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Why heavy 1ons collisions at LHC?

¥ Ultra-relativistic heavy ions allow to study % fg
: = |= Quarks and Gluons
the phase diagram of the nuclear matter. - e o
GSJ % ’ DeCO/; .
o "o
g 100_1 > Hadrons /%,
= - S | B
G o 0
¥ They are “good tools” to compress and heat |~ &
nuclear matter in order to recreate )/ Neutror e
h 4
1

¥ a very high density 0 Nuclei NatBaryon Derilty
¥ strongly interacting
¥ deconfined medium.

Energy Stopping Hydrodynamic Cy R
Hard Collisions Evolution Hadron Freezeout

¥ Characterization of the state of the nuclear
matter with hydrodynamics quantities, given
its complexity and its extent.
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Hot Nuclear Matter NI

Ultra-relativistic heavy ions as “tools” to compress and heat nuclear matter in
order to recreate
% a very high density
% strongly interacting
%¥ deconfined medium.

@® PbPb(0-5 %) ALICE A pp NSD ALICE

m PbPb(0-5 %) NA50 O pp NSD CMS

A AuAu(0-5 %) BRAHMS + pp NSD CDF

* AuAu(0-5 %) PHENIX ¢ pp NSD UA5 o 013
[J AuAu(0-5 %) STAR % pp NSD UA1

¥V AuAu(0-6 %) PHOBOS x pp NSD STAR

—
o

(°2]
III|III|III|III|III|II

o)

¥Multiplicity of particle produced directly
proportional to the energy density of the
system. € ~12 GeV/fm?a LHC
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V. Sct, dy

S = transverse dimension of nucleus

y=0

7, ="formation time"~ I fm/c
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Hot Nuclear Matter

ALICE

Ultra-relativistic heavy ions as “tools” to compress and heat nuclear matter in
order to recreate
% a very high density

Phys. Lett. B 696 (2011) 328 (values scaled)

: ; —~ 6000— _
% strongly interacting E |4 E8952733,3843Gev _
¥ deconfined medium 50000 w cenes racey _:
; o [ % STAR 62.4, 200 GeV 3
Cc% 4000F O PHOBOS 62.4, 200 GeV .
5 | ®  ALICE 2760 GeV ]
m L
Itiplicity of particle pr irectl g 3000p '
*Mutp.ctyo patcepoduce.dd ectly . o
proportional to the energy density of the = 2000 ﬁﬁ : ‘
system. € ~ 12 GeV/fm3 a LHC 1000f B ]
0: A R R R
: : : : . 0 500 1000 1500 2000
¥ Bose Einstein correlation between identical ALICE, PLB 696, 4 (2011) (eN o)

bosons allow to study the extension of the
system. “homogeneity” V ~ 5000 fm3
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Hot Nuclear Matter

ALICE

Ultra-relativistic heavy ions as “tools” to compress and heat nuclear matter in
order to recreate
% a very high density
%¥ strongly interacting

g 10g L L B BN L L

* deCO.‘nflned medlum. NE 102;5 0-40% Pb-Pb, sy = 2.76 TeV E;
_fg 0 ALICE 3

Q'bé:.- L “4— Direct photons e -

. O SEC . . = — Direct photon NLO for u = 0.5,1.0,2.0 p_ (scaled 3
*Multiplicity of particle produced directly 2wk %\ eponentai axcotasm. 12501 Stwev 4
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bosons allow to study the extension of the e
system. “homogeneity” V ~ 5000 fm3

S
~

% Direct photon emitted by the hot system
(as black body radiation) T ~ 301 £ 51 MeV
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Hard probes in AA and pA collisions

% Hard probes are:
% produced in hard parton-parton scatterings in early collision stages
* experience the full evolution of the system and interact with it if they are
color charged.
¥ their production can be computed using pQCD.
¥ their production cross sections are proportional to the number of possible
hard scattering (i.e. to the number of nucleon-nucleon collisions)
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Hard probes in AA and pA collisions

% Hard probes are:
% produced in hard parton-parton scatterings in early collision stages
* experience the full evolution of the system and interact with it if they are
color charged.
% their production can be computed using pQCD.
% their production cross sections are proportional to the number of possible
hard scattering (i.e. to the number of nucleon-nucleon collisions)

¥ Medium - High-pT hadrons
Medium pT hadrons mainly correlation studies
¥ Jets
¥ Open heavy flavor
¥ Quarkonia

3 & V ) "4 1Y ;‘ )
Y5 % quenching 2

¥ Electro-week bosons (W, Z)
%¥ Direct photons
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How to quantty modifications on the hard probes?

% Centrality:
% Quantity to determine the overlap region of the two nuclei during the
collisions.
¥ Geometrical model allow to determine the number of
participant to the collision.
% Events are classify in “centrality classes” in
terms of the percentiles of the total AA cross section.

&

Central collisions Peripheral collisions
ex. 0-10%, 0-5% ex. 70-80%, 80-100%
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How to quantify modifications on the hard probes?

% Centrality:
% Quantity to determine the overlap region of the two nuclei during the
collisions.
¥ Geometrical model allow to determine the number of
participant to the collision.
% Events are classify in “centrality classes” in
terms of the percentiles of the total AA cross section.

&

% Nuclear modification factor (Raa):
% Comparison of the spectra in pp and AA collisions
*¥ If AA collisions would be a “simple” superimposition of many pp
collisions Raa=1

1 dzNAA/dedn
R =
AA(pT) < Ncoll > 7 dQND’D/dedn

L —

% Similar ratio can be build comparing central and peripheral(*) AA
collisions (Rcp)
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Parton QCD energy loss

% Partons travel -4 fm in the high colour-density medium.
% In their path they can loose energy for two mechanisms:
Scatterings with other partons =¥ collisional energy loss
=» dominates at low-pT

Gluon radiation =¥ radiative energy loss o 9999%5
-» dominates at high energy | L
Gyulassy, Pluemer, Wang, Baier, Dokshitzer, Mueller, Peigné, X
Schiff, Levai, Vitev, Zhakarov, Salgado, Wiedemann,... (medium)
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Parton QCD energy loss

% Partons travel -4fm in the high colour-density medium.

% In their path they can loose energy for two mechanisms: T e
Scatterings with other partons =» collisional energy loss foc
=» dominates at low-pT
Gluon radiation =» radiative energy loss E gf//AE
=» dominates at high energy S
Gyulassy, Pluemer, Wang, Baier, Dokshitzer, Mueller, Peigné, X
Schiff, Levai, Vitev, Zhakarov, Salgado, Wiedeman.... (medium)
¥ An example: BDMPS - Z formalism path length L
Baier, Dokshitzer, Mueller, Peigne®, Schiff, NPB 483 (1997) 291. < >

Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.

Radiated gluon energy distrib:

w— xa.C,

d/ w./w forw<w,
dw

(w./w)* forw=w,
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Parton QCD energy loss

% Partons travel -4fm in the high colour-density medium.

% In their path they can loose energy for two mechanisms: Ny

Scatterings with other partons =» collisional energy loss e
=» dominates at low-pT

Gluon radiation =¥ radiative energy loss E 7 AE
=¥ dominates at high energy e i

|
Gyulassy, Pluemer, Wang, Baier, Dokshitzer, Mueller, Peigné, X
Schiff, Levai, Vitev, Zhakarov, Salgado, Wiedemann.... (medium)

% An example: BDMPS - Z formalism K path length L
<

Baier, Dokshitzer, Mueller, Peigne®, Schiff, NPB 483 (1997) 291.
Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.

Radiated gluon energy distrib:

go. o foro<a, Cr: Casimir Factor: 4/3 for g, 3 for g

\ Y (w,/ a))2 forw=w, Color charge dependence of the energy loss
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Parton QCD energy loss

% Partons travel -4fm in the high colour-density medium.

% In their path they can loose energy for two mechanisms: T e
Scatterings with other partons =» collisional energy loss foc
=» dominates at low-pT
Gluon radiation =» radiative energy loss E gf//AE
=» dominates at high energy S
Gyulassy, Pluemer, Wang, Baier, Dokshitzer, Mueller, Peigné, X
Schiff, Levai, Vitev, Zhakarov, Salgado, Wiedemann,... (medium)
¥ An example: BDMPS - Z formalism path length L
Baier, Dokshitzer, Mueller, Peigne®, Schiff, NPB 483 (1997) 291. < >

Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.

Radiated gluon energy distrib:

w.: scale of the radiated energy o (/]\

el s kg coefficient related to
o b the medium characteristics
and to the gluon density
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Other than pp collisions at the LHC

system energy \/sNN integrated

TeV luminosity

2010 Pb - Pb 2.76 ~ 10 ub-!
2011 Pb - Pb 2.76 ~ 150 ub-"

* e
2013 p—Pb 5.02 apn) | Hoeetalalseied

in the p-Pb run!

N\ —r ’Nﬁ
g = . .

A. Dainese HCPSS13 *ﬁ ‘
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High-p1 suppression (@ LHC ¥

ALICE

Pb-Pb \ /s, =2.76 TeV

(GeV/c)?

%¥ Clear reduction of the charged
particles spectra, in particular in
central AA collisions, w.r.t to pp.

- 10° —— scaled pp reference
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High-p1 suppression (@ LHC

%¥ Clear reduction of the charged
particles spectra, in particular in central
AA collisions, w.r.t to pp.

¥ Raa shows:
¥ a minimum (~0.14) at pr=6-7 GeV/c
% slow increase at high-pr
% still a significant suppression (~0.5)
at pr ~ 50 GeV/c

D. Caffarri (CERN), IFAE 2015, 09/04/15 /

ALICE
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High-pT suppression @ LHC

%¥ Clear reduction of the charged
particles spectra, in particular in central
AA collisions, w.r.t to pp.

¥ Raa shows:
¥ a minimum (~0.14) at pr=6-7 GeV/c
% slow increase at high-pr
% still a significant suppression (~0.5)
at pr ~ 50 GeV/c

% Charged particle suppression
described by models that include
parton energy loss models
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RAA

ALICE

ALICE, PLB 720, (2013) 52
T T |

| T T T T | T T T T | T T T T | T T T T | T T
ALICE, Pb-Pb, |'s,, = 2.76 TeV |
charged particles, nl < 0.8 norm. uncertainty
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Cold Nuclear Matter

% The observed suppression might come from effects related to the matter that
has a different behavior in case of single nucleons or multiple nucleons
collision (cold nuclear matter) ?

¥ Shadowing: parton densities in the nuclei are depleted with respect to the
free partons (“low-x gluon fusion”). __

R RY R
14| ! ! 14
E 12 N ~ 12
O 1 R~ S ) N 1.0
O rerressieieeag | = > w YL "“_‘- ;
f 08 e X - .' - .l, 108
I [ — This work, EPS09LO = S
& 06 F __ trcos e e 06
= 04 | - HKNO7(LO) - 04
£~ oo [ —- EPS08 N 02
%} —=aDS@O) 1 - 2
00 | | | | | — | | | 00
10" 100 107 10" 10" 10° 1007 10" 10 107 107 10! 1
xTr T €T
see e.g. Eskola et al. JHEP0904(2009)065
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Cold Nuclear Matter

% The observed suppression might come from effects related to the matter that
has a different behavior in case of single nucleons or multiple nucleons
collision (cold nuclear matter) ?

¥ Shadowing: parton densities in the nuclei are depleted with respect to the
free partons (“low-x gluon fusion”).

% Gluon Saturation: if gluons are numerous enough (low-x) and extended
enough to overlap, they can recombine in the nucleus and saturate.

J. Albacete QM12 Student’s lectures

D. Caffarri (CERN), IFAE 2015, 09/04/15
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pPb: the control experiment

% No high-pT suppression is
observed in pA collisions.

% The suppression observed in
central AA collisions comes
from a final-state effect

% Charged particles Ryp,
described by calculations
including reduction of low-x
gluon flux (saturation,

shadowing)

D. Caffarri (CERN), IFAE 2015, 09/04/15

ALICE

ALICE, Phys.Rev.Lett. 110 (2013) 8, 082302
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pPb: the control experiment

CMS

-
|
3
i
f

ALICE

CMS, arXiv:1502.05387

%¥ ... but enhancement at very

high-pT observed by CMS? 18F CMS'pr \Syy = 5.02 TLV, L =35 nb” | -
Not prefiicted from pQCD | 6F - 2;‘2 (I:PIZI)<F1=EP809, RSy
calculation. 1. 4:_ _ & ALICE E:ACM|<0.3 ﬁm: ;2;;: E
N ot L
¥ ALICE seems not to observe a ! 2_ I mm !!"“_,_ c T E
similar pattern. o 1_ i“”:nﬁ!uu" }]
% ATLAS partially observed an g~ 08 E
enhancement but within large 0.6-4% <Topy> = 0.0983 mb” E
systematic uncertainties. 0.4F rully correlated syst. uncert.
. Total syst. uncert. ]
0.2~ <T _np> Uncertainty —
¥ 10% difference come from | i el
interpolation at 5 TeV. 1 G1 OV / 10°
% Reference pp run at 5 TeV P (GeVic] -
important!
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From single partcles to jets... jet quenching

% Full jet reconstruction: anti-kT algorithm + background techniques
* Jets and di-jets with -100 GeV energies

% PDb-Pb events with large di-jet imbalance observed

et
0{E_[GeV] S

.t h '. ?)—”3)

ATLAS, PRL105 (2010) 252303 ’s
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From single partcles to jets... jet quenching

% Detail study of di-jets events, in comparison with pp expectation
¥ Energy imbalance quantified by the di-jet asymmetry variable

------------- LA B L A A
[ (a) cMS det=35.1pb" ] A _ ETI_ETZ ET1> 100G€V
0.2+ ® pp\Vs=7.0TeV  — ® PbPbV\s,=2.76 TeV - p,,>120GeV/c | = S

_<§ i ~— PYTHIA —— PYTHIA+DATA T + + P;,>50GeV/ic 7 E T1 + E T2 E 12 2 5 G € V
& ik, R= 1 i - 1. A, >2n |
© Anti-k, R=0.5 4 Iterative Cone, R=0.5 __+ 127 3
l - -
o NN 1

¥ Going to more
central events,
larger asymmetry

: in di-jets events

E with respect to pp.
i 20-30% 10-20%

I o S L
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From single partcles to jets... jet quenching

% Detail study of di-jets events, in comparison with pp expectation
¥ Energy imbalance quantified by the di-jet asymmetry variable
% Study of the recoil energy looking at other particles in the event.

CMS, PRC 84 (2011) 024906

Tracks in Tracks out of
the jet cone the jet cone
All tracks AR<0.8 AR>0.8
AR I I( -I‘.II>|DI5:39IVI:: | L | L L I T 11 I-_ '(ci LI | LI I | T | LI | LN | '__ I(dl)l T I L L I 1T 171 | LI L | L I-
: — 0_5'_1.0 F—. 0-30% T cnso80% In-Cone T Qut-of-Cone |
40+ [ 1.0-2.0GeVic 1 AR<0.8 _| AR=0.8
. [ 2.0-4.0Gevre T Pb+Pb Vs, =2.76 TeV T
oo teve [ Jrat=e7uw’ 1 e
= 200 PR . o T 1
s —— —— __
S o
A
L
201 ]
s h
o lvv v v by by e v v v b v b v v b v v by s b by s by v by by
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 04
I AJ AJ AJ

balanced

excess in leading
jet direction

low p; excess away
from leading jet

D. Caffarri (CERN), IFAE 2015, 09/04/15
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Unbalanced jet
energy moved from
high to lower pr
(~pr < 8 GeV/c)
small to large
angles (AR > 0.8)




“I'ransparent probes™

Cius,

% Particles without color charge (produced in hard scatterings)

CMS, PLB710 (2012) 256, PRL106 (2011) 212301, PLB715 (2012) 66

- CMS

I | I I
PP |5, -

2.76 TeV

~ 0-10%, _[ Ldt=7 pb”

T [ T T T [ T T T ]
- T, uncertainty ]

= 7 lyl<2z0 |
—¥ W p::'-ZE GeVic |n'|<2.1 |

—&— Isolated photon  |n|<1.44 |

should not be affected by the interaction with the medium:
¥ Photons
¥ Electro week bosons (W, Z) oE
¥ CMS measured in central Pb-Pb ? -
collisions: . -
% Direct photons Raa~ 1 5
(PT > 20 GeV/c) 1
¥ Wand Z Raa~1
¥ No modification 0.5
observed
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Mass dependence of the energy loss

¥ Heavy quarks are produced in large virtuality process at the initial stage of
the collisions, with short formation time.

A e 0.1t << Foep 5 — 10 fm

D. Caffarri (CERN), IFAE 2015, 09/04/15 12



Mass dependence of the energy loss

¥ Heavy quarks are produced in large virtuality process at the initial stage of
the collisions, with short formation time.

At > 1/mc ~ 0.1 Im << TQGP 5—10 fm Gluonsstrahlung i)robability
% Gluon radiation of heavy quarks is suppressed Y o 0 +(m JE)T
due to the introduction of a mass term in the Q" Q
ropagator: 2\
RECAE dI o my | 1
¥ w— =W— x| 1+ —| —
dolypyy  dOlyeyy Ey) 0
ot __znaes
Q = <2 — e
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Mass dependence of the energy loss

¥ Heavy quarks are produced in large virtuality process at the initial stage of
the collisions, with short formation time.

Nt 1/mc ~ 0.1 fm << TQGP 5 — 10 fm Gluonsstrahlung probability

% Gluon radiation of heavy quarks is suppressed Y B (m JEVT
due to the introduction of a mass term in the Q7™
. 0) -2
propagator: d d my) 1
K 0— =0)— x| 1+ —| —
do| gz do|gur E,) 0
49299' __znaef —____
Q = <2 e o I
i — Charm dN_fdy = 1750 1

= = Gharm ngfdy = 2900
— - Botiom dN /dy = 2800 i

¥ Energy distribution of radiated gluons is

suppressed by an angle-dependent factor: + B (m,~5cev)
heavy quarks might lose less energy in the = | .
0.4 -~
s Dokshitzer, Khoze, Troyan, JPG 17 (1991) 1602. D ~1.5 GeV) ~~~_
medlum ? Dokshitzer and Kharzeev, PLB 519 (2001) 199. - (rr::; M e
? 0.2 h"n“--“q-___'_-_-_-—:
AE(light) >AE(c) > AE(b) =» Raa (1t) < Raa (D) < Raa (B) 00—t —— e
p; (GeV)
D. Caffarri (CERN), IFAE 2015, 09/04/15 12
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D mesons in ALICE

¥ First D Raa measurement in
heavy-ion collisions.

%¥ Strong suppression observed:

¥ - factor 5 for pr - 10 GeV/c
% possible rise at high-pr ?

D. Caffarri (CERN), IFAE 2015, 09/04/15

ALICE
D 2_I L T T T 1T T T T T T T | T T L I_
& 1.8 AD’ =
O [ ED" lyl05 ’
o 1.6_— .D*+ PRELIMINARY ]
I:E N 0-7.5% centrality ’
1.4 _ —
- Pb-Pb, \s=2.76 TeV -
1.2 :— Filled markers : pp rescaled reference _:
I~ Open markers: pp pT-extrapoIated reference ]
L ]
0.8 =
0.6 -
0.4H(| & Im -
E I| IF .I E
02__ I 7 + ]
O:|||||||||||||||||||||||||||||||||||||||:
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D mesons in ALICE

ALICE
* First D RAA measurement in D1.2_I | [ | T T | T T | T T | T T T T | I.I|I T | T I_
: S0 5 | Pb-Pb, s, =2.76 TeV ]
heavy-ion collisions. e | _
S e —
a " D° g<p_<16GeV/c -
% Strong suppression observed: & | . . Wi<o0s —
—*— — fact()r 5 f()r PT —_— 10 GeV/C Tt 1 Empty: Uncorrelated syst. uncertainties
3 - f > i ] iIIed: Correlated syst. uncertainties i
% possible rise at high-pr * ool Ml o ]
%¥ stronger suppression for more ! Ty i
central events 04 -
0.2l %ﬁ Eﬁ |
D", D" shifted by = 10 (N_) .
_I | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 1 I_
0 0 50 100 150 200 250 300 350 400
(N weighted with N )
part coll
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D mesons in ALICE

ALICE
* FirSt D RAA measurement in < 2_| 1T | T 11 | T T | T T | T 11 T T T 11 1T I_
heavy-ion collisions. (0 44 PPPD \sy=276TeV E
. 1 -6:_ . . ) FRELIMIMARY _:
* StrOng SuppreSSIOn Observed: : OAyerage D° D*, D™ lyl<0.5, 0-7.5% :
1.4 owith pp pT-extrapoIated reference —
* 2 factor 5 fOI' PT 33 10 GeV/C - = Charged particles, Inl<0.8, 0-10% ]
o . o 12— . o |
_* pOSSIble rise at hlgh_pT ? - oCharged pions, |T]|<08, 0-10% E
¥ stronger suppression for more 1_} """""""""""""""""""""""""""""""""""""""""" B
central events 0.8 .
0.6F -
¥ For pr > 5 GeV/c similar 0.4l __ E
suppression for D mesons and 0oF = ofF -
Plons O:| L1 1 | L 11 1 | L 11 1 | L 11 1 | L 11 1 | L 11 1 | L1 1 1 | L1 1 |:

0 5 10 15 20 25 30 35 40

o (GeV/c)
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D mesons in ALICE

ALICE
* FirSt D RAA measurement in < 2_I 1T | T 11 | T T | T T | T 11 T T T 11 1T I_
heavy-ion collisions. @C gf POPb,\sy =276TeV E
. 1 _6:_ . . ) PRELIMINARY _:
* Strong SuppreSSIOn Observed: - OAyerage D° D*, D™ lyl<0.5, 0-7.5% -
1.4 owith pp pT-extrapoIated reference —
* EE factor 5 fOI' PT >3 10 GGV/C - = Charged particles, Inl<0.8, 0-10% ]
o . . 12— . o |
_* pOSSIble rise at hlgh_pT? - oCharged pions, |T]|<08, 0-10% E
v 3 stronger suppression for more 1_} """"""""""""""""""""""""""""""""""""""""" B
central events 0.8 .
0.6F -
¥ For pr > 5 GeV/c similar 0.4l __ E
suppression for D mesons and 0o = o -
Plons O:I L1 1 | L1 11 | L1 11 | L1 11 | L1 11 | L 11 1 | L1 1 1 | L1 1 I:

0 5 10 15 20 25 30 35 40

¥For pr <5 GeV /¢ uncertainties p_ (GeV/c)

are too large to conclude on
possible energy loss mass effect

D. Caffarri (CERN), IFAE 2015, 09/04/15 13



D mesons and non prompt J/4

1.4||||||||||||||||||||||||||||||||
¥ ALICE D-mesons results compared =2 | "4 ALIGE Proliminary D mesons
B L B 8<pT<16 GeV/c, lyl<0.5
Wlth CMS non-pl‘ompt ]/ ll) 1n a 1.2 [ Correlated systematic uncertainties
i [] Uncorrelated systematic uncertainties

similar kinematic range:
% central rapidity region
¥ B and D mesons <pt> -10 GeV /¢ 08

® CMS Preliminary Non-prompt J/y
6.5<pT<30 GeVlc, lyl<1.2

H [_] Systematic uncertainties

CMS-PAS-HIN-12-014

o6t b
i : - ¢
¥ Indication of larger suppression 04 f ' n n
for D mesons than B mesons: -
¥ Raa (B) > Raa (D) - . -

T
I | I | I | 111 | ] IAI ] | L1

- Pb-Pb, \s,,=2.76 TeV
_I 111 | L 111 | I | | I | | I | | L 111 | I | | I
OO 50 100 150 200 2_50 300 _350 400
( N weighted with N )
part coll
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D mesons and non prompt J/4

¥ ALICE D-mesons results compared

with CMS non-prompt J/ip in a
similar kinematic range:

% central rapidity region

¥ B and D mesons <pt> -10 GeV /¢

¥ Indication of larger suppression
for D mesons than B mesons:

¥ Raa (B) > Raa (D)

¥ Models that include mass
dependence of the energy loss
predict a difference in the Raa of
D and B mesons

D. Caffarri (CERN), IFAE 2015, 09/04/15 14

<

<1.4IIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII
N m  ALICE Preliminary D mesons |
1 2‘ 8<pT<16 GeVlc, lyl<0.5 7]
L ¢ CMS Preliminary Non-prompt J/y -
B 6.5<p_<30 GeV/c, lyl<1.2 1
A OMS-PASHIN-12:014 _
- — = BAMPS, D
- L reresess BAMPS, B — J/y -
B —  — WHDG, D 7]
08— o ||| = eeeeeeens WHDG, B — J/y —
B [ —  — Vitev rad+diss, D |
I | (] IS LSRRI Vitev rad+diss, B — J/y |
0.6 |H.. H ,,,,,,,, H ............. N
-~ \;,:::.. .................................. ]
R \\,: .......................... @ ]
04 X @§I ..... l"‘""E |
— . § : ".\.. . —]
021 S~ T T
- Pb-Pb, \s =2.76 TeV T —
O I | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L1l
0 50 100 150 200 250 300 350 400
( N weighted with N )
part coll
L e —




D mesons: control experiment

¥ ALICE D-mesons Rppp compatible with unity.
¥ The D mesons suppression observed in central Pb-Pb collisions

comes from hot nuclear matter effects.

T
>

C
O
m_

1.6

1.4

1.2

0.8

Nuclear modification factor

—a— P-Pb, |5,,=5.02 TeV

-0.96<y <0.04

Pb-Pb, \5,=2.76 TeV
I ycmsl<0.5

—e— Centrality 0-20%
—— centrality 40-80%

0.6

0.4

0.2

_IIIlllllllllllllllmlllllll

OO

of
01_

| I20 |
P, (GeV/c)
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D mesons: control experiment

ALICE

¥ ALICE D-mesons Rppp compatible with unity.

¥ The D mesons suppression observed in central Pb-Pb collisions
comes from hot nuclear matter effects.

¥ Models including CNM effects (both saturation and shadowing can

describe the data)

T
>

C
O
m_

0.8

T T 1
—a— P-Pb, |5,,=5.02 TeV
-0.96<y <0.04

Pb-Pb, \s\,=2.76 Te

<

—e— Centrality 0-20%
—— centrality 40-80%

S

&

S 1.6 Average D°, D', D*
c

2 14

©

O

£ 12 ]
®)

E y |- +HHH&*‘P

o

L)

O )

S5

Z

0.6

0.4
0.2 _E_
0 I | I |
0 5 10

L_—o— |l

_IIIlllllllllllllllmlllllll

of
01_

P, (GeV/c)

D. Caffarri (CERN), IFAE 2015, 09/04/15

o) B T T T T | T T T T | T T T T | T T T T | T T T T | T T ]
n:% - ALICE p-Pb, {$5,=5.02 TeV 1
1.6 Average D°, D', D* -
B -0.96<y__ <0.04 i
1.4 7
1.2 i =
1__ .... IR T:':'—-:: ::l_-_: .......... |
T N ——gr I_
0.8F -
0.6 - —
0.4 —~
~ ---:CGC (Fujii-Watanabe) i
0.0 == pQCD NLO (MNR) with CTEQBM+EPS09 PDF ]
I Vitev: power corr. + k_broad + CNM Eloss i
B | | | | | | | | | | | | | | | | | | | | | | | | ]

OO 5 10 15 20 25
[ (GeV/c)
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(Juarkonia

¥ QGP signature proposed by Matsui and ' ,';-5{:. B
Satz in 1986. V@) / K 0
vacuum o® o
¥ In the plasma phase the interaction =t PR
potential is expected to be screened

beyond the Debye length Ap (analogous e .
to the e.m. Debye screening). c . . °.", .

¥ Charmonium and bottomonium states
with r> Ap will not bind, expected
suppressed production.

Matsui, Satz, PLB178 (1986) 416

¥ ... but if many charm pairs are produced, 3PS RHIC  LHC
uncorrelated ¢ quarks from the medium 20 GeV 200 GeV 2.76 TeV
could bind at the hadronization of the Nee 01 10 100

system and form charmonium.

D. Caffarri (CERN), IFAE 2015, 09/04/15 16



&

(Juarkonia e

n::(‘ 1 T ctve oy o PP (o= 270 oV o e {omm 02 7oV B
% At the low-pr (pr>0) : T2 0| 2 o prooizom o, 12 o ot 02
* ALICE observes a constant Suppression 1: L o
vs centrality. 0.8|
¥ The suppression is smaller than what 0.6
was observed at RHIC: 04
% predicted signature for regeneration 02f
% 50 100 150 200" 250 800 350 400
(Nt
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(Juarkonia e
m:E 1 4 Inclusive J/iy — u*w, Pb-Pb s, =2.76 TeV and Au-Au |s,, = 0.2 TeV
ALICE (PLB 734 (2014) 314), 2.5<y<4, O<pT<8 GeV/c global syst.= = 15%
'* At the IOW'pT (pT > O) : 1.2 |:| PHENIX (PRC 84(2011) 054912), 1.2<lyl<2.2, p >0 GeV/c  global syst.= = 9.2%
_* ALICE ObSeI'VQS a Constant SuppreSSIOn 1: et
vs centrality. 08}
¥ The suppression is smaller than what 06
was observed at RHIC: 0.4
% predicted signature for regeneration 02f
Lo b v b v b v b v b b by
oO 50 100 150 200 250 300 350 400
(N o)
|
m§1_4i CMS Preliminary '~ 1 E
- PbPb\/s\\=2.76 TeV ]
¥ At high-pr (pr > 6.5 GeV/c) : 12f -
‘ - PAS HIN-12-014
¥ CMS observed a suppression for ]/ ! :
with pr > 6.5 GeV/c. 3 j
o v - 048] Prompt JAp _
% Similar (but slightly smaller) LN E
suppression than at RHIC. : |
0.4_— ]
0.2 Iyl <2.4 =
- 6.5<pT<30 GeV/c i
0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

D. Caffarri (CERN), IFAE 2015, 09/04/15
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(Juarkonia

¥ At the low-pr (pr>0):
¥ ALICE observes a constant suppression
vs centrality.
¥ The suppression is smaller than what
was observed at RHIC:
% predicted signature for regeneration

Regeneration involves mainly low-pr
charm quarks?

Charm quarks take part in the evolution
of the system?

% Models that include recombination of
charm quark in a deconfined system can
describe J /1) suppression.

D. Caffarri (CERN), IFAE 2015, 09/04/15 17

ALICE

0.8

0.6

0.4}

1.2
.
o’
H sl
g[8 S — y
, .
- .
% .
.
.
.

1.4
:E Inclusive J/iy — u*w, Pb-Pb s, =2.76 TeV and Au-Au |s,, = 0.2 TeV
m 1 2 Il ALICE (PLB 734 (2014) 314), 2.5<y<4, O<pT<8 GeV/c global syst.= = 15%
) [] PHENIX (PRC 84(2011) 054912), 1.2<lyl<2.2, p >0 GeV/c  global syst.= = 9.2%
1 ; ox Y TP PP TR RPOPPPPRTRRRPPONE
0.8}
0.6
0.4F
0.2
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400
e — e —
< 147
0:< Inclusive J/y — u*w’, Pb-Pb |s, =2.76 TeV
W ALICE (PLB 734 (2014) 314), 2.5<y<4, 0<p_<8 GeV/c global syst.= = 15%

====: Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081)

02+ A0 Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)
: 7/ Transport model (X. Zhao & al., NPA 859 (2011) 114)
| == Shadowing+comovers+recombination (E. Ferreiro, PLB 731 (2014) 57)
OIIIIl III|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400
L — .



Quarkoniain pPb %

arXiv:1308.6726

p-Pb \s,,,= 5.02 TeV, inclusive J/y—p*u

% Differently from open HEF, J /)
production is sensitive to cold "' ..................................................................

nuclear matter effects: o
0.6F H%‘

—ﬂé at forward rapldlty the ] / 1‘) [ o ALICE: 0<p_<15 GeV/c, (arXiv:1308.6726)

025 LHCh: 0<p_ <14 GeVic, (arXiv:1308.6729)

production is suppressed by about NIV T TN TN

20% Y e

p-Pb \sy\=5.02 TeV

ALICE (JHEP 02 (2014) 073): inclusive J/y—u'w’, 0<p, <15 GeV/c
Lin (-4.46<y  <-2.96)=5.8 nb™, L, (203<y_  <3.53)= 50 nb™
ALICE Prelmnary inclusiv eJ/w—>ee P> 0

L (137y 043) 52 ub’

¥ models including shadowing and =
coherent energy loss

global uncertainty = 3.4%

0.8}

0.6] 1

| I EPS09 NLO (Vogt)

04 ~# CGC (Fujii et al.)
N ELoss, q, =0.075 GeV%fm (Arleo et al.)

| [T EPS09 NLO ELoss, q=0.055 GeV?/fm (Arleo et al.)

0 2 - EPS09 LO central set (Fe rreiro et al.)
"= L ... EPS09 LO central set + = 1.5 mb (Ferreiro et al.)
[ ===. EPS09 LO central set + "abs = 2.8 mb (Ferreiro et al.)
O-III|IIII|IIII|III[lllIlllIII|IIII|IIII|IIII|III

4 3 2 1 0 1 2 3 4
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Conclusions

¥

¥ High-pT particles are suppressed also at pr > 20 GeV/c
¥ Compatible with models that include gluon radiative energy loss

* Jet quenching observed at event-by-event level
* quenched energy radiated out of the jet cone at large angles via low-pr
particles

¥ D mesons are more suppressed than non-prompt J/ in central Pb-Pb
collisions. This can be explained by models that include mass dependent
energy loss.

¥ J /1 seems to be:
* “regenerated” at low-pr ?
* suppressed at high-pr

% For (almost) all hard probes the pA results indicate that are not much
affected by initial state effects
¥ Only J /4 is affected in particular in forward region.

D. Caffarri (CERN), IFAE 2015, 09/04/15 19
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The ALICE experiment

Central barrel: Inl<0.9
Tracking Detectors: ITS - TPC
PID: TOF - HMPID
Calo/PID: EMCAL - TRD

D _
DID ' | Muon spectrometer:
- . ‘
-4 <n<-25
g u-ID via tracks matched
- , L between tracking and
N - = trigger system

‘ Muon spectrome_ter_
= Trigger and centrality
M determination detector in

forward region.

D. Caffarri (CERN), IFAE 2015, 09/04/15 19



From single particles to jets...

% Jets can be used as a tool to understand where the radiated energy went.

% In cone radiation:
% particles would be quenched inside ot of come radition
the jet increasing his “area”: jet s

broadening E§ @Q
¥ Out of cone radiation: In cone radiation:

* partiCIeS WOUld be emltted OUtSide Of Jet broadening
the jet cone, suggesting a Raajets< 1

S — ——

D. Caffarri (CERN), IFAE 2015, 09/04/15 20



From single particles to jets...

% Jets can be used as a tool to understand where the radiated energy went.

% In cone radiation:
% particles would be quenched inside

Out of cone radiation:

the jet increasing his “area”: jet Tt R
broadening : §
'*' Out of cone radiation: In cone radiation:
- : : Jet broadenin
% particles would be emitted outside of t ’ ,
the jet cone, suggesting a Raajets< 1 12

L ALICE Pb-Pb |5,,=2.76 TeV

¥ Measured Rapjets <1 !!
¥ Energy radiated at large angles, outside
the jet

0 50 100
ALICE, arXiv:1502.01689 p, ,(GeVio)

P

D. Caffarri (CERN), IFAE 2015, 09/04/15 20




Jet shape modification

* Jet fragmentation function
* energy distribution of
particles within the jet

* Expectations from parton energy
loss: fragmentation should get

softer

* [epletion at high-z
* Enhancewent at low-z

D. Caffarri (CERN), IFAE 2015, 09/04/15
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14

12
10

o B~ ON oo

particle
P, T

Jet
PT

A

£ = log "~
VA

* OPAL, V5=192-209 GeV
— in vacuum, E;,, =100 GeV

---- in medium, E;,=100 GeV
* TASSO,vs=14GeV
--- in vacuum, E;, ;=7 GeV

- =-=in medium, Ej,=7 GeV

Borghini,Wiedemann, hep-ph/0506218



Jet shape modification

* Jet fragmentation function measured at the LHC

peripheral “pp-like”

10 |- CMS Preliminary

central A

i o POPD Systematic uncertainty '+ Jetp, > 100GeVic, j <2

L, = 129ub" pp reference i Trackp, >1GeVic r<03
g . r_'jl" T 1 [0 © R 1 - o ® — 1 o ® -
i M wt o =¥ = 3N & k
Z [ T e - : o
© | } J
giw"i u‘ir‘l . ~ .1
~ . 50% - 100% il 30% - 50% 10% - 30% ' 0% - 10%
- ! CMS PAS HIN-12-013
10°¢ E3 - 3 - - 3 o 3
S : ~;

25} 3 3 : ! PbP io i
;@B @ oo
5 A : § , ' 1 if there is no
Q ¢ 3 ® 13 ] .
£ 13 t I - * . medium effect

1?‘ .“""o.'.”'.”‘. “00000 ...00 ... ..Oo 0. ?(----
05} :
o T N T N O §0 1 2 3 4 50 1 2 3 4 5 B |
£ =In(1/2) g =In(1/2) i i i g In1/2)
-« > @0 modification at high p; Enhancement of
High p, Low p; low p; particle
particles  particles

Suppression of intermediate
particle p, in the cone

A clear centrality dependent modification of the inclusive jet fragmentation

functions in PbPb collisions!

D. Caffarri (CERN), IFAE 2015, 09/04/15 2



Jet-boson (v, Z) correlation

* [E¢ = Biet Pirect measurement of total jet energy
* First measurement of y-jet pT imbalance pTiet / pT?

PLB 718 (2013) 773

D. Caffarri (CERN), IFAE 2015, 09/04/15

* Large imbalance observed in central collisions!

* With future LHC runs:
* very precise measuement of medium
modified fragmentation functions
* Ditterential studies as a function of event
geometry and shape

22



Di-jet azimuthal correlations

* No visible angular de-correlation in A wrt pp collisions

30-50%

50-100%

—a— PbPb \5,=2.76 TeV

p,,> 120 GeVic

—=— pp \5=7.0 TeV

—
<

P, 50 GeVic

—— PYTHIA+DATA
Iterative Cone, R=0.5

~=PYTHIA
Anti-k,, R=0.5

Event Fraction

-
o
[\

1073
|.Hl|.lll o e |
0-10%

10"E
8 -
S

©
L

£107

>
L

K

15 2 25 3

* Large imbalance on jet energy but small effect on jet direction.

D. Caffarri (CERN), IFAE 2015, 09/04/15 25



Jet Raa: control experiment

¥ Jets Ryrp measured by ALICE shows consistency with Raa = 1
¥ Jets Raa suppression measured in Pb-Pb collisions is a medium effect

o T
% 1.8F ALICE p-Pb sy, =5.02 TeV

@ | Charged jets, anti-ky, In_1<0.5

1.6 [ Reference: Scaled pp jets 7 TeV

1.4}
- Global normalization uncertainty

1.2F

0.8}
0.6}
0.4}

0.2F Resolution parameter R = 0.2

2 | I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

1F se= HH+—+—

O'I...I...I...I...I..

20 40 60 80 100 120

ALICE, arXiv:1503.00681 P, ohjet

D. Caffarri (CERN), IFAE 2015, 09/04/15

(GeV/c)

S

24

| ALICE Pb-Pb {s,,=2.76 TeV

0 50 100
ALICE, arXiv:1502.01689 P, (GeVic)
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Di-jet energy imbalance: control experiment

* [n p-Pb collisions no significant difference wrt pp collisions for di-jet

events
* No significant imbalance for high-pT di-jets in p-Pb collisions

vvvvvvvvvvvvvvvvvv
-

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

E CMS Preliminary p,,> 120 GeVic 1 anti-k,(PFlow) R=0.3

03

So2sk prJ- L dt=18.48 nb" p,,> 30 GeVic $ a0, > 213 :

s 4 . S _F (0-100)% Ey "< 20 Gev $20GeV<E, "<25Gev 1
* Di-jet imbalance S oap -
- 20.15F 7

observed in Pb-Pb &k .;

8 8 8 = 3

collisions is an effect :

. : 3 ¥ N ;

of the medium | S

S0.25F + 3 —— PYTHIA :

O oof 25GeV=E""<30Gev 1 30Gev<E; " <s0Gev 1 ET"-40Gev

go | H .

- 3

02 04 06 "‘55‘-“':: 02 04 06 08
s pT.Z/pTJ
* (aveat: instead of A;j here the
ratio of the two jets pT is Pl e Al O

considered

D. Caffarri (CERN), IFAE 2015, 09/04/15 25



How to measure heavy quarks?

* Leptons (e, p) from sewileptonic decays of
hadrons containing heavy quarks.

* |nclusive measurement (i.e. cannot
distinguish between charm and
beauty decay)

* Larger BR for those channels than
exclusive reconstruction.

* Broad correlation between leptons
and hadron.

* Fully reconstructed P mesons:
* Exclusive measurement (charm only !)
* Secondary vertex reconstruction
important to reduce the background!
* Vertex detector !

D. Caffarri (CERN), IFAE 2015, 09/04/15 26



D mesons in ALICE

* Displaced vertex

topology used in the
reconstruction.
* lnner Tracking System
with 6 Si layers:
two pixels layers at 2.9
and 7 cm
— 200 ey .
s 180 Pb-Pb,\/Syy = 2.76 TeV, min. bias
§ oo :
8 140- -
% 120;_ ;[S)frl:lilation with residual misalignment_;
© 100:_5 ° (only id. pions for p, <2 GeV/c) B
80— "¢ . E
60 S . =
40F Rl T YO -
203— sy o *
P, (GeVlc)

D. Caffarri (CERN), IFAE 2015, 09/04/15

v DY - K-zt
D — Kntn*
D** — DO+
D" — ¢n* — K-K*m
In| <0.9
ITS: tracking, vertexing

'@ TPC: tracking, PID
TOF: K-ID

* lmpact parameter resolution -60um
for pT = 1 GeV/e

27



How to measure heavy quarks?

* Non-prompt J/y from B hadron decays.
* First ‘direct” beavty measurement
* Exploit the displacement of J/p of .
~hundreds ym in the fransverse plane. —T.

* Simultaneous fit of pseudo-proper decay
length (Lyy) and invariant mass.

* Displaced electrons coming from B hadron g raweramm
decays. R e
* |solate the contribution of electrons ? SIS T

coming for B hadrons using the larger
impact parameter. e - S
* Fit of the different component in the - G
impact parameter distributions. Ml Ml 01
ALI-PREL-74705 dca x sgn(charge x field) (cm)

D. Caffarri (CERN), IFAE 2015, 09/04/15 28



HF electrons @ LHC

* |nclusive measurement (c*b) using electrons and muons

i(( 2 T N L R
T8l -
ol POPD, Sy =276 TeV oAty ]

L A Heavy flavour decay u* 0-10% central, 2.5<y<4.0
1.4 L Heavy flavour decay e* 0-10% central, lyl<0.6 _'
" e with pp ref. from scaled cross section at Vs=7TeV

- % with pp ref. from FONLL calculation at Vs = 2.76 TeV

0O 2 4 6 8 10 12 14 16 18
pT(GeV/c)

* (lear suppression also for HF leptons at the LHC.
* Rise at high pT? Need wmore stat.

D. Caffarri (CERN), IFAE 2015, 09/04/15 29



HF electrons @ LHC

* |nclusive measurement (c*b) using electrons and muons
* Displaced electrons coming from B hadron decays

< 2 | T [ T T T T [ | LN I R B B B | i
<< |
m18__ _ é2.5_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
Or i o B A
- ALICE | - — _20°
. oL Pb-Pb, sy =276Tev  GRHECE 1 - Pb-Pb, \s\\ =2.76 TeV, 0-20% centrality ]
oA Heavy flavour decay u* 0-10% central, 2.5<y<4.0 ] 2 —4—Db(—>c)—>elyl<08
1.4 L Heavy flavour decay e* 0-10% central, lyl<0.6 _' [ syst. uncertaint
"I e with pp ref. from scaled cross section at Vs = 7 TeV i B yst. u ’ y )
1oL *  with pp ref. from FONLL calculation at Vs = 2.76 TeV B 15 " + [ nomalization uncertainty 7

l """"""""""""""""" % | me
- M&ﬁ@%ﬁ*@ﬂﬂﬁ o Vi nana n

B _l 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 |_
0.2r 0 1 2 3 4 5 6 7 8

O:|||||||||||||||||||||||||||||||||||_ pT(GeV/C)

0O 2 4 6 8 10 12 14 16 18
pT(GeV/c)

* (lear suppression also for HF leptons at the LHC.
* Rise at high pT? Need wmore stat.
* Suppression also for HFe from B decays but systematies still large to
conclude

D. Caffarri (CERN), IFAE 2015, 09/04/15 30



Heavy flavour vy

collectivity?

* Pue to their large mass they should

“feel” less the collective expansion

* High-pT” probe the path length

* Low-pT: do heavy quarks take part in the

dependence of the heavy quarks energy

loss

02
0.18
0.16
0.14

0.12

008 |
0.06 |
004 t i
002 |;

00

PbPb sqrts = 2.76 TeV min bias |
—— B-mesons

p; [GeV]

J. Aichelin et al. in arXiv:1201.4192

D. Caffarri (CERN), IFAE 2015, 09/04/15
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Heavy flavour vy
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* What is the origin of this v2 7 charm quark flow?
* |mportant precision measurement with future runs
* Do beauty quarks show siwmilar pattern ?

D. Caffarri (CERN), IFAE 2015, 09/04/15



Raa vs Event Plane
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Reaction:

plane

* Larger suppression if quarks
has to travel in a larger “part”
of matter.



Ds in PbPb collisions

* Abundance of strange quarks in the QGP (strangeness

enhancement)

* Large Ds enhancewment expected if ¢ quarks recombine in the

QGP (recombination/coalesence models)
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Ds in PbPb collisions

* From the experimental point of
view is quite difficult fo
measure the Ds

* ¢t - 190um
* very high combinatorial
background

* First measurement (ALICE):
* [)s seems to be less
suppressed than other D
mesons but data are not
conclusive.
* Need next LHC run!
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Raa prompt D
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with viscous hydro evolution

HQ transport (Langevin) +
quasi elastic scattering +

recombination +
fragmentation

044907) radiative energy loss
[ ]
m d ls m I.IS n MC@sHQ+EPOS2 FONLL, no shadowing 3+1d fluid dynamical HQ transport (Boltzmann) + recombination +
O e CO p a O (Phys Rev C 89 (2014) expansion (EPOS) radiative + fragmentation
014905) collisional energy loss.
MC@NLO, no shadowing | 3+1d fully dynamic parton | HQ transport (Boltzmann) + fragmentation

(Phys Lett B 717
(2012) 430)

transport model

collisional energy loss
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FONLL + EPS09
shadowing

transport + 3+1d ideal hydro
evolution

HQ transport (Langevin) +
collisional energy loss +
diffusion in hadronic phase
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fragmentation
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(arXiv:1211.6912)
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collisional energy loss
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Bottomonia at LHC

& 50 |
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* Very good muon reconstruction and momentum resolution to
allow Y states discrimination.
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Events / ( 0.1 GeV/c?)

Bottomonia at LHC
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* Very good muon reconstruction and momentum resolution to

* (lear suppression of the excited Y states that are less

bounded than the Y(1S) one.

CMS, arXiv:1208.2826 and PRL 109 (2012) 222301
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allow Y states discrimination, in both pp and PbPb collisions.



-onia suppression at LHC

* Putting all quarkonia results
together from the CMS experiment:

* Excited states are always wmore
suppressed than the ground state.

* s really binding energy driving the
quarkonia suppression?

* |mportant caveats:
* cenfrality and pT ranges
* regenerations
* initial state effects (pAll)
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J/ in pA collisions

* J/p production in pA collisions measured by the ALICE and LHCb detectors.
* Both of them are ‘asymmetric” detector for what concerns J/y
reconstruction.

* Pata collected in two configurations:
* p-Pb:
* p going through the muon arm (forward direction)
* X investigated:
* Pb-p:
* Pb going though the muon arm (backward direction)
* Xinvestigated:

20 = E -4.46<yys<-2.96
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J/ in pA collisions

* Differently from open HE J/y

production is sensitive to cold nuclear

matter effects:

* at forward rapidity the J/yp

production is suppressed by about

207

* wodels including shadowing and
coherent energy loss

D. Caffarri (CERN), IFAE 2015, 09/04/15
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J/ in pA collisions

* Differently from open HE J/y

production is sensitive to cold nuclear

matter effects:

* at forward rapidity the J/yp
production is suppressed by about

207

* wodels including shadowing and
coherent energy loss

* at forward rapidity the suppression
seems to be driven by low-pT J/y

* at backward rapidity the slight
enhancewment seews to be driven by

high-pT J/y

D. Caffarri (CERN), IFAE 2015, 09/04/15
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When we consider all data together...

* Evalvate CNM effects with pA data:
* 2 -1 kinematics for J/p
production
* ONM effects factorize in pA
* CNM evaluated as Rya x Rap Since the
X coverage is similar as PbPb

* CNM effects don't explain the
suppression observed at high-pT, that
it is then coming from hot medivm
effects.

* (lear pT trend observed when
considering the ratio of the Raa in the
two collisions system:

* guppression at high-pT
* enhancewent at low-pT
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Y production in p-Pb

* Y production in p-Pb collisions
measured by ALICE and LHCb at
forward rapidity, by CMS at wid-
rapidity.

* Siwilar suppression for Y(1S) at
forward and backward rapidity,
even if LHCh data systematically

higher than ALICE ones

* |n p-Pb collisions excited Y

states suppressed with respect

to pp collisions.
* Similar etfects for the Y(29)

and Y(3S) with respect to the
ground state.
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P(25) in pPb

B Ryrp multiplicity and momentum
integrated:

B Both backward and forward rapidity -\

clear suppression observed. Final
state effect?
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