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Motivation

A JOURNEY OF DISCOVERY

» Smooth evolution of particle ratios across different
colliding systems as a function of <dN_ /dn>.

» The observed enhancement increases with strangeness
content.

» Such behavior cannot be reproduced by any of the MC
models commonly used for pp collisions.

New tools to study the High-Multiplicity events are needed.

B —— PYTHIA8 i
------ DIPSY
S EPOS LHC
;I Ll 1 R 1 Ll
10 1 02 1 03
(dN_/dn) o

12/12/17

S. Tripathy, MPI@LHC, 2017 2



Motivation

SN > Similar features of particle production in pp, p-Pb and Pb-Pb

A JOURNEY OF DISCOVERY

See N. Sharma’s talk, 10:20 Wednesday 13
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Motivation

X > Similar features of particle production in pp, p-Pb and Pb-Pb
» Maodification of ratios for heavy-ion collisions can be explained
by coalescence, radial flow etc.

ALICE

A JOURNEY OF DISCOVERY
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Motivation

X > Similar features of particle production in pp, p-Pb and Pb-Pb

» Maodification of ratios for heavy-ion collisions can be explained
by coalescence, radial flow etc.

> Similar features are observed in pp and p-Pb collisions.
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Motivation
ALICE

DR Similar features of particle production in pp, p-Pb and Pb-Pb
» Maodification of ratios for heavy-ion collisions can be explained
by coalescence, radial flow etc.
> Similar features are observed in pp and p-Pb collisions.
e Can be qualitatively explained by QCD-like effects. (e.g. color
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Motivation(contd.)

ALICE

A JOURNEY OF DISCOVERY
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» <p;> exhibits steep rise as a function of charged
Phys. Lett. B 727 (2013) 371-380 particle multiplicity. _
> Slope in pp collisions is larger (even at different

energies) than p-Pb and Pb-Pb collisions.
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Motivation(contd.)

ALICE

A JOURNEY OF DISCOVERY
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» Slope in pp collisions is larger (even at different

energies) than p-Pb and Pb-Pb collisions.
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Transverse Spherocity
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A JOURNEY OF DISCOVERY
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Spherocity is defined for a unit vector 7 = (15, Ny, 0)
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Transverse Spherocity

ALICE

A JOURNEY OF DISCOVERY
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Spherocity is defined for a unit vector 7 = (15, Ny, 0)

2 —> A
T . DT XN T b T
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=1 m.. .0 DT = E PYTHIA8.212 (Monash 2013) A < 0.8, Ny 215 3
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Y > E —— 0-10% 50-60% 3
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» Spherocity can help to discriminate hard and soft
processes.
e Jetty: back-to-back structure, indication of hard QCD
* Isotropic: enhanced UE, soft QCD (MPI ?)
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ALICE Detectors

ALICE

A JOURNEY OF DISCOVERY

ACORDE | ALICE Cosmic Rays Detector

AD | ALICE Diffractive Detector

1
Y

A e ey ey R YA

DCal | Di-jet Calorimeter
EMCal | Electromagnetic Calorimeter

HMPID | High Momentum Particle
Identification Detector

ITS-IB | Inner Tracking System - Inner Barrel

ITS-OB | Inner Tracking System - Outer Barrel

- »
“Aetl] g0 MCH | Muon Tracking Chambers

MFT | Muon Forward Tracker

MID | Muon Identifier

PHOS / CPV | Photon Spectrometer
TOF | Time Of Flight

TO+A | Tzero + A

TO+C | Tzero + C

TPC | Time Projection Chamber

TRD | Transition Radiation Detector

VO+ | Vzero + Detector

000 0000000000000

ZDC | zero Degree Calorimeter

For this analysis:

VO : trigger and event activity estimator
ITS: tracking and vertex

TPC: tracking and PID

TOF: PID
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Spherocity classes

ALICE

A JOURNEY OF DISCOVERY
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» Multiplicity selection: charged particle tracks in |n| < 0.8
> Spherocity is calculated requiring more than 2 tracks (p; > 0.15 GeV/c, |n| < 0.8)
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The events were classified according to their spherocity percentile, the most jetty
(isotropic) events are represented by the 0-10% (90-100%) class.
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<p;> as a function of charged particle
multiplicity and spherocity
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<p;> as a function of multiplicity and
spherocity ALICE
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<p;> as a function of multiplicity and %

Inclusive (spherocity integrated): Y
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<p;> as a function of multiplicity and

Rl spherocity ALICE
» Inclusive (spherocity integrated): Y
o . § “E R L L
PYTHIA 6 overe.stlmates. <p;>. . > E AUGE Preiminary, p, 15 = 13 Tev
* PYTHIA 8 consistent with data (requires © | h+h, 0.16<p <10GeVic, |7 <0.8
CR to regulate UE). 3 1E
* EPOS LHC consistent with data. 0.9F
08
» lsotropic: E
* Better agreement with models. (EPOS OTE
LHC and PYTHIA 8 consistent with data 0.6 90-100% spherocity class
within systematic uncertainties) 05E U BYTHIAB (Monash 2013)
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<p;> as a function of multiplicity and %
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PYTHIA 6 overe.stlmates. <Pr>- . 2 11 - ALICE Preliminary, pp, /s = 13 TeV
* PYTHIA 8 consistent with data (requires © " E 4, 0.16<p <10GeVic, /<08
CR to regulate UE). S =
* EPOS LHC consistent with data. ] S s
> lsotropic: 3
 Better agreement with models. (EPOS 0.7E
LHC and PYTHIA 8 consistent with data 0.6 0-10% spherocity class
within systematic uncertainties) 05E R Ef;%ﬁlkg((?mnagh 2013)
* Slightly underestimated at low N_ by : | | o . PYTI;|IA6 (Pelrugla 2?11)
EPOS LHC. 045 10 20 30 40 50 60 70 Nso
ch
> Jetty:
* PYTHIA 6 and 8 overestimate the data. Py
(less UE or too many jets) --> input for
MC tuning Pz

* EPOS LHC overestimates at low N ;.
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Identified particle spectra and ratios as a
function of spherocity
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Identified particle spectra as a function of
spherocity

ALICE

‘/u 1Y HesHfRar n} A JOURNEY OF DISCOVERY

» Spectral modifications with spherocity.

» The hardening at low p; is larger in isotropic events confirms an origin of it from the bulk
production.

» Mass dependence of crossing of the ratios. (Flow-like effects more pronounced in isotropic

events?)
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Identified particle ratios as a function of
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> In isotropic events the proton-to-pion ratio exhibits a depletion (enhancement) for
p:<1 GeV/c (p;>1 GeV/c) with respect to jetty events. (not reproduced by MC !)
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Summary

» Event shapes are important tools to understand the origin of the phenomena
newly discovered in high multiplicity pp collisions as they can be used to
understand soft-hard interplay.

» Spherocity is a useful tool to discriminate events dominated by hard and soft
processes and can help to better identify role played by MPI in high
multiplicity events.

» <p;> evolution with charged particle multiplicity is more pronounced in jetty
events as compared to isotropic.

» The hardening at low p; is larger in isotropic events confirms an origin of it
from the bulk production.

» Evolution of K/t and p/mt ratios as a function of spherocity also studied and
compared with PYTHIA.
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Summary

» Event shapes are important tools to understand the origin of the phenomena
newly discovered in high multiplicity pp collisions as they can be used to
understand soft-hard interplay.

» Spherocity is a useful tool to discriminate events dominated by hard and soft
processes and can help to better identify role played by MPI in high
multiplicity ev~-*-

/
Thank you for your attention

» <p;> evolution with charged particiemultiplicity i1s more pronounced in jetty

events as compared to isotropic.

» The hardening at low p; is larger in isotropic events confirms an origin of it
from the bulk production.

» Evolution of K/t and p/mt ratios as a function of spherocity also studied and
compared with PYTHIA.
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