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OUTLINE

A selection of recent ALICE Pb-Pb and p-Pb results on:

®* Global observables

® Jet quenching

®* Heavy-flavour production
® Quarkonia production

Is p-Pb just a “control” experiment?



HEAVY-ION PHYSICS

ﬂ QCD predicts a phase transition from hadronic matter to a deconfined
phase (at high temperatures)

QGP at u~0 similar to early Universe (~ few first us)
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Big  quark-gluon proton & neutron formation of formation of star dispersion of today
Bang plasma formation low-mass nuclei  neutral atoms formation
Tusene  >1077K LK 10° K 4,000 K A 3K,
time 10-"s 4 3 min 400,000 yr 310 yr =3 % 107y 14310 yr

Temperature

‘ First signal of QGP formation
at SPS and RHIC
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Hadron Gas

ﬂ LHC: detailed investigation of _

QGP properties = R
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DATA SAMPLES

Pb-Pb 2.76 2010 ~10 pub-1 Study of hot
2011 ~100 pb? and dense QGP
matter
p-Pb 5.02 2012 ~0.8 ub Investigate cold
2013 ~15 nb-! p-Pb nuclear matter

effects and

~15 nb-! Pb-p much more...

ﬂ In addition (not covered in this talk)

pp collisions at Vs = 0.9,
2.76, 7, 8 TeV

* reference for Pb-Pb and p-Pb
® genuine pp physics program




FOCUS ON p-Pb COLLISIONS!

ﬂTooI to investigate Cold Nuclear Matter effects
- Reference for Pb-Pb collisions

ﬂ First measurements show that in p-Pb
physics there are hints of collective effects

as
* Double ridge structure

* Non-zero v, + v, mass orderin
2 2

2 “Prg < 4 GeVie
<2GeV/c

p-Pb |5, =5.02 TeV
| \(0-20%) - (60-100%)

ﬂ High multiplicity p-Pb similar to Pb-Pb
- Is there a link between p-Pb and Pb-Pb? S



WHAT CAN WE LEARN FROM p-Pb AND Pb-Pb

COLLISIONS?

_J Soft probes

multiplicity, energy density, collective flow

- Access to the global properties of the system

_ ¥ Hard probes

jets, EW bosons, heavy-flavour, quarkonia

- Access to initial and final state effects, access to transport
properties
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GLOBAL PROPERTIES
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Denser and hotter system!
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p-Pb sSOURCE RADIUS

_ AL1c
ﬂ Comparison of source radii in pp, p-Pb and Pb-Pb can provide :
infos on the role of
-~ similar freeze-out —~ larger freeze-out radius,
radius in p-Pb and pp p-Pb more similar to Pb-Pb
First extraction of femtoscopic =~ £ [ — GLASMApR,
radii with 3 = cumulants ; O__ — GLASMAP-PbR ., .o |
._g | GLASMAPb-PbR . o
For a given multiplicity: 8 f CJCHASMARR,,, e
8- [ |GLASMAp-POR o .
p-Pb radii 5-15% larger than in pp - [ ] GLASMAPb-PbR, g
Pb-Pb radii 35-45% larger than in p-Pb 6 ¢ ALCEpp -
. o ALICE p-Pb
4|~ ° ALICEPb-Pb _
p-Pb and pp can be reproduced by i
initial conditions from saturation ol ]

(GLASMA) (p-Pb may accommodate
also hydro)

Pb-Pb requires hydro-dynamical phase

10 12 10
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COLLECTIVE FLOW

m) Initial spatial anisotropy of the overlap
region of colliding nuclei

- anisotropy in momentum space
through interactions of produced
particles

'i

Measured by the extracted from the Fourier
decomposition of particle azimuthal distributions relative to the reaction
plane

ng ~ 1+ 2v, cos (2((,{) ‘URP)) -+ higher harmonics (v;, v,, ...)

Vv, provides a measurement of collectivity
- constraints the properties of deconfined medium

®* Large mean free path - particles stream out isotropically, no

memory of initial asymmetry (ideal gas)
®* Small mean free path - large density and pressure gradients,

larger momentum anisotropy (ideal liquid)12



V, OF IDENTIFIED PARTICLES

ﬂ Identified particle v,{SP} (

- allows for precision measurements

* add constraints to initial conditions, particle production mechanisms
* probes the freeze-out conditions of the system
* checks the number of constituents quarks scaling

Low p:

mass ordering

- attributed to interplay
between radial and elliptic flow

Qualitative description with
hydrodynamical calculations +
hadronic cascade model

- small n/s favoured

v,{SP,|An| > 0.9}

High p+:
particles tend to group into
mesons and baryons

ALICE 10-20% Pb-Pb |5, = 2.76 TeV




ﬂ ¢ (heavy meson) is of particular interest as testing ground for
mass ordering and baryon-meson grouping

v.{SP,|JAn| = 0.9}

0.4

ALICE 10-20% Pb-Pb | 5, = 2.76 TeV

ALICE 40-50% Pb-Pb | 5, = 2.76 TeV

_|F|+ﬁ n p ¢ _lp+ﬁ uiii *
o o AL LL I
B 8 . . o &'.'.l." g
[ | ﬂﬂa}.
& o
0 > 4 0 > 4
p, (GeVic) p, (GeVic)

* Low p-:
v, follows mass
ordering

* High p+:

Vv, close to p in
central collisions
and close to = in
mid-central

Mass (and not number of constituent quarks) is main driver for v, in

central Pb-Pb - consistent with hydrodynamic picture

Scaling with number of quark constituents violated by 20%, in
particular in central collisions

14



HADRON-HADRON CORRELATIONS IN p-Pb

Two particles (An, A¢) correlations are a tool to explore particle
production mechanisms: unexpected observation of an underlying-LICe

azimuthal anisotropy in high-multiplicity p-Pb collisions

ngh multiplicity Low multiplicity High - Low
™ < 4 Gavle PP | 5, = 502 TeV J-cpm‘:dﬂﬂ':c p-Ph |5, = 502 TeV 12y, < %GV + pPb s, = B.02 TV
1< n < 2 GeWic - _ u.zu-ﬁ 1<p ., ST 0V - 60100 LR L [0-20°%) - (60-100%)

(rad )
=

1 Pl
Ny dindbep
-k
L]

1.0-

Doub}e ridge structure

Double ridge described ~ Ees emimsomer - o

by both color glass g B 2 IS et decion | REMAINING

condensate (initial state 3°* - mmasined - correlation: two

effect) or hydro (final 082 twin long-range

state effect) Fool .| structures

(PLB719 (2013) 29) Moo B (double ridge)
U-?Eh._...'..u ...... P RN P S 15



HADRON-HADRON CORRELATIONS IN p-Pb

N
ﬂ h -, K, p correlations %%’/\
ALICE
o) 0-25_""I""I""I""I""I""I""I""I_
= ~ ALICE |An| > 0.8 (Near side only) _
(‘;1 - p-Pb |s,=5.02 TeV .
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ﬂ v, extracted from two-particles correlations

® Mass ordering at low p+
® Crossing at py~2GeV/c 16

Qualitatively similar to Pb-Pb and consistent with hydro-predictions



Multiplicity

-

* looser correlation between N, and impact parameter

* looser correlation between N, and multiplicity
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- Glauber-MC p-FPb Vem = _IJE'_TEU 5 EEUUUU - Glauber-MC Pb-Pb |'s,,, = 2.76 TeV ; j-l_
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Fluctuations might induce a bias in the centrality determination
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CENTRALITY IN p-Pb

- minimizes the bias

ﬂ Npare @and N, obtained assuming one out of:

* forward dN./dn~ N, "P=N, -1
* mid-rapidity dN /dn ~ N,

Qpa instead of R,, due to potential
bias from the centrality estimator,
not related to nuclear effects

i deA/de
PA <NCD||> dNDD/dPT

Flat Qpp, at high p;for all
event activity classes

mult
Q

pPb

1.8

1.6

1.2

1

0.8

0.6

ﬂ Event selection based on Pb-going neutron energy released in ZDC

1.4

ﬁfm&#ﬁli

p-Fb ”5““ =502 TeV

. Charged particles | 1| <0.3
Zn 4+ ™"
col

I Syst.on <T }
¥ Syst.on normahzatlon
O Syst on dN!dp

0-5%

«  5-10%
« 10-20%
o 20-40%

40-60%
60-80%

» 80-100%

-




HARD PROBES
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1.8  ALICE, charged particles 1 dN AA / de

—
O'J
|

l
T
=3
T
=3

@ R, (p,)=
_-l- =5.02 TeV, . <V P )_
- @ PPb |8, =502TeV, NSD, |n, | <03 CD et <Ncoll> dN ,, | dp;

\Syn = 2.76 TeV, 0-5%central, | | <0.8
s Pb-Pb \s,, =2.76 TeV, 70-80% central, | | < 0.8

if Rya # 1 > (hot or cold) medium

{if Rapr = 1 2 no nuclear effects
effects

)
e
)
= =
=1 e
E= =T
:
= =7

ﬂ Strong suppression of charged
§ - hadrons in Pb-Pb, wrt pp, up to

TR L very high momenta

ool b b b beva b Laay

Ll L1 I
0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c)

ﬂ p-Pb results confirm that strong
suppression in Pb-Pb is due to

PRL110 (2013)082302 hot nuclear matter effects



[ T | T 1T T 1T
[ = ht, Pb-Pb (ALICE)
© A K, Pb-Pb (CMS)

Sy = 2.76 TeV, 05%

" @ it pPb (5o = 5.02 TeV, NSD (ALICE] |
* ¥, Pb-Pb {5y = 2.76 TaV, 0-10% (CMS)
& W Ph-Pb VS = 2.76 Tev, 0-10% (CMS |
v 2" Pb-Pb V5= 276 Te, 0-10% ((_ZMSJ_:

arXiv:1405.2737

b b b b b b b by by g Py g
0O 10 20 30 40 50 60 70 80 90 100
p. (GeV/c) or mass (GeV/c?)

1 dN,,/dp,
NCOH) dep /de

RAA (PT) = <

{if Rapr = 1 2 no nuclear effects

if Rya # 1 > (hot or cold) medium
effects

] ﬂ R, consistent with 1 up to 50 GeV/c

:‘ p-Pb results consistent with binary

scaling (in Pb-Pb collisions, binary
scaling is observed only for
observables not affected by QCD
matter, as direct photons and
vector bosons)
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HARD PROBES: JETS

Suppression of jet yield
Broadening of jet shape
di-jet imbalance

o | ALICEPreiminary  Pb-Pb sy =2.76 TeV Strong suppression of jet yields in
(b etk R =02 |<05 most central Pb-Pb collisions (down
plemne =5 GeVic to 30 GeV/c)
R 0-10% Pb-Pb - Moderate increase of R,, with
T 10. 200 increasing p+

Dependence on centrality class

Jet energy is moved from
high to low p; and from small
to large angles (with respect
%IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII to the jet aXis)
120
0 40 50 60 70 80 90 100(&18; y  ALICE low-py reach allows to recover
p.  (GeVic . mﬁ

15 of jet fragments




HARD PROBES: JETS

Suppression of jet yield
Broadening of jet shape
di-jet imbalance

a —e— ALICE charged jets p-Pb 5.02 TeV ) ) ]
= [ p-Pb anti-k; jets R=0.4, [/<0.5 section in p-Pb relative to pp

Reference: Scaled pp jets 7 TeV
wemen Systematic uncertainty

g 2T ————71————————— I No modification of jet cross

15}

- no significant cold nuclear
matter effects observed in jet
measurements in p-Pb

[ Uncertainty reference +

05 ._GlauhEr _

Pﬂl,l;EIEFlER‘r b
0' P B PP TP (pp reference for R pPb at
20 40 60 80 sy = 5.02TeV obtalned
h V/ NN
Prjo (G€ c) scaling the 7TeV pp

spectrum with PYTHIA)



HEAVY FLAVOUR: ENERGY LOSS

ﬂ Heavy quarks are produced in initial hard scattering

. . : colour triple -——)*@(ﬁyﬂ
and experience the full system evolution Vs mb, o ¢
. g: colour octet rmfoﬁ_\pséb
Uniqueness of heavy quarks: cannot be 5 o, codi
destroyed/created in the medium oo Pt

c: m~1.5 GeV, Co=4/3
b: m~5 GeV," Cg=4/3

® Elastic collisions with medium partons

® Properties of the medium
® Path length

A2 o .
(AE) oc O‘SCRQL Parton properties

Casimir factor (color-charge dependence)
- 3 for g, 4/3 for q interactions

Dead cone effect (mass dependence)

- Gluon radiation is suppressed for

which might lead to angles 9<Mq/Eq

Energy loss AE in the medium depends on:

24

‘ Heavy flavor abundantly produced at LHC - allow precision measurements
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Pb-Pb due to strong final state
effects induced by hot partonic
matter 25

Strong suppression of prompt D
mesons in central collisions
- up to a factor of 5 for p; ~10GeV
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shapes and fragmentation functions)
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®* In agreement with expectations:
Raa(B)>Raa(D)
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but improved accuracy needed to
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theory taking into account different p;
shapes and fragmentation functions)
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pQCD models including mass
dependent radiative and collisional
en. loss predicts a difference simiéaf
to the one observed in data



HEAVY FLAVOR: ELLIPTIC FLOW

Due to the large mass, b and c quarks should take longer time to be
influenced by the collective expansion of the medium (=2 v,2<v,°)

Heavy-flavor v, measurements probe:

® : collective motion, thermalization of heavy-quarks
* : path-length dependence of heavy-quark energy loss
S LA A A At A RS R LY R L) L) LAL) LA L R VA L) L) LA R R R L bl
| PbPb, \8=2.76TeV [ ] syst romaata _
0'4': Pb—Pb ___ ¢ Charged particles, v,{EP,|An|>2} T ‘$7

e

I \‘\":] o L 1
L 9\\ " 4
’ 'Olj‘ ¢ o o OFf m
-0.2- + +
Centrality 30-50%

[ Centrality 0-10% | Centrality 10-30%

-lllllllllllllllllli]llllllllltllllti_illl]llIlLlllllllilllll]lllll]llllll lli]lll[]JlIlLJllllhillullllllllll-
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
P, (GeV/c) P, (GeV/c) P, (GeV/c)

Non-zero v, observed in semi-central Pb-Pb collisions
(hint of increase from central to semi-central collisions)

v, (D) ~ charged particle v,

Confirm significant interaction of charm quarks with the medium >
suggest collective motion of low p; charm quarks in the expanding firel:%éﬁ



HEAVY FLAVOR: ELLIPTIC FLOW

ALIC
ﬂ Due to the large mass, b and c quarks should take longer time to be :

influenced by the collective expansion of the medium > v,P<v,¢
Heavy-flavor v, measurements probe:

® : collective motion, thermalization of heavy-quarks
* : path-length dependence of heavy-quark energy loss

Challenging description, for theory, of nuclear modification and
charm flow measurements together
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: S = 2- E
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QUARKONIA
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QUARKONIA IN p-Pb AND Pb-Pb

HLICE
ﬂ Quarkonium is one of the main signatures 2 B
for QGP formation £
ﬂ-g ]l P - 2— Y(15) 4
- strongly affected by the hot medium: 2 e
= e e & sequential suppression N G
suppression vs. recombination > | e
See Indranil Das’s talk Energy Density
Xiv:1311.
:(r_ 1.4 [ | Inclusive Jiy — p*u’, Pb-Pb {5 = 2.76 TeV and Au-Au s, =0.2 TeV f:: 1-47 Inclusive J/y — e*e’, Pb-Pb ys = 2.76 TeV and Au-Au \[sT,,:Oa.zrreVIV 11 0214
c ] m ALICE (arxiv:1311.0214), 2.5<y<4, 0<p <8 Gevic global syst.= + 15% @ [ @ ALICE(arXiv:1311.0214), Iy|<0.9, p,>0 GeVio global syst.= +13%
1 oM " 1.2 .
[0 PHENIX (PRC 84(2011) 054912), 1 2<|y|<2.2, p >0 GeV/c  global syst.= = 9.2% [ O PHENIX(PRC84(2011) 054912), [y|<0.35, p,>0 GeVic  global syst.= +12%
1{] 1
W ALICE 2.5<y,,<4 :
08/ iy PHENIX 1.2< <2.2 08¢
U 2< ]y 1 <2. : @ .
0.6 @ I . 0.6 1 4
04f @ ﬂ@ a 0.4- H @ @
02} 9 5 @ © PHENIX |y, 1<0.35
[ I | ‘ L1 ‘ L] | || ‘ | ‘ | | ‘ I | ‘ I |
08 ior 0 200 286 a6 e dmo 0 %0 i im0 0 250 306 350 oo
(N_ ) (N

part

ﬂ Pb-Pb: clear ]/y suppression with almost no centrality dependence above
Npart~100. Less suppression at mid-y wrt forward y for central events

Comparison with PHENIX: ALICE results show weaker centrality 31
dependence and smaller suppression for central events




ﬂ Quarkonium is one of the main signatures

QUARKONIA IN p-Pb AND Pb-Pb

for QGP formation

- strongly affected by the hot medium:

suppression vs. recombination

ALICE

statistical regeneration

T/Te 1/{r)

[

.......................... 2 L] vas)
%(1P)
2 [0 3/u01S)

=1 x(1P)

J/'V Production Probability

sequential suppression

See Indranil Das’s talk Energy Density

p-Pb \s,,= 5.02 TeV
ALICE (JHEF 02 (2014) 073): inclusive Jiw—u*y, l:lucp_rc 15 GeV/c
L., (-4.46<y__ <-296)=5.8 nb",L_ (2.03<y__<3.53)= 5.0 nb"
ALICE Preliminary: inclusive Jiyv—e*e, p_rz-n
Liy (-1.37<y__ <0.43)= 52 ub"

global uncertainty = 3.4%

]
-------
L]

""""""
--------------------

- EPS09 NLO (Vogt)
-l CGC (Fuijii et al.)
" [ ELoss. q =0.075 GeV'/fm (Arleo et al.)
| [0 EPS09 NLO + ELoss, qn=ﬂ.055 GeViitm (Arleo et al)
| == EPS09 LO central set (Ferreiro et al.)

[ =+ EPS09 LO central set + o, = 1.5 mb (Ferreiro et al.)
[ === EPS09 LO central set + o, = 2.8 mb (Ferreiro et al.)

4 3 -2 1 0 1 2 3 4
ycms

»p-Pb:

J/v production is strongly
modified also in p-Pb because
of cold nuclear matter effects

2 Ry, decreases towards
forward y in agreement with
shadowing and coherent
energy-loss models
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QUARKONIA IN p-Pb AND Pb-Pb

ALICE

ﬂ Quarkonium is one of the main signatures
for QGP formation

statistical regeneration

T/Te 1/{r)

[

.......................... 2 L] vas)
%(1P)

2 J/p(15)

- strongly affected by the hot medium:
suppression vs. recombination

=1 x(1P)

J/'V Production Probability

sequential suppression

See Indranil Das’s talk Energy Density

~  ALICE inclusive J/y—pu*p’
1 4 __ ® R, (203<y, <3.53)x Rp, (-4.46<y  <-2.96), \s,,=5.02 TeV

i (preliminary)
1.0 A ::P:T;sa:;m«, \Su= 2.76 TeV, 0-80%) H ‘ p' Pb VS Pb' Pb .

(submitted to arXiv)

N _H_—H— ___________________ (Rough) extrapolation of CNM

2o | effects, evaluated in p-Pb, to
085 H i,
~H— H H Pb-Pb

0.6 E
: —H— > evidence of hot matter
—f— $ effects in Pb-Pb!

I hypothesis: factarization of shadowing effects from the two
- nuclei in Pb-Pb and 2->1 kinematics for J/y production
O_IJIL‘IIIIIlIIJ|IIILlIIlJllII\JIIIIIJIIJ
0 1 2 3 4 5 6 7 8
p, (GeVic) 33



Pb-Pb 2.76 2010 ~10 pbt

2011 ~100 pb-!
p-Pb 5.02 2013 ~30nb-1
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 1:{15 . 2026 2027 2028

Ul (Ue (O Qe (U1 TGL U Qe (0T G0L TGS e (UL LS LSO _L.. de U9 us |44 G iU Qg Ul UL AT Gkl e (Lo TR L] TLS (U TS (W TR TS W T e L (08 U G0 fus Us (U] LU
LHC
njectors Fyn2 e m LSS . un f

ﬂ RUN2 (2015-2017): complete the heavy-ion program:
* improved detectors, readout and trigger

* higher LHC energy (Ns = 13TeV for pp, 5.1TeV for PbPb)
* pp, p-Pb, Pb-Pb runs with much larger statistics!

ﬂ RUN3+4 (~2020): major detectors upgrade

* operate ALICE at high rate (increased by a factor 100!), preserving
unique tracking and PID

* improvements in vertexing capability and low p; tracking
(new ITS and TPC readout)

* focus on rare probes (heavy flavor,quarkonia,low-mass dileptons,jet§f])



CONCLUSIONS

ﬂ Large wealth of results both in Pb-Pb and in p-Pb collisions from Run-1 !

Pb-Pb:

Different probes (soft, hard) allow to access to the medium
properties (temperature, density, transport properties...)

Significant progress in precision: v, of identified particles,
heavy-flavour, quarkonium...

p-Pb:
Not only a “control” experiment to compare to Pb-Pb!
Tool to investigate cold nuclear matter effects
Existence of collective effects at high multiplicities also

in small systems (like pp and p-Pb)!

‘ Many results would benefit from more data to sharpen the conclusions:
Waiting for Run-2 and future ALICE upgrade! 35



BACKUP SLIDES
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NUCLEAR MODIFICATION FACTOR:PID

ALICcE |

B Comparison of particle spectra in p-Pb o5 4l ALICE p-Pb5,=5.02 TeV, NSD
and pp 12;_ arXiv1405.2737 _5
R . dNI)ﬁ.Hde 1.1F - . . '
|_],_,E|,| T / f i |
(Neon)dNpy /dpr | Pl -4.--4-;7 -
G_E- = Lt | | | ]
R,» shows dependence on particle mass, 0.8} 3
being enhanced, at intermediate p, for o7f  All Charged
. - — {}E -
heavier particles as p, = o pamdes
Enhancement is flow-like 0.4 bt e
p. (GeV/c)
Protons & pions Kaons =
ALICE preliminary | ALICE preliminary _ ALICE preliminary
m{ _| _______ ; it,_.__:_ ..................................... l_- f
NSD, p-Pb | 5, = 5.02 TeV — +x i
mten ﬂ:‘.-:_-,-._UE-LD for p_ = 2.0 GeViz MNED, p-Pb |5, = 5.02 TeV + NED. p'Pb'ISMh=‘5'OE Tev
Ddey, c0Blorp =20 GeVie| - KR, 05<p =0 1-;-.:-_-:2369v-::' u =T+ 05 {},HW_ =0
pip, D5 < -’jru'.‘-.n for o_ x-ac-\f.:eu':* o ..:.j,_..lfl_m.cz.: lor o 32313&'0'..:*:' all charged, |’I::,ET<U-3

T T T N T T O O Y | | T T T T 1 | 1 1 | [ i i E i i i i I
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HEAVY FLAVOR: IN & OUT OF PLANE

ﬂ D R,, measured in and out of plane (in 30-50% centrality class) is
sensitive to
® path-length dependence of parton energy loss at high p-
® collectivity at low p+

2 L L I I B
1.8 - \ (_AUCE ® InPlane
' :_ Pb-Pb, SNN =2.76 TeV @ Out Of Plane ®

|

<
<

Ay

1.6 Centrality 3(3'53;/° Syst. Uncertainties
PromptD ,D — Correlated e _
1.4 |yF|)<0 5 [ Uncorrelated OUt Of plane .
) Anticorrelated
1.2 — I Global Normalization |0nger path Iength

- Mmore suppression
1

IIIIIIlIIIIIIII!IIHIIIIIIIIIIII
llIlllIIIIIlll[lllilll[llllllllllllll

0.8 R rh
m
ool
. . o =
0.4 L ﬁ E+3 HH
- | S |
0.2 L e
0 lllllll[lllIlllllllllllllllllllll‘

0 2 4 6 8 10 12 14 16
p_ (GeV/c)
T 38



HADRON-HADRON CORRELATIONS IN p-Pb

h - r, K, p correlations HF decay ez -

h correlations
0.25

-§ C b ALIICE o |:3nl|::0l.8(l\:le;rlsi'd:; olnlly)l i P-Pb, |y = 5.02 TeV
@ B p-Pb |s,, =5.02 TeV ] ﬁzﬁ‘lﬁ’cg"h’f&ﬁ; :;;mpucv_mva:s fs.“from‘
%&) 0.2:'— (0-20%)-(60-100%) _: ‘§ 1.0<p'<2.0G/c SRl o
K C mh AT * . %
0.15:— " op _+_ ] g_
- — T
o1 ef—g T
- —— “_ - =
0.05 - - = <
C PR BT TR BT BT BT PR 15
0 0.5 1 1.5 2 2.5 3 3.5 4
P, (GeV/c)
Double ridge seen also in the
‘ v, extracted from two-particles correlation of heavy-flavour
correlations decay electrons with hadrons
® Mass ordering at low p+ Suggesting that the mechanism
® Crossing at p;~2GeV/c generating the double ridge is at
® Qualitatively similar to Pb-Pb work also for heavy-flavor
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HARD PROBES R

‘ To summarize: do hard probes scale with the number of binary
collisions (N_,) in p-Pb?
deAfde

Roa = {lel>depfde
] ] ] & 1'4:I 1T | FToa | L '| | | | L I L | L | L | L | LI
R,a consistent with unity for: & 13 ALICE p-Pb|s,,=5.02 TeV,NSD -
arXiv:1405.2737 :
o ]
* =
i -
0.5 charged particles, Ir;rcmsl <0.3 E
0 4 1111 | 1 111 | 1111 1 1 111 | 1111 I 1111 | 1 111 | 1111 | 1 111 | 111 IE
"0 5 10 15 20 25 30 35 40 45 50

(o (GeV/c)



HARD PROBES R

‘ To summarize: do hard probes scale with the number of binary
collisions (N_,,) in p-Pb?

. AR RN IR B
/ S § Lw=STwb”  ALICE Preliminary -
Roa = dNpa/ de % - anti-k; R=0.4 |r;im|-ﬁﬂ.3y T
(Neon)dNpp /dpr =15 | i
E? glm L i ®  ALICEp-Pb | 5,,=5.02 TeV _
_273 - '_E_‘ syst ermor .
R,a consistent with unity for: E O PYTHABAC k=07 |
i %: o PYTHIAG Perugia 2011 |
* High p; charged particles (above 10°E o
10GeV/c) 5 |
* Charged jets up to 100 GeV/c T

- EF3S + Uncerfainty
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collisions (Ng,) in p-Pb?
dNpa/dpr
{Nlﬁnlodepfde

RpA =

R,a consistent with unity for:

High p; charged particles (above
10GeV/c)

Charged jets up to 100 GeV/c
D°, D+, D** mesons at mid-
rapidity

pPb

QI TA-

‘ To summarize: do hard probes scale with the number of binary

B LI B | | I LI L LI |' LI I |' || i
- ALICE p-Pb, {s,,=502 TeV
1.6 —a— Average D", 0" D" ]
i U.EE-{}-’“_IE{D.Ddr
1.4 —
0.4F =
- --- CGC (Fujii-Watanabe)
0.0 =2 PCGCDNLO (MNR) with CTEQ6M+EPS09 PDF
L === Vitev: power corm. + k_broad + GNM Eloss
i 111 1 | 11 11 1 1 L1 | | [ . | || ]
DD 2 10 15 20 25
p, (GeV/c)

arXiv:1405.3452



HARD PROBES R

ALICE

‘ To summarize: do hard probes scale with the number of binary
collisions (N_,) in p-Pb?
deAfde

Roa = :
A {Nlﬁnll>depf Clp‘r

R, consistent with unity for: © gsE ALICE Prefiminary
2 E_ p-Ph,'Il‘naﬁ.r}z TeV, -1.06< y__ <0.14
= - *b(=c) -
®* High p; charged particles (above 25E '_]srsteclrur )
1OGeV/C) é | m normalization uncertainty
* Charged jets up to 100 GeV/c °F 1linB0
°* DY, D*, D** mesons at mid-rapidity 19 F F iy
* Electrons from beauty decays | —.._-.“LJJ LITLLEE
(mid-rapidity) 05 3 =
E. | ] - " ] | |
0 i 2 3 4 5 8 7 8



HARD PROBES R

collisions (N_,) in p-Pb?
deAfde
{lel>depfde

RpA =

Ph

R, consistent with unity for: * N

High p; charged particles (above
10GeV/c)

Charged jets up to 100 GeV/c 1.
DO, D*, D** mesons at mid-rapidity
Electrons from beauty decays
(mid-rapidity)

Muons from heavy-flavour
decays (forward-y)

0.

2

2

o

1

5

‘ To summarize: do hard probes scale with the number of binary

L L L I
p-Pb\s,, =5.02 TeV, p« c,bdecays -
2.5< ycms-c:S 54

T I L] LI | L] L] L] I L] L] ] I

ALICE Preliminary
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—— NLO {MMNR) with EPS09 shadowing
systematic uncertainty on normalization
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HARD PROBES R

collisions (N_,) in p-Pb?

‘ To summarize: do hard probes scale with the number of binary

R, — deAfde
lJA {lel>depfde
3 UL DL BN BLELELE BLELELE BLELELE BLELELE B AL B
. . . £ 2501 ALICE Preliminary  p-Pbys,, = 5.02 TeV E
R,a consistent with unity for: f : 710 GeVic :
b 2001 E
';ggcg‘e(’,;cc)harged particles (above  F chen Bopes Syt roerany -
- a '« W Data i
Charged jets up to 100 GeV/c . cmm e WDa
DO, D+, D*+ mesons at mid-rapidity [ 5. sz :
Electrons from beauty decays sof- T WPOWRES:
(mid-rapidity) - - We W POWHEG
Muons from heavy-flavour decays ﬁ-..."F.'"..:?..J|...2|...........l...l...-z
(forward_y) -6 -4 - 0 y“ 4 6 8 10 1
W-. decay ome
For several hard probes binary scaling is
observed in pA:
45

- suppression in Pb-Pb is a final state effect!



