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Introduction

- Heavy ion systems

= Studied to characterize the QGP properties

* Hot and dense matter created in heavy ion
collisions largely proven to behave
collectively
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~ Small systems

= Smaller size colliding objects and average
multiplicity in final state
= Traditionally
= pp: benchmark for heavy-ion physics and
microscopic production mechanism study
= p-Pb: intermediate reference and initial
state effects study environment
= Several “collective™like phenomena are also
observed in high multiplicity pp and p-Pb collisions
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Introduction

In hydrodynamic description of heavy ion collisions fireball expected to H L IC E
expand through: ' T spece istibtion
= |sotropic radial flow (important in central collisions] _,
= (Common expansion velocity of partons reaction |
= (bservables: spectra shape, baryon/meson anomaly plene
= Anisotropic transverse flow
= |nitial spatial anisotropy translates into final momentum
anisotropy (in semi-peripheral collisions]
= Fluctuations of initial spatial distribution translates into final
momentum anisotropy (in central collisions) et
= (Observables: multi-particle correlations

Nucleus T Nucleus

X —— p; distribution
space distribution

Nucleus

0o o2® 0 %o 0 o°® o ° . Origin of collectivity
e © 0 ©® 9090009002000/0 . . . . .
N A 1/ Ay /1 » /nitial state correlations : particles produced with momentum
correlations at partonic level — survive through the fireball
‘ B stages — converted into hadron final state momentum
) correlations
! » Final state correlations : space anisotropies converted into
' | momentum anisotropies via hydrodynamical flow — final state
Semi-hard particle production . . . .
o<T<oame L interactions generate the final state correlations
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A Large lon Collider Experiment

Multi-purpose detector at the LHC with unique particle
identification capabilities and tracking down to very low momenta H I. IC E

semnsaw. v avh mvm & aVAN

Central Barrel Detectors [|n] < 1)

Inner Tracking System (ITS)
= Tracking
= \ertexing
= Triggering
= Low momentum PID

Time-Projection Chamber [TPC)

= Tracking
= PID
Time-of-flight detector (TOF)
= PID
High Momentum PID (HMPID)
= PID
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|T8 OdE/dX -~ 10‘1 5% B af W\ N
2 ] e
. 0 [[| SRR
1 10 || S Auceperomance HMPID HMPID
p/z (GeVic) TOF | s TOF
TPC | e TPC
TPC o ~5% I ITS [=— ITS e
dE/d p(GeV/c)
/o B e s T T
TOF Orime o Fighs ~ 9B ps pGVY Int. J. Mod. Phys. A 29 (2014] 24

HMPID OCherekov Angle ™~ 3 mrad
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A Large lon Collider Experiment

Multi-purpose detector at the LHC with unique particle

identification capabilities and tracking down to very low momenta H I. IC E
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Central Barrel Detectors [|n] < 1)

Inner Tracking System (ITS)
= Tracking
= \ertexing
= Triggering
= Low momentum PID
Time-Projection Chamber [TPC]
= Tracking
= PID
Time-of-flight detector ([TOF)
= PID
High Momentum PID (HMPID)
= PID
VO
= Triggering
= Event multiplicity determination




Results

Radial flow: hardening of p; spectra
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= Spectra became harder with increasing multiplicity
= Effect more pronounced for heavier particles
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Results -

Radial flow: hardening of p; spectra
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= Hardening more pronounced for heavier
particles
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Results

Radial flow: blast-wave fit

- Hydro-motivated Blast-wave model

. Assumptions: locally thermalized medium, expanding
- collectively with common velocity field and undergoing
an istantaneus common freeze-out

dp?
- With:

. = mg =,/m?+ pr?, transverse mass

= p=tanh™*(Br), boost angle

Br

Tkin

: n

cm Br(r) = Bs (%) , transverse velocity distribution
- And:

. = (Br):radial velocity

- = Tyn : kinetic freeze-out temperature

. = n: exponential of velocity profile

d3N R sinh mrcosh
E_ocf mTIO<pT (p)>K1< T (p)>rdr
0

Pb-Pb

A

data / BW-fit

data / BW-fit

ALICE Preliminary, Pb-Pb \s, = 5.02 TeV

08 —"02 04 06 08 1 12 14 18

- -
![!llll

data / BW-fit

K +K*
T8 2
Py (GeV/c)

P ' Fitting range ' ' J

T

= Simultaneus fit of p; spectra for many light flavor particles (1, K, p)
* (Sood description of in central Pb-Pb collisions — Strong radial flow with
common velocity and freezeout temperature

= (Caveat: limited fit ranges
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Radial flow: blast-wave fit

ALICE

= |n Pb-Pb collisions
= Large (f7) for central collisions
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£ 0165 N \“ E collisions
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12 Yo, » YE mid-low multiplicity
0.1 Global Blast-Wave fit range: - .
C  7(0.5-1.0 GeV/c), K (0.2-1.5 GeV/c), p (0.3-3.0 GeV/c) “ ] . p-Pb vs Pb-Pb: parameters show similar
0.08 :_ + ALICE Preliminary, pp, \s =7 TeV _: tr‘end
0.06F . i} - . .
ooab ALIGE, pPD. | sy = 502 TeV E - Consistent with presence of
. - ALICE, Pb-Pb, =2.76 TeV ] . . ..
- " o ° E radial flow in p-Pb collisions
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Results

Radial flow: blast-wave fit
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ALICE

In Pb-Pb collisions
= Large (f7) for central collisions

Similar exercise done in pp and p-Pb
collisions
= pp vs p-Pb: () and Ty, compatible at
mid-low multiplicity
= p-Pb vs Pb-Pb: parameters show similar
trend
- Consistent with presence of
radial flow in p-Pb collisions
- At similar (dN_;/dn)
0 Tkin 1S similar
o {(pr) is significantly higher
for p-Pb collisions

Trend observed in pp reproduced by Pythia8
with color reconnection
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Results -
Radial flow: baryon/meson anomaly

ALICE

In central Pb-Pb collisions
p/m, A/IKP enhancement at intermediate p;

Xe - Xe
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Results =4

Radial flow: baryon/meson anomaly

ALICE

In central Pb-Pb collisions
p/m, A/IKP enhancement at intermediate p;
Effect arising in the bulk and not from the jets

Xe - Xe
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Results
Radial flow: baryon/meson anomaly

ALICE

In central Pb-Pb collisions
p/m, A/IKP enhancement at intermediate p;
Effect arising in the bulk and not from the jets

Models — Effect consistent with a flow boost pushing particles from low to high p;
Hydro describes only the rise <2 GeV/c
Recombination reproduces the effect at intermediate p; but overestimates towards lower p;
EPQOS (with flow] gives good description of data
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Results

Radial flow: baryon/meson anomaly

In central Pb-Pb collisions
p/m, A/IKP enhancement at intermediate p;
Effect arising in the bulk and not from the jets

nnnnn

ALICE

Models — Effect consistent with a flow boost pushing particles from low to high p;

Hydro describes only the rise <2 GeV/c

Recombination reproduces the effect at intermediate p; but overestimates towards lower p;

EPQOS (with flow] gives good description of data

Xe - X . . . . . .
o p/¢ independent of p;y — Similar mass drives similar spectral shape
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Results -

Radial flow: baryon/meson anomaly

ALICE

ALICE Pb-Pb ys,, =2.76 TeV

0
S
N

. I
I ALICE p-le ﬁ =5.02 TeV

ALICE Preliminary pp {s =7 TeV
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F——] VOM Class I, (dN_/dn) = 21.3
F—=—] VOM Class X, (dN_ /dn) = 2.3
(VOM Multiplicity Classes)

== 0-5%, (dN_ /dn) = 45.1

—=—] 60-80%, (chh/dn) =9.8
(VOA Mult. Classes - Pb side)

== 0-5%, (dN_ /dn) = 1601.0
==—] 60-80%, (dN_/dn) = 55.5

—h
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Across the three systems A/K% evolves
with multiplicity in qualitatively similar way: depletion at low pr, enhancement at intermediate p;
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Results

Radial flow: baryon/meson anomaly
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Across the three systems A/K% evolves
with multiplicity in qualitatively similar way: depletion at low g, enhancement at intermediate p;
rather smoothly for given p; intervals

—> Points toward one common driving mechanism in all system
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Results

Anisotropic flow: v, coefficients (2 particle correlation)

Pb - Pb

& g3l ALICE Pb-Pb {5, =5.02TeV Bz
= - |y| <0.5,10-20% o K*
= I PP
ES: B . ° (I)
>N 0.2 _— 10. d0 % o : Kg

- a'(.??"?u © A+K

B - E}.+ ? { { { i % § °

011 o;’“f { % . * (%
: ooon’ io o
O |_—__—________| ______________ LT e

= |n Pb-Pb collisions
-> Mass ordering [hydrodynamic
flow, hadron re-scattering]
-> Baryon/meson grouping
(recombination/ coalescence])

D. Colella (INFN, Bari)

06EY0'S08 L -NXIE

ALICE

(a) (b) (c)

2=

Coordinate space:
b - ' initial asymmetry

Collective interaction
pressure

Momentum space:
final asymmetry

Initial geometry and event-by-event fluctuations
cause azimuthal anisotropy with respect to
common symmetry plane
@N_ 1N
d3p  2mprdprdy

[1 42 X551 vpeosn(e — )]l
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Results

& g3l ALICE Pb-Pb {5, =5.02TeV Bz
4 "L 1y <05, 10-20% . K
= I PP
ES: B 0 (])
>N 02 __ ® & & o Kg
B x o A+A
S As TN % ¢
o1f T SR
: ooon%‘ io -
R o e
0 2 4 8
[ (GeV/c)

= |n Pb-Pb collisions
-> Mass ordering [hydrodynamic
flow, hadron re-scattering]
-> Baryon/meson grouping
(recombination/ coalescence])

06EY0'S08 L -NXIE

}

o
[V}
o

ALICE Prellmlnary

: p-Pb \s = 5.02 TeV ]
0.2F <038 e
@ ]

0-20% (VOA)

[ &3
- &
015 =
[ O
&=

Vsl {2, |An| > 0.4

h
o | ; + o0 g —
E(D) l’ i 1

AT
oosf ,-3. ]

Ly
|

Non-flow subtracted v,(o;)
Similar features as Pb-Pb measurements
—> Clear mass ordering (low p; region]
= (ualitatively predicted by hydro
- Indication of baryon/meson grouping
(intermediate o)

D. Colella (INFN, Bari)
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Results

-~ ALICE
— g
S e
S - ALICE Prellmlnary 0-20% (VOA) ]
A : p-Pb \s = 5.02 TeV ]
o 0,25 = 02f <08 =
S - ALICE Preliminary | 2040% (vory 1 2L I %; Wy i
A [ p-Pb \sy,=5.02TeV & [ @« '+
< 0.25 ey £ 0.2 <08 #-gwo.w—m»@ ’. o o W
S L ALICE Preliminary 40-60% (VOA[ 1 2 r =En | > [ 5] pp) "l i | i ]
A [ p-Pb \sy,=5.02TeV ¢+( ] o r 5; " L ol °++ . C Eim) i.' ‘ N
S 02-M<08 2 0.15F @ K¢ I — 0.1 LR * N
4 @ + ] % = o0 il S ]
4 3w - od ] F =l { # + [
g 015 EHK of R S ' § J 0.05F gk .
F- 1 IR L M
'*'!"'t :.’f.::. :"Y:F'%'Ill'l|llll||||||||||||...|..,,
o i 0'05-}[};* g K R - S R S
;? o p. (GeVi/c)
005'_ | o) AN I I IV P [
A o 1 2 3 5 6
E p_ (GeV/c
L | | PRI | |
ob4
o 1 2 3 4 5
p_ (GeV/c) )
: \tipic™y
gecreasing ™ P
= Mass ordering and baryon/meson grouping persists but slowly
vanishes towards low multiplicity events
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Results

yyyyyyyy

Anisotropic flow: v, coefficients (2 particle correlation)

p=p & & &

—o— g g_—% ,,,,, Jo é&%lb
:&\ [ T T T T T T T | T T T T T T T T | T T _l
= 0.16[— ALICE Preliminary pp p-Pb  Xe-Xe Pb-Pb —
~ 02<p <30GeV/c 13 502 544 502\s,(TeV) 1
014 mi<os8 . & B 0,2 > 1.4
012 ° (] * ¢ v {2, |An| > 1.0}
T E . 0 * ¢ v, {2 a0 > 1.0} ]
C ¢ ]
0.1: cop? A ”mm .
C oot * % ]
0.08— ’o * L, —
0.06/5*, r =
0.04F —
0.021 » e b P * o0 .
E ..+;¥"r‘q‘ ¢ ’+?0 [ 2K 2R J . ”"W
0 L | 1 I 1 11 | 1 | 1 | | | |- | 1 I_

10° 10°

ALICE

v,{2}
= Heavy-ion collisions
= Clear multipicity depencence
(consequence of collision geometry)
* Ordering Vo > V5>V,
= Small systems
» Comparable values with Pb-Pb at low N,
= \Weak multiplicity dependence
" Ordering v, > Vg >V,
—> Cannot be explained solely by non-flow

Collectivity can be better probed with
multiparticle cumulants
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Results =4

Anisotropic flow: v, coefficients (multi-particles correlation)

o ; p-Pb Xe—_);é Pb - Pb HLICE
o d b

[ —

—— T T T 1T 17T T IIIIII|

% 0_16:— pp 13 TeV p-Pb 5.02 TeV Xe-Xe 5.44 TeV Pb- Pb502 TeV—_ v {m} [m>2)
g 0.14F o —N o e . '2Heavy ion collisions
A4 Tenv,{4), mvo{4}, *vofdl, — B . -
SEIAC avlel T el ] ® | ong-range: signal doesn’t change with
0-12:_ ALICE Preliminary L Vo{8) E subevent method
C 02<p_<3.0GeV/c 7 ~ ~ ~
0.1 Og ] Vo{4} ~Vo{4)gau Vo{B} ~ Vo{Blogun Vo{B} ~ Vo{Blogys
s X TTITIN 1 = Multi-particle: vo{4} ~ vo{B} ~ v,{8}
T F K o & ’ 3% LI 1 = Small systems
0.06 % 4 % §¢ 2 * = » Real vo{4},.,, [extracted for first time
0.04F- ¢ 4 i in pp collisions with ALICE]
- ¢ . " vo{4}a.p ~ Vo{B) (agreement can be
0'02:_ = improved using subevent method in
0_ | | | 1 11 | 1 1 1 | | 11 1 | 1 I_ VE{B}]
10 10°
N, (| < 0.8)

Origin of collectivity in small collision systems

= 2-particle correlations: described by final state models

= Multi-particle correlations: not described quantitatively by any model so far

—> v [m) measurements alone cannot distinguish between initial and final state approaches
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Results

Anisotropic flow: Symmetric Cumulants

. x Of . - -
_& 4 61l pp 13TeV % Xe-Xe 5.44 TeV P-P
:— r {; O p-Pb5.02 TeV O Pb-Pb5.02 TeV 7 P S
= Constraining initial condition in small systems is 3 | ++ % b4, ]
crucial to improve the undestanding: Symmetric 2r + ﬁ? n 0%0 7 [e-p
0
Cumulants $ o —,
—> sensitive to initial conditions V-
—> clear suppression of non-flow effects I . . |
E o ' o o Xe - Xe
34 ALICE Preliminary ]
S Ml <0.8 1 ) a8
) of + 0.2<p, <3.0GeVic B g:ﬁjn
8 i ++ + + ® pp 13TeV * Xe-Xe 5.44 TeV ]
Positive correlation between v, and v, in I § § (= pPOSORTOV WIPOPOSORTEV | e
.. (T L — i
all collision systems - ++ R ]
. . L ¢ . R B
= Anti-correlation between v, and v; at 2~ ’+ ¢! — %— “““ i
large multiplicities (link to initial [ " " | —
. . ... 10 10°
eccentricity correlations) — Transition to N,, (] < 0.8)
positive correlation in small and large 10° x10-8
s U " \Bythias, pp 13 TeV _o standard | 20 ——sced | o
Systems g 10- —B— Two-subevent 1 5 151 —4— sC29) 5
. L —o— Three-subevent |
Not described by non-flow only models, but - o rorsmon | o 19 o
. . . e e i 1 <= S s Q
qualitatively predicted by model with initial ! 19 & Z @
state correlations of A 1R w °
r 0.3<p, <3 GeV 1 B 101 i
o <25 ja s
50 700 1:'—,0<Nh> %0 05 10 15 o 25 3D <
2 Q7 [GeV?]
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Summary

ALICE

* Many observables do show a smooth transaction from heavy-ion to
small systems as a funtion of event particle multiplicity

= (lear evidence of collective behaviour observed in small systems

= At the moment, the origin of collectivity in small systems is not clear
= Symmetric Cumulants provide tight constrains to theoretical

calculations

D. Colella (INFN, Bari) LHCP '18 - Bologna (ltaly) June 5, 2018
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ALICE
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Backup

Centrality/Multiplicity determination

The centrality/multiplicity classes requires the following steps:
the VO amplitude distribution is fitted with Glauber MC
absolute scale is defined, through the definition of
anchor point, as the amplitude of the VO equivalent to
90% of hadronic cross-section
data are divided into several percentiles selecting on
signal amplitude measured in the VO

VO amplitude distribution , —
. . The VO detector is composed of a pair of
Pb—Pb and pp: sum of amplitudes in the two VO forward scintillator hodoscopes placed at

scintillators, VO-A&VO-C ("VOM”) 2.8 <n<5.1[vo-A) and -3.7 <1 <-1.7 (VO)
p-Pb: amplitude by VO-A (placed on the outgoing Pb side])

(dN,/dn) is measured in |n| < 0.5 to avoid “auto-biases” in

PRC 88 (2013) 044909
multiplicity determination S E ALCEPOPbal (5, =276 TeV | Pb-Pb

S + Data -
2103 —— NBD-Glauber fit ]
(dN, i) FOR Rt
w Q E

4 f=0.801,1=29.3,k=1.6 g
Colliding system 10 1550

Centrality/Multiplicity class .
(Pb—Pb,/p—Pb/pp) Pb—Pb p—Pb PP 10° " ;
[Vsun = 2.76 TeV) (Vsyn = 5.02 TeV] (Vs=7Tev) C 3
' 2 R o _
0-5%,/0-5%,/0-0.95% 1601+60 45+1 21.3x0.6 10° é § 8 N 2 E
p—— 3 & = & S ]
90x0. L[4 = S Y PR S PR I S AT | P B
70-80%,/60-80%,/48-68% 352 9.8+0.2 o 5000 ~70000 15000 20000

4 VZERO amplitude (a.u.)
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Backup

Pr spectra in pp collisions vs multiplicity

ALICE

T 40P —r - I
o = ALICE Preliminary o 10° ALICE Preliminary
> 10 S i W
O} 3 (dN  /dn)=21.3 O} 2 L i dN _ /dn)=21.3
10 ch 10 ch
g,_ ] 02 e *M gi_ 0 .\::%
%o,
Q _ o Q
% 10 - \-..:* '% 1 mirimeoe g wﬁ:ﬁ:
2 4 3, S 2 S
z s — = 10 -
o 107'F re4r, pp 1527 TeV, +;;;EZ:;:..__ = 3 o 102f p+P.pp 15=7TeV, %E%m -~
Zq>, 102 VOM Multiplicity class: ""'\_: e 25, 10°° VOM Multiplicity class: 31— :
'y
< 1 073 1 == ~ 1 C
Strax EIX (x 2) e S pEEX EIX (x 2) "-»HI Dy
104 & VI (x 2%) VI (x 2°) S S VI (x 22) VI (x 2°) =
108 VI (x 2% V (x 2°) . 10°° VI (x 2% V(x 2°) ===¢=_=‘:Z
. IV (x 2°) I (x 27) 1076 IV (x 2°) I (x 27) =
107 (o)1 (x 28) F1(x 2% e (x 28 F1(x 2°)
107 (AN, /dn)=2.26 107 (N, /dn)=2.26
o F T o - T
AT AT
w 10F 4 W 10F E
P = = =z E ool W T W T T W W
o 5 o) C e ]
R R S AR o s 3 o :
E AT AT M E ES' v
T T 1
10°F et
01 02 03 1 2 3 4567 10 20 01 02 03 1 5 3 4567 10 20
P, (GeV/c) P, (GeV/c)
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Backup

Blast-wave fit in pp collisions vs multiplicity

= 14 > = 14
- E Fit range - - = Fit range
; 13 : ; 13 &
m 12 m 12 &
~ = ~ =
© 11 : © 11
3 1E 3 1F
09 £ 09 5
0.8 E ALICE Preliminary, pp \s=13TeV 0.8 = ALICE Preliminary, pp \s =13 TeV |
—E FelvoMm | VOM IV - T E FeJvoMm | VOM IV + -
07 E VoM Vil FsJvoM X - TTHT 07 E VoM Vil FsJvom X K*+K
0'6_.||||1.|||.|||..||||...|||.|||..||.||||||.. 06_ b b b b by b b by by
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 0 02 04 06 038 1 1.2 14 1.6 1.8 2
p. (GeVic) p, (GeV/c)
= 14 —g -
O = Fit range >
; 1.3 £ ]
M 12 &
~ =
11
(0] -
- 1B
0.9
0.8 f— ALICE Preliminary, pp \s = 13 TeV :
= Fe{voMm | VOM IV —
0.7 E Felvomvil  Fejvom X p+p
06 T TR S SN T AN SR T SR T NN SR SR S T ET SO ST ST S R SR S S MR
0.5 1 1.5 2 2.5
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Backup

Charged particle production vs energy

ALICE

In pp at 13 TeV (dN_/dn) increases with
V sfollowing a power law, along the trend

from lower center of mass energies
- About 20% increase from 7 to 13 TeV

In Pb-Pb at 5.02 TeV (dN,,/dn) /(.. increases with v s
following a steeper power law than pp collisions
—> About 20% increase in 0-5% from 2.76 TeV to 5.02 TeV

P 9_ T T 1T IHl T T T T TTIII T T T T II|I| I_
(SIS ] e
B F oo INEL, fit o s™1%®) — INEL>0, fit oc 5”11 - [similar (M)
208;_ m ALICE e ALICE =
E : ’ CMS : kl\lll T T_I IIIII| T T 1 I]IITl T T T TTTTT f7
7T & PHOBOS . _ pp(pp), INEL AA, central ]
- v UAS5 (pp) : - 0 ALICE m ALICE E
6 A ISR - L O CMS ¢ CMS i
- . - v UA5 e ATLAS .
5 3 " & PHOBOS + PHOBOS 7
: . C A ISR Ao PHENIX ] PRL 116 (2016) 222302
b E i V BRAHMS of o s®1%50 7] & bt
- E —  pA(dA),NSD % STAR - 3 , "
3l B " m ALICE % NA50 1 .
- _+, . " 4+ PHOBOS 1 '
S - - &y ]
C Y o ] * . ALICE
£ E £ B A
- PLB753(2016)319-328 1 <05 1 S 4 A= T o sMOE e e ereray e |
07 Lol Lol Lol . L _ R . R e ST
102 10° 10* 2 e — W)
\s (GeV) % 0.5 ]
. PRL 116 (2016) 222302 Il <| D]
0 L 11l 1 L1 il 1 L1l 1 1 L1111l 1
10 10° 10° 10*
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Backup

Baryon-to-meson ratio - Quantitative comparison

PRL 111 (2013) 222301

LT TT LI LI 1T T LT TT L L LI
E_ ALICE, p-Pb, s =5.02 TeV _F_ ALICE, Pb-Pb, {5, = 2.76 TeV 3
EVOA Multiplicity Classes (Pb-side) 3¢ 3
W==L=2 ¥ E
E = 60-80% == E
3 + =l
- & C 3
- L S - —
= . e ol =0

11 1 l 11 1 l 11 1 l 11 1 = 11 1 l 11 1 l 11 1 11 1
0 2 4 6 6 2 4 6

(00]

p; (GeV/c)

A/KO ratio vs multiplicity
For a higher (dN_,/dn), we see:
Increase at mid- to high p;

Corresponding de

pletion at low p;

Qualitatively same behavior as Pb-Pb

D. Colella (INFN, Bari)

0
S

ATK

ALICE

Derived from PRL 111 (2013) 222301

BN T r oo T T
- —e— ALICE, p-Pb, |5, =5.02 TeV .
i VOA Multiplicity Classes 2.60 <p. <2.80 GeV/c (2x) ]
(Pb-side) T
" —o— ALICE, Pb-Pb, |s,, =2.76 TeV 08 ]
_— y=A e $- -
¢ —f::ﬁ:-*ﬁﬁ@""
1 ¢~ o $---0-60 -
[ B B[ .
T - ) @*"*?* ¢ 2.00<p,<2.20 GeV/c (1x) 7]
- Q ______ § ot —
- @"Q— **'*Q __________ @ ------- .‘m -
N B -
0.90<pT< 1.00 GeV/c (1x)
| | ]
1 O -I Il L L Ll II Il Il Il L L L Ll I Il Il Il L L L Ll I Il Il Il L L Ll I-
10 ? dN 1 (/)g 10*
< ch 77|ab>|77labl <0.5

Quantitative comparison
Fitting the ratio of the p; integrated yields with a
power law:

AIKO; = A x (dN_, /dn)B
Values for B parameter as a function of p;
compatible between Pb—Pb and p—Pb collisions
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Results
Mean p; vs multiplity

=7TeV ]
pp s © ALICE, charged particles

|n]<0.3, 0.15<p_<10.0 GeV/c

(p,) (GeV/c)

PYTHIAS, tune 4C
¢ without CR
& with CR

p-Pb \sy, =5.02 TeV

B Data s

* EPOS

0.6 3
O DPMJET E
o O HIJING -
. A AMPT =
0.45 —Glguber MC _
—
L o7 __
8 ]
0 65 HHHHHHHHHHHHHHHHHHH 1
(D anmnmnnnnnmnnmﬁfﬁ 7777777777777777777 y
~ [
/Q\J— 065 X i L
~~

0.55 ]
05 % Pb-Pb Sy =276 TeV ]
" A Data ]

0.45 & I | . \ i
0 20 40 60 80 100

PLB 727 (2013) 371-380 Nen

ALICE

pp: high multiplicity through multiple parton interactions
incoherent production = same <p>
Color reconnectiorr. strings from independent
parton interactions do not independently produce
hadrons, but fuse before hadronization = fewer but
more energetic hadrons

p-Pb: features of both pp and Pb-Pb systems
Less saturation than in Pb-Pb = Higher <p>

Pb-Pb: high mustiplicity from superimposition of parton
interactions, collective flow = moderate increase

of <p>
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Results

Anisotropic flow: subevent method

ALICE

Non-flow: few particle correations not associated to the common symmetry plane
. Correlations between particles in jets, or from resonannce decays, etc.

standard method
Subevent method [J. Jia, M. Zhou, A. Py P2n 493 4%4
\ 4 4

Trzupek, PRC 96 (2017) 034906] P . ]
= Enforces a space separation

between particles that are being

correlated 2-subevent method

Y1 [ ‘sz A Y3 4 P4
[ \ A 7 7

I']:
((4)) = ((cosn(p1 + Y2 — 3 — ¥4)))

= Extended to multi-particle
cumulants «

]

Y];
((4))2—sup = {{cosn(p1+w2—p3 — ©4)))
Subevent method further suppresses non-

flow in multi-particle cumulants in pp 3-subevent method |
collisions wP3  ©O1n 902,f Pa
L 1 v -
. n
Non-flow can be largely suppressed also in ((4))3—ous = ((cos n(01+pa—p3—)))

p-Pb collisions
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Results

Anisotropic flow: v, coefficients (2 particle correlation)
(a)

plane
d3N 1 d?N
d3p ~ 2mprdprdy

(b)

(c)

P,

Collective interaction
pressure

X

Coordinate space:
initial asymmetry

ALICE

Anisotropic flow harmonic coefficient
Momentum space: obtained from Fourier expansion of
azimuthal particle distributions in the

final state relative to the symmetry
Initial geometry and event-by-event fluctuations cause plane

azimuthal anisotropy with respect to common symmetry

final asymmetry

[1+2 X5 vncos[n(e — ¥l

-~—————————————r———————————————
» [ Pb-Pb 15y, =2.76 TeV 1 ALICE [ Hydrodynamics
[ Centrality: 20-30% »_J,.n.a&‘ e Vv,{2,]A1|>0.8} [ v,{2}, MC-KLN & 1/s=0.20
0.2F /< 0.8 S8 T = v4{2,/an/>0.8} S i vi{2}, MC-Glb & 1/s=0.08
[ .‘,.-*" I o v,{2/an>0.8) v{2}, Trento & 1/s(T)

[ ;» ] P | 1 ve{2}, AMPT & 1/s=0.08

- ’ — ‘¢"-:"V‘wi’ —— ’_—‘:ﬂ:-
0.1. (’,\ J "./, B o L - Mv-"”"vv

L . 4 4 apl’ YT toe
v ] .=t e

OF----- 1. " ] -___*iff _____________________

ol | 1 1 T O 1 1 P o | PR | 1 1

0 1 2 30 1 2 30 1 2 3

P, (GeV/c) p_ (GeV/c) P, (GeV/c)
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