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Physics motivation o e
 Main goal of the ALICE experiment:

» study nucleus-nucleus (A-A) collisions

» investigate deconfined phase of matter (Quark Gluon Plasma, QGP):
- hydrodynamical evolution, energy loss, thermal/chemical equilibrium
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Introduction

Physics motivation
 Main goal of the ALICE experiment:

ALICE

» study nucleus-nucleus (A-A) collisions

» investigate deconfined phase of matter (Quark Gluon Plasma, QGP):
- hydrodynamical evolution, energy loss, thermal/chemical equilibrium

%K p, .. time ] /
T

e Fireball evolution:
starts with a “pre-equilibrium state”
forms a “QGP phase” (if T > Ty)
“chemical freeze-out” (T,):

—> hadrons stop being produced
BT odyRario - “kinetic freeze-out” (T,i.):
Evalils e > hadrons stop scattering

a) without QGP / \ b) with QGP z INEN
Istituto Nazionale di Fisica Nucleare
B Sezione di Bari
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Physics motivation o e
 Main goal of the ALICE experiment:

» study nucleus-nucleus (A-A) collisions

» investigate deconfined phase of matter (Quark Gluon Plasma, QGP):
- hydrodynamical evolution, energy loss, thermal/chemical equilibrium

» use pp (and p-PDb) collisions as baseline / control experiments

= intriguing observations from multiplicity dependent studies:
- small collisions systems show remarkable commonalities with A-A
- strong hints of collectivity
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Introduction

Physics motivation
 Main goal of the ALICE experiment:

» study nucleus-nucleus (A-A) collisions

» investigate deconfined phase of matter (Quark Gluon Plasma, QGP):
- hydrodynamical evolution, energy loss, thermal/chemical equilibrium

» use pp (and p-PDb) collisions as baseline / control experiments

= intriguing observations from multiplicity dependent studies:
- small collisions systems show remarkable commonalities with A-A
- strong hints of collectivity

Studying strangeness in pp, p-Pb and Pb-Pb (Xe-Xe):

Collectivity (spectra):
= transverse momentum distributions, baryon-to-meson ratios

Hadrochemistry (yields and ratios):
= strangeness enhancement, multiplicity and energy dependence INFN
= comparison with thermal model predictions Sezione di Bari
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Experimental apparatus
A Large lon Collider Experiment at the LHC

SPD SDD SSD TOC VoOC

ALICE

ACORDE

— Low material budget in
e P (= the central region

_— § e good momentum resolution
(~1-5%) @ p; = 0.1-20 GeV/c

SIRERC,
tracking, vertexing

VOA(C):

triggering,

beam-gas rejection,
centrality (Pb-Pb, Xe-Xe) and

multiplicity (pp, p-Pb)
class definition

IR
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Experimental apparatus
A Large lon Collider Experiment at the LHC

SPD SDD SSD TOC VoOC

ALICE

ACORDE

Complementary particle

identification techniques
excellent PID capability in a
wide p; range:

energy loss (ITS, TPC)
time-of-flight (TOF)
Cherenkov (HMPID)
topological decays

=) =7 Data samples:

o7 = . W= | (== -~ -pp @ 2.76,5.02,7,8, 13 TeV
‘ N el - p-Pb @ 5.02, 8.16 TeV

- Pb-Pb @ 2.76, 5.02 TeV

- Xe-Xe @ 5.44 TeV
INFN

Istihltlll?ziumhdi Flsiu_lludn .
Sezione di Bari
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Introduction

Strange particle detection
 From charged tracks to yields:

» topological decay reconstruction

» geometrical and kinematical selections
» decay product invariant mass analysis

PLB 712 (2012) 309
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£ o E |
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Results in Pb-Pb @ 5.02 TeV

Transverse momentum spectra
ALICE
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Results in Pb-Pb @ 5.02 TeV \&

Transverse momentum spectra
ALICE
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Hardening of the spectra with increasing centrality of the collision

Spectra hardening more pronounced for heavier than for lighter particles
(expected as effect of the radial flow)

Same pattern for multi-strange hadrons - @FN
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Results in Pb-Pb @ 5.02 TeV
Transverse momentum spectra

ALICE
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Results in pp @ 7 TeV \\\\%
Transverse momentum Spectra

Multiplicity classes based on VO detector:

» 28<n<5bland-3.7<n<-1.7

» 10 multiplicity classes (I = X)
m <dN./dn> = 3.5 <dN_/dn>NEL>0
.= X: <dN_/dn> = 0.4 <dN_,/dn>NEL>0
with <dN_,/dn>NEL>0 = 6.0

lllllllllllllllllllllllllllllllll
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Results in pp @ 7 TeV %\%
Transverse momentum spectra ALICE

Multiplicity classes based on VO detector:

> 2.8< 15 5.1and -3.7 < n < -1.7 E 10° g l( IALIIC:E.pIp'\S:ITTe\J)’_%
> 10 multiplicity classes (I > X) s 1 1

LI <dN_/dn> = 3.5 <dN_,/dn>NEL>0
=" X: <dNg/dn> = 0.4 <dN,/dn>NEL0

e K0 3

L
- TS (v

. 0 e

With <dN,/dn>NEL>0 = 6.0 2 o e S
E w‘#‘ = (( ) (x10°) :
cem T VID A+A (x ]
. . . 3 o ~ e E
d Shape evolution similar to A-A: S e
o) : T E
> harder with increasing multiplicity 7 113 " e oy
L_) - ] —si;:‘ v E+E (X f%
» hardening more pronounced for R A ]
. - ’ -4 ¥ N

heavier than for lighter particles Ol Thgies
5 ‘¥ Vv o0 E
In A-A collisions such behaviour could be explained & "¢ " C
by models based on relativistic hydrodynamics 0 2 4 6 80 pT"‘ng\j‘,C)
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Results in pp @ 13 TeV
Transverse momentum spectra

Same pattern as observed in pp @ 7 TeV
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Results in pp @ 13 TeV
Transverse momentum spectra

Same pattern as observed in pp @ 7 TeV
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Results in Pb-Pb @ 5.02 TeV. /\V'\é
Baryon-to-meson ratios

ALICE
d Same behaviour as in Pb-Pb @ 2.76 TeV:

» maximum increasing with centrality
» peak position shifts to higher p- (radial flow, quark recombination)
» high-p; region: no medium effect on particle composition

¢ 0-5% 10-20%
2 14 (.U‘Hfﬁ ) ’
Wl 30-40% -+ 50-60%

12 - - 70-80%

M ALICE Preliminary
' Pb-Pb |5, = 5.02 TeV

I—

O ly| < 0.5
Oy
==
——
l I 1 l 1 ‘ 1 1 1 ‘ 1 1 1
6 8 10 12 | N FN
p; (GeVic) ST
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Results in Pb-Pb @ 5.02 TeV \&
Baryon-to-meson ratios

d Same behaviour as in Pb-Pb @ 2.76 TeV:
» maximum increasing with centrality
» peak position shifts to higher p- (radial flow, quark recombination)
» high-p; region: no medium effect on particle composition

ALICE

@2.76 TeV:
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. ol o o 2 c
) e ¢ 30-40% - 50-60% hydro and recombination model
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Results in Pb-Pb @ 5.02 TeV \\
Baryon-to-meson ratios

d Same behaviour as in Pb-Pb @ 2.76 TeV:

» maximum increasing with centrality
» peak position shifts to higher p- (radial flow, quark recombination)
» high-p; region: no medium effect on particle composition

ALICE

Similarities in the evolution across different systems:
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Nature Physics 13 (2017) 535

D. Elia (INFN Batri, Italy)

Ratio of yields to (n*+1)

Results in pp @ 7 TeV, p-Pb @ 5 TeV, Pb-Pb @ 2.76 TeV \\

Strange-to-pion yields

—
<

<
n

1073

wo 80

: (ﬂﬂ {MH’# Q+Q' (x16) ?
i %l ALICE :

® pp,\s=7TeV
& 7 O p-Pb,\s,y=502TeV |
¥ [] Pb-Pb, \s, =276 TeV

—— PYTHIAS8
------ DIPSY
e EPOS LHC
;\\\\Il\l 1 I\I\HI‘ 1 IIIIIII| ]
10 10? 10°
<chh/d n>m|< 0.5

ALICE

Significant enhancement of strange to non-strange
particle yields visible for high-multiplicity pp

Istituto Nazionale di isica Nucleare
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QC&HS 2018 / Maynooth (Ireland) August 1 - 6, 2018 20



Results in pp @ 7 TeV, p-Pb @ 5 TeV, Pb-Pb @ 2.76 TeV \&

Strange-to-pion yields

o
8
[
s o,
——
o~ ]

% i ALICE

Nature Physics 13 (2017) 535

® pp,\s=7TeV

R O p-Pb,|sy=502TeV |
[] Pb-Pb, \s, =276 TeV

A ALICE

; o b 5 gignin

3 R 40 o Significant enhancement of strange to non-strange
2 10 “* 4 particle yields visible for high-multiplicit

% Hﬂ%@ﬁ"ﬁ#@ LU P y 9 PlICIty pp

'é" i Consistent pattern between pp, pPb and Pb-Pb with
S nice overlap at fixed final state multiplicity:

o

enhancement observed as a function of <dN/dn>
iIndependent on the collision type!

awa'a8) | Strange to non-strange ratios reach values similar

to those observed in PbPb collisions

—— PYTHIA8
------ DIPSY
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10_3;\\\\||\| Lol Ll 1 INFN
1 0 1 02 1 03 Istituto Nazionale di Fisica Nucleare
<chh/d TI)\TII< 0.5 Sezione di Bari

D. Elia (INFN Batri, Italy)

QC&HS 2018 / Maynooth (Ireland) August 1 - 6, 2018 21



Nature Physics 13 (2017) 535

Results in pp @ 7 TeV, p-Pb @ 5 TeV, Pb-Pb @ 2.76 TeV

Strange to plon yields

—
<

Ratio of yields to (n*+1)

<
n

1073

G
QU
ALICE

Significant enhancement of strange to non-strange
k particle yields visible for high-multiplicity pp
Consistent pattern between pp, pPb and Pb-Pb with
L nice overlap at fixed final state multiplicity:
P enhancement observed as a function of <dN,/dn>
independent on the collision type!
o wﬁfﬁ ow'(16) | Strange to non-strange ratios reach values similar
i Mﬂ to those observed in PbPb collisions
0 e ey No MC models describe the data satisfactorily
I i C) Pb-Pb, |8y =276 TeV |
ey Question:
e EPOS LHG = is the enhancement in pp due to mass or
— . . i some baryon/meson effect or INEN
10 10 10° a0 :
(dN /d ’7>m| . due to strangeness content of the particle” —
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Results in pp @ 7 TeV, p-Pb @ 5 TeV, Pb-Pb @ 2.76 TeV \\

Strange-to-pion yields

Nature Physics 13 (2017) 535

ALICE

0045 — Ratios of yields for particles with large mass
© F_ ALICE — PYTHIAS | difference do not show enhancement as a
~ 04-® ppys=7TeV e DIPSY - . ——
c = () p-Pb, |5y =5.02TeV epostic 1 function of charged multiplicity
3 0.35- -
E 03EF E E E & % ?ﬁ # No model is able to reproduce the increase
‘E 0.25 F E i@) E E _______ ﬁ st 1 of the hyperon to pion ratios and the
A T e ake - flatness of baryon to meson ratios
g o2 " ~  simultaneously
0_15? .................................................. _;
0.1p >
- J p/m (x2) 1
0.05 10
<chh/d n>|n|< 05
» enhancement is strangeness rather than mass related
INFN

Istituto Nazionale di isica Nucleare
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Results in pp @ 7 TeV, p-Pb @ 5 TeV, Pb-Pb @ 2.76 TeV %Vé
Strangeness enhancement

Nature Physics 13 (2017) 535

ALICE

Double-ratio in pp collisions (and in p-Pb)

T IIIWII' T T

o 2 , .Q;'C\‘iﬂev Eﬂ: i evolves smoothly with multiplicity density
E . Op-Pb,\s,, =5.02TeV E@“
= " @®p ﬂ] 1 Protons (S=0) is consistent with unity up to
~ B A 7 c
T 150 ; EHD %D QG 1 the highest <dN/dn> probed
< i ¢ ]
I DD § ¢ A EDT Hyperon production increases from low to
Lo % E ] ﬁﬂﬂ@ 0@ @ high multiplicity in pp and p-Pb
- q _
05% |]I | | 1 | 1| | | | | ;
10
(chh/d n>|n|< 0.5
» enhancement is strangeness rather than mass related C
INFN
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Results in pp @ 7 TeV, p-Pb @ 5 TeV, Pb-Pb @ 2.76 TeV })\Vé

Strangeness enhancement

Nature Physics 13 (2017) 535

ALICE

Double-ratio in pp collisions (and in p-Pb)

(i T T T T T T T | T T I
= B ALICE T . -, - -
o I L[ @pp 15 7Tey Eﬂj | evolves smoothly with multiplicity density
E _ Op-Pb,\s,, =5.02TeV P %_
< - @K %%‘ 1 Protons (S=0) is consistent with unity up to
~ i A e 7 ;
— - e = - the highest <dN/dn> probed
g 1502 EH: ﬁjﬂ @-'{}"'@; 9 ch/ N> P
= i G ] , 1
I e HH% i % Hyperon production increases from low to
N éﬁggﬁﬂﬂ-@"% 89 ~ high multiplicity in pp and p-Pb
I % b :
E[ o | The larger the valence strange quark
0.5 # | content, the steeper the slope:
E— 1'0 (dashed line fit to guide the eye)
<chh/dn>| |<0.5
» enhancement is strangeness rather than mass related C
INFN

> hierarchy determined by the strangeness content of the hadron ...
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Results in pp @ 7 TeV, p-Pb @ 5 TeV, Pb-Pb @ 2.76 TeV }K{

Strangeness enhancement

Nature Physics 13 (2017) 535

! IIIWIII T T

3 i ALICE ]
g Z _ ®pp,\s=7TeV :ﬂj |
E 2 . Op-Pb,\s,=5.02TeV . %i
= - @K %{p 1
~— : A ‘“a“ :
B o15-1, ;}H @--@“‘@‘
= . S0 At _
o %ﬂh% """ J |

- %_ﬂaﬁiﬁﬂﬂ-@%%@j
o e :
0.5 __H -

Further questions:

ALICE

Double-ratio in pp collisions (and in p-Pb)
evolves smoothly with multiplicity density

Protons (S=0) is consistent with unity up to
the highest <dN/dn> probed

Hyperon production increases from low to
high multiplicity in pp and p-Pb

The larger the valence strange quark
content, the steeper the slope:
(dashed line fit to guide the eye)

= |s the same enhancement present at higher energy (pp @ 13 TeV)? INEN
= is the enhancement collision-energy dependent or multiplicity driven? e '

D. Elia (INF

N Bari, Italy)
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Results in pp @ 13 TeV, Pb-Pb @ 5 TeV /\V'\é
Strangeness enhancement ALTCE

d Results in pp @ 13 TeV (and Pb-Pb @ 5 TeV):

» no signs of energy dependence

T T T T T T T T T T T

Similar scaling with multiplicity observed & O 0 0 oo ggypw &)

for strangeness production 2 0 0 00 DOmA ]

_ 172}

inpp @ 7 and 13 TeV 210 S
> o oonDom,, . ]
O —

Most peripheral Pb-Pb @ 5 TeV results § 0 0 000gpgopwe -

bridge p-Pb and high-multiplicity pp,
In agreement with Pb-Pb @ 2.76 TeV
(also with STAR Au-Au, Cu-Cu @ 200 GeV) 102 -

@[ﬂ]@@WT¢_+_ x3)
i [ﬂ][ﬁuﬂjﬂ][ﬂ]gwg*mzh

¢ :
Event activity (system size) drives [ ALICE Preliminary i
particle production: K O po 527 TV S PP {os o802 TeV
strange particle production is collision . | O PPDfoy =502 ToV | |
energy independent at similar multiplicity 10 10 102 10° 10°
(dN h/dn)
c lnl< 0.5
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Results in pp @ 13 TeV, Pb-Pb @ 5 TeV, Xe-Xe @ 5.44 TeV %\%
Strangeness enhancement ALTCE

(1 Results in Xe-Xe @ 5.44 TeV:

» system size/geometry dependence: confirm same behaviour

T T T T T T T T T T T T T T

Similar scaling with multiplicity observed E
for strangeness production 2 o
n (%) Wl 00 2K
inpp @ 7 and 13 TeV B 10- ¢ o _
3‘ o oooo |Jﬂ[ﬂm/\ﬂ\ .
Most peripheral Pb-Pb @ 5 TeV results g p pnigh 0 @0 B0H 02002
bridge p-Pb and high-multiplicity pp, « ¢ ot T |
in agreement with Pb-Pb @ 2.76 TeV ot AR NSl
(also with STAR Au-Au, Cu-Cu @ 200 GeV) 107, ! A
W :
Event activity (system size) drives PR L ALIGE Preiminary
particle production: gt e e Tey e T v |
strange particle production is collision | opmscSET m e lay-saTey
energy independent at similar multiplicity 19 10 102 10° 10°

(dN_ /dm)

Inl< 0.5
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Results in pp @ 13 TeV

Strangeness enhancement

W
X
ALICE

J Near-term prospects with higher energy pp:

D. Elia (INFN Batri, Italy)

» special high-multiplicity trigger used
for pp @ 13 TeV data taking

» enough statistics to study 0-0.1%
and 0-0.01% multiplicity samples

*(2 T ‘ T T T ‘ T T T T T T | T T T | T T T | T
S ,o7L- ALICE Performance VOM Multiplicity Classes
8 pp \s =13 TeV Min. Bias Triggered Data:
10° 0-1% 20-30%
- 1-5% 30-40%
sIF I~ [ 1510% [_]40-50%
10 \\ 10-15% [ 50-70%
4 15-20% [ ] 70-100%
10 —— 0-100%
3 High-Mult. Triggered Data:
10 C001%
10?
10
’
1 1 L 1 1 L 1 |
0 2 4 10
VOM amplitude / (VOM amplitude) ri
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Results in pp @ 13 TeV

Strangeness enhancement

S\

ALICE

J Near-term prospects with higher energy pp:

x107°
:“\ T TTT ‘ T T T T T TTT |
& T GSl-Heidelberg model THERMUS V3.0 model i
+ 1 Pb-Pb-T, =156 MeV ~~~ Pb-Pb-T =156 MeV | ]
5 - MC predictions - pp \s=7TeV 7
~ T —— PYTHIA8 Monash No CR | 7
o - -.-. PYTHIA8 Monash With CR 7
|} 0.8 ---. DIPSY Color Ropes 3 —
+ M EPOSLHC 7]
S T ]
0.6 _|
i ALICE Preliminary ]
B p-Pb {8, =5.02TeV ]
0.4+ PLB 758 (2016) 389 =
I Pb-Pb ys,,, =2.76 TeV N
B PRC 88. 044910 (2013) 7
- Pb-Pb |5, = 5.02 TeV 7
0.2— Preliminary ]
r Jpp Vs =7TeV N
e INat. Phys. 13, 535-539 (2017) ]|
fr —_— =
0 1 1 | { 1 1 I - I 1 1 ) T | 1
1 10 102 10°
dN /d
( ch n>m|< 0.5

Aim to answer next question: is there
any hint of a saturation of the strangeness
production for higher-multiplicity pp?

D. Elia (INFN Batri, Italy)

» special high-multiplicity trigger used

for pp @ 13 TeV data taking

» enough statistics to study 0-0.1%

and 0-0.01% multiplicity samples

Counts

107

108

104
10°
102

10

T ‘ T T T
ALICE Performance VOM Multiplicity Classes
pp \s =13 TeV

\.ﬁ_\

TS

™~

Min. Bias Triggered Data:
0-1% 20-30%
1-5% 30-40%

[ 1510% [] 40-50%
10-15% [ ] 50-70%
15-20% [ ] 70-100%

— 0-100%

High-Mult. Triggered Data:
[ 001%

|
10
VOM amplitude / (VOM amplitude) ri
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Results in Pb-Pb @ 5 TeV

Thermal model fits A Ter

d  Working fairly well in Pb-Pb @ 2.76 TeV:

» most light-flavour yields described with single T;, (1563 MeV)
» some tension for protons and (multi-)strange hadrons

lllllllllllllllllllllllllllllllll
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Results in Pb-Pb @ 5 TeV

Thermal model fits

d  Working fairly well in Pb-Pb @ 2.76 TeV:

» most light-flavour yields described with single T;, (1563 MeV)
» some tension for protons and (multi-)strange hadrons

Kr+R*

+

- -t

3.y, 375
WH+H 5

o KK 0 e
2 2 Ks 2 ¢ 2 A 2 2 d 2 He
L]
> E z : o
T 10° Fos- ; i ALICE Preliminary
Z 12 b | e Pb-Pb 15, = 5.02 TeV, 0-10%
E e - el : z : :
r C etommis : : :
L : : :
10 E- Dol
1 E : P
10—1 ; <r Not in fit : : : : e
10°2 C Model T(MeV)  V(im) ¥NDF|
, — THERMUS 4 152+2 7832 +484  587/10| :
107 F GSlI-Heidelberg 153£2  7260+410  41.910| .
10 E - SHARE 3 153+3 5211+ 703 49.7/10| .

W
X
ALICE

In Pb-Pb @ 5.02 TeV
similar behaviour:

T, = 153%x=3 MeV

lower temperature, consistent
with that for Pb-Pb @ 2.76 TeV
within uncertainties

THERMUS: Wheaton et al.,

% 0'2 Comput. Phys. Commun. 180 84 (2009)

3 o5 GSlI-Heidelberg: Andronic et al.,

S 4F PLB 673 142 (2009)

s 2 SHARE: Petran et al.,

3 2  Loms Comput. Phys. Commun. INFN

= AL 185 2056 (2014) Sezione di Bari
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Results in Pb-Pb @ 5 TeV

Thermal model fits

W
X
ALICE

d  Working fairly well in Pb-Pb @ 2.76 TeV:

» most light-flavour yields described with single T;, (1563 MeV)
» some tension for protons and (multi-)strange hadrons

- 3 317
T KK o K'+R* p+p T+I Q4O AH+ H
2 2 Ks 2 ¢ 2 A 2 2 d 2 He
L]
> F z : : z : : : : e : 3
T 10° s : : : ; é : 5 i ALICE Preliminary : I
3 102 b e e . Pb-Pb s, =5.02TeV,0-10% ]
E i : e s TV : : : i ]
10 F o - 'Y 3
1 E : i I
Tl SN C R NS S S AR DA B B ,
102 C Model T(MeV)  V(Im) ¥NDF] | 5
. F — THERMUS 4 152+2 7832 + 484 58.7/10| 1 : : 3
107 GSl-Heidelberg 153+2  7260+410  41.9/10| | 3 : § e
104 E -+ SHARE 3 153+3 5211+ 703 49.7110| N SO .
E H : H : H H : : : ! BR=25%: E
o] F o O H
E 0.5 T T Lt L S RETIII I ST ¢ .
) : g
g 0 s
g-os} :
5 4F
=) =
s 2f
g OF
g -2 =
E _4¢F

In Pb-Pb @ 5.02 TeV
similar behaviour:

T, = 153%x=3 MeV

lower temperature, consistent
with that for Pb-Pb @ 2.76 TeV
within uncertainties

Additional effects needed?
Baryon annihilation,
Interacting hadron gas,
iIncomplete hadron

INFN
spectrum '

Istituto Nazionale di isica Nucleare
Sezione di Bari
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Conclusions %

 Strange hadron spectra: ALICE

» hardening of transverse momentum spectra with increasing centrality
in Pb-PDb collisions (as expected from radial flow)
» similar effect observed in pp @ 7, 13 TeV, with increasing multiplicity

] Baryon-to-meson ratios:

» results in Pb-Pb @ 5 TeV (and pp @ 7, 13 TeV) confirm enhancement
at intermediate p; seen in Pb-Pb at 2.76 TeV

d Strangeness enhancement:

» strangeness enhancement observed in high-multiplicity pp collisions
(possible consequence of canonical suppression)

» strange-to-pion ratios evolve smoothly and universally with event
multiplicity, regardless collision system and energy

d Thermal model fit to the yields: e
> confirmed good description in Pb-Pb @ 5 TeV (few caveats) s s e
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D. Elia (INFN Batri, Italy) QC&HS 2018 / Maynooth (Ireland) August 1 - 6, 2018 34



. and Outlook /Wmé

J Among the most intriguing open questions: ALICE

> will the relative strangeness production in pp saturate?
= stay tuned for results from high-multiplicity trigger in pp @ 13 TeV!
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... and Outlook \>

ALICE

 Among the most intriguing open questions:

> will the relative strangeness production in pp saturate?
= stay tuned for results from high-multiplicity trigger in pp @ 13 TeV!
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Backup slides %
ALICE
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Introduction

Physics motivation

O Strangeness enhancement:

G
QU
ALICE

*J. Rafelski and B. Miiller, PRL 48, 1066 (1982)

» enhanced production of strange particles in A-A wrt pp

= one of the first proposed signatures of QGP formation in A-A collisions*
PLB 728 (2014) 216-227

PP

Pb-Pb at \ s, = 2.76 TeV

) relative to

‘.(_2_'+ﬁ+
5| eA
: p 1
f—f LT
| : ; ¢
:
{0 |
(N

D. Elia (INFN Batri, Italy)

Hierarchy based on

strangeness content:
E(S=3) > E(S=2) > E(S=1)
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S\

Introduction

Physics motivation

O Strangeness enhancement:

ALICE

*J. Rafelski and B. Miiller, PRL 48, 1066 (1982)

» enhanced production of strange particles in A-A wrt pp

= one of the first proposed signatures of QGP formation in A-A collisions*
PLB 728 (2014) 216-227

§ | PO-Pbat s, = 276 TeV ﬁ SPS Hierarchy based on

2| i z P strangeness content:

© 4o} IE'+ 2 1o} IE'+ A “| /RHIC E(S=3) > E(S=2) > E(S=1)

X | eA T | eA A

=" o

> A t ﬁ ik 4 é:ﬂ 3 Decreasing trend with

= i T . e iIncreasing energy:

;e8¢ % s o E(SPS) > E(RHIC) > E(LHC)
i . ? _______________ ] 1 'HH _________________________ ] Possible explanation:
E t | ! A7 PPt Pt 172 Gov enhancement in the A-A to pp ratio
T 7L ona ey originates from (canonical)
1 10 10° 1 10 10° Suppression In pp INFN
(N (N e e SR BE b bee 00— :

part i .‘ diiisical Nucleare .
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PLB 728 (2014) 216-227

D.

Introduction

Physics motivation

ALICE

O Strangeness enhancement:

» compare A-Ato pp normalising to pions

R ]
c —
Re)
Q
[@]
i
c
(o]
f
(]
g; __________
T 10° ; 1
Q/n ]
ALIPE Pb-Pb at 2.76 TeV
ALIEE pp at 7 TeV
ALIEE pp at 900 GeV
STAR Au-Au, pp at 200 GeV
10% ALIE Pb-Pb at 2.76 TeV
[ \LILE pp at 7 TeV 1
AR Au-Au, pp at 200 GeV 1
rud Lol
1 10 10° N
PP, prr) ( part>

Elia (INFN Batri, Italy)

Ratios in Pb-Pb at LHC increase with centrality and
saturate towards central collisions (larger system)
matching predictions from thermal models based
on a Grand-Canonical (GC) formulation

Relative production of strangeness in pp increases
faster with energy than in A-A going from RHIC
to LHC (removal of canonical suppression)

Unprecedented pp/p-Pb statistics at the LHC
allows extensive multiplicity study of reference
samples: suitable to

explore transition between pp and A-A

INFN

Istituto Nazionale di isica Nucleare
Sezione di Bari
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Multiplicity definition

J Based on the measurements in the VO: ALICE

» analyzed events have at least one charged particle in |n| < 1 (INEL>0)
»> event sample divided into 10 classes according to ionisation energy
deposited in the VO detectors (2.8 <n<5.1and -3.7<n <-1.7)

<dN./dn>: average pseudorapidity density of primary charged particles in |n| < 0.5

Multiplicity classes used in pp @ 7 TeV analysis

Class name I II 111 A% Vv

o/omerso  0—0.95% 095 —-4.7% 4.7-95%  95—14% 14— 19%
(AN, /dn) 213406 165405 13.54+04% 11.54+0.3 10.1+0.3

Class name VI VII VIII IX X

o/omNeLso  19—28% 28 —38% 38 —48% 48 —68% 68 — 100%
(AN /dn) 8454025 6.7240.21 540+£0.17% 3.9040.14 2.26 +0.12

D. Elia (INFN Bari, Italy) QC&HS 2018 / Maynooth (Ireland) August 1 - 6, 2018
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Blast-Wave fit
__= < ALICE

ALICE Preliminary, pp \s =7 TeV
—Blast-Wave fitto n, K, p

--- Blast-Wave prediction At similar multiplicity, the kinetic freeze-out temperature

= :-, -
- + VOM Class I+I] : . )
: e and the average transverse velocity are higher in pp than
A6 = —a— . 0 o
118_2 ] Toeen kx50 in Pb-Pb collisions
<10°g T T en ST 0KSx 10
T AT —e— 0AXO0.1
— 105 ...-..__..... "-..._:. .... = x0.05 ; 0.2_! 1 1 T T 11 | T T 1 | L | 1T 1 1 T T 1 T T T 1 | a
et S Q0,05 > C 1 2
_ K* x 10 S 0.18~ — =
107 El‘-.lwww ~— - % %s\ 4 o
1.5 1 «*  fitrange: 0.5-1.0 GeVic - = - Sy » \\%5 %\'\7‘: 1
1 T N\ ange: 0.5-1.0 GeV/c @ - ~0.16 N 43
1'51 ;__/" 0.2-1.5GeVic K - 0.14F % N % -
- 1M 40
1'51 —— ™ 0.3-3.0 GeV/c p - 0.12F %% % =
15| <L 0.1 Y o
- Global Blast-Wave fit to =
1.5 A 0.08F ™ (0.5-1 GeV/c) , K (0.2-1.5 GeV/c) , p (0.3-3.0 GeV/c) s
1 - — —
15 & ] -~ e ALICE Preliminary, pp, \s =7 TeV 10120
1L Ol 0-06:_ m ALICE, p-Pb, 15 = 5.02 TeV 15
15 F 0 0.04F * ALICE, Po-Pb, 5, =276 TeV El M
1 " '[ ¢ ALICE Preliminary, Pb-Pb, ﬁ—502 TeV ]
1_5_“”HIII”HHHH“H‘II”HH‘H‘*t 00 _||||‘|||||\|||||\\| v v by 17 5
1E g™ KO 2 02 03 04 05 08 07

BV, B
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Results in pp @ 7 TeV \&

Comparison with pp @ 13 TeV ALICE

L N L B S S B B

1=

= T o .. : . T
2 A+A ALICE Preliminar Similar scaling with multiplicity observed for
© [ ly|<0.5 . .
OB Garto modeis (15 - 13 TV strangeness production in pp @ 7 and 13 TeV
F — — PYTHIAB Perugia 2011
M memee PYTHIA8 Monash 2013
0.6~ —— EPOS-LHC
B T — . 4 4 .
a T Event activity drives particle production:
0.4 o
- l:ls st. - - - - -
- strange particle production is collision energy
021 o, mut. dpercnt (VOM): independent at similar multiplicity
L —~4—\5=7Te
0; | 1 L e 1|3Tev I
5 10 15 20 25 T
(AN /dm) Models: EPOS reproduces multiplicity trend
30-18_""|"" e N L I /::0-02J“'I"\'_"_‘\"'\"‘\"'1“'I“‘I"‘"“
kS) C —_ $+ ALICE Preliminar & o 0.018:— - = ALICE Preliminary =
= 016 = +x ] > - Q +Q ]
E 014__ |v|<0.5 = 80016,_ ly|<0.5 .-
- Monte Carlo models (1s = 13 TeV): | 0.01 41_ Monte Carlo models (Vs = 13 TeV): =
0.12 — — PYTHIA6 Perugia 2011 ﬂ 4 A PYTHIAG Perugia 2011 B
Eooeeees PYTHIA8 Monash 2013 E 0.012F - PYTHIA8 Monash 2013 =
0.1 — EPOS-LHC m 3 r —— EPOS-LHC E .
0.08] It. dependent (VOM) d ] 001 It. dependent (VOM) E
.08— pp, mult. dependen : — pp, mult. dependent (VOM): .
T 4 {s=7TeV E 0.008 _, \s-7Tev B m B
0'06? 4 Vs=13TeV = ] 0.006[— —+ \s=13TeV e E::t -
0.04 C ‘/_-___‘,__-_—'.‘"‘_}_ stat ? 0.004 0] [ syst. uncorr. -
0.021— [l %:xzz:uncorr.—: 0.002— ‘ - —-—-‘__'——————-_.T- _E
o 0l T INFN
( ch n>|r]|<0.5 <chh/dn>|r1|<0.5 gtgnzmiugmhﬁai"ggri
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