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J/y production in proton-nucleus
collisions at ALICE:
cold nuclear matter really matters!

ﬂ Introduction, a bit of history...

ﬂ p-A/d-A collisions: fixed target vs-"t'b"ill'ider, what have we learnt?

'
'
L
it
e’
!

m) First ALICE regg..ltfé""'f")'"rllﬂJ/w production from the 2013 p-Pb run

‘ Comparison @fALICE J/wy p-A results with theoretical models
and with LHCb results



‘ Quarkonium suppression has been, since 25 years, one of the most
striking signatures for QGP formation in A-A collisions
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‘ In a QGP, binding of a qg pair is subject to colour screening: c’

® screening is stronger at high T @
(screening length, i.e. maximum distance which allows ‘
the formation of a bound state, decreases with T)

®* different states - different sizes

©
sequential melting of the states with increasing T ~.®

- thermometer of the initial QGP temperature
(Digal,Petreczki,Satz PRD 64(2001) 0940150)




‘ In a QGP, binding of a qg pair is subject to colour screening: Q

® screening is stronger at high T
(screening length, i.e. maximum distance which allows
the formation of a bound state decreases with T

®* different states - different sizes

‘ Increasing the collision energy, the cc

pair multiplicity increases

In most SPS | RHIC | LHC
central A-A 20 200 2.76
collisions GeV Gev | TeV
Ncchar!event ~0.2 ~10 ~60

An enhancement via (re)combination
of cC pairs producing quarkonia can
take place at hadronization or during

QGP stage
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P. Braun-Muzinger and J. Stachel, Phys. Lett. B490(2000) 196, R. Thews et al, Phys.ReV.C63:054905(2001)



ﬂ Nuclear modification factor R,,:

Iy
compare quarkonium yield in AA with the RV — YAA
pp one, scaled by a the overlap factor Ty, AA <T >O.J/w
(from Glauber model) AA /™ pp

If yield scales with the number of binary collisions
> R = 1

CoId Nuclear Matter effects (CNM)
® Nuclear parton shadowing

: Parton energy loss

If there are medium effectsd ~ CC in medium break-up

2 Rap # 1

Hot Medium effects:
® gquarkonium suppression
® enhancement due to recombination

ﬂ knowledge of CNM effects fundamental to disentangle
genuine QGP induced suppression in A-Al 6



From SPS to LHC: J/y in AA collisions

# A reduction of the J/y yield wrt to pp collisions is observed at SPS
(Vs=17GeV), RHIC (Vs=200GeV) and finally LHC (Vs=2.76TeV)!

Eur.Phys.].C71:1534,2011 )
E. Scomparin, NPA 904-905, 202-209 (2013)
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‘ A reduction of the J/y yield wrt to pp collisions is observed at SPS
(Vs=17GeV), RHIC (Vs=200GeV) and finally LHC (Ns=2.76TeV)!

Decrease of suppression at LHC (low p; J/y) could be a sign of
(re)combination!

Eur.Phys.].C71:1534,2011 _
E. Scomparin, NPA 904-905, 202-209 (2013)
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To correctly interpret the results, hot and cold medium effects should
be separated —~ need infos on quarkonium production in p-A collisions!



ﬂ ... in parallel with the QGP search in heavy-ion collisions...a large wealth
of data has been collected also in p-A collisions!

T. -2.2<y<-1.2 @83%)
[+ Ivl<0.35 (7.8%)
T L M2<y<22@2%)
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Production models:

the study of the interaction of the cc pair with the nuclei provides constraints to
the production models

the strength of this interaction may depend on the cCc quantum states and
kinematics (R.Vogt, Nucl.Phys. A700,539 (2002), B.Z. Kopeliovich et al, Phys. Rev.D44, 3466 (1991))
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Initial/final state nuclear effects:

J/v behaviour in cold nuclear matter (CNM) can be investigated
complicated issue, interplay of many competing mechanisms

INEIRS Il shadowing/saturation, HOEIRSEIEE cc in-medium dissociation
initial state energy loss, final state energy loss
intrinsic charm

Reference for understanding dissociation in a hot medium
knowledge of ]J/y behaviour in p-A to disentangle genuine QGP effects in A-A
approach followed at SPS (p-A) and similarly at RHIC (d-Au data) 1C




Varying the amount of nuclear matter crossed by cc pair
i.e. performing systematic studies as a function of A (or centrality)

the thickness of nuclear matter seen by the cc pair (or the fully formed
resonance) changes

IDIW K e e=--

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

Study vs Xg is - High-x — resonance forms outside the nucleus
particularly relevant Low-X resonance forms inside the nucleus

Studying different resonances

- they correspond to different mixtures of intermediate color octet/singlet
states and may be affected differently by the nuclear medium
- sizeable feed-down contribution to be taken into account

11



‘ Use various target nuclei (or a single nucleus defining centrality classes)

to study the CNM dependence on the thickness of nuclear matter

ﬂ Define “effective” quantities to evaluate size of CNM effects, without

disentangling the different contributions

These effects can be quantified in terms of the o parameter

v o_ VAT ) e
O GppA

o= 1 = no nuclear effects
a<1l - nuclear effects

...through the so-called “absorption cross section”

L

A ¥ A~ FOabs
oo =A0,E ]

the larger o,,, the more
important the nuclear effects

(L is the length of nuclear matter crossed by the cc pair)

or, finally, in terms of nuclear modification factor R,

v

Roa =

< N coll > O-Vp/p

<+— R,n # 1 & nuclear effects

12



# A significant reduction of the yield per NN collision is observed

o

. Alessandro et al.(NA50 Coll.) Eur.Phys.] C 48, 329(2006)
6

Early studies interpreted this
reduction as mainly due to
“nuclear absorption”

th

Stronger absorption for less
bound state y(2S) at mid-y
- Nucleus crossing time
comparable or larger than
charmonium formation time:
0.07 fully formed resonances
traversing the nucleus!
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# However nuclear absorption cannot be the only involved mechanism! 13



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

! | L
Various parameterizations — AT e N 1.4
developed in the last ~10 years = 1.2 - RHIC 1.2
Significant spread in the results, © g F > 1.0
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‘Assume dominant effects to be shadowing and cc breakup at mid-y

R.Arnaldi et al.(NA60 Coll.) Phys.Lett.B (2012) 263

Shadowing in the target 01aF
nucleus depends only on X, O NAGO
(2->1approach) 012 (400) — ax(158)
0.1
J/v break-up depends on V'sy;, 0.08F-
which can be expressed as a 0.06F- _ H
function of x, T E :
+ X -
/SWN ~my, X_Z 0.02- H
2 UI
| | -n.nzz— ‘- (mT/\/E)e ,
If parton ShadOWIng and flnal State -D.m__lllllllll I|I I|III|III|I I| I|III|III
absorption were the only relevant 0 0.020.040.060.08 0.1 0.120.140.16 0.18 0.2
mechanisms 2
o should not depend on Vs m) Other effects different from
at constant x, ... and this is shadowing and cc breakup?

clearly not the case
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ﬂ Suppression increases towards high x;

Energy loss of the incoming
parton producing the cc pair

Common approach: constant fraction
of the parton energy is lost in each
collision = x; shift x1=(mT /\E)ey

X, = xl(l— gq(g))N“’”_l

€q(g)- fractional en. loss

Effect most important for fast
partons - large Xg

H.K.Woehri, “3 days of Quarkonium
production...”, Palaiseau 2010
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e4 =0.002 (small!) seems enough to reproduce Drell-Yan results, but a
larger (~factor 10) energy loss is required to reproduce large-xg J/y

depletion from E866!

ﬂNew theoretical approaches (Peigne’, Arleo): coherent energy loss,
may explain small effect in DY and large for charmonia




ﬂ Important to consider all available p-A data, collected at different
energies and in different kinematical regions

NA60 Coll., Phys. Lett. B 706 (2012) 263-367
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C O [E866 800 GeV
1.05— | O  NAS50 450 GeV
B I | % *  NAGD 400 GeV J/vy yield in p-A is modified
= | J ! ] * NA3200GeV with respect to pp collisions
- l a1 0T "  NAGO 158 GeV
0.05 higher s @J@l&%fgﬁ i 3 I Strong xr dependence of
: 1‘ %]th' t 18 g suppression
0.8 |ower Vs i .
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0.85[ 2 ; nuclear effects at lower Vs
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Theoretical description over the full x; range still meets difficulties!

Given the strong x; and Vs dependence, pA data used as reference for AA
collisions should be collected in the same kinematical domain 17



mm) Much larger Vs at colliders!

Arbitrary Units

Different approach wrt to fixed target experiments:

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

p-A: rr~Db

0.8

0.6

04

0.2

— 0-20%

— 20-40%.
— 40-60%
— 60-88%

[=)

ry [fm]

d-Au: 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

Centrality classes overlaps

Also shadowing estimates are less
precise (need b-dependence)




d-Au rapidity range

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!

forwardy XNO.OOS 2 T T TTTTIT T TTTIIT] T T TTT1IT] T TTTIIT]
mid y x~0.03 Antishadowing -
backward y x~0.1 Mf)(::lnl

Backward y

Mid-rapidity
i Shadowing

Forward y
w [ A ] N Tl o i el | [N ] [ | ] L1111l

104 10°° 1072 107 1
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# At RHIC energy, the time spent traversing the nucleus is shorter than

the J/yv and y(2S) formation time

final meson state should form outside the nucleus
absorption effects of pre-resonance state expected to be similar
shadowing effects should be very similar for J/y and y(2S)

# However in contrast with these observations

Adare et aI (Phenlx CoII), arX|v 1305 5516

much stronger y(2S) suppression
in central collisions wrt J/y!

More suppression for less bound
states
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# Is there a process affecting
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v(2S) at RHIC energy?
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ﬂ Even if disentangling the different CNM mechanisms is a complicate issue...

...CNM, evaluated in p-A, can be extrapolated to A-A to build a reference
for the J/y behaviour in hadronic matter!

B. Alessandro et al., EPJC39 (2005) 335

N. Brambilla et al., arXiv:1010.5827 R. Arnaldi et al., Nucl. Phys. A (2009) 345
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Clear suppression is indeed observed on top of CNM effects!
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ﬂLarge Lorentz-y factor 2short crossing time of the cc in the nuclear matter

- c¢c pair may still be almost point-like after crossing the nuclear matter
- final state effects might be negligible

©
3

ﬂ Dominant effects should be shadowing and/or energy loss

1ar ALICE Preliminary, Po-Pb s, = 2.76 TeV, L, = 70pb"
CE 1 2i ] InclusiveJhy.centra\ityO“/:SO%.chT<SGeWc global sys.= +6%
low-x probed region: R e
9 partOn SaturatIOn effects can 1:— .............................................. U
also be investigated 8- //////%/%////
sizeable shadowing effects oF - H i ;
] 0.4 E Shadowing in Pb-Pb |5,y = 2.76 TeV H
9 use J/\lj to Constraln IOW'X gluon g :Epsoeshauowmgm,\:c,gn&an. p,>0 GeVic
. . 2+ #/:nDSg shadowing (E.Fereiro & al.), p,>0 GeV/c
nPDF and reduce uncertainties e o
O‘....\...‘|L..JIL...|‘...|....J.L..|9'°F'.s’.’si=.t‘4./‘.’|

-05 0 05 1 15 2 25 3 35 4
PRL 109 (2012) 072301 237



ALICE J/yv measuremen S




Quarkonium measurement in ALICE

» Quarkonium in ALICE can be measured in two ways:

Central Barrel J/y 2ete- Forward muon arm J/y >uty-
(1YLael <0.9) (2.5<y1.5<4)

Electrons tracked using ITS and TPC Muons identified and tracked in the
Particle identification: TPC, TOF, TRD muon spectrometer

-

‘ Acceptance coverage
in both y regions
down to zero p;

m) ALICE results
presented in this talk
refer to inclusive 1/y
production in the p*u-
decay channel

+

U
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p-A collisions at Vs, = 5.02 TeV

» Results from data collected in January/February 2013

) Beam energy: Vsyy = 5.02 TeV
Energy asymmetry of the LHC beams (E, = 4 TeV, Ep,= 1.58 A-TeV)
- rapidity shift Ay= 0.465 in the proton "direction

ﬂ Beam configurations:
Data collected with two beam configurations: p-Pb and Pb-p in the
range 2.5<y,,z<4

2.03<yms<3.53 -4.46<y:ms<-2.96

ﬂ Integrated luminosity used for this analysis:
p-Pb (2.03<yus<3.53) ~ 4.9 nb!
p-Pb (-4.46<y-ys<-2.96) ~ 5.5 nb! 26



ﬂ Nuclear effects on J/y production can be parameterized via:

Nuclear modification factor R ;:

Iy
pPb

) <T|0P'0>‘7

Jly
pp

Jy _ NJ/!//

PP (Ax )Ny

Pros:
The full coverage of the ALICE muon
spectrometer 2.5<y,,5<4 can be exploited

Cons:
Rely on an estimate of the o%/v,, reference at

Vsyy=5.02TeV

Forward to backward ratio Rgg:

RFB

Y Forward

J/y

Y%

Backward
Jw

Pros:
Does not depend on the estimate of the ov,, reference at

Vsyy=5.02TeV

Cons:
The forward and backward yields have to be computed in

the common (restricted) yous range 2.96< |ycus|< 3.53 27



=) Event selection:
® Rejection of beam gas and
electromagnetic interactions
(VZERO and zZDQC)
® SPD used for vertex determination

'l/"" ’
— N\
< e 4
§ s
7 4
P~

m Muon track selection:
® Muon trigger matching

° . . . i ° -4<I7H<-2'5
Dimuon trigger: coincidence of a * 17.6<R,,.<89 cm

minimum bias (MB) interaction with (R...= track radial position at
two opposite sign muon tracks thgbsébsorber end)
detected in the trigger chambers of ° 2. 5<yh <4
the Muon Spectrometer.
* MB trigger efficiency ~99% for NSD
events 28

‘ Trigger:




J/v yield extracted fitting the
opposite sign dimuon invariant
mass spectrum with a
superposition of signal and
background shapes

‘ Signal: shape described by
an extended Crystal Ball
function or other pseudo-

gaussian phenomenological
shapes

Background: several functions
tested, as a variable width
gaussian or combinations of

exponential x polynomial
functions

[aV]
£20000 - p-Pb, | S=5.02TeV, L_= 4.9 nb”
> .
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Q r e
) .
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515000 - © e !
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010000 —
N,,= 50312 + 402
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J/v yield extracted fitting the

opposite sign dimuon invariant

mass spectrum with a
superposition of signal and
background shapes:

‘ Signal: shape described by
an extended Crystal Ball
function or other pseudo-
gaussian phenomenological
shapes

Background: several functions
tested, as a variable width
gaussian or combinations of
exponential x polynomial
functions

@
[=3
o

@
(=1
i=1

Counts per 20 Mev/c2

)
=]
=

N
S
=a

+Y Inclusive Jiy — pru

p-Pb | s, = 5.02 TeV

- §-a53<y, <296 |

0< Py (GeVic) < 1

N, =2364£118

SB (+80), =12

S/B (+30), =

1 <p, (GeVlc) < 2
Ny, =5219+ 167

1.5

S/B (:30), =

2< P, (GeVie) <

N, =4826+ 124

1.9

3

3< P, (GeVic) <4

N, =3048+ 88

S/B (#30), = 26

150

100r

5< Py (GeVic) <6
Ny, =1092 49

S/B (+30), = 4.6

7< p. (GeVic) <9
N,, = 656+ 42

S/B (#30), =50

9< P, (GeVic) < 11

Thanks to the large collected
statistics, J/y yields can be extracted
also in kinematic bins (y, p+)

4< P, (GeVic)

N,,=1935+ 84

S/B (t30), = 33

11 <p, (GeVic) <
Ny, = 90+ 26

S/B (:QGIJ . 0.8

<5
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Acceptance x Efficiency

Acceptance x efficiency computed with pure signal simulations, using
as input J/y y and p; kinematical distributions tuned on p-Pb data

0.5F o> 05[
- P-Pb\ sy, =5.02TeV, Jiy - p'w,p >0 % c L % °
[ e 25y <4 Q0 I —
0.4 e -4<y,‘ab<-2.5 — e o—— psnRFI;}.EEE .‘g- 0.4 N pEHRFI;I:!:r-AlCnNECE
- 6/05/2013 E 6/05/2013 —— Q
0.3F X 03l e
~L — — O L ——
I O 8 i e
0.2 - o g 0.2fe e o p-Pb | S, = 5.02 TeV
i —O—
D i —0— e J/v - uu, 3.43<y <4
r U r - O lab
B e O B o - i, -3.07<y  <-2.5
0.1 < 0.1 Jab
—— I
O i 1 I 1 1 1 I 1 1 1 | 1 1 1 | L 1 1 | 1 1 1 I 1 1 1 | 1 1 1 0 i 1 1 1 ‘ 1 1 1 l 1 1 L j 1 1 1 J 1 1 1 I 1 1 1 I 1 1 1 | 1
26 28 3 32 34 36 38 4 0 2 4 6 8 10 12 14
1Y o P, (GeV/e)

ﬂ Average J/y Acc. x Eff (dominated by geometrical acceptance):
® ~25% in 2.03<y-us<3.53
® ~17% in -4.46<y-qs<-2.96

(the lower acceptance x efficiency value for -4.46<y-ys<-2.96 is 31
due to a time-dependent detector efficiency)




‘ Summary of the systematic uncertainties for R , (or Reg)

Source of systematic uncertainty

Signal extraction 1-4%
Acceptance inputs 1-3.5%
Trigger efficiency 3%
Tracking efficiency 4-6%
Matching efficiency 1%
Normalization dimuon-MB trigger 1%
Nuclear overlap function T, 3.5%
pp reference @ y=0, Vsyy = 5.02TeV 10-15%
y-dependence of pp reference @ Vs, = 5.02TeV 10-20%
Total syst. uncertainty (excluding pp ref) ~7-12 %

(ranges correspond to values obtained in y or p; bins)




‘ pp data at Vs = 5.02 TeV are not available

reference cross section o), obtained through an interpolation

procedure (based on F. Bossu’ et al., arXiv:1103.2394)

o-Jp/‘;/ energy and rapidity dependence interpolated from CDF
(Vs = 1.96 TeV), PHENIX (¥s = 200 GeV), ALICE, LHCb (Vs = 2.76 and
7TeV) and CMS (Vs = 7TeV) data

‘ Energy dependence: pp cross section ad mid-rapidity

Interpolation based on a phenomenological shape (power-law) gives,
at Vs = 5.02 TeV

dep
dy /o

Systematic uncertainties evaluated fitting test distributions obtained
moving data points according to a Gaussian distribution with a width

corresponding to 2.5 x their systematic uncertainties (randomly for
uncorrelated ones, same direction for correlated ones)

BR x

=362 £ 6 (stat) + 55 (syst) — 37 (syst) nb

Results are in agreement with FONLL and LO CEM calculations 33



mm) Rapidity dependence -

phenomenological approach,
based on the observation
that PHENIX, ALICE and
LHCb and CMS results on
(doPP/dy)/doPP/dy|,-o VS

YJ/V,{/YJ/,,,,maX are independent
on s

The distribution is fitted with
a gaussian shape
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o Interpolation *-vi"“--
. Interpolation {7 TeV) hS

s INterpalation (200 Gel)
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A
Jiyr th{: max

Systematic uncertainties obtained with the same procedure
adopted for the mid-y result. The chosen 2.5 sigma cut
accommodate results based on FONLL and LO CEM calculations

BRxdof, /dy(2.03< yeys <3.53) =231+ 41(syst) — 32(syst) nb

Iy

BRxdo !, /dy(—4.46 < ycs <—2.96) =159+ 40(syst) — 27(syst) nb
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F?pr

1.4

1.2

0.4

0.2

Rp
0.

0.8

0.6

p-Pb ys,,=5.02 TeV, inclusive J/ y—p*, pT>0

L

Forward y

~49nb™, L

. -1
Backwardy 5.5nb

I Lo emeeeaaneeseeeeemeemeeaneameeaseaseeseeseeseesseaseeseemeeasesmeemeessesssessesesmmsaseessenseaseasesseesees

ALICE

PRELIMINARY

a(
/73

2.03<ycvs<3.53)=
2 + 0.005(stat) £ 0.059(syst) + 0.131(syst. ref) — 0.101(syst.ref)

Roa (-4.46<ycys<-2.96)=
1.160 + 0.010 (stat) + 0.096(syst) + 0.296(syst. ref) — 0.198(syst.ref)

1 2 3 4

yCﬂ"IS

» R,a decreases towards
forward y

Uncertainties:

uncorrelated (box around points)
partially correlated ([])
100% correlated (grey box)

» dominant error source is
due to the normalization
to pp collisions
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m% 14l A p-Pb |[s= 5.02 TeV, inclusive J/ y—p*’, p >0 » R,a decreases towards
~49nb™, L ~5.5nb™"! ALICE forward y

Backward y PRELIMINARY

L

Forward y

Y

EP509 NLO (Vogt, arXiv:1301.3395 and priv.comm.)

I NI — ; l.Jncertainties: |
LI - DLl R pncomslated hoxaround ol
0.6 _ ik ® 100% correlated (grey box)

» dominant error source is
" |CGC (Fuijii et al., arXiv:1304.2221) . .
02 [ - ELoss with qa=0.075 GeV?/fm (Arleo et al., arXiv:1212.0434) d U e to th e n O rm a | I Za tl O n

- —EPS09 NLO + ELoss with g =0.055 GeV*/fm (Arleo et al., arXiv:1212.0434) tO p p CcO | | iS | ons
0 _I 11 | 11 1 | | I | | 11 1 1 | I I | 11 1 1 | 11 1 1 | 11 1 | | 11 1 |
-4 -3 -2 -1 0 1 2 3 4

ycms

Comparison with theoretical predictions shows reasonable agreement with:

® shadowing EPS09 NLO calculations (R. Vogt)
® models including coherent parton energy loss contribution (F. Arleo et al)

while CGC description (Q2%sy . = 0.7-1.2 GeV/c?, H. Fujii et al) seems not
to be favoured 36



R, and R, Vvs rapidity

ﬂ Due to the large collected statistics, we can study the

R pPb

y dependence of R,

1.4 - - p-Pb {s\\=5.02 TeV, inclusive J/ y—p*u’, p_>0
1 2 :_ -I‘H-I‘I_I LForward yo 4.9 nb-1’ LBackward yﬂ 5.5 an PRFE‘LIEEICNERY
L
1 E..I_II_IJ_Il._r .............................................................................................................. Uncertainties:
- ® uncorrelated (box
0.8 - m'i'_'_'l—l around points)
- L.t * Dpartially
0.6 - o correlated ([])
- ® 100% correlated
0.4 (grey box)
0.2 -
0 _I L1 | | I I | I | I I | I | I I | | | I | L 1 1 | | | I I

4 3 2 1 0 1 2 3 4
ycms
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ﬂ Due to the large collected statistics, we can study the
y dependence of R,

Hpr

14 - p-Pb {s,,= 5.02 TeV, inclusive J/ y—p*p), p>0
L ~49nb7, L ~5.5nb! ALICE

Forwardy 3 T Backward Yy PRELIMINARY

Uncertainties:

® uncorrelated (box
around points)

® partially
correlated ([])

® 100% correlated
(grey box)

~ EPSOQ NLO (Vogt, arXiv:1301.3395 and priv.comm.)

i .. |CGC (Fuijii et al., arXiv:1304.2221)

0 2 — == ELoss with q =0.075 GeV?/fm (Arleo et al., arXiv:1212.0434
9%

~ —EPS09 NLO + ELoss with q =0.055 GeV?/fm (Arleo et al., arXiv:1212.0434)

0 11 1 | | | | | 1 1 1 1 | | 11 | | I | | | I | | 1 1 1 | | 1 1 | | | | | |
4 3 2 A 0 1 2 3 4
nyTIS

At backward y, models including coherent parton energy loss show a
slightly steeper pattern than the one observed in data

Results are dominated by uncertainties on the pp reference 38




From p-Pb to Pb-Pb...

ﬂ p-Pb results will provide information on the size of CNM effects in Pb-Pb

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

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

: 1

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

ﬂ Work in progress to quantify size of CNM effects in Pb-Pb results!
39



ﬂ ALICE inclusive R, is compared to LHCb result for prompt J/y
LHCb-CONF-2013-008

difference between inclusive and prompt R, evaluation
is within few percent

a C Jhy—prw, p-Pb ys,,= 5.02 TeV
w 147 1 @ ALICE inclusive J/y, p >0
1 2 = A LHCb prompt J."\II, pT>0, (LHCb-CONF-2ﬂ13-UUB) PR@I.I;}ICNFIERY
A \\ ALICE global uncertainty +16%,-11%
1 » o R R
0.8 = T TR \
B ;‘-:'__—'
L L .,
0.6 st
04 N EP509 NLO (Vogt, arXiv:1301.3395 and priv.comm.)
i - |CGC (Fuijii et al., arXiv:1304.2221)
02 [ = ELoss with qu=0.075 GeV%/fm (Arleo et al., arXiv:1212.0434)
- —EPS09 NLO + ELoss with g =0.055 GeV%/fm (Arleo et al., arXiv:1212.0434)
O_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
4 -3 -2 -1 0 1 2 3 4
nyTIS

Comparison ALICE vs LHCb at the edge of the systematic uncertaintieio




To be free of the uncertainty on the pp reference the forward to
backward ratio of the nuclear modification factors (Rgg) is studied in
the range 2.96<|yus| <3.53

R = 0.60 + 0.01 (stat) = 0.06 (syst)

P-Pb sy =5.02TeV, Lo Uparay) =49 (5:5) b7 ‘ limiting the y range implies

Inclusive J/ y— p*u’, 2.96 < |ycms|<3.53, pT>0 N a redUCtiOn Of the J/\V
_a ] ALICE Preliminary statistics > compensated by
""""""""""""""""""""""""" T e a sizable decrease of the
(R. Vogt, arXiv:1301.3395 and priv. comm.) syste Mmatic uncertai nty wrt
- A, Rpa (from 20-25% to 10%)
___________________________________________ N Urlmsegaapvenm | E) Agreement between data
- EPS09 NLO and ELoss with g =0.055 GeV*/fm and model inC|uding energy
(F. Arleo et al., arXiv:1212.0434 and priv. comm.) IOSS Contr|but|on |S rather
> | fﬁf?ﬁe‘?,"fe?2{3&%3;?51";.’52’34? | good, while pure shadowing
T o6 08 1 12 14 16 Rrs S€€MS to slightly
Req overestimate the data

Rz comparison with models may be less significant
that in the case of R,, and R,, separately 41




Reg Versus rapidity

» The Rq rapidity dependence has also been investigated

m

L L
T 12 -P = 5.02 TeV, inclusi W
- p-Pb |s,,=5.02 TeV, inclusive J/ y—p*u, pT>0 Pﬂ%&av
R ——
0.8 -
0.6 - + -+ -
0.4+
02+
0 i ! | ! | ! | ! 1 ! | 1 ! | ! !
2.8 3 3.2 3.4 3.6 3.8
meS
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The Rgg rapidity dependence has also been investigated

m

L
T 42

0.8
0.6
0.4

0.2

RN
vz

p-Pb {s,,=5.02 TeV, inclusive J/ y—u*y, p >0
T ALICE

PRELIMINARY

N
&

EPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.)

EPS09 LO (Lansberg et al., priv.comm.)

nDSG LO (Lansberg et al., priv.comm.)

Eloss with q =0.075 GeV?/fm (Arleo et al., arXiv:1212.0434)

EPS09 NLO + Eloss with g =0.055 GeVZ/fm (Arleo et al., arXiv:1212.0434)

3 3.2 3.4 3.6

3.8

cms

ﬂ comparison with theoretical models confirms previous observations
done on the y-integrated results

ﬂ Calculations including both shadowing and energy loss seem
consistent with the data
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Reg VEIrsuUs p+

» The Rz pr dependence is studied in the range 0<p;<15 GeV/c

m
L

C

ALI-PREL-48391

1.6

141

1.2
1
0.8
0.6
0.4f
0.2

ot

- -1
© pPbys,=502TeV, L (L L) =49 (55)nb %E\

@ Inclusive J/y — p*u’, 2.96 < [¥ems | < 3.53 ALICE

PRELIMINARY

+1+++++—|—+

12 14
P, (GeV/c)

0 2 4 6 8

B The Ry ratio shows a
p+ dependence with a
stronger suppression
at low p;
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Reg VErsus p-

» The Rz pr dependence is studied in the range 0<p;<15 GeV/c

m 1.6
L

QC

0.8}

0.4

0.2

1.4F
1.2}
1t

0.6F

- p-Pb|s,,=502TeV, L s Cooaray) = 49 (6:5) nb” H,

o Inclusive J/y — p*y’, 2.96 < 1Y oms | < 3.53 ALICE

PRELIMINARY

| [777] EPS08 NLO (R. Vogt, arXiv:1301.3395 and priv. comm.)

- = = ELoss with q =0.075 GeV*/tm (F. Arleo et al., arXiv:1304.0801)
: —— EPS09 NLO + Eloss with qurﬂm GeViim (F. Arleo et al., arXiv:1304.0901 and priv. comm.)|
0 [ 1 L L I. L L 1 ]. 1 1 1 I 1 1 1 I [ 1 1 I L L L ]. 1 1 1 I 1
0 2 4 6 8 10 12 14
p; (GeV/c)

B The Ry ratio shows a
p+ dependence with a
stronger suppression
at low p;

ﬂ theoretical
predictions including
energy loss show
strong nuclear
effects at low p; in
fair agreement with
the data

ﬂ ...but the observed p; dependence is a bit smoother than the one
expected in coherent energy loss models
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The production of quarkonia in nuclear matter has been now studied
for a long time, both at fixed target and at colliders

ﬂ Many competing effects have been singled out
- Modeling is complicate, but progresses have been done!

‘ New LHC energy domain
- different mixture of initial/final state effects
- study still unexplored low x-range

First ALICE results on J/y production from p-Pb collisions at Vs=5.02 TeV:

ﬂ R, result shows an increasing suppression of the J/y yield
towards forward y

ﬂ R ratio decreases at low p; in fair agreement with models
including coherent energy loss contribution

ﬂ pure nuclear shadowing and/or energy loss seem to reasonably
describe the data, indicating that final state absorption may
indeed be negligible at LHC energies 46




...and prospects

» Many more results still to be extracted from the 2013 p-A data!

counts per 40 MeV/c?

counts per 40 MeV/c?

o Y y>erer T i
1405_ « Opposite Sign p-Pb | sy = 5.02 TeV _E
 © Track Rotation *H Iyl <0.9 B
120— —]
- >0GeV/c .
100 MH H i —
g
60 3—& # o#tw% +§ “oOoo* #&* -
g t&w E
. Wi
100__::::}::::}::::}::::}::::{::::{::::}'::-::__
~ < Opp. Sign-Background !
80 [ —— MC Signal % 7
ALICE

PERFORMANCE |

1/03/2013 &

ot

....I....I....I....I....I...._:

: 4 4.5 5

Centrality dependence of the
J/v nuclear modification factor
and Rgg

v(2S) and bottomonia
production in p-Pb

J/v studies at mid-rapidity in
the ete- channel and lots more...

Thank you
and...
stay tuned!
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Quarkonium suppression

ﬂ Binding of a qq pair is subject to the effects of colour screening
- screening is stronger at high T
- screening radius Ap(T) (i.e. maximum distance which allows the
formation of a bound state) decreases with T

vacuum Temperature T<T Temperature T>T
/v

/vy ([21
| ] @ @

] ]

if resonance radius < if resonance radius

At a given T: Ap(T) > resonance can > Ay(T)
be formed - NO resonance is

formed
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CNM effects on other resonances: y(2S)

1.0

' pre-resonant cc |} D'1__ 4 NASD
| Lo ' T | pair a,ms) = o 5, i » HERA-E

0.8
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07 r

0.6

| fully formed quarkonia? HERA-B Coll. Eur.Phys.J.C49:545-558,2007

OLy(25) < O 37y

+ EB&E

of = 0L

& Jhy = —
o' I B
D (E780)] i
EBBE/NUS _ - —£~
BEBENUSea | u Ao(E8B6) = -0.026 + 0.005
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‘ From the high statistics E866 and NA50 samples:

Stronger absorption for y(2S) in the region x<0.25
Effect not scaling with r?;, / r? sy = only a fraction of the
resonances formed in the nucleus

at higher x; y(2S) and J/y o values are closer (E886) 50
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Initial state energy loss

1.2

1.1+

0.9
0.8

0.7

= Fe/Be DY, E866 @ 800 GeV
* W/Be 40<M<8.0GeV

Fe/D DY,E772 @ 800 GeV
* W/D 4<M<9 + M>11GeV

EPS09

—no energy loss

-5 =0.002

‘ Energy loss of incident partons
Vs of the parton-parton interaction changes (but"St"€hadbKiise) 2010

X, = xl(l—gq(g))N“’" N

= [ EPSO09
2 ] EPS09 + EL (S, = 0.010)
10— —— EPS09 +EL (S, =0.016)
> + .- EPS09 + EL (5, = 0.020)
g 4
I -
1_.
0.8
0.6
| E866 @ 800 GeV
04— . Jhp,Fe/Be
| B3 Jhp, Cu/Be (froma)
* DD, Cu/Be :
27—
0 0.2 0.4 0.6 0.8
Xg
shifts X1 H.K.Woehri, “3 days of Quarkonium

£q(g)- fractional energy loss

e =0.002 (small!) seems enough to reproduce Drell-Yan results
But a much larger (~factor 10) energy loss is required to reproduce
large-x; J/y depletion from E866!

New theoretical approaches (Peigne’, Arleo): coherent energy loss, 52
may explain small effect in DY and large for charmonia



Quarkonium production in p-A

‘ Quarkonium production: a two-step process

® Perturbative QCD production of the cc pair
® Non-perturbative binding (color neutralization)

I/, Aer -

What happens when all (or part) of this process occurs inside the
nuclear medium ?

Can the interaction of the “pre-resonant” state with the nucleus
significantly depend on its properties (color octet, color singlet...) ?

Can we learn anything on production from the disappearance of bound
states, due to the interaction with nuclear matter ? 53



Comparing different resonances

‘ Different resonances correspond to different mixtures of intermediate
color octet/singlet states

Resonances could be affected in a different way by the nuclear
medium > compare nuclear effects on various quarkonium states

‘ If the resonance hadronizes inside the medium, it is expected to
interact with

abs 2 abs abs abs _ abs
o, I, = 0,05)*3.70,", o0, =240,

‘ When measuring various resonances, understanding of feed-down
fractions is essential

For the J/y, one has
R(w(25))=(8.1£0.3)% R(z,)=(25+5)%

from various pA measurements, extrapolated to L=0,
P. Faccioli et al., JHEP 10 (2008) 004 54



J/v production in fixed target experiments

‘ To get some insight on the CNM mechanisms
- important to consider all the available p-A data, collected at
different energies and in different kinematical regions

Let’s start discussing what have we learnt up to now!

‘ Fixed target experiments:

negative

HERAB ;70.34<x¢<0.14,p;<5 GeV “T| y_range

(I. Abt et al., arXiv:0812.0734)
ES66 -0.10<x:<0.93,p;<4 GeV | Wider x;

(M. Leitch et al., PRL84(2000) 3256) coverage
NAS5O ,-0.1<x¢<0.1,p;<5 GeV

(B. Alessandro et al., EPJC48(2006) 329)

\ large number

NA3 , 0<XF<0.6, pT<5 GeV of nuclei

(J. Badier et al., ZPC20 (1983) 101) /
NA60O ,-0.1<x¢<0.35,p;<3 GeV

(E. Scomparin et al., Nucl. Phys. A 830 (2009) 239)

2 energies in the same
experiment 5H




Cold nuclear matter effects

‘ From a compilation of fixed target results of J/y o vS Xg:

= 11 _
L v HERA-B2008e+ p
1.05 - O E&8G66 2000
I ‘E A NASD 2004
- %— EKS (GM E-loss)
1 — ’,%_1‘ ...... EKS (BH E-loss)
: - Ly, [LLIRTTRTITT HKN iGr‘ul E_l{:]SS]
0es " T oOeSgoitheg, T EPS (GM E-loss)
0.9 —
0.85—
0.8 —
O '|,|' B | J." | | | | | | | | | | | | | | | | | | | | 1~
’ :rb.d- -0.2 0 0.2 0.4 0.6 0.8
I. Abt et al., arXiv:0812.0734 X

Theoretical description over the full xc range still meets difficulties!

(R. Vogt, Phys. Rev. C61(2000)035203, K.G.Boreskov
A.B.Kaidalov JETP Lett. D77(2003)599)
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CNM effects on other resonances: y

‘ The CNM issue is complicated by the fact that ~30% of the J/y come
from the feed-down of higher charmonium states (y(2S), x.)

The nuclear medium might affect J/y, v(2S), y.in a different way
(shadowing contribution should be similar)

Unfortunately, less accurate results on y(2S), .
Nuclear effects on y. are studied through

HERA-B, Phys.Rev.D79:012001,2009
= 0.6

&) ‘ No significant difference between a(y.) and
a(J/vy) is observed, within the large errors

- similar “global” CNM effects on both
resonances in the covered kinematical range
(average value Aa=0.05+0.04)

0.4

%
e

CEM and NRQCD differ in the prediction for
the behaviour of the charmonia states vs. X,

N E— but large errors do not allow to distinguish

XY among the models (r. vogt, Nucl. Phys. A 700(2002) 5397

=
L [TTT
LLL]



Can we consider only shadowing + cc break-up?

‘ Assume dominant effects to be shadowing and cc breakup

1st approach:

correct the results for shadowing
(2->1 kinematics), using EKS98
cc break-up cross section should

depend only on sy, 7
C. Lourenco, R. Vogt and H.K.Woehri, JHEP 6]

02(2009) 014

Even after correction, there is ok
still a significant spread of the 1
results at constant V'sy, .y o]

EKS93

MNA3
Ji “r NASD-400

\/Suyen [GeV]

Other effects different from
shadowing and cc breakup?
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(¥ = 0) [mb]

Jhy
abs

8

J/vy in d-Au

‘ Results obtained by the PHENIX experiment in a wide rapidity range

Different shadowing regions

FA,/AFN,

Backward y

Mid-rapidity

ni
ing

Forward y

probed
x~0.005
X~0.03
backwardy x~0.1
12
] EKS98 O NA3
. Jly 2L NA50-400
10 | B =1 f&ﬁ‘?‘é ¥ NA50-450
] ® ES866
3| NA60 O HERA-B
i E,,, = 400 GeV PHENIX
61 -0.17<y<0.33 lyl<0.35
4; power-law
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0 i T T T T T

L e e
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The tendency for weaker nuclear
effects when increasing Vs holds

also at collider energy
(C. Lourenco et al, JHEP 0902:014 (2009))
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Figure 5. Differential cross-sections fro prompt Jfp mesons and Jfp from b-hadrons as functions
of y In (left) pA and (right) Ap collisions, pr < 14 GeV/e.
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Other models

_ Jipsi

pPb 5 TeV, EPS09 LO

central set
central set, ¢, =

central set, ¢,

1.5 mb
2.8 mb

-2 0 2

(d) EPS09 LO with o4

E. Ferreiro et al:
arXiv:1305:4569
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