"“:\"’/Kf-\i_«? H e G,..=6mb
: ’.;.\.-_Tlil.l. ..E.....LIJ—— m - 'L_l' ----- : -"H-"@-mm ___:t____ O o g mb
05[ 0.51
i o i data
- : g?AE\IL\: IZ( ﬁ?g{g&?ﬁ 7 EF - E% —m— PHENIX cent 0-94%
0 L ! .e il ! ! ! ! | 0 C . | , , , || —&— STAR cent 0-60%
0 5 10 0 5 10
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Andry Rakotozafindrabe (CEA Saclay)

32



CNM eftects at RHIC : J/ in CuCu

2—>2 process : mid-y & fwd-y

0'4__ ........... lyl<0.35 extrinsic p_ with o, =4.2 mb

— lyld1.2,2.2] extrinsic P with o, =4.2mb

- T T T T T T | T T
g ............................................................... -
o ] 0 Cu+Culyl<0.35 -
| e Cu+Cu lyldq1.2,2.2] -
o — SVSthobaI= +8%
-ﬁ;%mumkm - i
_T._ ......... ...,1_._. --------------- * e u o
I | e——— T
| I— I 1
° _
- I I -

20 40 60 80

E. G. Ferreiro, F. Fleuret,
J. P. Lansberg and A. R.
PLB 680, 50-55 (2009)

£0oCes>
¢ »— 2P
using EKS98
14T I DL
n:§1 , 5 SYSt e =%11% syst ==11% )

| — extrinsicp_o,_=4.2mb |

T “abs
L T
0.8] t
e

0.6[; H T

04;“@@ o HF

) Nport =86 = 2
<):1_4_:}::::}::::}::::}:::: HA
n:<1 5 - systgloball =+13%
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absorpti

CNM eflects

E. G. Ferreiro, F. Fleuret, J. P. Lansberg
and A. R., PRC 81 (2010) 064911

on:o,2,4,6mb
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RCP
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A closer look at Rcp vs y in dAu with
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CNM effects : J/P Raau vs p1

0CesS
8 2 —r 2 PY t. G. Ferreiro, F. Fleuret,

b : s . J. P. Lansberg and A. R.
d SOI'pthIl : 0, 2, 4, 6 m PLB 680, 50-55 (2009)

— T T [ T T/~ T T T T T T — T T T T T T T T T T ]
arXiv:0809.4684 4+ Ql:| arXiv:0809.4684 H Ql] arXiv:0809.4684 B
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PHENIX data: Phys. Rev. C 77, 024912 (2008) p-r (G eV/C) Phys. Rev. C 77, 024912 (2008) p-r (G eV/C) Phys. Rev. C 77, 024912 (2008) p-r (G eVIC)
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AuAu

CcesS

CNM eftects : J/ 1n

— ZPYO

E. G. Ferreiro, F. Fleuret, J. P. Lansberg

absorptlon + 0, 2, 4, 6’ 3 mb and A. R., PRC 81 (2010) 064911

AuAu

extrinsic-pT EKS 8

AuAu

extrinsic-pT EPS

AuAu

- extrinsic-pT nDSg .

o lyl<0.35 syst|b|=x12% o] 1 o lyl<0.35 syst by == 12% o] o lyl<0.35 syst by == 12% @ 1
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Npart Npart Npart
EKS98 EPSo8 nDSg
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CNM eftects : J/ in AuAu

@2

; - E. G. Ferreiro, F. Fleuret, J. P. Lansberg
absorptlon : 0, 2, 4, 6’ 3 mb and A. R., PRC 81 (2010) 064911
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Adding the pr dependence

(21, 22) £E hard Productmn [ (y, pT)
physical constraints

® Extrinsic scheme

Intrinsic scheme

12np. decldyde [nb/(GeV/c)]

Bdo/dy (nb)

T T I T T T I T T T I

Global scale uncertainty: 10.1%
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Adding the pr dependence

(21, Z2) (CE hard production process (4 pr)

® Intrinsic scheme

physical constraints

® Extrinsic scl
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Our Monte-Carlo approach for ] /¢y production

1

Glauber MC

10 at +/snn = 200

2

g For each N-N
iid %3 colrlision

J/W candidate produced
e according to 0y, < Oyy

with random :

e y and py

e random p; orientation ¢
uniformly distributed in [0, 21]

e X1, X2 determined from intrinsic
or extrinsic scheme

i 1 N-N collision if :
10,5 n d2 < Oyy
X (fm)
Random :

e b according to 2x 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, [/ Ony

computed using EKS

Nuclear modif. factor =
dN real 3/w / dN 3/w canditate
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What about any dependence 1 assHE
° ° ° ‘ax«e \Y .
. qesUd o
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What about any dependence

of 0, on kinematics ?
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Data constrains on the
value of the eflective Oy

A.R., E. G. Ferreiro, F. Fleuret and

ist.lﬂguish J. P. Lansberg, arXiv:1002.2351
hafd 0 2 (0(:65565 Raau vs rapidity
—>
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