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pPA J/v results as:

from SPS to LHC experiments



E866 -0.6<y<2.5*

HERA-B -1.5<y<0.8*
PHENIX, -2.2<y<2.4
STAR 1.2<|y|<2.2
ALICE -4.46<y<3.53
ATLAS -2.87<y<1.94
CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0

* computed at pT =0



-0.6<y<2.5
-1.5<y<0.8

PHENIX,
STAR 2 Fixed target experiments

several A targets

ALICE
ATLAS -2.87<y<1.94

CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0
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-0.23<y<2.5

s usually p vs a single
5 ’ beam specie
STAR

forward and
ALICE backward y range
ATLAS might be covered

CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0
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| i Large number of

target nuclei

E866 -Be, Fe, -0.6<y<2.5
HERA-B -C, Ti, -1.5<y<0.8
PHENIX, -2.2<y<2.4
STAR -Al, 1.2<|y|<2.2
ALICE -4.46<y<3.53
ATLAS -2.87<y<1.94
CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0
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E866 L
~ Two energies in the

HERA-B same experiment

PHENIX, -2.2<y<2.4
STAR 1.2<|y]<2.2

ALICE -4.46<y<3.53
ATLAS -2.87<y<1.94
CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0
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-0.6<y<2.5

HERA-B

PHENIX,
STAR

plolel Largest x. coverage
-0.10 <x(<0.93
ALICE -4.46<y<3.53

ATLAS -2.87<y<1.94
CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0
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FNAL -0.6<y<2.5
HERA

PHENIX,

RHIC 1 sTAR
Coverage up to negative x

ALICE -0.34 <x.<0.1
ATLAS R

CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0
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® very high energies
® complementary
kinematic ranges

-1.5<y<0.8
PHENIX, -2.2<y<2.4
STAR 1.2<|y|<2.2
ALICE -4.46<y<3.53
ATLAS -2.87<y<1.94
CMS -2.87<y<1.93

LHCb -5.0<y<-2.5
1.5<y<4.0
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The study of the interaction of the cc pair with the nuclei provides:

Constraints to production models
- the strength of this interaction may depend on the c¢ quantum states and

kinematics
(R.Vogt, Nucl.Phys. A700,539 (2002), B.Z. Kopeliovich et al, Phys. Rev.D44, 3466 (1991))

P C

C

/v, xe

g

Tool to investigate cold nuclear matter effects
- complicated issue, interplay of many competing mechanisms as
shadowing, energy loss, break-up in the medium...

Reference to disentangle genuine QGP effect in AA collisions
- Approach followed at SPS, RHIC and LHC
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Varying the amount of nuclear matter crossed by cc pair
(studying J/y production as a function of A or centrality)

Selecting the kinematics of the quarkonium states
e.g. selecting events where resonance is formed inside or outside the nucleus

Comparing the behavior of different resonances

“Effective” quantities are defined to evaluate the size of CNM effects

A L the larger o,,, the
@ O-]/l/J ]/1/) A e <'0 )O'ab54 more importt;nt the

nuclear effects

O.pA — . o= 1 = no nuclear effects
]/1/) ozl = nuclear effects

oa= 1 = no nuclear effects

Roa #2 nuclear effects
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A significant reduction of the yield per NN collision is observed

B.Alessandro et al.(NA50 Coll.) Eur.Phys.] C 48, 329(2006)

6
Early studies interpreted this
reduction as due to “nuclear

absorption”

L

Stronger absorption for the less

0.1
bound state y(2S) at mid-y

0.09

o(y') / A (nb/nucleon)

0.08 - Nucleus crossing time (t~0.3

fm/c) comparable or larger than
charmonium formation time:
0.06 - fully formed resonances
traversing the nucleus
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0.07

Glauber model 0.05

Error on Glauber model Oabs J/\V = 4.5 + O .5m b
pL parametrization
0.04

5 6 Ops V(2S) = 8.3 £ 0.9 mb
L (fm)
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Compilation of fixed target results, collected at different Vs and kinematical
regions

NA60 Coll., Phys. Lett. B 706 (2012) 263-367

HERAB 920 GeV J/y Yi?ld in .pA IS
E866 800 GeV modified with respect

NA50 450 GeV to pp collisions
NABO 400 GeV

NAZ 200 GeV
NAGO 158 GeV a strongly decreases

with x¢

for a fixed x;, CNM are
stronger at lower Vs

: 1

Theoretical description
over the full x- range
very complicate!

4

Given the strong x: and Vs dependence, pA data used as reference for AA
collisions should be collected in the same kinematical domain
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<p;°> increasing with the A of the
target nuclei
- interpreted as Cronin effect

<p:> (GeVic)?

Pb
WU

In

Cu
Al

HERAB 920G\
FMAL exp. 800GV
MASD 450GV
MABD 158, 400GeV
MA3 200Ge\

H NABO p-A 158GeV
[ ] global syst. error

1 | 1 1 1 1 I 1 1 1 1
4 5 6
L(fm)

2 o

pr broadening can be parametrized as

<p2>= <p2>,,+ p (A/3-1)

® slope p is almost energy independent l

(apart from very low \s) 550 500 750 1000 1250 1500 1750 2000

® <p;®>,, increases with Vs s (GeV?)
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Assume dominant effects are shadowing and cc breakup at mid-y

‘ Shadowing in the target nucleus | -
depends only on x, (2> 1approach) 16 o(400) — (158)

‘ /v break-up depends on Vs,
which is a function of x,

1+x2

NSIAN T My | T
2

If parton shadowing and final state
absorption were the only relevant
mechanisms
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a should not depend on Vs at
constant X, ... and this is
clearly not the case

Other effects different from
shadowing and cc breakup?

Role of energy loss?
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The increase of the J/y suppression towards high x might be interpreted
as due to energy loss

Coherent energy loss (Arleo et
al.) describes the observed
trend over a large x; range

5
M

q, = 0.075 GeV/fm (fit)

E866 Vs = 38.7 GeV Z [ §, < 0.075 GeV2Am

L MABD Vs =17.2 GeV

0.2 0.4
Xg
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Different approach wrt to fixed target experiments
- Proton/deuteron on a single nucleus species and events selected on
Impact parameter

‘ R, Studied versus
centrality, y and p;

[ T T T T

-1~ @ STAR |y|<1 d+Au — Jy+X —
o PHENIX |y|<0.35 AU — Jf

EPSO9 (minimum bias)

[ wn EPS03 F03ps (8 mb) .N:o
P+p (syst)
p+p (stat.)

[ ]pHENIX

+ 11% Global Scale Uncertainty

-2 -1 0 1 2
Rapidity

ﬂ J/v yields are suppressed in d-Au

Loaadaaa o biaalaan il
B 10 42 14 186 18
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19

e .= Wl Disentangling CNM mechanisms is challenging
= L _
L os — 2 .
2 L conaiy sose : shadowing + cc break-up describe Ry,
o [ Gilobal Scale Uncertainty +10% ] . . .
"E Glvon Saturaton o vs y, but meets some difficulties for R,
o EPS09 and 5, =4-mb a 1
e ' | ’ § VS Pr
1k 7
g F E coherent energy loss contribution induces
3 ool E a less flat Ry,, dependence on py
o’ 0.4 Centrality 0-20% ?i_" ]
| Global Scale Uncertainty +8.5% |
0.2_— | | I?) . —
Phys. Rev. C87 034904 ° ‘ oy .
= 1 1 LI | 1 LI | ni 1 1 1
E Glohal Scale Uncertainty 9.0%  [2.2 {Eﬂ <427 p2:2<y<-1.2 T |
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20

Large Lorentz-y factor = short crossing time of the cc in the nuclear matter

—> CC pair almost point-like after
crossing the nuclear matter (L)
T =
C
- final state effects (as cc break-up) (,Bz]/)
might be negligible

forward-y.  1.~10%4fm/c
backward-y. 1.~7-102fm/c

HERA-B 41.6 GeV D. McGlinchey, A. Frawley and R.Vogt,
PRC 87,054910 (2013)

EB66 38.8 GeV

NAS50-450 28.1 GeV

NAS50-400 27.4 GeV

NAS 19.4 GV ‘ shadowing and/or energy loss might
be the dominant effects

| ﬂ parton saturation effects can also be

L investigated at low-x

150 200
'Sy (GeV)
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P-going Broad rapidity coverage

I T T T I T T T I T T T I T
—4— LHCb, Prompt Jhy
p. < 14 GeVic

PP S 5.02 TeV
ALICE (JHEP 02 (2014) 073): inclusive J/y—pu'jr, O<Pesss GeV/c
Ly (4.46<y_ <2.96)=58nb",L_ (2.03<y__<3.5%)=5.0 nb"
ALICE (JHEP 06 (2015) 055): inclusive J/y—e'e’, p >0
Ly (1:37<y__<0.43)= 51 ub"

LHCh
pPb s =5TeV

I IJ_L L I

= — -
2 1]
[

global uncertainty = 3.4%

L3 o ¥ i
1 iR :
Wit Ll P PP s
.

EPS09 NLO (Vogt)
CGC + CEM (Fujii et al.)
| [l CGC + CEM (Ducloué et al.)
0.4 CGC + NRQCD (Ma et al.)
[ ELoss, qu=0.0?5 GeV¥/fm (Arleo et al.) EFS03 NLO
[[] EPS09 NLO + ELoss, q =0.055 GeV*ifm (Arleo et al.) niD 5.,; Ly
O . 2 —— EPS09 LO central set (Ferreiro et al.) ) E. loss
-..- EPS09 LO central set + o, = 1.5 mb (Ferreiro etal.) A LI C E .
... EPS09LO central set + o = 28 mb (Ferreiroetal) ° ' —o— '@ [ --—- - E. loss + EP503 NLO
Oll-illllilllllllllIIIIIIII|IIII|IIII|'II 1 1 1 L1 1 L | —

4 3 -2 -1 0 1 2 4 2

EPS09 LO

IIIIII-'IIIIIIIIIIIII'IIIIIIIIIIII

L L L e

J/y production modified by CNM effects > £, , decreases at forward y

Theoretical predictions:
shadowing calculations and models including coherent parton
energy loss reasonably describe the data
agreement with CGC depends on the implementation
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!

backward-

[ ALICE, p-Pb ys, = 5.02 TeV
’ [ inclusive Jw—ptpn”
- -4dB<y <296

Hpr
—
IS

0.6F

0.4F

EPS09 NLO (Vogt)

0.2
—— Mult. scatt. (Kang et al.)
TR RN

@ TN I I A A

F JR—
Ecni1 4 C flLICE-, p-Pb |5, = 5.02 TeV
[ inclusive Jiy— e*e
[ -137<y,, <043

EPS09 NLO (Vogt)

[] ELoss with q_=0.075 GeV¥/fm (Arleo et al.) ook CGC (Fujii et al.)
EPS09 NLO + ELoss with g,=0.055 GeV?fm (Atleo et al) L

I‘l 3 4 5

v v Ly O:\\\|\|\‘

i _ 2
DE\oss with qV_D.OTS GeV4fm (Arleo et al.)

EPS09 NLO + Eloss with q0=0.055 Ge Arleo ¢ al.)
TR R I R L

6 7 8 0 2 4 6
P, (GeV/e)

8 1
p_ (GeV/e)

0

0
Ecgd1 4 C ft\LICE-y p-Pb |5, = 5.02 TeV
[ inclusive J/y—p*p”
[ 203<y <353

PS09 NLO (Vogt)

CGC + CEM (Fuijii et al.)

CGC + CEM (Ducloué et al.)

[7]CGC + NRQCD (Ma etal.)

[Z]ELoss with ¢ =0.075 GeV*/im (Arleo et al.)
EPS09 NLO + ELo:

i it

0 1 2 3 4

=0.055 Gev?fm (Arleo
I I

(O

etal)

&

J/y production strongly depends of ony and p; |\ .0 7¢ difference

backward-y: A,

~1, negligible p; dependence

forward-y: R, increases with pr

mid-y: small p; dependence, R, ~1 for p>3GeV/c

(ALICE) and slightly larger for p:>8GeV/c (ATLAS)

ﬂ shadowing and coherent parton energy loss

models reasonably describe the data
ﬂ agreement with CGC depends on implementation

Roberta Arnaldi

Quarkonium 2016

mid-y
' ATLAS Preliminary ' 7
p+Pb |5, = 5.02 TeV

A ——
r Prompt Jiy
18 A5<y* <15
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backward-y

= 1. rrrfrrrJrrrrrrrrrrrrrrrerT
Cj% ALICE, p-Pb y‘sNN:S.OE TeV, inclusive J/w
1ol ¢ -4.48<y_ <-2.96, Pb-going direction H H_

1 ___F.._e-__'___':‘_;-:ﬂ.:l;_:? ______

0.8 = Eloss (Arleo et al.) ALlCE

EPS09 NLO + CEM (Vogt et al.)
= EPS09 LO no comovers (Ferreiro)
0.6 = EPS09 LO + comovers (Ferreira)

. 2.03¢ycm5¢3.53. p-going direction
CGC + CEM (Ducloug et al.)

0 2 4 5 8 10

/ mult +

ALICE:

mid & fw-y: suppression increases with centrality S ATLAS Preliminary -
backward-y: hint for increasing Q,, with centrality [EEEEEEEE P ER T
1.6 -]

Shadowing and coherent energy loss models in fair [ o o ATLAS -
agreement with data 1of 4 4 g ® b B
L ¢ ]

No strong comovers effect expected for J/y (e g ees et e e 3
0.8:— —e— Dala 15<y*<15 _:

AT LAS E o Data (No Bias Correction) 10 < p_ <30 GeV E
Flat centrality dependence in the high p; range 2

Roberta Arnaldi
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N ) A\ |CE:
[ p-Pb {s,,, = 5.02 TeV, inclusive Jiy, 0<p_<15 GeV/c . S
[ = ALICE, 2.03<y___<3.53, p-going direction ! the pT broadenlng A<pT > Increases

Mult. scattering (Kang et ) 3 from peripheral to central collisions

Eloss (Arleo et al.)

| ® ALICE, -4.46<y__<-2.96, Pb-going direction ] effectis stronger at forward Yy

Mult. scattering (Kang et al.)

Floss (Ario ot ) M initial/final state parton multiple

3 scattering model describe the results
energy loss describes the bck-y results,
but predicts a steeper trend at forward y

=) PHENIX:
pr broadening similar as the one
observed by ALICE at backward-y

B d+Au -22<y<-1.2 |

large uncertainties prevent - ® dihu ly|<035
conclusions on the y dependence oal ey O T2y <22

10 12 14 16
NC:c.'nll
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Forw. to backw. ratio in a common y range
onrward

I/
backward

J/y
= no pp reference is needed

- but less straightforward to interpret

RFB -

backward-y forward-y
A A

By

o

Comparison of Rgg results is not straightforward:

1) strong rapidity dependence of CNM effects

2) diifferent kinematic ranges covered by the
experiments

Roberta Arnaldi Quarkonium 2016

- LHCb
C PPb |[Sy, =5 TeV

4

~“Prompt Jhy

EPS09 NLO
E. loss

--——- E.loss + EPS09 NLO LH C b
1 L L 1 L L 1 L | 1 1

T T T I T T T
—e— LHCb, Prompt Jiy
—m— LHCb, J/y from b

25<|yl<4.0

cc

5

o

—
p)
@
=
o
o

e

CMS Preliminary 346 nb™' (pPb 5.02 TeV)

Non-prompt J/y

--0< |5.'CM| <09

- 09< |yCM| <15

4 15<ly_|<193




Once CNM effects are measured in pA, how can they be extrapolated
to AA?

s
(]

In-In 158 GeV (NA60)
Pb-Pb 158 GeV (NA50)

2.5-4.5}

=
(X

B,.o(J/¥)/5(DY,
=

2
a
-
=
=
|
=
2
2
1]
(=1
-
1T}
_:;
=t}
=
=
'z}
m
)
=

=
-4

After correction for EKS98
shadowing

0
NA60, Nucl. Phys. A (2009) 345

SPS - the reference is built

evaluating o break-up in pA collisions (in the same kinematic range as AA)
including project/target (anti)shadowing
determining the reference centrality dependence through Glauber approach

Roberta Arnaldi Quarkonium 2016 March 15t 2016



Same energy for AA and d-Au collisions

Reference evaluated with several
approaches as:

@ Rgay VS centrality (y) is described with

various shadowing + break-up o

Shadowing scenario + break-up ¢

(evaluated in pA) are then compared
to AA result

@ Data-driven approach:

All CNM effects (not disentangled)
depend on the radial position in the
nucleus

Raa ~ Raau(-y) X Ryauly)

o[ PRC79, 059901 (2009)

~—g— PHENIX Au+Au Data Jy|<1.2-2.2 AijSI:hI@:T"‘;]

EKS Shadowing + Gygaqy

50 100 150 200 250 300 350
Number of Participants Au+Au

100 150 200 250 300 350 400
Number of Participants Au+Au

Roberta Arnaldi Quarkonium 2016
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Different pA and AA Vs and y range

Hypothesis: 2->1 kinematics for J/y production
CNM effects (dominated by shadowing) factorize in p-A

CNM obtained as R, X Ry, (R,4°), similar x-coverage as PbPb

‘ CNM effects are “removed” via

[ ALICE Insduchve Ahy—u'y’

-
.

[ & R 203y <363 x Ripn " (4484 <2.88], {5, = 602 Tev

frl
£
i

[ W g (26754, B = 278 TeV, D.50%
[Phys. Let. B724 (2014] 214

Tl CROA
= 1
—

"% R

R
Suy = S
R * Rz

™
=
4

forw_ —— _ - -
Rimn: (S =502 TeV, 2.03<y _ <3.53

Ran

Rime™: 5= 502 TeV, 446<y <296
Renpn: Sy = 2.76 TeV, 2.5<y _ <4, 0-90%
(Phys. Lett. B734 (2014) 314)

,I'-'l]_ (GeVic)
Quarkonium 2016 March 15t 2016
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The production of quarkonia in
nuclear matter has been studied since a
long time, both at fixed target and at colliders

‘ The J/y production is modified in pA (d-Au) with respect to
pp, with a strong kinematic dependence

‘ Interplay of many cold nuclear matter effects as shadowing,
energy loss and, at low Vs, also cc break-up in the nucleus

- Modeling is complicate, but progresses have been done!

- However, size of uncertainties prevents a clear assessment
of the role of the various contributions
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ES66 -0.10 <x<0.93
HERA-B -0.34 <x.<0.14

PHENIX, -0.1 <x<0.2
STAR 0.05 <|x£|<0.14

ALICE -0.05<x:<0.02
ATLAS -0.01<x<-0.004

CMS -0.01<x<-0.004

LHCb -0.09<x:<-0.007
0.003<x.<-0.03
Roberta Arnaldi Quarkonium 2016 March 1st 2016




PDF in nuclei are strongly modified
with respect to those in a free
nucleon

mm)\/arious parameterizations
developed in the last ~10 years
Significant spread in the results,
in particular for gluon PDFs

-)

0.9 2
0.8 ¥
: q
J 0
0.7 g
- L]1]
] dip — =
0] ©° WNONEaiv=45mb
1 = EKS98,5.%=7mb

1 10 109

!

Roberta Arnaldi

R z,Q=1.69 GeV?)

Quarkonium 2016

| |
[ PS00].00
== EKS08

| 'RH IC

== 1% (LLH

i
[

=
T

L]

L]
i
1

,_.
=
e

0.2

(.0

Value of absorption cross section
o,ps depends whether PDFs are

taken into account or not!
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Compilation of fixed target results:

v HERA-B2008e+ p
O EBB6 2000
A NAS50 2004
EKS (GM E-loss)
EKS (BH E-loss)

wnm HKN (GM E-oss) J/\|j production IS
o2 EPS (GM Eoss) modified by the medium
already in pA collisions

a strongly decreases
with xF

for a given x;, CNM are
stronger at lower s

Satisfactory theoretical
description still

High-x > resonance forms outside the nucleus .
unavailable!

Low-X > resonance forms inside the nucleus
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The J/y suppression is stronger at low pT

Increase of a with p; interpreted in terms of Cronin effect
A broadening of pT as a function
of A is observed:

¥y HERA-B200B e+ p

o E866 2000 <p-|-2>= <p-|-2>pp+ P (A1/3'1)

HERAB 220GeV
FMAL exp. 800GeV
O MASD 450GeV
= MNAGOD 158, 400GeV

ki

Slope p is almost energy
independent (apart from very
low Vs) while <p2>pp increases
with s

250 500 750 1000 1250 1500 1750 2000
s (GeV?)
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Results might be described including
shadowing and a rapidity-dependent o

PHENIX Data -2 2<y<-1.2 (syst,

ot 11554
EKS Shadowing + ou gy = 5.2 %4 mb
NDSG Shadowing + Oyegep= 3.3 %7 mb PHENIX\[s, =200 GeV
‘ SR Ty RARE ALK EB66 800 GeV
HERA-B 920 GeV
NAS0 450 GeV
NAS0 400 GeV
NA3J 200 GeV
MNAGD 158 GeV

o— PHENIX Data ly|<0.35 (syst .+ 10%)
e EKS Shadowing + Ougap=23%5smb
.. NDSG Shadowing + Oireuep = 0.8 ¥F mb

— R
|
L o Sy
o PHENIX Data 1.2<y<22 (s 11%)
~—— EKS Shadowing + Opregun= 3.4 Z£ mb
—— NDSG Shadowing + a0 = 3.5%7 mb
0 2 4: 6. 8 10 12 14 16 18
N

ocoll
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Different approach wrt to fixed target experiments:

Instead of accelerating several different nuclei
- Use one single nucleus species and select on impact parameter

: due to the size of the deuteron
(<r>~2.5fm) the distribution of
transverse positions of the collisions
are not very well represented by
impact parameter

Arbitrary Units

- overlap of the centrality classes

Quarkonium 2016 March 15t 2016



Regions corresponding to very different strength of shadowing
effects have been studied:
-2.2<y<-1.2, |y|<0.35, 1.2<y<2.2

- good test of our understanding of the physics!

XN0.00S I TTTTTT I I TTTTTI l I TTTTTT T TTTTIT I I TTTTTI

x~0.03
backward y x~0.1

Backward y

Mid-rapidity

[ A ] I o T el [ | 1 [ RN 1 [ |

104 10°° 1072 107 1




Even if disentangling the different CNM mechanisms is a complicate issue...

-

In-In 158 GeV (NAGD)
Pb-Pb 158 GeV (NA50)

EKS98 CNM baseline
o PHENIX Au+Au y=0
® NABD Ir+In

NASO Ph+Phb

]

=

Measured / Expected J/y yield
o

=)
2

| Narrow boxes: correlated sys 07 After correction for EKS98
shadowing

4 Wide boxes: CNM baseline sys
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Clear suppression is indeed observed on top of CNM effects!
Roberta Arnaldi Quarkonium 2016 March 15t 2016




B Pb-Pb: 2.5<|ycus| <4, Vsyy = 2.76TeV

m) p-Pb: slightly different kinematic domain and energy
2.04<yus<3.54, 2.96<y-ys<4.46, Vs = 5.03TeV

...but Bjorken x regions shifted by only ~10%.
In a 2->1 production mechanism (at p;~0):




Being more weakly bound than the 1/y, the y(2S) is an interesting probe
to have further insight on the charmonium behaviour in pA

Low energy y(2S) p-A results from NA50, E866 and HERA-B:

mid-y (Xg~0):

v(2S) suppression stronger than J/y

one, interpreted via pair break-up

- fully formed resonances traversing
the nucleus

E866 Collab., PRL 84 (2000) 3256

charmonium
formation time<crossing time

forward-y (high Xg): _ E866/NuSea
suppression becomes identical
- dominated by energy loss

800 GeVp +A — Jy

charmonium
formation time>crossing time




QGP+hadron resonance gas (Rapp) or comovers models (Ferreiro)
reasonably describe both J/y and y(2S) suppression at RHIC and LHC

E=200 GeV ALICE, p-Pb 'II’S_NN= 5.02 TeV, inclusive J/y, w(2S)—p'w”

TN r .
+p+Au — Ferreiro PH ENIX 6E = Jdy QGP + HRG (X. Du et al., arXiv:1504.00670 + priv. comm.)

f . ® i(2S) ,
comover Y J‘W
¢ p+Al — model preliminary vees)

{;dq-Au PRL 111 202301 (2013) _ ' - small

i suppression
beyond CNM
+15.6% global uncertainty on F effects

forward/backward rapidity points
+16% global uncertainty on
midrapjdity point |

0 1 2
rapidity

- strongly
affected by

e v . 6L (— J{q: .*_.=0.?5—2.0Ge\-" 1

. oy ] ub i g; ggg SRR comovers dug

ek Ol SRRl | to its larger size
- comovers

more important

in the A-going

direction

DAL RRE ST T T T T AU 200GeV [y|<0.35
d+Au \s,, =200 GeV [y|<0.35 —] ]

- dAu RHIC {1 .| dauRrHIC

22 e s 10 iz 16 19lDu etal. » 4
Ferreiro, PLB 749(2015)98

Roberta Arnaldi Quark Matter 2015 October 2 2015
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Differential results might
provide constraints to
theoretical calculations




Global Scale Uncertainty 8.3%
------ Kopeliovich et al.

—= Ferreiro et al.

Global Scale Uncertainty 7.8%

Kopeliovich et al.

— = Ferreiro et al.
nDSgo, =4.2 mb

Global Scale Uncertainty 8.2%

Kopeliovich et al.

— - Ferreiro et al.
nDSg oap,=4.2 mb




STAR p+p 2009 |y|<1
7 STAR+PHENIX d+Au 2
PHENIX p+p 2006 |y
PHENIX d+Au 2008 |y
NA3E NAST NASO p+p
E789 p+Au

CDF p+p
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