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Motivation ALICE

« Alarge lon Collider Experiment (ALICE) at the
LHC is optimized for heavy-ion physics

* ALICE also has important contributions to the
LHC pp physics program

— 125107
e Studies of particle production at high energies ‘i - ?S';'jeisigel\'ﬂb:\;g model
in pp collisions aim to e T T EAMUS 2.3 model
= T, =155 MeV
- Constrain fragmentation functions [1] —os el N .
in pQCD calculations at high p; S i "
(hard interactions) Tt
G %6 H ALICE
- Constrain phenomenological . - E E P {5 = 5.02ToV
(PQCD inspired) models (soft interactions) 0.4~ E * VOAmult, evt. classes (Pb-side)
« Understanding the similarities among p-Pb and 02:_ : * Ppis=7TeV
Pb-Pb systems: s A s Pb-Pb Sy, =2.76 TeV
~  Smooth evolution of yield ratio in p—Pb oh—— ‘1'0 e i
and Pb-Pb — Isit also observed as a S : (dN _/dn )
Function of multiplicity in pp? * Minimum bias ch—Tlab’[r, < 0.5
- Study the evolution of particle
production with center-of-mass energy
(vs) and multiplicity by measuring
identified particle production
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[1] Daniel de Florian et. al, Phys. Rev. D 95, 094019



ALICE detector

THE ALICE DETECTOR
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ALICE Collaboration: Int. J. Mod. Phys. A 29 (2014) 1430044

ALICE

ITS SPD (Pixel)
ITS SDD (Drift)
ITS SSD (Strip)
VO and TO
FMD

PoooTp

Trigger and event characterization:
VOA and VOC: forward/backward
detectors (“VOM” estimator)
(dN,/dn)measurement at mid-

rapidity via slices of percentiles of

VO amplitudes
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Particle Identification in ALICE

P, (GeV/c)
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New: LHC Run 2

Transverse momentum spectra in INEL pp collisions  ALIcE
Vs =5.02 TeV Vs =13 TeV
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New:
LHC Run 2

10

Yield ratio to 2.76 TeV

06/07/2017

Energy dependence: p_-spectra

1) Progressive hardening of the spectra with increasing Vs
2) Ratios of spectra at different Vs evidence the two different p_ ranges:

« soft regime (p,< 1 GeV/c): no change
- hard regime: high p_very significant dependence on Vs

ALICE, pp INEL, |y| < 0.5
-\§ =2.76 TeV (PLB 736 (2014) 196-207)
e \s=5TeV (Preliminary)
= \s =7 TeV (rLB 760 (2016) 720)
¢ \s=13 TeV (Preliminary)
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New:
HCRun 2 Vs dependence : p_ -differential particle ratios

ALICE
T | I | I | | | |
ALICE, pp — i
0.6+ B \s=2.76TeV PLB 736 (2014) 196-207 _| — l _
o * {s=5.02TeV (Preliminary) EE
9 - O
-ESJ A \s=7TeVEPJC 75 (2015) 226 n [ |
— 0.4 o Vs = 13 TeV (Preliminary) i
@
O
T 0.2 ]
4]
al
|
20

« Kaon-to-pion ratios:
« No Vs dependence observed within uncertainties

* Proton-to-pion ratios:
« For p.< 10 GeV/c: modest Vs dependence is seen

« In the intermediate p_region the peak with increasing Vs shifts towards higher p._
« For p.> 10 GeV/c: no evidence of evolution with Vs within uncertainties
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New:
LHCRun2 S dependence : p_-integrated particle ratios

ALICE
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Vs dependence: (dN_.,/dn)

ALICE

fr E TTT T LI I 'II E
B F- INEL, fit o "™ — INEL>0, fit o s” """
Eﬁf‘ﬁ m ALICE e ALICE
T . ¢ CmS

- 4+ PHOBOS
¥ UA5 (pp)
A ISR

|l = 0.5

L el el sl L
0 10° 10° 10*
15 (GeV)
[Phys. Lett. B 753 (2016) 319]

« (dN.,/dn) follows a power law behavior
as a function of Vs

* Only modest change (factor of < 2) in (dN,/dn) over 1
order of magnitude increase in Vs (0.9 TeV - 13 TeV)

« Evolution of hyperon-to-pion ratios are consistent
with the increase observed in (dN,/dn)

* Is hadrochemistry dominantly driven by (dN,/dn) ?

An event-multiplicity differential study is performed

« “VOM” estimator is used to slice in percentiles of multiplicity

« (dN.,/dn) restricted to n|<0.5 represents the average number of charged
primary particles at midrapidity

06/07/2017
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Multiplicity dependence: strange hadron production

at different Vs

N
N

(dN/d

T T T T | T T T T T T T T | T T T T | T T T T T T
1= — ALICE Preliminar ]
L Yy i
- A+A ]
u ly1<0.5 —
0.8 , =
- Monte Carlo models (Vs = 13 TeV): -
- — — PYTHIAG6 Perugia 2011 —
o oeeeees PYTHIA8 Monash 2013 —
0.6~ —— EPOS-LHC —
L e i
— /_' —
B BH @ /_4-‘(——{—— stat. n
0.4 i i e T
- Bl _‘.-/“" [ syst. uncorr. -
i B S ]

0.2 i .
L pp, mult. dependent (VOM): |
= .. ——Vs=7TeV -
" —+4—Vs=13TeV n
O T 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I 1 1 1 | 1 T ——

5 10 15 20 25
dN /d

< ch 77>|17|<0.5

Hadrochemistry is driven by multiplicity rather than Vs

/>\‘ _I T T T | T T T T T T T T | T T T T | T T T T | T T I_
> 18F KO ALICE Preliminary 4
L E 7
2 16 O =
o C lyl<0.5 ]
~N~ — s —
1.4~ Monte Carlo models (Vs = 13 TeV): T =
F — — PYTHIAG Perugia 2011 ]
12— ... PYTHIA8 Monash 2013 =
1: ——— EPOS-LHC ]
0.8 ; —} stat. é
- [ Isyst. .
0.6 = [ syst. uncorr. =
0.4 3
C pp, mult. dependent (VOM):
0.2~ .- ——Vs=7TeV —
EoT —4—Ys=13TeV ]
0 =t 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 Il | Il 1 1 1 | 1 1 =
5 10 15 20 25
N
<d ch/d 77>|17|<0.5
Pl 01 8 LI L Y I N Y N S N Y N B B B B N B N
> . F - =t ALICE Preliminary g
E 0.16— E +E -
C <0.5 n
B o1 M =
= Monte Carlo models (Vs = 13 TeV): .
0.12—~ — — PYTHIAG Perugia 2011 B .
E o -meme- PYTHIA8 Monash 2013 ]
0_1:_ —— EPOS-LHC BE' _:
0.08 pp. mult. dependent (VOM): —
C —$—1V{s=7TeV ]
0'06:— —+—{s=13TeV . —:
l T ]
0.04 n ///( ot ]
C [_Jsyst .
0.02 C [ syst. uncorr.
0 _I I-.IV 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 Il | Il 1 1 1 | 1 1 I—
5 10 15 20 25
<chh/d m I7|<0.5
06/07/2017

N

o
<

©
~

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

0

_] LI I L I L I LI I L I L I LI I L I LI I LI I T
- - =t ALICE Preliminary ]
- Q+Q -
C ly|<0.5 ]
- Monte Carlo models (Vs = 13 TeV): =
- — — PYTHIAG Perugia 2011 .
o oeeems PYTHIA8 Monash 2013 _
- —— EPOS-LHC .
= pp, mult. dependent (VOM): E .
- —4-\s=7TeV B L =
C - stat. ]
= —4+—1V5=13TeV g eyt =
— %] [ syst. uncorr.
— El -
il ey —
q I-I TJ:W?FF-F.-\-TTI.-F-I.—I-_.I-.\-'I-.\-[-1‘-|.-|.|-l|-.|-.|-.|-\.-|‘-\.-l.:.I-.I | 11 1 l 1 I:
2 4 6 8 10 12 14 16 18 20 22
dN /d
( ch n>|n|<o.5

G.Bencedi, Wigner RCP

ALICE



Multiplicity dependence:
strange and multi-strange hadron production

» Significant enhancement of strange to
non-strange hadron production is observed
with increasing particle multiplicity in pp

« Similar behavior to that observed in p—Pb
(both in terms of values and trend with

multiplicity)

« Similar values reached in high-multiplicity
pp, p—-Pb, and peripheral Pb—-Pb collisions
(having at similar multiplicities)

06/07/2017

[1] Nature Physics 13 (2017) 535-539
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Multiplicity dependence: Baryon to meson ratios

« Baryon-to-meson ratios (with same
strangeness content) but different masses

* No significant change with multiplicity

« — Strangeness enhancement is neither
due to the difference in the hadron
masses nor due to baryon nature of the
particle

* Monte Carlo comparison
» DIPSY 2 with color ropes describes

qualitatively best the increase of strange
particles, but fails to describe the p/pi ratio

 EPOS describes the evolution qualitatively

06/07/2017
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[1] Nature Physics 13 (2017) 535-539; /2] DIPSY, C. Flensburg et al., JHEP0O8 (2011) 103; C. Bierlich et al., JHEPO3 (2015) 148



Multiplicity dependence:
strange and multi-strange hadron p

The multiplicity-dependent enhancement follows
a hierarchy determined by strangeness content

of the hadron
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Summary and outlook ALICE

 Light-flavor hadron production studied as a function of Vs and
charged-particle multiplicity

e p;-spectra exhibit clear evolution with charged-particle multiplicity

Smooth evolution of particle ratios across different collision systems with
multiplicity

Evolution of particles yields with Vs can be explained with the
corresponding increase in minimum bias multiplicity

Strangeness-driven enhancement of particle ratios observed from low to
high multiplicity in pp collisions

Monte Carlo models fail to describe the observed enhancement with
Increasing multiplicity

Thank you for your attention!
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Backup slides

ALICE
A Large lon Collider Experiment (ALICE) at the LHC

* ALICE at the LHC is optimized for heavy-ion physics

* ALICE aims to study the formation of the strongly interacting QCD matter, the Quark-Gluon Plasma
(QGP) created in high energy heavy-ion collisions

Time evolution of the matter
produced in heavy-ion collision T

\ \ IX t’ 7\ f f + /‘/ ‘ “1‘“ ~ s, V.7 Participants

before collision after collision

e Kinel

* Hot and dense system is created by
colliding heavy ions (Pb ions)
Hadron gas  : QCD phase * high energy density (>> 1 GeV/fm?)

transition over large volume (>> 1000 fm3)
Thermalization

Parton cascade .. .
X  Transition from nuclear matterinto

0@% z deconfined phase at high T
» Collective expansion of the system
— multiple interactions of partons

Thermal model: « Chemical freeze-out (T,)
« Particles in Hl collisions are produced in apparent chemical equilibrium
» Description based on thermal-statistical models L

. Particle abundances « exp(-m/T,,) with T_ being ~156 MeV » Kinetic freeze-out (7;,) 15

» end of elastic scatterings

« end of inelastic scatterings



ALICE Performance, Int. J. Mod. Phys. A 29 (2014) 1430044

New

vs=13TeV (LHC Run 2)

Backup siides  particle Identification in ALICE

ALICE

* Tracking + standalone reconstruction: PID via dE/dx from

SDD and SSD * Track-by-track ID (n-o cut) in the 1/B? region

. Standalone tracking in the low-p_ region (down to 100 MeV/c) * PID in the relativistic rise using a statistical approach

— 700 T T T T T T 4‘2 ALICE performance
E F S pp, Vs = 13 TeV
S 00 — g
® ¢ o
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2 500~ ALICE Performance O
= C pp Vs=13TeV &
ke) C
W 400 — £
o - <
n E S10%
= 300— ]
C ©
200
10— e %
%007 0.1 02 03 0405 1 2 3 4 5

* PID via velocity measurement in the intermediate
momentum region

* PID using RICH technique in the intermediate momentum
region on a track-by-track basis
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light Flavor pa rtlc e p.-spectra ALTCE
e g 10 erformance Vs = e
* Primary particles ™ ; particle with ct > 1 cm, S BSREETEe R STV g g Bagnants Y
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[ °t 0.2 s
. . 2 £, bt T
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[1] ALICE-PUBLIC-2017-005, The ALICE definition of primary particles
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Similarities among different colliding systems

(p+ P)/ (7" + )
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Low-p_: < 2 GeVlc; Mid-p.: 2 < p_< 10 GeV/c; High-p.: > 10 GeV/c

- ALICE Preliminary pp Vs =7 TeV
1'_ F=—] VoM Class I, (dN_/c) = 21.3
- === VOM Class X, (dN_/ch) =2.3
(VOM Multiplicity Classes)
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Vvs=7TeV

» Events classified according £ 1o
to event activity measured & ©
in the backward/forward o 1ol
region (by “VOM” s
estimator), in order to avoid E 10”

auto-correlation biases.

z107°

Multiplicity dependence

Light flavor particle p_-spectra in pp
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