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™ A “biased selection” of recent
results from the large wealth of
heavy-ion p-A (d-A) and A-A data
from RHIC and LHC experiments!



HEAVY-ION PHYSICS

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

RHIC
el

QGP at u~0 similar to early Universe (~ few first us) e e

Ko

S5PS 3 flavour
2 flavour

| T.=(173 +/- 15) MeV
Big quark-gluon proton & neutron formation of formation of star dispersion of today 2 HI]:I e ~0T {'.‘,E,\_.-'Jrfm:i
Bang plasma formation low-mass nuclei neutral atoms formation massive elements -l < T
Tusiverse > : 10° K 4,000 K 50 K-3 K <50 K-3 K 3K, 0 —— — ——
time b i 3 min 400,000 yr 3% 10 yr =3 % 10" yr 1410 yr 200 300 400 200 600

F. Karsch, hep-lat/0106019

Heavy-ion collisions provide
experimental access to the
QCD matter

RHIC Experiments

Temperature

Y
i
%

‘ SPS: first signals of QGP formation

M) RHIC: QGP is a strongly interacting
perfect liquid ==

Color

5 -
Hadron Gas Superconductor

‘ LHC: detailed investigation of QGP
properties
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HEAVY-ION COLLISIONS OVERVIEW. ..

SPS  NA38,NA44, S-U 19 1986-2004
NA45 NA49, ST 17
NA50,NA57,
WA98, NA60 In-In 17
p-A 17-29
NAG61 A-A,p-A 5-17 2009-2015

RHIC  (BRAHMS/ Au-Au, Cu-Cu, 7.7-200  2000-2015
PHOBOS) Cu-Au, U-U

PHENIX/STAR T 500
b-Au, p-Al 200
LHC  ALICE/ATLAS/ Pb-Pb 2760  2010-2012
ey p-Pb 5020 2013
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HEAVY-ION COLLISIONS OVERVIEW. . .

SPS NA38,NA44, S-U 19 1986-2004
NA45,NA49, Pb-Pb 17
NA50,NA57, In-In
WASS,NAGO ~30 years long story
p-A
NA61 A-A,p-A 5-17 2009-2015

RHIC  (BRAHMS/ Au-Au, Cu-Cu, 7.7-200  2000-2015
PHOBOS) Cu-Au, U-U

PHENIX/STAR T 500
b-Au, p-Al 200
LHC  ALICE/ATLAS/ Pb-Pb 2760  2010-2012
ey p-Pb 5020 2013
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HEAVY-ION COLLISIONS OVERVIEW. . .

SPS NA38,NA44, S-U 19 1986-2004
NA45,NA49, Pb-Pb 17
NA50,NA57, 17
WA9SS,NA@S
More than a factor 17-29

~100 increase in
NA61 energy 5-17 2009-2015

RHIC (BRAHMS/  Au-Au, Cu-Cu, | 7.7-200 2000-2015
PHOBOQOS) Cu-Au, U-U

PHENIX/STAR " 500
o-Au, p-Al 200
LHC  ALICE/ATLAS/ Pb-Pb 2760  2010-2012
CMS/LHCDb 0-Pb 5020 2013
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HEAVY-ION COLLISIONS OVERVIEW. . .

SPS  NA38,NA44, S-U 19 1986-2004
NA45 NA49, ST 17
NA50,NA57,
WA98, NA60 In-In 17
p-A 17-29
NAG61 A-A,p-A 5-17 2009-2015

RHIC  (BRAHMS/ Au-Au, Cu-Cu, 7.7-200 2000-2015
PHOBOS) Cu-Au, U-U
PHENIX/STAR n 00

All LHC experiments participate to
| the HI program

LHC ALICE/ATLAS/
CMS/LHCb Sl
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HEAVY-ION COLLISIONS OVERVIEW. . .

SPS NA38 S-U 19 1986-1992
N Pb-Pb 17 1995-2003
For all experiments,
the A-A program is p-A 27-29
{ell db -A
one 1 aP In-In 17 2003-2004
p-A 17-27

RHIC (BRAHMS/ JAu-Au, Cu-Cu, 7.7-200 2000-2015
PHOBOS) Cu-Au, U-U

PHENIX/STAR —— 500
p-Au, p-Al 200

LHC ALICE/ATLAS/ Pb-Pb 2760  2010-2012

LAl p-Pb 5020 2013
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HEAVY-ION COLLISIONS PROGRAM

Different types of collisions.... ...to investigate....

A-A
> < 9 “Hot and dense” QCD matter
p-A
=p-4¢=
P-p “vacuum” reference
9 ®* reference for Pb-Pb and p-Pb
— ® genuine pp physics program
(not covered in this talk) 9
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9 “cold nuclear matter”,
but not only...




HOW DO WE STUDY HEAVY-ION COLLISIONS?

Soft probes

Observables: multiplicity, energy density, collective flow

- Access to the global properties of the system

Hard probes

Observables: jets, EW bosons, heavy-flavour, quarkonia

= Sensitive to initial and final state effects

Medium effects are quantified comparing yields in AA with the pp
ones, scaled by a geometrical factor (from Glauber model)

Y
R AR ® R,y = 1 > no medium effects

AA T .
\ < AA>(7pp Ran # 1 = hot/cold matter effects/
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CENTRALITY OF THE COLLISIONS
=

g - Data
Impact parameter cannot be directly measured : \M_G'“““'"‘
® Evaluated through measured quantities as 1 T,
Nen, Ezpc-- R
* Link with number of binary collisions (N) i i1HE g i 2
or participants (N,,) done with the Glauber it bt s
model q VZERO ampl. 2.0

=

Centrality determination in p-Pb is £ fomwosiion ™ 0 | Sl swsscmmicicinmog W'

challenging! : | 1.  Zow ”

* looser correlation between N, R A e
and multiplicity o WGl P |

* small number of nucleon-nucleon L R '
collisions U . K e

- broad correlation between multiplicity and centrality

- different strategies developed to extract centrality informations

11
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GLOBAL PROPERTIES

B. Heinemann, Mon 17t
L. Malgeri, Mon 17th
J.F. Grosse-Oetringhaus Tue 18th

12
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GLOBAL PROPERTIES: LHC VS RHIC

— B000 |EB9527,33,38,43GeV

"E [ & E89527 3.3 38,43GeV - £ 12 4 .
= L A NA4987, 125 17.3 GeV ] = [ A NA49S7,125,17.3 GeV
g S000F &  crRes 178060 : W . W CERES 17.3 GeV E|
5 [ - ] 10F % STAR62.4, 200 GeV ]
@, [ % STAR624, 200 GeV : [ O PHOBOS 62.4, 200 GeV ]
ot 4000 O PHOBOS 624, 200 GeV ] "  ALICE 2760 GeV ]
< ® ALICE 2760 CeV ] 8r ]
& [ ] r %ﬁ e '
w 3000F 7 &E ]
= ! & - L ]
< 2000t %%% ] af At ]
[ EE ] X
1000F ] o ]
; PLB, 696 (2011), 328 | 2;
n' . . L 1 . 1 ] r. .. L L L L L T
0 500 1000 1500 2000 % > 4 5 8 10 12 a4
(dN _ja ) i

Freeze-out volume LHC~ 2 X Vgyic

Lifetime LHC~ 40% larger than RHIC

‘T 103 T T T I T T T I T T T T T T T [ T T T I T T T T T T T . Illl -
[&]

o 12 — o —
3 10 0-40% Pb-Pb, {Sy, = 2.76 TeV [ —+FOPIL 0-1% AuAu -
9} o [ ——EB02, 0-5% AuAu ¢ -
2o ALICE S 100 . NAg9, 0-7% PbPb J

6o, 1 —¢— Direct photons ©} [ o WA9S. 0.5% PbPb i
D% —— Direct photon NLO for = 0.5,1.0,2.0 P, (scaled pp) & 8 L ! ° K ]
r‘i 10" — Exponential fit: A x exp(-p/T), T = 304+ 51 MeV ~ ™ PHENIX, 0-5% AuAu 1
N & | -eCMS, 05% PbPb i
= 6 L —RHIC parametrization ]
§ [ ---046s% \5,,287GeV ]
w” 4 —
Wl ]
21 ]
0' i covnd v ol

1 10 107 10°

\[Syy (GeV)

T =304 £ 51MeV ~ 1.4 X Tryic Energy density=15GeV/fm3 ~ 3 X &xpuic
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GLOBAL PROPERTIES: LHC VS RHIC

o B0————tf——————— - E F "' T éﬂéSIE..T.IS.ii. I3.IE. |4:3-GB‘I|I' T T ]
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>

5 10 ALICE
%'_ 1 o Direct phctons PRELIMINARY
Dﬂ% —— Direct photon NLO for p = 0.5,1.0,2.0 p, (scaled pp)
= 10" —— Exponential fit: A x exp(-p/T), T = 304 + 51 MeV

L —s FOPI, 0-1% AuAu
[ ——EB02, 0-5% AuAu
L _a NA49, 0-7% PbPb
_ _e-WA98, 0-5% PbPb A
" _m PHENIX, 0-5% AuAu ‘
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X
=
-
Zﬂ_
= 6 ]
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102 4y . s CMS, 0-5% PbPb
10° 8 L —RHIC parametrization
, Y L —-r0.46 S22, \[5 2 8.7 GeV
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P; (GeV/c)

@LHC denser and hotter system!
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THE RIDGE

‘ two particles (An, A¢) correlations - tool to
investigate particle production mechanisms

hints of collective effects also in p-Pb and in high

multiplicity pp collisions @LHC and d-Au@RHIC
- the ridges

[> pp and p-Pb are not only a “baseline” for PbPb!

PbPb @Vsyy=2.76TeV

ATLAS, Phys.Rev.C86,014907

high-mulit
pp@Vs=7TeV

() N>110, 1.0GeVie<p_<3.0GeVic
— - ~
T Cis,
\\

CMS pPb 5= 502 TeV, Nz '11|J/__.

1=pl" =2 Gele ]
1™ < 2GeVic 7" 7
o

= s g

% |91.50
4 22145
5 “6|g1.40
4 . =135
=41 Z

CMS, JHEP09(2010)091 CMS, PLB718(2012)795

ALICE, PLB719(2013)29

pPb@vs,,=5.02TeV

Vs=5.02 TeV, L, 28 nk
1<pfP<3GeV

ATLAS, PRC90(2014)044906

Structures reminiscent of those observed in Pb-Pb, attributed to collective behaviour

Double ridge described by color glass condensate (initial state effect), final state

parton-parton interactions or hydrodynamics models

ROBERTA ARNALDI LEPTON PHOTON 2015
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COLLECTIVE FLOW

Aq) correlations can be studied via a Fourier decomposition
~ 14+ 2vycos(2(¢ — Wrp)) + higher harmonics (vs, v, ..

quﬁ

v, elliptic flow parameter

2

ALICE preliminary
Pb-Pb |5, = 2.76 TeV
b4
L.kl

(=]
(%)
LA L

Centrality 20-40%

v, coefficients provides infos on

Flow coefficient v.

® Equation of state, shear viscosity...
- comparing data with hydrodynamic
models

¢ Initial conditions

CGC, 7/5=0.20
VISHNU  VISHZ+1
—T weE
—K e
—p

- geometrical distribution of energy p, [GeVic]
H H H ol el B B L B L B L L L BB BB
density within nuclear overlap zone g | A ]
- L p- \Syn = e 4

€ 02 (020%)- (60-100%) .

v, mass ordering at low p; ERR T —l—

C *K ]

. . - 0.15— i -

‘ Similar features in p-Pb and Pb-Pb x =i“ l I
Same physics on-going? 0.0~ ﬁ%—h"‘ E
I R TR ST R -

p (GeV/c)
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NEWS ON RIDGES

/‘Ridge observed also in \ /ﬂRidge extended at forward—y\
pp@Vs=13TeV

10<p, <2.0GeVic e

ATLAS Preliminary 0.5<p>°<5.0 GeV LA
it 1 N Event class 0-3% T P [ PIRG
{s=13TeV,L =14 nb , rec,, - ” .
Hiah - N"°>120 , _ :
g Data 2015
multiplicity

N

-

-
o
N

d

/ﬂ Ridge extended to large rapidities in AUCE, arXivi1506.08032 -20%)-(60-100%)
p-Pb (via muon-tracklet correlations) N
..\1.81// i W
o 1.807
g 1.79 e
g 1 781 e \ R
> 1.77L/,/ e
_2\\ /‘4
B. Heinemann, Mon 17th g A N
1.F. Grosse-Oetringhaus, Tue 18t B V¥ e /
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HARD PROBES

18
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PHOTONS, W, Z IN PB-PB

EW bosons not affected by the strongly interacting medium

- clean probes of initial state effects

prompt photons y4 w
— 2 =t .|I T T g2-5—”'lIIILHlIIIllllllllllllllllllllllII % §40_ [T
Q. i ATLAS | 1 [ CMS\5,-2.76TeV 212 FATLAS
5 [ Pb+Pb 15_22_?5 TeV - —e— Z—l,p >0GeVic, 0-100% centrality = Z 35 —
> [ Lm‘— 0.14 nb'! 2__ I pp luminosity uncertainty Jd = 3 r ¢ *
[ it = Y- 140N L T s uncertainty 4 <= e . e e i e e i e e { Jp—
O 1.5 i S 30— L]
E [ [ - ]
i 20 — —
> . oy : 5
E i 1 $ $ I = 15 [ﬂsr?m==.ﬁ‘-ﬂ=é=ﬂ=}_7-ﬂ_‘_7m
o + 1 C N N 7
— r 7 - @EWT Dat —=W> POWHEG CT10
T 0.5f ey e T B E R — E
Y JETPHOX err. . L - W —W
— JETPHOX Pb:Ph/ - [ 50 ; =
JETPHOX EPS09/pp [ [ Lt-0140.15 5" poren -2z Ter 1
.[ -{Tmbuncerlalm}f = O_III|III|III|IIIIIII|III|IIIIIII|III|III_ Oil\\\‘I\Illlllll\\\\l\llllllll‘\\\I‘IIII|||7
P — 1 0 02040608 1 12141618 2 0 B0 100 150 900 250 300 350 400
30 50 100 CMS, JHEP (2015) 237 lyl %"&SPLEB;JlCS((ZZOOfSZ))Z%& (Noar?
ATLAS,1506.08552, \ - ,
CMS,PLB710(2012)256 Phﬂtﬂn PT [GEV] ATLAS, PRL(2013) 022301

‘ EW bosons Ryp~1 = N, scaling works!

‘ Z, W, y start to constrain nPDF (...but more precision needed!)
19
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HIGH-PT CHARGED PARTICLES

Hard scattering produce high p; partons that propagate through the
medium, losing energy, and eventually fragment into jets of hadrons

_ high-p; hadron yields suppression tool to probe the
Jet quenching jets suppression dense medium in
di-jet energy imbalance A-A collisions
[ — T T T T T T T ' Tt L
2 2010 3PS 17.3 0o (PoPo) zt_:: ::;::‘I‘gzn 1— ATLAs LHC Runl FINA -
L = WABE [0-7%) oo uﬂ:'w caosoe ] B p+p, Pb+Pb -
RHIC 200 G (Aushar) I ] L A8, |8, =276 TeV iy
15 B et e el e %%? '*Z
oS I - I;C!'.'Era-ﬁfi:l| _:_:J:.H T & . B |
o e S S g f
r',-""’ fl..‘-I'IIS preliminary - T'!EE_. 0-5% |
<54 {’””f - T o ATLAS, Inj<1.0 ]
I _ @0 0 CMS, [nl<1.0
O 2 3456 10 2030 100 200 ATLAS, 1504.04337 "o ? ALIGE, <08
P, (GeVic) CMS PAS HIN-10-005 1 10 o [GeV] 10°
M) R\ (LHC)<Ru,(RHIC)
Raa UP to pr= 150GeV/c Constraints
‘ LHC - ¢ clear p; dependence: minimum at 7GeV/c, to energy
increase up to 60GeV/c, then hint for a plateau loss models?

20
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JET SUPPRESSION

q Significant suppression of inclusive jets, for W\ jet
40<p;<400 GeV/c
ﬂ In central Pb-Pb collisions@LHC, up to a factor
2 compared to pp N
; a
ALICE, PLB 746 (2015) 1 B +
<127 T
© | ALGE PbPb {5,=276TeV . <.
T — aad
i * Data 0 - 10% [ ]Correlated uncertainty “ i .
0.8 __ — JEWEL i Shape uncertainly arXiv:0902.2011 i‘ 4 fauemehed) et
ool — YAEM * [D-10% m(30-40% # |60 -30 %
. R=0.2 —— I I I T ] T T T ]
0.4 —— anti-ky A =0.4 jets 2011 Pb+Pb data, 0.14nb™" 1
[Sun=2.76 TeV 2013 pp data, 40pb™ |
0.2+
D I 1 1 1 )
0 50 100
pT’jet(Ge'VfC‘) l¥|=<21
n | | | | | | | | | |
40 60 100 200 400

p_[GeV]
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JETS AND HIGH P HADRONS IN P-A

.__,__ —_— e - _— - e oy m e — = =

2_5 ’||1II|’r||~|'||:"rrr|

hcms Preliminary Jets R,, compatible with unity, described

P Tpn Uncaertal ‘ . . . .
g ol - ] by predictions including nPDF
L : — ¢ Inciusive jat H (0=100%:) h'|mj-=:0.5 :
E r % Inclusive jet B (0-5%) <2 . . .
g1s| Jets suppression is a final state effect
o
% L I : 2_ II'III I I LI I||| 1 T LI I'IIII L
S 1= '!"ﬂu L e EY A N R 1 gf. CMSPPb 5, =5.02TeV, L =35 nb” 3
@ - B8 NLO (nPDF=EPS09, FF=1DSS), y=0 N
e = — -
E 0.5 - ::u:nnuﬂ S II 16: —e— CMS i J<1 .-."'H n"'n 3
= I - Pb Pb 1.4F —s— AUCE i |<03 =
5| NI P IS U U B i 1 2:_ =
(8] 50 100 150 EDD 250 SDD 35(] 400 a E E
CMS-PAS_HIN-12-004  Jet p [GeV/c] CE%L 1= 3
0.8 E
2 T - — 0.6 =
Q. - * — :_ [CIFully correlated syst. uncert. _:
x 1.6L +2 . 1 < y < +2 8 | 0'4: []Total syst. uncert. ]
| 0.2 []<T > uncertainty —:
0_: Ll C el 3
1 107
P, [GeV/cl

¢ p+Pb, 0-90%

‘ Tension between high p; hadrons trend

0.4
" e ATLAS measured by ATLAS, CMS and ALICE
- Difficult to reconcile with jet R x~1
40 100 1000
ATLAS, arxiv:1412.4092  p_ [GeV]
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JETS AND HIGH P HADRONS IN PA

.__,__ —_— e - _— - e oy m e — = =

~ “CMS Prbiminary ] q Jets R,, compatible with unity, described
g ol - ] by predictions including nPDF
L : — ¢ Inciusive jat H (0=100%:) h'|mj-=:0.5 :
s frelseie ot B 2% 5571 ] ﬂ Jets suppression is a final state effect
o
E i ll“ﬂﬂﬂ N i B e ok T e 147 [ }CMS Preliminary
) ] Z1.2F i
%3“'5-‘ ey o | o< f | J
= Pb- Pb < Fo {%
L R
DD SJD 160 1%0 EKIJD EELD 360 350 400 % 08__
CMS-PAS_HIN-12-004  Jet p [GeV/c] e o6 5
8 - pp /5= 0.9,1.96,2.76,7 TeV — 5.02 TeV
g‘ 04__{ Pl PRD 82 (2010) 119903, EPJC 72
2 T T - ' T T T T - r (2012) 1945, JHEP 08{2{]11]086
Q — * ] [=3 -
o +2.1<y* < +2.8 S 0.2 [ (Updated): y/5 = 2.76 TeV from 2013
1.6 7] :| \,fS ?Tev fn::m EDH |
% 50 100 150 200
Pk (GeVic)

-} p+Pb, 0-90% N ‘ Tension between high p; hadrons trend
0.41 P measured by ATLAS, CMS and ALICE

 — EPS09

ATLAS - Difficult to reconcile with jet R x~1
40 100 1000 - Issue related to pp reference?
ATLAS, arxivi1412.4092  p_ [GeV] Need pp run@vs= 5TeV!
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Inclusive vs b-jet | p-Pb vs Pb-Pb

2.0

5 ARSI = 2o T T T T T
| CMS Preliminary S T CMS Preliminary Wt
5 | I :
— . b . ) L L . -
S o B pewsiep A, 059 W<z L of (5] bjetm,,, ©10%) 2 -
. —=— Db-jet 10%% W i
=l Jet (0-10%) Inl < = L =7 bjet RE™MA I <2 ;
o o - - ]
..E 1.5} ﬁ 1.5 pPb 7
5 | IR B~ s Y
= | 2 -
g | — . 3 i ;
leﬂj_ *ET‘-T_1+ . I : 05~ + .
Z | EI{ el _ - central PbPb -
:- I I T ﬂ i i i 1 [} I 1 i 1 I I 1 [} i 1 I 1 1 i I ]

T T T 0 100 200 300 400

% 100 150 200 250 300 b-jet p_[GeVic]

F:]I'r [Gevfc] CMS, PRL113(2014) 132301, CMS PAS-HIN-14-007

ﬂ b-jets (identified through secondary vertex tagging) look like inclusive jets

®* not suppressed in p-Pb
® similarly suppressed in Pb-Pb (R,,~0.5) for p;>80 GeV/c 24

ROBERTA ARNALDI LEPTON PHOTON 2015 AUGUST 20™ 2015




HEAVY-FLAVYOR ENERGY LOSS

Heavy quarks are produced in initial hard scattering g

and experience the full system evolution _

g: m=0, Cg=3

Uniqueness of heavy quarks: cannot be Q: colour trplet ————p"
. . c: m~1.5 GeV, Co=4/3
destroyed/created in the medium

b: m~5 GeV, | Cp=4/3

‘QCD medium’

®* Properties of the medium
® Path length

Ar2 . |
<AE> X O.CSCRqL 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

D angles 3<Mg/Eq

Energy loss in the medium depends on:

‘Heavy flavor abundantly produced at LHC - allow precision measurements
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CHARM SUPPRESSION

ALICE, JHEP 09(2012)112, PRL 113(2014) 23230

S E T T T T I T T T T I T T T T l T T T T I T T T T l T l_ ! l ! g L ;l )I LA L L TN T AL L L ! —<
S - ALICE —=— p-Pb, | 5,=5.02 TeV - « 3 H 3
S 1.6 Average D°, D", D™* 0.88<y ;<004 ] 73 B E :
S 4af Pb-Pb, | $,,~2.76 TeV- STAR T =
® r p-Pb Vsl <0-5 2 E.ZE l
o C —e— centrality 0-20% ] 0.4 =5
= 1.2 _—HH ﬂ . _:_Ezmrimi 40-80% < 3 -E:@;@m:ﬂ_?— -
o - p_(GeV/c) |
E - U ﬁt —f— nl :
§ B l " L 1 HETTTTTT A "L'i(':”E"b}égﬁ}ihé&'ﬁblﬁéf'é'"";'él¥é'fév"{ﬁ
< 0.8 ([l — e Average D°, D', D * |y|<0.5, 0~7.5% ’
=S - B 1 | . o with pp pT-extrapolated reference *:
< 0.6F -%-I _;ll_ l l ) = " STAR, Au-Au, s =02Tev ~ ALICE -
. i | semi-periph - =D’ |yl<1, 0-10% 5
0.4 = n _ 3 [PRL 113 (2014) 142301] m E
i R My . v —4+— [ -
L central Pb-Pb - —* E
Ty T W) [ I ) [N T e e S [ [y S N G VS [ S 1 IRV N T N U S U U T T T U W W W U W SV A B B O
% 5 10 15 20 25 % 5 10 15 20 25 30 35 40
p. (GeV/c) (o (GeV/c)
B [Pb-Pb @ LHC
| m) | RHIC vs LHC

Strong suppression of D mesons RHIC _ _ LHC

in central collisions RaaRHIC compatible with Ry,

(pr>2GeV/c)

Differences for pr<2GeV/c but:
Stronger shadowing at RHIC
- Less steep p; spectrum in pp@LHC

26

= p-Pb vs Pb-Pb @ LHC

Suppression in Pb-Pb due to strong
final state effects induced by hot
partonic matter
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CHARM SUPPRESSION

§1_2_I I.I:'1T.|r.l I I LI I LI I LI I LI I LI I LI I I_ :‘N _l T T I o | I T 1 I T T I I =TT I r_

T \\ R ALICE O, D', D™ average, lyl<0.5 - - = ALCED'D',D"average  Pb-Pb, |s,, =2.76 TeV -

IHA G'ﬂl—: Syst. from data Centrality 30-50% p=

1 n ' entrality 30-50% ]

1J___.-_'.|1 .. ', : Pb-Pb, 'H'S_m — 276 TeV . :|:| Syst. from B feed-down n

. \ L Centrality 0-20% - 0.3 -

0.8 G §E WHDG rad+coll 7 - 3

[+ 5 Jl R 1« POWLANG i 0.2F A 1%_ -

K ——— Cao, Qin, Bass i » | n

o B % wwms MC@sHO+EPOS, Coll+Rad(LPM) - AT I .

ol T ——— BAMPS i 0.1 p _L;“}—-kliwllﬂ". I F]

i A A — TAMU elastic i B el ittt - = S TPTPNS -

?, ; T - 1".. 2 v .;';1.-,,..‘.___. s e | 1

0.4f - opx” T

- - - WHDG rad-+coll 1

- 7 [ — . POWLANG N

0 2‘_ ) 0.1~ Cao, Qin, Bass — 1

=L v Tpeeess MC@sHQ+EPOS, Coll+Rad(LPM) - - - - TAMU elastic -

_ i " -.-.-. BAMPS UrQMD ]

- — _I ] I’ 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | I! 7
DD' = :'3 0 2 4 6 8 10 12 14 ]'ﬁ

p_ (GeVic) ALICE, PRC 90 (2014) 034904 Py (GeVic)

‘ Challenging simultaneous theoretical description of D Ry, and v,

‘ With current precision, measurements can now start to constrain models

‘ Precise measurement of R,, and v, down to p=0 at RHIC and LHC
- goal of detector upgrades

27
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R,, OFD, B AND T

§1-4_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ E‘I"#" T ||||I|| T TT ||||| T T |||
- Pb-Pb, sy, =2.76 TeV 1 @ | PbPb, sy =2.76 TeV
1.2 - — A m (ALICE) B<p_<16 GeW/c, |y|<0.8
B A == (ALICE) 5<p <8 GeVic, lyl<0.8 . 1.2 B D mesons (ALICE) B<p_<16 GaV'e, |v|<D.5
- B Dmesons (ALICE) 5<p_<8 GeVic, lyl<0.5 . e Non-prompt Jiy (CMS Freliminary)
1‘_ ________________________ ] - E-Ea:;pT-:BEI EeVic, |[¥l<1.2 cuspasHIM12. 04 I
- 50-80° (empty) filled boxes: (unjcorrelated syst. uncert. 1 {empty) filled boxes: (unjcorrelated syst. uncert. —
: : {*1 50-1003% for non-promet Jiy
U_B_— D ] 0.8
i ] i non prompt -
06 q - 06 D M b I/v
0.4f & I;. w1 0.4 5 § -
- 40-50% lm : 40-50% + 4
0.2~ 30-40% 20309 'U _ N 0.2 30-40% gn?.;;u,.-g = T e
_ 10-202 i ]
[ westited by +10m (V) : o0 ] [ = shified by +10in (N__) 10-20% 010% 7
% 50 100 150 200 250 300 30 400 %50 100" 150 200 250 300 350 400
{ [-art} ‘::‘Iﬁ'h‘.IIIEII't:JI
‘ D vs light hadrons ‘ Charm vs beauty
Raa(D) = Rpa(m)
ARN ARV Raa(D) < Ran(J/w € B
(within uncertainties) aa(D) a3/ v )
ALICE arXiv:1506.06604,
ALICE, arXiv:1506.06604 CMS HIN-12-014, JHEP 05(2012) 063 28
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R,, OFD, B AND T

§‘1.4_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ §1_‘4|| T ™ T T T T T T ™ T T T T T
L _ & = i = i
- Pb-Pb, {sy =276 TeV 1 o - Pb-Pb, ys,,, = 2.76 TeV
1.2 A r*(ALICE) 8<p_<16 GeVic, |y|<0.8 — 1.0 m D mesons (ALICE] 8<p <16 GeV/c, |v|<0.5
B m D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 ] ) ® Nnn-pmmﬁéj.-‘u [CMS Preliminary)
L . i - 6.5<p_<30 GeV/c, |yl=1.2CMS-PAS-HIN-12-014 -
1___________E?_TE]H_}_TIE?_PEE?;E[‘l'f?.r_r?_l_a_tf?_?’}?;H’.‘E‘?E' ______ _ - {r::mpt'}j filled bozes: (un)jcorrelated syst. uncer. n
Djordjevic et al. Phys Lett B 737 (2014) 285 1 = Djordjevic el al. PryslacB 737 2004 289 -
....... it —_— = [ mesons
— — = Mon-prampt Jf
0.8 D mesons 0.8 m ------ Maon-prompt JAy with o guark energy loss
0.6

0.6 [ff:=o = =

o/
y
I R I A A A A
-
|
#
I
[
!
/
|

04 ' ~ . —_—
Rt 0.4 S -
40-50% | /b e | R e
0.2 30-40%  50.30% R Tty Ty e
£ : 10-20% Rl 0.2 - 50-30% ——
: shifted by +10 in (N_ ) 0-10% - | | 1020 -
||||||||||||||||||=|ﬁ|||||||||||||||||||||| (*} S0-10{r% for non-prompt Ny : 0-10%
OO 50 100 150 200 250 300 350 40 cove b b b b b e by !
(N__) GU 50 100 150 =200 250 300 350 400
part
(N___»
part
M) | D vs light hadrons B | Charm vs beauty
Raa(D) = Rpa(m)
AA AA
Raa(D) < Raa(J/v € B)

consistency described by theory including . .
en. loss mass dependence, different q and consistent with mass dependent
energy loss

g pr shapes and fragmentation functions 29
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B MESON IN PBE-PB @ LHC

CMS Preliminary PbPb 2.76 TeV
AL B N SR B

305_ B* ~-Data p ‘ First B meson reconstruction
ST —Fit 1 in PbPb collisions!
E - |:'_T > 8 GeVic S|gna|
Q 25; ly| < 2.4 - Gombinataorial -
> ook B JyX - q Looking forward to Run-2
ﬁ r - (x20 stat)
15[ My=5266 5 MeV/c® -
3 4l ' "
= 10 -
- W
w57
hHH . B el eced m = 3.10 GeVIc?
05 52 54 55 58 6 "

St

[+
{:V/;/? B B* Decay

Invariant mass (GeV/c?)

(Ta-Wei Wang, HP2015) Vertex
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CHARMONIUM IN A-A

Quarkonium strongly affected by the hot
medium-> suppression vs. recombination

statistical regeneration

T/Te )
2 L vas)
#(1P)

12 J/p(15)

o

=1 (W (P

Differences in the quarkonium states
binding energies - sequential melting
with increasing temperature Eneray Density

sequential suppression

J/ W Production Probability

ALICE, arXiv:1506.08804

14
! Inclusive JIy — u*, Pb-Pb |s,,=2.76 TeV, Au-Au |5, =0.2 TeV § [ Inclusive Jiy — p*u, Ph-Pb {5y = 2.76 TeV and Au-Au S, = 0.2 TeV
/| m ALICE, 25<y<4, p_<8 Gevic global syst = + 15% g -
2H T 1.2 ®m ALICE, 25<y<4, 0-20% global syst.= + 8%
O PHENIX, 1.2<)y|<2.2, p_>0 GeVic global syst.= + 9.2% -
T [ & PHENIX 12<|y|<2.2,0-20%  global syst. = + 10%
L
N Primordial Jiy (TM1)
===Regenerated Jhy (TM1)
A LI C E = Primordial Jiwy (TM2)
=1aRegeneration Jiy (TM2)
W
0.2 PHENIX o ) il 2 L e s
D_||||||||||||||||||||||||||||||||||||||| 0_"""""' i ali AP RV R B
0 50 100 150 200 250 300 350 40 6 (5 v/ ;3
p_(GeVic
(N T

ﬂ stronger J/y suppression at RHIC than at LHC, in spite of larger energy

densities at LHC
ﬂ recombination needed, at low p+, to explain J/y Ry, @ LHC 31
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CHARMONIUM IN PB-PB

Quarkonium strongly affected by the hot
medium-> suppression vs. recombination

Differences in the quarkonium states
binding energies - sequential melting

with increasing temperature

ALICE, arXiv:1506.08804

=1 (W (P

sequential suppression

>
—1

= statistical regeneration

=)

Piw LT
2 | ———eccccmmcmmcmccmem e ¥(15)
k=

51 (1P
=

- 12 J/p(15)
=

-

=

f—

-

Energy Density

CMS-PAS HIN-12-2014

oL _I et rrri | rrri | [ | rrri | Frrt | LI | [ I_
N Inclusive J/y — p*, Pb-Pb |5, =2.76 TeV, Au-Au |/s,=0.2 TeV oco1al PbPD Preliminary |5, = 2.76 TeV 7
L | W ALICE, 25<y<4, p_<8 GeVic global syst=+ 15% . m CMS: prompt Jhy ]
' O PHENIX, 1.2<)|<2.2, p>0GeVic  global syst=£9.2% High Pt /v yl<2.4 -
) 6.5< p_ <30 GeVic ’7
Low pr /v 1E I :
ALICE osf- i STAR L
||| 05:+ * El‘g E% i
4 T "y " ]
i R 0.4 ¥, -
02‘_ PHENIX E E E - CAuAu s, =200 GeV - ] ]
i | ] 0ol STAR: JAy (arXiv:1208.2736) Y wm .
C “C yl<10 ]
D||||||||||||||||||||||||||||||||||||||| = 5GVJII CMS
0 50 100 150 200 250 300 350 40 o L il b L L]
50 100 150 200 250 300 350 400

q . éN ) :
Low p;: recombination needed t8 explain J/y

0

RAA @ LHC Npan

ﬂ High-p;: no recombination,suppression increases with s, as expected

from Debye screening
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CHARMONIUM IN P-PB

Backward-y: Forward-y:
pP going direction p going direction

%1 4L PPDsy=502TeV & ke e : : LI
c 'TE ALICE (JHEP 02 (2014) 073): inclusive J/y 'y, 0<p_<15 GeVic ma 1.4 (a) LHCb —4— LHCb, Prompt Jiy —
L, (4.46<y <-2.96)=58nb",L_(2.03<y  <3.53)=5.0 nb" \ Pb /s _=5TeV n
ALICE (arXiv:1503.07179): inclusive Jiy—ee, p_>0 ) PFD S .
oy L, (1.37<y__<0.43)= 51 ub" * B PT <14 GeVic -1
1| | global uncertainty = 3.4% 1 .2 ;"'-," I ]
i i - - \ “ -
P e e | L“ \‘, "‘\ L H C b 1
"-:.;N__ 1 preas N ‘_‘
0.6~ ALICE =g 0.8~ o st ®
I - EPS09 LO S S RS S ’
0.4 L 1 EPS09 NLO (Vogt) 0.6 EPS09 NLO H_._'I ]
[ 1 cGC (Fujii et al.) B nDSg LO CERIRNE |
0.2 |- @ ELoss, ,=0.075 GeV*/fm (Arleo et al.) L —  E.loss SN
- []EPS09 NLO + ELoss, q,=0.055 GeV/fm (Arleo et al.) 048 .. E. loss + EPS09 NLO Y
0 —J - L Ll L 1 l ) l L L1 l L L1 1 L L L J LAl l A L1 1 ded bl l LAl B | 1 | .l 1 1 | 1 1 1 1 1 | I 1 1 | l L ]
4 3 -2 -1 0 1 2 3 4 4 2 0 2 4
ALICE, JHEP 02 (2014) 073 y..

<

LHCb Coll., JHEP 02 (2014) 072

ﬂJ/\p production modified in p-Pb because of cold nuclear matter effects:
-2 R, decreases towards forward y
‘ Theoretical predictions: reasonable agreement with

® shadowing calculations and models including coherent parton energy loss
® CGC description seems not to be favoured

33
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NEWS ON CHARMONIUM IN P-PB

Lots of new results now available on J/y production in p-Pb (...versus
centrality and in many different kinematic ranges...)

FB

CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)

Roo

R Prompt J/yp
Egld4pF T rrrrrrrrrrrr gttt LI B B L L B T LI e —TT T — 1__ __________________________________________
EG% [ ALICE, p-Pb Sy = 5.02 TeV, inclusive Jiy ] 1 E
4ol + 446, 296 Pbgoingdirecion 1 [| T - 2.03<y_ _<3.53, p-going direction ] ool +
B A l - —
I i FEr i e R F
L 0.?_—
08_' =] Eloss (Areo et al.) T r 1.5<|YCM| <1.93 +
[ [ZICEM + EPS08 NLO (Vogt et al ) C
I == EPS09 LO no comaovers (Ferreira) 4 06~ ¥5< pT <6.5Gevic
0.6F ===EPS09LC + comovers (Ferreiro) - L %65 <p; < 30 GeVic
O v v v by v v by v b by by by e b by v v vy by by g g AN NN I I
0 2 4 6 8 10 lat 0 2 4 6 8 10 l%t 0 2 4 G 8 10 l% 05550 15 "0 25 30 35 40 45 50
(NZ) (N (N2 B (Gev]

o T T T T T T T T T T T T T T T T T T E 2— I | | — » 2 -

T Hm_m_m'm " ATLAS Pleliminary ' 3 = E Prompt Jiy ATLAS Preliminary 3 . _CMS Preliminary  34.6 nb” (pPb 5.02 TeV)
1'8:_ AEw <15 PP B, = 5.02 TeV B 1'8:_ Glaubsr (w, =0} P+Pb |5, =502 TeV _: o 11 Prompt JAy
1.6 - 16 - i

c 3 - o, . 1 - . . .
14__ — 14__ o + -] L |+
1.2 4 E I - | |

2 - 3 L o s ] ¥ *

= . r = . 0.8

r . L 7 ' [ +
08 E - 15y <15 - o7}

- 3 0.8~ —+— Data A=y =l ] s ® 0<ly_|<09
0.5 - - O Daa (Mo Bias Comrection) 10 < p, =30 GeV . n o

- ] 06 . 0.6k = 09<ly I<15
045 1 L. 1 L, 1 C I | | | . F

10 15 ™0 o] 0 0 5 10 15 20 o5 *1.5<|YCM|<1.93
A | i | i AT AT
p, [GeV] <N, 0% 24 e 8 10 12 14 16

GeVic
ATLAS-CONF-2015-023, CMS-PAS-HIN-14-009, ALICE arXiv:1506.08808 Prl ]
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CHARMONIUM: FROM P-PB TO PB-PB

Once CNM effects are measured in pA, what can we learn on J/y
production in PbPb?

Hypothesis: 2->1 kinematics for J/y production
CNM effects (dominated by shadowing) factorize in p-A
CNM obtained as Ry, X Ry, (Rpa?), similar x-coverage as PbPb

14 [ ALICE Inndushes dhg—p'p

- 1A o T =
[ & R 203y <3EN)x Ao (A48 <3 08), {5y = 6.02 TeV

B R (269, 4, 2= 278 ToV, 0-20% f Sizeable p; dependent

1__.”.“““”“.,:”“] B F I suppression still visible
[ H - CNM effects not enough to

ackow

by R:,..b s Rpnpt
—
e

farw
R 24

4]

p-Pb explain AA data at high p;

we get rid of CNM effects, by
——— $ doing the ratio

I:IIIII1IIII2IIII3IIII4IIII5IIIIEIIII?IIIIE
pTiGEW{:]-
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CHARMONIUM: FROM P-PB TO PB-PB

Once CNM effects are measured in pA, what can we learn on J/y
production in PbPb?

Hypothesis: 2->1 kinematics for J/y production
CNM effects (dominated by shadowing) factorize in p-A
CNM obtained as Ry, X Ry, (Rpa?), similar x-coverage as PbPb

=1.8
= N ALICE inclusive Jiy—u'y g —_ Mo
16 :— B ¥ Rg; * E‘ng"'
14 :_ Aoy~ 5y =502 TeV, 2.03<y __ <3.53 Sizeable P dependent
| 54+7 R (= 5.02 TeV, -4.46<y__ <296 suppression still visible
12F Repe: {5y = 276 TeV, 2.5<y _ <4, 0-90% - CNM effects not enough to
1—_&L _______________________ rys et BT Q0310 I explain AA data at high p-
[”3’5_ +‘ we get rid of CNM effects, by
06 doing the ratio
0.4 H e " A A
02 P-Pb /P
ﬂ:l 1 11 __I 1 1 1 1 I 1 11 1 I 1 111 I 1 11 1 | 1 111 | 1 111 | 1 11 1 EVidence for hot matter
0 I 2 3 4 2 0 " {T;;_EU..',-‘? effects in Pb-Pb! 36
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BEOTTOMONIUM IN PEB-PB

PRL 109, 222301 (2012)

CMS PbPDb |5, = 2.76 TeV ~
Cent. 0-100%, Iy < 2.4

Main features of bottomonium %1900
production wrt charmonia:

400

higher mass of b quark (R,, scaled)

no B hadron feed-down —1000 L., =150ub" n
gluon shadowing effect pl >4 Gevic ]
are smaller 800 ji .
(re)combination expected ‘/I?pdata ]
to be smaller 600 E 5% — tompopprit
theoretical predictions E Pi% . packground
more robust due to the | D VW } ST - pp shape ]

with a drawback...smaller 200

production cross-section

L1 1 1 | L1 11 | L1 1 1 | L1 1 1 | L1 1 1 | L1 11 | L1 1 1
3 9 10 112 13 1
Mass . (G eVic)

‘ Clear suppression of Y states in PbPb with respect to pp collisions

37
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BOTTOMONIUM IN A-A

| R,s o PbPb 166 ub™, pp 5.4 pb™ ISy = 2.76 TeV

m) Centrality dependent AA efT T T 'STAR AuAu jo = 200 GeV, [y| < 1
. B (8, = ev, < 1]

suppression for Y(1S) 1.8 CMS U Vo <

nd Y(ZS) E Prefimfnary ¥ T(1S), F’E?Bﬁ{EGM) 127 E

d 1.6 Y(1S), |y| < 2.4 STAR U+U\s,, =193 GeV, |y| <+

. . e T(25), |y| <24 * T(1S) Preliminary i

Sequential suppression 1.4 —
observed at LHC: {2 JT JF E

1

|III|III|III|'|'|I_1IdFl‘ll‘rlll|

RMT(SS) < RM"I"(ES).( RM‘I"(IS) 0.8 # _ ij -
0.6 : %’" -
L~ . :
EI ]
Raa(Y(1S)) = 0.425+0.029 +0.070, 0.4 == (-
Raa(Y(25)) = 0.11640.028 +0.022, 0.2_1ﬂ B
RAA (Y(:as}) { 0'14 at 959{‘0 CL; 0 : | L 1 1 ] | 1 1 | | E 1 1 | l 1 | [ﬂ l l:
0 100 200 300 400 N
part
ﬂ Y(1S) suppressed also in central Au-Au and U-U collisions at RHIC
38
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EXCITED STATES IN P-PB

ﬂ In p-Pb (d-Au) collisions the excited states suffer more suppression.
Unexpected if only initial state effects are at play!

- 531 [ CMEFPb Yo, =502 TeV CMS PoRb |5, =276 Tl -
S 09k - e V) %153, L=31n0" ol l=24 L= 150 pb" _
L E ] = B L 'Q,E.ﬂ;, upper lirmit 1
® 0.8F a‘é 1.2 PRL 108 {2012} 222301
S F = i
% DT;_ —HlH— 4% = I p'_::-d-GE'"ar-'l:_
i Z06F f ! :
£05F $ - Sosl * pPb =
E 0.4F 2 f + :
% 03t W(25) | Zoe- -
.E?’ 0. f_ ® ALICE, p-Pb, {Sy= 5.02 TeV J/\lj 0 d:— _:
0_15_ B PHENIX, d-Au, {5y 0.2 TeV ' i }
EI | | L1011 | I | | 1111 | 1111 | | I | | | I | | | I | | 1111 | 1111 U.E__ #’ __
54 3 2 4 0 1 2 3 4 s N PbPb I .
yCITIS ﬂ_ 1
PHENIX, PRLL11(2013) 202301 Y(25) Y(3S)
Y(1S5) Y(1S)
ﬂ Final state effects related to the (hadronic) CMS,JHEP04(2014)103

medium created in the p-Pb collisions?
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WHAT'S NEXT?

ﬂ In spite of the large wealth of results...lots more will come!

/RHIC N\ ﬂHC \

STAR: upgraded with Muon On-going Run2:

Telescope Detector and Heavy

Flavour Tracker * Higher energies (PbPb@+s=5TeV)
® Higher luminosity

Proposal for sPHENIX Upgrade in view of Run3 for all

_ experiments
BES-II'in 2019-2020 - to

explore the phase diagram, A new player: LHCb!
\_focus on QCD critical point /| . o o 6 srey (50-80ubt this year)
®* Fixed target mode (SMOG):

(Lower energies: ) p/Pb on gas like He, Ne, Ar, Kr, Xe
exploring energy densities

FAIR (Darmstadt), NICA (Dubna) between those probed at SPS
Vsyy <10GeV Qnd RHIC /
\ J
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CONCLUSIONS

A-A:
Significant progress in precision:

Jets quenched up to 400 GeV

Heavy-quarks: hints for energy loss mass dependence
Charmonia suppression is a final state effect. Recombination
needed to explain low p; production in PbPb@LHC
Bottomonia: indication of sequential suppression

p-A (d-A):
Not only a “control” experiment to compare to A-A!

Tool to investigate cold nuclear matter effects

Existence of collective effects also in small systems?

ﬂ Large wealth of data from RHIC and LHC, heading forward a
quantitative characterization of deconfined matter

...and lots more to come!
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BACKUP SLIDES
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v(@8S) vs J/y in p-A collisions

Final state effects related to the (hadronic) medium created in

the p-Pb collisions?

& 18 J/y comover+shadowing —
é‘ — y(2S) comover+shadowing PP g S0Z Ta
1.6 = i A Jiy
== shadowing
14: J/ e (28)
1.2 — o
- |* ~
1E-- - Em.
C ~
IDB n ‘-._.-"—'.-_-_ _— [
0oF — - =
04
0.2
: y(2S)
D_I iIIIIII | |II| | I IIIIIIlIIII
S <4 3 -2 1 0 1 2 3 4 5

Charmonium interaction
with comoving particles:

Comovers dissociation
affects more strongly the

loosely bound y(2S) than
the J/vy

Comovers density larger
at backward rapidity

E. Ferreiro arXiv:1411.0549
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HEAVY FLAVYOR: 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 S L L R Y L R L L RN LR RN LR AN LAY RN RN R AL L AR R
| PbPb, s =2.76TeV [ svst fom ata _
0'4'__ Pb—Pb T ¢ Charged particles, v,{EP,Anj>2} T ‘$7

e}

\““L‘ o A 1
’ Oﬁlo o & W m
-0.2+ + +
Centrality 30-50%

[ Centrality 0-10% Centrality 10-30%

-llllllllllLlllllllillllljllllijllltl llllJllIlJ.lIlllllllllllllllllllllill lli]llllJJlIllJ]lllhlllulllll]llll-
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, (GeVic)

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 firetfléﬁll



ALICE PAST & FUTURE

Pb-Pb 2.76 2010 ~10 pbt
2011 ~100 pb!
p-Pb 5.02 2013 ~30nb!

Ul e T da Q41010705 Q410100 0304 /0f Q703 Q4/Ql 07 Qs Qadd a7 07 04/Qf Q7147 Qa0 L2 iU Qe ] U2 Uy Ue 0l jds Us U |l U2 L (0e (0102 Uy e (U] 02 0 Us (U102 W 0
NJectors

‘ 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,jeté.s)



LHCE IN HI COLLISIONS

2 — PR p-SMOG  p-Pb/Pb-p Pb-5MOG Pb-Pb
450 GeV | 0.90 TeV
1.38 eV | 2.76 TeV
2.5TeV & TeV 60 Gel/
3.5 ley 7 ey
4.0 TeV B TeV 87 GeaV 5. Tey 54 Galy
5.5 TeV 13TeV  110GeV 8.2 TeV 58 GeV 5.1 TeV
7.0 TeV 14 TeV  115GeV 5.8 TeV 72 GeV 5.5 TeV

Preferred targets for SMOG operation:

alement | He Ne Ar Kr Xe
A & A0 40 824 131
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HI PHYSICS WITH LHCE

ﬂ LHCb participated to the pPb run and now it will join also the Run2 AA run!

® — <— —
Colliding beam mode |

59/8TeV  pp Pbo 5TeV Pb

a 72 Gevg &
. A

m) Fixed target mode (proton on gas like He, Ne, Ar, Kr, Xe):
explored energy densities between those probed at SPS and RHIC

Fixed target mode > @
\ (SMOG) : 6 9"00

700 ey 2200

r}: - T - - - T - - r'::;: ng _ T - - T - T _
Z 90 F LHCb ++I| KS 3 = 150  LHCb |l| AN
: = sop | Preliminary oy 3 = 1e0 f preliminary
ﬂ First look to = o + {5 0 +++
Pb-Ne@+sy,=54.4GeV % ,, P 1S} | |
= bt 1.2 @k
5 200 ¢! {= wf ,+l+ U
4 3 o 40 3 |,|,
B o ] g

I:] 1
\ 30 460 470 £80 400 J00 10 520 530 5S40 550 o JT05 1330 IRLS 1120 1125 1130 1135 1140

. Ty e TIPSRV
POBERTA ARNALDI LEPTON PHOTON 2015~ * © 1 eV/c?]
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CENTRALITY IN P-PB

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

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

=18

* forward dN./dn~ N, "P=N, -1 o ALICE p-Pb \s,,, =5.02 TeV
* mid-rapidity dN,/dn ~ N, oy e
* high-p; yields ~ N, y Charged particles I l<0.3
1.2 { |
£ "Hi?; ) ' o
il , . 3
Q,x instead of R,, due to potential 'ﬂ“ HE S $ M =
bias from the centrality estimator, D8 .t
not related to nuclear effects DB .
i deA/de ?i
A T lI1.| -
° (Neon) i dep/dDT . 1 D:E.
aal
Flat Q,p, at high p+ for all "o 5 1w 15 2

event activity classes p. {Gewg



CENTRALITY IN P-PB

h’h~
-

Two ostensibly ditferent
approaches...
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High multiplicity

g < 4 ORI p-Ph s, =502 TeV
1<p  <2GeVlc I
T .,

Low multiplicity

E‘II'T
1=p = 3 GeWle

=4 Gavie pPh | 5, = 502 TeV = 4 GaVle
] 60-100%
— TN

o

High - Low

Double ridge described
by both color glass
condensate (initial state
effect) or hydro (final
state effect)

(PLB719 (2013) 29)

1Ny ANgasoc/d g per An rad™)

—p-Pb |5, = 5.02 TeV

- (D-20%) - (50-100%) _aboiainmm-:pozu:m&‘.q:

— 2<p,, <4 GeVe a, + 2, cos 2

- 1zp =2 GeVie —— Baseline for yield extraction
Tassss

- & HWING shifted

= Data

Remaining

«—— correlation: two
twin long-range
structures
(double ridge)
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COLLECTIVE FLOW

'*

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

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

- anhisotropy in momentum space
through interactions of produced
particles

ng ~ 14+ 2vycos(2(¢ — Wrp)) + higher harmonics (vs, 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)51



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




V, OF IDENTIFIED PARTICLES: ¢

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

v.iSP.|AN| = 0.9}

0.4

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

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

_th-ﬁ n p ¢ _lpa.ﬁ u.ii i

e o TRULE :

::i:ﬂ!%i i !* . ) l“"ih ;
By 8 " . &'.'.l." g
a Hﬂa}.

£ £

0 > 4 0 > 4
Py (GeV/e) Ps (GeV/e)

* 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
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