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Outline

ALICE

ALICE is the only dedicated heavy-ion experiment at the LHC.

Highlights of recent results from the ALICE collaboration are presented.
The collision systems investigated are pp, Pb—Pb and p—Pb.

= bulk particle production @ @
= azimuthal correlations

= collectivity in small systems?
= open and hidden heavy flavor




ALICE detector %

ALICE

Inner Tracking System (ITS)
-0.9<1<0.9
tracking + triggering +

particle identification (PID)
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ALICE detector %

ALICE

Inner Tracking System (ITS)
-0.9<1<0.9

tracking + triggering +
particle identification (PID)
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Time Projection Chamber (TPC) o

-0.8<n<0.8
tracking + PID

Time Of Flight (TOF)
-0.8<1n<0.8
PID

VZERO detector

two forward scintillator arrays
-3.7<n<-1.7, 2.8<n<5.1
centrality + triggering

Muon spectrometer
Zero-Degree Calorimeters -4<n<-2.5

centrality + triggering



ALICE data harvest %

ALICE

Run 1 (2009-2013) Run 2 (2015-now)
0.9,2.76,7,8 TeV 5.02,13 TeV
p-Pb 5.02 TeV p-Pb 5.02,8.16 TeV
Pb-Pb 2.76 TeV Pb-Ptr,\ 5.02 TeV

data taking at the end of 2015,
~130 million events

" minimum bias triggers
= rare triggers (muons, EMCAL,
PHOS, etc.)




Particle identification in ALICE %

Multiple PID techniques g PP o2 5.02 ToV
TPC g ;
» dE/dx in gas (Ar-CO,) 3,02
&
ToF Lo
» time-of-flight (o7 ~ 80 ps) 1 — e . N

Combined TPC+TOF information:  centrality 0-5%

e 36< P, < 3.8 GeV/c
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Particle identification in ALICE

ALICE performance
Pb-Pb |s\, = 5.02 TeV

TOF B

Multiple PID techniques

TPC
» dE/dx in gas (Ar-CO,)

TPC dE/dx (arb. units)

T .

B ALICE Performance ' -
§ Pb-Pb (s, = 5.

o
T

TOF
» time-of-flight (o7 ~ 80 ps)

p/z (GeV/c)

s

ALICE Performance
Pb-Pb |5 =5.02TeV

ITS

» dE/dx in 4 layers

with analogue readout

» low-mass tracker ~ 10% of X,
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ITS dE/dx (keV/300 wm)
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ALICE PERFORMANCE
Pb-Pb at Sy, = 5.02 TeV
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» transition radiation
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L
oF
NP

HMPID
» Cherenkov angle measurement

TRD dE/dx + TR (arb. units)

= efficient low-momentum tracking — down to ~ 100 MeV/c
Int.J.Mod.Phys. A29 (2014) 1430044




(arb. units)

Events

Centrality determination in ALICE

ALICE

Centrality — a key parameter in the study of QCD matter at extreme energy densities,
directly related to the initial overlap region of the colliding nuclei.

participants
before collision after collision
In ALICE: use multiplicity distribution in VZERO-C TPC VZERO-A
VZERO detector + Glauber model 37<n<-17 | <0.8 2.8 <n<5.1

= ALICE Pb-Pbat 5., =276 TeV __,JzPhys. Rev. C 88 (2013) 044909
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ALICE

Let’s go to... bread and butter
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arXiv:1612.08966

(dN_/dn» at 5.02 TeV:
increase of ~ 20% with respect to 2.76 TeV
follows trends expected from lower energies
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ALICE

Phys. Rev. Lett. 116, (2016) 222302

pseudorapidity density is measured over a wide n range

for 3 systems

Pb-Pb,/syn = 5.02TeV
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Pb Pb

Nuclear Modification Factors at Vs,,=5.02 TeV

Unidentified particle spectra:
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Nuclear modification factor: Raa(pr) =
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g*‘ﬁ Nuclear Modification Factors at Vs,,=5.02 TeV

ALICE
d2NAA /dndpr

Nuclear modification factor: R =
aa(pr) (Taa)d2c®? /dndpr

Raa < 1indicates parton energy loss

Unidentified particle spectra:
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T Vs\=2.76 TeV results:

Phys.Lett. B720 (2013) 52-62

Compare values at 5.02 TeV with 2.76 TeV:
= No significant evolution with collision energy is found
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Pb  Pb

Reminder:

|dentified particle spectra at Vs, =5.02 TeV

(9

ALICE

= 98% of all particles are produced with p; <2 GeV/c
= 80% are pions, = 13% are kaons, = 4% are protons.
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maximum yield moves towards higher p; from peripheral to central collisions
(the effect is more pronounced the heavier the hadron is)
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%*‘ﬁ n, K, p: Ry, and particle ratios %

dz NCI;;A / dn d pr 1: ADLICE Preliminary, Pb-Pb VENC,;; ;02 TeV 1
(TAA>d20'f}f)/dnde i et + T T

Raa(pr) =

0.5/

P, (GeV/c)
= all three species are equally suppressed at high p; (> 8 GeV/c)
—> the energy loss is partonic in nature
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g*‘ﬁ n, K, p: Ry, and particle ratios %

ALICE

AA / dn d pr [ ALICE Preliminary, Pb-Pb Vs, =5.02 TeV |
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AA(PT) (TAA)dZGf,f’/dnde 1: |

10-20%
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= all three species are equally suppressed at high p; (> 8 GeV/c)
- the energy loss is partonlc in nature
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= No significant change between the two energies for K/,
small shift of the maximum of p/m to higher p; (larger radial flow)
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%ﬁ How does radial flow change from 2.76 to 5.02 TeV? %

ALICE

Simultaneous fit to the &, K, p with

the Blast-Wave model
Phys. Rev. C 48, 2462 (1993)

“agle -
Py ! X
3 fit parameters:
(B> — radial expansion velocity

T, — kinetic freeze-out temperature
n — velocity profile
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% % How does radial flow change from 2.76 to 5.02 TeV? %

ALICE
< 02— T T T T TS
G o.18 o B PP
2016 ® » k%& p-Pb

3 Yy

Simultaneous fit to the &, K, p with 0.12

*
&
&
-
o
o
IIIIIIIIIIIIIIIIIQIIIIIIIIIIIII

the Blast-Wave model 01 %
Phys. Rev. C 48, 2462 (1993) " [ Global Blast-Wave fit to %
0.08 7 (0.5-1 GeV/c) , K (0.2-1.5 GeV/c) , p (0.3-3.0 GeV/c)/
e ALICE Preliminary, pp, Vs =7 TeV <B.>~0.65
* 0.06~ . ALICE, p-Pb, Vs = 5.02 TeV pr>=0.
+ ALICE, Pb-Pb, {5 = 2.76 TeV
0.04
+ ALICE Preliminary, Pb-Pb, s, = 5.02 TeV
y . O O I 1 1 I I I 1 1 I I I I 1 1 I 1 1 1 I | I I | I 1 1 1 I 1 1 1 I_
3 fit parameters. | | D 03 04 05 06 0.7
<I37> — radial expansion velocity p-Pb: Phys. Lett. B 760 (2016) 720
T.., — kinetic freeze-out temperature Pb-Pb: Phys. Rev. C88 (2013) 044910 T

n — velocity profile

= Blast-Wave parameters for Pb-Pb at 5.02 TeV follow trends obtained at lower energy
= Larger expansion velocity for central Pb-Pb collisions
= Higher <p;> for smaller collision systems at similar multiplicities
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Resonance production

., K p, ..
time f

Mid Rapidity

Pre-Equilibriu
Phase (< 1)

Hydrodynamics
Recombination/coalescence (quark content is important)

In-medium energy loss
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Resonance production N

Hadronic phase properties: lifetime, density

’Kinetic freeze-out — elastic processes cease, p; spectra are fixed

time
II . . . . . .
/ Chemical freeze-out —inelastic processes cease, particle yields are fixed
¥

Kinetic freeze-out

Mid Rapidity

Kt
Resonance Regeneration Re-scattering

decays @ @

increased yields loss of signal

Pre-Equilibriu
Phase (< 1)

Hydrodynamics
Recombination/coalescence (quark content is important)

In-medium energy loss
19

Igor Altsybeev, Overview of recent ALICE results
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Resonances: invariant mass spectra

Pb Pb ALICE
*0 ¢
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Particle ratios

o
w

o
o

Yield ratios with resonances

o
~

0.2}

0.1}

- 4 *xpp2.76 TeV ALICE
- O xpp7 TeV ® Pb-Pb 2.76 TeV ]
. 0 o Pb-Pb2.76 TeV (PRC 91, 024609) |

— EPOS3 - EPOS3 w/o UrQMD

K*/K: clear suppression
from pp and peripheral to central

Pb-Pb collisions
not observed for ¢/K

-... Thermal Model, T, = 156 MeV
| ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | I ]

0 2 4 6 8 10 12

1/3
(dN_/dn)

Possible explanation:
K*/K: rescattering of the decay daughters
&/K: rescattering not significant due to long lifetime

Qualitatively described by EPOS3 with UrQMD.
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Particle ratios

(P+P)/0

0.5

0.4

0.3

0.2

0.1

Yield ratios with resonances

[ ¢ xpp2.76 TeV ALICE 1
- O #pp7TeV ® Pb-Pb 2.76 TeV ]
[ o o Pb-Pb2.76 TeV (PRC 91, 024609) |

.......
.............
....................
......

----- EPOS3 w/o UrQMD

- Thermal Model, T, = 156 MeV
| ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ ]

0 2 4 6 8 10 12

1/3
(dN_/dn)

[ Uncertainties: stat. (bars), sys. (boxes)

1

+ pp 13 TeV INEL, Preliminary
pp 7 TeV INEL
e p-Pb 5.02 TeV, 0-5%

—H E'-
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. [ ]
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e
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(on

N

~

o

_|

[0)

<

o

4

o

R

| |

0 2 4 6 8

P, (GeV/c)

m

K*/K: clear suppression
from pp and peripheral to central

/n'

Pb-Pb collisions IASR A
not observed for ¢/K (K%)= 4 fm/c
() = 46 fm/c

Possible explanation:
K*/K: rescattering of the decay daughters
&/K: rescattering not significant due to long lifetime

Qualitatively described by EPOS3 with UrQMD.

p/® vs p;: flattens in most central Pb-Pb
and in high-multiplicity p-Pb collisions

spectral shapes of p are ¢ similar
- flow + recombination?
— hint of the onset of collective behaviour in p-Pb?..
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g*‘% R,, Of resonances @

ALICE

High p;>8 GeV/c: same suppression for resonances as for long-lived particles

" high-p; resonances can quickly escape the hadronic medium
= suppression not influenced by hadron properties (mass, baryon number, u/d/s quark content)
" rescattering is a low-p; effect

< 1.2_\ T T ‘ T T ‘ T ‘ T ‘ T T ‘ T ‘ 1T ‘ T 17 ‘ T T ‘ 1T _\ < B T T T I T T I. I . T T T I T T T T T T T T ]
= "I ALICE 0-5% Pb-Pb, |5,y = 2.76 TeV O o 1.4~ ALICE Preliminary B
i i = Pb-Pb \s,, = 2.76 TeV (0-20%) .
L ot W - 12 mopomm, <05 p meson | -
- +K i B ]
- ] [ - --eeeee e -
0.8 i B PL B736,196 (2014): ]
- i 0.8 W et +K' #p ]
0.6? 7 B ‘ ]
i . 0.6 norm. uncertainty _]
0.4+ ke — - 1
i O.4j i ]
0.28 Wi T " ] :
K 0.2 QL—'_i = * —
- B :B‘%%ié =t
coa b b b b b b b b b b \ \ | \ \ \ | \ \ \ | | | | | | | | | | n
0O 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10
P, (GeV/c) p, (GeVic)

Intermediate p; (2-8 GeV/c):

= K'0and ¢ are closer to other mesons than to protons
= mass ordering different for mesons and baryons?
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Reconstruction of strange particles

Long lifetime of strange particles
- reconstruction by weak-decay
topology:

ITS, ITS,

\

ALICE

... + invariant mass spectra:
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Strangeness production in small systems i

10_3;\\\\\\\‘ L1l

ALICE
® pp, Vs=7TeV

O p-Pb, {sy=5.02TeV |

0] Pb-Pb, |syy=2.76
— PYTHIA8

4

TeV

ALICE
Nature Phys. 13 (2017) 535

Enhanced production of strange and multi-strange hadrons
now observed also in high-multiplicity pp collisions!

10
(dN_, dn)

3

Inl< 0.5

Remarkable agreement between pp and p-Pb at same dN/dn
PYTHIA doesn’t reproduce the trend, while better agreement

with EPOS and DIPSY (color ropes)

Is the increase mass-related or strangeness-related?
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Strangeness production in small systems

X
ALICE
Nature Phys. 13 (2017) 535

Enhanced production of strange and multi-strange hadrons
now observed also in high-multiplicity pp collisions!

4

ALICE
® pp, Vs=7TeV

Baryon/meson ratios do not

Remarkable agreement between pp and p-Pb at same dN/dn
PYTHIA doesn’t reproduce the trend, while better agreement
with EPOS and DIPSY (color ropes)

Is the increase mass-related or strangeness-related?

Relative increase is more

O p-Pb, {sy=5.02TeV |
0 Pb-Pb, (s, =276 TeV

change significantly with

pronounced for multi-strange

TP multiplicity. hadrons.
S EPOSLHC 0045 \L — 3 — w “i’ T
8 4 = E ALICE —— PYTHIA8 = ALICE 1
e 16 | ‘”””‘3 9 0.4E® ppis=7TeV oo DIPSY = g% [ ®pp,Vs=7Tev Eﬁj*
r  p-Pb, 5.02TeV EPOS LHC = | Op-Pb, (s, =5.02 TeV g
(AN )y foue= ® 2 §§S ;4%
Inl<0.5 O 35 5 - @ Kg %% i
£ oal P A -1 8§ o
S 03 @ @ i% <H> E 15 ! 2 A _@%}_. i
c 0.25} ...::.‘-‘;;.'..?5‘ = i :ﬁjﬂ ﬂ{} S
<} j .................................. AKS U4 B i
g 02R e i peiTY
m O 15: .................................................. 1_i __________ g Bﬁ
0.1fg—He & B EFTT B | 3 % pra
0055 x p/n (x2) 0_57"5 L s
' 10
<chh/d n>lnl< 0.5 <chh dn>lnl< 0.52 6



? ? Angular correlations of m, K, p in 7 TeV pp collisions :

ALICE

Unlike-sign pairs arXiv:1612.08975

\

\ / /

‘\\\ \' r/ /
\F4
A\ \ | /’ / ///
beam direction \\W

/
— Jll\p> —-
7 of 14§

J1 RN

,““‘ |

pions

Fig. A. Zaborowska

Strong anti-correlation!

—
=
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Angular correlations of , K, p in 7 TeV pp collisions N

Q> <@ 4
S

Unlike-sign pairs arXiv:1612.08975

pions

Fig. A. Zaborowska

Strong anti-correlation!

AR MC models:
SRR
s = reproduce mesons

= but fail for baryons!

S
SRR
<\ Dot
SR XN
“ ‘Q TS Doy
RSRCSICSISE D
SR SR
o KSR
O G RS ISAR TSSO
AN N e\,
S NSRS XN 7
AL INCIIECUIATYS
h‘t‘s\‘“
>

N Why? MC models contain
__@mmaemmpars (5 KK +KK pairs conservation laws for E, p,
\%1.32— t ALICEppVs=7TeV,jAn<1.3 - 51_35—' ..... ‘PYTHI/‘\BMonIash ' ' —
Qo E PYTHIAG Perugia-0 ] [§) Eomme PHOJET ]

baryon number.

1oF -~ PYTHIAG Perugia-2011 3

What else?
Coulomb repulsion?

0.8 = 0.8 = I
E Il Il Il | 1 1 m12:= } } : : : 4 E Il il } ‘I-I- 1 ,II' . . . .
s - - MM =rsssppaetcany
g - B AN e Fermi-Dirac Statistics?..
o B powe hr ST S £ STVSSUVUOSTISTTORTI S L1 SR S
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? ? Angular correlations of i, K, p and A in 7 TeV pp collisions ?i%

Check correlations with A
(neutral baryon)
—> Same results!

arXiv:1612.08975

o
©
T

-~ o
- )

o0
o ®

Ratio to data
Ratio to data
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?” (_? Angular correlations of m, K, pand A in 7 TeV pp collisions

ALICE
Unlike-sign pairs arXiv:1612.08975
g Ty Lambdas
- ‘ ALICEpp Vs =7 TeV
G, 11%5 r - E - \
dty " PADA ]
T2 w W o AK 94 =
14 *' " ANl <1.3 , %
! " =
&1

Like-sign pairs
§1_2 ‘ALICépp \/§‘=7Te\’/ e
; 1.1 : z/‘:% N \I\ miﬁﬁ?*“w =
b meis Wl
ooy ,‘il‘ﬂm ' %
et
s Ac‘p‘(fald)uaw °
... even for pAl :
_ , P Conclusion:
(not identical baryons) :
observed baryon-baryon correlations are not

reproduced by MC models.
No explanation found so far.
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& @ Anisotropic flow at Vs, =5.02 TeV

ALICE

dN >
w ~ 1+ ZZ'vn cosn(®p— \V,)
n=1

vp = (cos [n(p —¥,)])

v, quantify the event anisotropy
v, — elliptic flow, v, — triangular flow, ...

31

Igor Altsybeev, Overview of recent ALICE results



g*‘ﬁ Anisotropic flow at Vs, =5.02 TeV %

ALICE
> t ALICE Preliminary
[ Pb-Pb V5, =502TeV  Pb-Pb {5, =276TeV  0.2< p_<30 GeV/c
0.12[- : :ji,}mmm N :ii;‘mlﬂl i < 0.8
L e ) 0 vii2/an1)
~ . Vj{Z,IAn|>1} o by
0.1 B T ) e ssssssecscseaesiyony
L v{2,|An|>1}
00 '_
dN 0.08_
d—~1+ E 2v, cosn(@— \¥,) i
(p n=1 0.06[—
vp = (cos [n(p —¥,)]) )
0.04—
v, quantify the event anisotropy -
v, — elliptic flow, v; — triangular flow, ... 0.02
-IIIEIHIIqIEIIHIEII-IIEIIqIEIIIIIIIIIIIIII

0 10 20 30 40 50 60 70 80
centrality (%)

Integrated v, measured up to v, using cumulants.
Constrain initial conditions and temperature dependence of n/s.

= use n gap between particles for 2-particle correlations to suppress non-flow (decays, ...)
* v,{4} uses 4-particle correlations = reduced non-flow
= difference between v,{2} and v,{4} is sensitive to event-by-event fluctuations of v,
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-0.1

0.1

particle v, at Vs,,=5.02 TeV

ALICE

10-20%

20-30%

30-40%

O

ALICE Preliminary
Pb-Pb ys,, = 5.02 TeV
nl < 0.8

81 v,{2, [An/>0.9)

* v,{4}—reduces non-flow

il v.{2, |An>0.9}
# v,{2, |An|>0.9}

" v, >v; >V, for p; <5 GeV/cfor all centralities

= v,>0uptop;=50GeV/c
= v,{4} < v,{2} for p; < 10 GeV/c

(resonances, ...)
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& @ Identified particle v, at Vs,,=5.02 TeV %

Pb Pb ALICE
?g_' 0.3~ ALICE Preliminary 10-20% ly| < 0.5
é [ Po-Pb sy =5.02TeV @ W= | Forp;<2GeV/c: mass ordering indicative of
~ 02F il : : radial flow
= +p ) i
S ﬁih . — = For p; >3 GeV/c: particle type dependence
0.1 ? o . " +
I } ° ° H = ¢ follows mass ordering at low p; and pion v,
I at intermediate p;
U e i S P
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Identified particle v, at Vs,,=5.02 TeV %

Pb Pb ALICE
oy 0.3F ALICE Preliminary 10-20% ly| < 0.5
@ oL
A Pb-Pbys, =502TeV . L
g | VS © o] T For p; < 2 GeV/c: mass ordering indicative of
~ 02F #25 ; : radial flow
2 : L] &= p+p . .
N ﬁit . — For p; > 3 GeV/c: particle type dependence
0.1F ‘? +. @ A +
L &) ° ° H ¢ follows mass ordering at low p; and pion v,
at intermediate p;
U e i S P
0 2 4 6 8 10 12 14
p_ (GeV/c)
4 9 2] L IP-Glasma+MUSIC+UrQMD
= 10-20% S 03[ ariv1609.02958 . ’;
o = : -t 10-20% /7
é 0.1 ﬂ: B y-
i = = /. s @ ®F
™ B wl L o + -] U.Q =} H
> 0.05[ < f - =T AL $ 4
i % w .+ ol
: L
0-_.'. %. T T P S T TS L N N ¢ ol R
0 05 156 2 25 3 35 4 B
/

particle production via quark coalescence?

—scaling is only approximate

Hydrodynamical calculations
(IP-Glasma) + hadronic cascade model (UrQMD):
reproduce the main features of v, for p; <2 GeV/c

35



L Elliptic flow of deuterons %

Pb Pb ALICE
g 0.6 Data Blast-Wave
A L ot —qt @
=0.5F K _KE
<L Lepp  —p+p Simple nucleon coalescence?
05 0.4 c0+d  —d+d — does not describe deuteron v,
=0 D (p,),
0.3f ' “Blast-wave” prediction
- ‘ —~ hydrodynamics parametrisation
0.2~ ] — parameters from fit to /K/p
- E,B - nicely describes deuteron trend!
0.1¢ ALICE Preliminary
LT Pt fow =270 00

1 2 3 4 5
[ (GeV/c)

—> Similar production mechanism for strongly-
coupled hadrons like /K/p and very weakly-
bound deuteron?
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& @

5o Event-by-event correlations of flow harmonics %
ALICE

Symmetric Cumulants, SC(m,n) — measures the correlations of v, and v_.. PRC 89, 064904 (2014)
_ 2 4,2 2 2
SC{m,n) = <vmvn> _ <vm><vn>

= not sensitive to non-flow effects and inter-correlations of various symmetry planes

PRL 117, 182301 (2016)

= e U ———
e 3 ><10£
= ALICE Pb-Pb s, = 2.76 TeV
Q 9 & ] +
N E|sc<4,2) "---..~
1 SC(3,2) - . . .
o] I A Stronger constraints on the initial
l"|-|- ’.'.1 L o, . . .
0 s " conditions and n/s in hydrodynamic
Ll et calculations than v, alone.
. SC(4,2), 1/5=0.20 o i
m =m » SC(4,2), n/s(T) parami N Vs
—2F sin1 SC(4,2), n/s(T) paramé4 o 111 L
— SC(3,2), 11/5=0.20
lig = = = SC(3,2), n/s(T) parami
w1 w1 SC(3,2), n/s(T) param4

0 JHR o TR~ 0 THRRERES o MEARNAE - O MERERNLS" 0 HRURIAR <0 Yl Rifl 4 0
centrality percentile
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J/W suppression at vs,,=5.02 TeV

10°

N
U DAL DU RS RS

ALICE Performance 23/06/2016
Pb-Pb, {sy,=5.02 TeV, L =225 b

Centrality 0-90 %
25<y<4,p <12 GeV/c
x?/ndf = 1.59, S/B&’ =0.14
m,,, = 3.1002 £ 0.0005
G,y = 0.069 £ 0.001

N, = 285202 + 2787

2.5 3 3.5 4 4.5

m,, (GeV/c?)

Inclusive Jy — u*u

® ALICE, Pb-Pb \San = 5.02TeV,25<y <4, pT <8 GeV/c
B ALICE, Pb-Pb \s,, =276 TeV,25 <y <4, p,< 8 GeV/c

1.2 :»i. O PHENIX, Au-Au M=O.2Tev,1.2<Iy|<2.2,pT>0 GeV/c _
114

The *
0.8 Hilfrse e .
iy S g @ 0 ]

o6k L ﬁ@ DECRLY- __T
0.4 -
i G E a & ]
0.2 B 5 @ ]
0 Ll 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I Ll 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I I-
0 50 100 150 200 250 300 350 400

<Npart>

ALICE
Phys. Lett. B 766 (2017) 212-224

_ NU/y),,

AN INU ),
- =1 if yield scales as number of binary
pp collisions in AA

= Very different behaviour between LHC and RHIC (vs both centrality and p;)
—>most straightforward explanation: c-cbar recombination at LHC!
= Results at 5.02 TeV = small further increase?
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J/W suppression at vs,,=5.02 TeV

Pb Pb ALICE
10AL|CE Performance 23/06/2016 Phys- Lett. B 766 (2017) 212-224
600 - Pb-Pb, sy, =5.02 TeV, L ~ 225 ub"
(\é — Centrality 0-90 %
E’ 5005 2.5£yt<y:;9:</12GeV/c _ N(J/w)AA
3 400;— xEndf =159, S/B, =0.14 AA T
£ sof s sk Ny )NU 1),
g 20F - =1 if yield scales as number of binary
100F « . .
pp collisions in AA
0 25 3 35 4 45
m,, (GeV/c?
é IIII|IIII|IIII|IIII|llll|llll|llll|llll|l_ 5( IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
T 1 4f Inclusive Jp — i b 14 ALICE, Pb-Pb |5, = 5.02 TeV 1
r ® ALICE, Pb-Pb \s =5.02TeV,2.5<y <4,p_<8 GeV/c i Inclusive JAv — uu ]
10k m ALICE, Pb—Pb\/%=2.76 TeV,25<y <4, pT<8 GeV/c N 19 5 4‘” s GeV/ N
““HM O PHENIX, Au-Au|s,=0.2TeV, 12<lyl<22,p_>0GeVic ] : S<y<4,03<p <8 GeVic ;
Ly T i .
1 L 1 I B i Pt
il;! * I
0.8 pllliSen 5 0.8 -
H'ihl: : ]
0.6 ﬁ@ L —_T 0.6 .
0.4 2 o . 0.4 ]
02 9 H g ] 0.2f Taremor i Shosara O ;
[I':]] [a] 7 Statistical hadronization (Andronic et al.) ]
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII- O\;I(?()I-Tolvelrsl(!:elrrIEI:oz IIIII IIIIIIIIIII||||I||||I||||-
00 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 450
<Npart> <Npaﬂ>

= Very different behaviour between LHC and RHIC (vs both centrality and p;)
—>most straightforward explanation: c-cbar recombination at LHC!

Results at 5.02 TeV = small further increase?

Transport models can describe suppression for central collisions
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s Vo Elliptic flow of J/{ and D mesons %ﬁ
E 0_25 1 | L] ] I 1 1 T L] I 1 1 1 T I 1 1 1 1 I ] 1 1 1 |
Ll - ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV .

~ 0.2 ]
> - \ :
0.15F %‘% ’F’ -
0.1 & # -
0.05 F- * \ i =
OF -
[~ # Inclusive J/y — p*u~, v {EP, An = 1.1}, 2.5 < y <4, 20-40%, global syst: 1%_]
-0.05 :— M Prompt D°, D" average, v,{EP, |An] = 0.9}, lyl < 0.8, 30-50% —:
o N Syst from B feed-down .
_0.1 B 1 1 1 L 1 L 1 1 1 I L L 1 1 I L L L 1 I L L 1 L ]

0 5 10 15 20 25

[N (GeV/c)

= charm quark flow at the LHC energies!
= seen for J/P and open heavy-flavor D mesons
= should help constrain the hadronization mechanisms with the c-quark
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ALICE
ALICE-PUBLIC-2017-001

J/Y production vs rapidity in p-Pb at vs,,=8 TeV

ALICE Preliminary
Inclusive J/y — pu, p-Pb VSNN =8.16 TeV

Pb-going

Igor Altsybeev, Overview of recent ALICE results

1, 80000 [ i
I 0.8
350000 : i
g ALICE Preliminary L - -
2 . 0.6 ~
‘540000_ p-Pb,m_SJSTeV a . . -
3 203<y, <353 i . <
° ; - EPS09NLO + CEM (R. Vogt) p- go| n g
80000 Y 04+ CGC + NRQCD (R. Venugopalan et al.) O—>
i i CGC + CEM (B. Ducloue et al.)
20000
L 0.2 r Energy loss (F. Arleo et al.)
10000: TR Transport (hot + cold nuclear effects) (P. Zhuang et al.)
[ : = = = Comovers (E. Ferreiro)
L Tl b by ol by wa lay 0IIIIiIIIIiIIIIiIIII|IIII|IIII|IIII|IIII|IIII|IIII
24 26 28 3 32 34 36 38 4 42
M, (GeV/c?) -5 4 -3 -2 -1 0 1 2 3 4 5
ycms

suppression in p-going direction
Rppp=1 in Pb-going direction

* models (shadowing, energy loss, CGC) describe the y_ . dependence
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Upgrade of the ALICE detector

Y
ALICE ‘major’ upgrade

Main physics goals:
= dynamics of heavy flavour and quarkonia at very low-p;
thermalisation, recombination

= vector mesons and low-mass di-leptons
chiral symmetry restoration, virtual thermal photons

= precise measurement of light nuclei and hypernuclei

Main detector requirements:
= high tracking efficiency and resolution at low p;
increase granularity, reduce material thickness
= high-statistics, untriggered data sample
increase read-out rate, reduce data size (online data reduction)

= preserve excellent particle ID capabilities
consolidate and “speed-up” PID detectors
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Upgrade of the ALICE detector

New Inner Tracking System (ITS)

* improved pointing precision Muon Forward Tracker (MFT)
* less material = thinnest tracker at the LHC e new Si tracker
proved MUON pointing precision
MUON ARM
Time Projection Chamber (TPC) ) con(‘;'muous
* new GEM technology for red OUt,
electronics

readout chambers
e continuous readout
e faster readout electronics

» y
2

’n

New Central
Trigger
Processor

Data Acquisition (DAQ)/
High Level Trigger (HLT) :
* new architecture 7 /) -
 online tracking & data / ;f" ﬁySt. Rossegger
. (c) by F.Antinori
compression New Trigger
* 50kHz Pb-Pb event rate Detectors (FIT) 43



Summary %

ALICE

Hadron yields in Pb-Pb are probably affected by rescatterings after chemical freeze-out
Strong suppression at high-p; with no dependence on mass, baryon number, quark content

Enhanced production of strange and multi-strange hadrons in high-multiplicity pp collisions
Baryon-baryon anti-correlations in pp are observed, not reproduced by MC models
More hints on collective phenomena in p-Pb

Azimuthal flow is described by hydrodynamics at low-py, v, is observed for deuterons
Measurements of e-by-e flow harmonics correlations — stronger constraints on IS models

J/Y regeneration in Pb-Pb, increased at 5.02 TeV
First direct evidence of charm v, at LHC energies

... a lot of interesting results didn’t fit into this talk.

Upgrade programme: installation of upgraded detectors in 2019-2020

Thank you for attention!
44



Backup slides



New ALICE Inner Tracker System

ALICE
ALICE-TDR-017

7-layer barrel geometry based on CMOS sensors

Outer layers
12.5 G-pixel camera R

(~10m?3)

r coverage 23-400 mm
n coverage: |n|<1.22

3 Inner Barrel layers (IB)
4 Inner Barrel layers (OB)
Material / layer: 0.3% X, (IB), 1% X, (OB)

Igor Altsybeev, Overview of recent ALICE results



Upgrade of TPC readout system

HV electrode (100 kV)

Current TPC: fld cage
= designed to measure up to 20000 charged particles
in a central Pb-Pb collision
= MWPC readout
= Limitation from ion backflow:
max. readout rate is ~¥3.5kHz

readout chamber

ALICE-TDR-016

= continuous readout
= collision rates of 50 kHz in Pb-Pb beyond 2019

= expected average pileup of 5 events
= online reconstruction and data compression by a factor of 20

* Drawback: higher ion backflow (~1%)

GEMA4(S)

= preserve momentum resolution for ITS+TPC tracks Main components of the existing
= preserve particle identification via dE/dx TPC will be reused




fﬁi Hyperon resonances in p-Pb ®

ALICE
arXiv:1701.07797

-3 -3
x10 / x10 /

: [ T T T T I T T T T I T T T T I T T T T I 7 ] E -I T T T I T T T T I T T T T I T T T T I y ]

B0l . ) [ ]

¥ 10 ___ GSl-Heidelberg model ® ALICE, p-Pb, \'s = 5.02 Tev] ++ __ GSl-Heidelberg model 1 o 0-Pb, {5y, = 5.02 Te

B[ TemTooMeV O ALICE, pp, Vs = 7 TeV (INEL) 52'5 L Ta=156 MeV R ]

~ b p-Pb, DPMJET STAR, A, o - 200 GV ] o> [ asee p-Pb, DPMJET [J ALICE, pp, Vs = 7 TeV (INEL)

Red | . , d-AU, SNN = ev_|] [ ]

= 8 | e pp, Pythia8 ] “Itx) e Pythia8 ]

2 pp, Py

I+ STAR, pp, Vs = 200 GeV + [ )

o L ]

A ] A ) ]

=+l 6 - - ~ 3 W 1
*

AR @ ] 1.5¢ H .
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T
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o
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T
|
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CINEL AN s

Results for * (strangeness S=1) and =™ (strangeness S=2) in p-Pb collisions at 5.02 TeV
confirm findings of a strangeness-related increase of yields in small systems.
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P

Multiplicity dependence of strangeness production vs Vs

ALICE

Strange hadron production with «dN_ /dn»>: same scaling at different Vs

/>\\ 7| T T T | T T T T T T T T | T T T T | T T T T | T T |7 />\‘
S 1.8 K ALICE Preliminary : 5®)
< 16F - 2
© C lyl<0.5 3 ©
~ C o n ~~-
1.4 Monte Carlo models (s = 13 TeV): T 7
I — — PYTHIAG Perugia 2011 ]
1.2~ ... PYTHIA8 Monash 2013 -
r —— EPOS-LHC ]
1= ]
0.8~ — stat. —
- [ Isyst. 3
0.6~ []syst. uncorr.
0.4 —
C pp, mult. dependent (VOM): T
0.2 .- —4—Vs=7TeV -
-o° —— {5 =13TeV ]
O _t 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 =
10 15 20 25
ch n |7]<0.5
Same for = and Q!
<~ 018 L L L B <~ 0.2 e
> - =t ALICE Preliminary 4 > E - =+ ALICE Preliminary E
So T4z 5 Zoos- Q40 —:
C RV E o016 VoS =
F Monte Carlo models (Vs = 13 TeV): = 1 0.014 F_ Monte Carlo models (Vs = 13 TeV): =
0.12F — — PYTHIA6 Perugia 2011 [# 4 Ol PYTHIAG Perugia 2011 B
E ------ PYTHIA8 Monash 2013 | 0.012 -~ PYTHIA8 Monash 2013 -
0.4 —— EPOS-LHC = = Al EPOS-LHC B E
E - 3 0.01— -
0.08[— pp, mult. dependent (VOM): — - pp, mult. dependent (VOM): .
F —+-1s=7Tev E 0‘008? ——\s=7TeV m El -
0-08E 4 (s-13Tev = 0.006F- —+-15=13Tev & Do 7
0.04 j _ 4_4-{;'4/'- - ;., stat e 0.004F O] [ syst. uncorr.
F 1 E ] E
0.027— , %z;z::uncornt 0.002~ ’ ____——-——_—"—T—___'__.-.—. 4
P et N R B B R R oo A e R T D R
5 10 15 20 25 2 4 6 8 10 12 14 16 18 20 22
<chh/d 77>|q\<0.5 (chh/dn>|n|<0.5

0.8

0.6

0.4

0.2

T T T I T T T T

A+A

ly|<0.5

Monte Carlo models (¥s = 13 TeV):
— — PYTHIAG Perugia 2011
PYTHIA8 Monash 2013
—— EPOS-LHC

T T T T ‘ T T T T | T T

ALICE Preliminary

$7 -
EH // —— stat.
@ o [ ]syst.
#] P []syst. uncorr.
e
—‘/‘
pp, mult. dependent (VOM):
. —+Vs=7TeV
: | | |+ {s= 13Tev
5 10 15 20 25
dN /d
< ch 77>|17|<O.5

Hadronic chemistry is driven by
event activity, irrespective of
the collision energy!

MC models poorly describe
ratios of integrated yields
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@ @ Ratios of integrated yields: multiplicity dependence

Pb Pb ALICE
—~ 02— K/.Tl: ~ 0.0/ p/ﬂ?
MREIE = ° : -
+ T Ur . *t 0.06 mn =
ol bt & MtERR R g f
con gt FTTEN oy gy
" 0-12:_H E + 0.04F -
< 0.08 [-ALICE V0 Multiplicity Classes = 0.03 -ALICE Vo Multiplicity Classes E

0.06 £ 1pp, (s =7 TeV I] p-Pb, (5 = 5.02 TeV ] 0.02E21pp. Vs=7Tev I] p-Pb, {5y = 5.02 TeV
0.04 [ Preliminary PLB 728 (2014) 25-38 71 [ ® INat. Phys. 13, 535-539 (2017) ' | PLB 728 (2014) 25-38
T E T Pb-Pb, (s = 2.76 TeV Pb-Pb, {syy = 5.02 TeV] 0.01F-[ 5 Pb-Pb, {5y =2.76 TeV Pb-Pb, |5, = 5.02 TeV
0.02 "I PRC 88, 044910 (2013) Preliminary - " E LIPRC 88, 044910 (2013) Preliminary .
O C 1 1 1 11 1 III 1 1 1 11 1| II 1 1 1 11 1| II 1 . O C 1 1 1 11 1| II 1 1 1 11 1| II 1 1 1 1 1 11 II 1 N
234 10 20 102 2x10° 10° 2x10° 2 34 10 20 102 2x10? 10°2x10°

(dN ch/ d77>|n| <05 (N ch/ d77>|n| <05

= Smooth evolution of K/t and p/m ratios across different systems
= Same values for high multiplicity pp, p-Pb and peripheral Pb-Pb
= No significant evolution in Pb-Pb collisions from 2.76 to 5.02 TeV
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Pb Pb

LorBﬂ ‘j
«t
{
3-particle correlator:
Yab— <COS ((pa+(pb_2 1I12)>N _<al,aal,b>+Bin—plane_ Bout—plane

Interaction of quarks with QCD domains and
magnetic field B

- spin alighment and induced electric field
- In experiment: charge separation
perpendicular to the reaction plane

Interpretation is complicated by background contributions
— use Event Shape Engineering technique to disentangle
them from potential CME signal

Study of Chiral Magnetic Effect with Event Shape Engineering

ALICE

0.6 X10° PRL 110 (2013) 012301
:\E. ) same opp.
93: ) O ALICE Pb-Pb @m =2.76 TeV
N 04F 4+ 4 STARAuwA @\Syy = 0.2 TeV

o ALICE +opp.
f_ 02l ( ) same+opp. mean B +ﬁ

3
£ e
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0.2 *

®x
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(cos((pa * q)B ) 2(Pc» HIJING / V2{2} ¥ *
06 —l CME ex;l)ectation (lsame cha:’ge [13]) | |
0 10 20 30 40 50 60 70

centrality, %
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Pb Pb

| @
€

Interaction of quarks with QCD domains and

magnetic field B

- spin alighment and induced electric field

- In experiment: charge separation
perpendicular to the reaction plane

3-particle correlator:
Yab— <COS ((pa+cpb_2 1I12)>N _<al,aal,b>+Bin—plane_ Bout—plane

Interpretation is complicated by background contributions
— use Event Shape Engineering technique to disentangle
them from potential CME signal

Event Shape Engineering:
use classification by g,"° to select with larger or
smaller v, within each centrality class

Study of Chiral Magnetic Effect with Event Shape Engineering

ALICE

0.6 x10° PRL 110 (2013) 012301
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A.Dobrin, QM2017
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Pb Pb

LorBﬂ @
€
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Interaction of quarks with QCD domains and

magnetic field B

- spin alighment and induced electric field

- In experiment: charge separation
perpendicular to the reaction plane

3-particle correlator:

Yab— <COS ((pa+(pb —2 1I12)>N _<al,aal,b>+Bin—plane_ Bout—plane

( cos((pa e 2¥,) )*dN/dn (opp - same)

0.1

Yag‘dN/dn (opp-same) vs v,
| [050-60% ALICE Preliminary

5 40-50% Pb-Pb | 5, = 2.76 TeV s
* 30-40% 5 "i‘* + [

- 02<p <50GevVic |
1) 1 i
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%@H’M T+T? '

- ml<0.8
% 10-20%
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T [ IR | ARt
0.02 0.08

Difference is positive and ~scales with v, and
multiplicity - mostly background contribution

After studies of magnetic field vs v, in initial state models,
upper limit for CME fraction is <30% in centrality class 10-50%

Study of Chiral Magnetic Effect with Event Shape Engineering

ALICE
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