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A Experimental observations have found collectilke behaviour in pp
& p-Pb collisions.
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A Experimental observations have found collectilke behaviour in pp

& p-Pb collisions.
A Correlations

(a) CMS MinBias, pT>0.1GeV/c (b) CMS MinBias, 1.0GeV/c<pT<3‘0GeV/c
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A Experimental observations have found collectilke behaviour in pp

& p-Pb collisions.

A Correlations, Baryon/MesoAnomaly

(a) CMS MinBias, pT>0.1GeV/c

A7aSSINRAIINEN
R
et Sesiesrtunes

22,%0,%%
&2 9%
G 'l:'" %7
4‘3.'!,////// 4
i

XS]

R(AN,AQ)

Sl
0% 4
"'f,{.’{f,"

R(AN,AQ)

D

-
(\ “\\‘“\‘ﬁ&‘
s

A
& ORI
PPreosietiypiuuuty
gy i

(TR

2 AEEXS

ey, Y,

O v o \

(o RN S %

B - ; «f‘s“ e

02/03/2020

JHEP 1009:091,2010

(b) CMS MinBias, 1.0GeV/c<pT<3‘0GeV/c
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A Experimental observations have found collectilke behaviour in pp

& p-Pb collisions.
A Correlations, Baryon/Meson Anomaly, Strangeness Enhancement.

(a) CMS MinBias, pT>0.1GeV/c
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(b) CMS MinBias, 1.0GeV/c<pT<3‘0GeV/c
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A Experimental observations have found collectilke behaviour in pp
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A Correlations, Baryon/Meson Anomaly, Strangeness Enhancement

Aln AA systems, the same observations are interpreted as signatures
of the formation of a strongly interacting medium (Qu&skuon
Plasma).
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ALICE

A Experimental observations have found collectilke behaviour in pp
& p-Pb collisions.
A Correlations, Baryon/Meson Anomaly, Strangeness Enhancement

Aln AA systems, the same observations are interpreted as signatures
of the formation of a strongly interacting medium (Qu&skuon
Plasma).

A However, it has historically been thought that the system produced
In pp collisions could not form a strongly interacting medium.

A The medium would be too shalitved/the volume too small.
A Can enough temperature/baryon density be achieved?
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A Can we isolate the different physics regintgssft vs hargr?
A Can we test pp (strings) vsAA(hydro) ideas?
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ALICE

A How do we pinpoint the underlying mechanisms of collective behaviour

and strangeness enhancement?

A Can we isolate the different physics regintgssft vs hargr?

A Can we test pp (strings) vsAA(hydro) ideas?

Explicit details of hadronization. Microscopic VS

How are strange quarks
produced in the collision?
Canonical suppression?

Are "collective effects’a
signature of the QGP? Can _ Picture from C. Bierlich

effects be reproduced by string (string radii ~3.5 times too small!)
like models?
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 Introduction: Isolating Hard & Soft Physics

ALICE

A How do we pinpoint the underlying mechanisms of collective behaviour
and strangeness enhancement?
A Can we isolate the different physics regimes (soft vs hard)?
A Can we test pp (strings) vsAA(hydro) ideas?

A During this talk | will present 3 new differential measurements from ALICE
that can give insight into ligitavour particle production.



 Introduction: Isolating Hard & Soft Physics

ALICE

A How do we pinpoint the underlying mechanisms of collective behaviour
and strangeness enhancement?
A Can we isolate the different physiesgimes (soft vs hard)?
A Can we test pp (strings) vsAA(hydro) ideas?

A During this talk | will present 3 new differential measurements from ALICE
that can give insight into ligitavour particle production.
A “ T+ TBI%dh production as a function of Transverse Spherodity

A “ T+ TOI%d1 production as a function oY .
A “ T+ —f angular correlations.
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A This measurement aims to study how the production of Higoatour
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Al "m taking two underlying assumpti ons



- ZTL T ¥ production as a function Transverse Spherocity 3

ALICE
A This measurement aims to study how the production of Higoatour
hadrons changes depending on the event topology.
Al "m taking two underlying assump 0 N

A Events where a large fraction of hadrons originate from hard
scatterings:
A They form azimuthal baeto-back condike structures.



- ZTL T ¥ production as a function Transverse Spherocity 3

ALICE
A This measurement aims to study how the production of Higoatour
hadronschangegepending on the event topology.
Al "m taking two underlying assump 0 N

A Events where a large fraction of hadrons originate from hard
scatterings:
A They form azimuthal baeto-back condike structures.

A Hadrons produced from several soft collisions:
A Azimuthal isotropic distribution of particles. % 'I %
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ALICE

o A . [t |D d|
A Transverse Spherocig is used to > 7! E( D )
separate different event topologies
“Jetty” “Isotropic”
A 3 O 1t Describes events with jet
like topologies
O Dominated by hard physics

A 3 O p: Describes events with
Isotropictopologies
O Dominated bysoft physics
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A Transverse Spherocig is used to

separate different event topologie<

A 3 O 1t Describes events with jet

like topologies

O Dominated by hard physics

A 3 O p: Describes events with

Isotropictopologies

O Dominated bysoft physics
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A A previous study & 7L ¥mmas a

function of 3 released in 2017.

A However, selecting events based

on 3 affectsneutral and
charged hadrons differently.
A 3 defined by.
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A The ALICE detector at the LHC used to study o oy 2008JINST 3 508002
pp, p-A and AA collisions at different centoé-
mass energies. - B
A The main detector systems used for this o [
analysis are: BOSC
A The Time Projection Chamber (TPC) s
A The Timeof-Flight (TOF)
A The Inner Tracking System (ITS) S OPOLEMAGNET

16 PMD
17 COMPENSATOR MAGNET
18ZDC

A We are interested in higmultiplicity events, so we mainly consider thet0% multiplicity percentile.
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A The ALICE detector at the LHC used to study
pp, P-A and AA collisions at different centnd-
mass energies.

; gSID/TONQ;_T____’:
A The main detector systems used for this o

5TOF

analysis are: oo, S B BN £ - o
A The Time Projection Chamber (TPC) oMo T~ ; 5 ; PR

A The Timeof-Flight (TOF) e

13 MUON FILTER

A The Inner Tracking System (ITS) 15 DIPOLE MAGNET

16 PMD
17 COMPENSATOR MAGNET
18ZDC

A We are interested in higmultiplicity events, so we mainly consider thet0% multiplicity percentile.
A VOA/VOC (VOM) are scintillators that measure the charged particle multiplicity at forward rapidity

c® - vy o - P¥)
A CLlmeasures the number ahort tracks segments in the IT®, , atmid-rapidity (—| &)

A Mid-rapidity particle production will be more sensitive to local fluctuations (augorelations, jets).
A Slicing multiplicity at farapidity, but measuring at midapidity is more robust against fluctuationg.
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Distinct difference between Jetty and

|sotropic events!

“F0 ¥0 has distinct crossing point.
%dh appears to be more flat around unity.
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s Unweighed Transverse Spherocity 3 Results .
VOM VS CL]— L et ' §astamexample to delve deeper intc?LICE

the VOM vs CL1 difference.
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. Unweighed Transverse Spherocity 3 Results
VOM VS CL]— Let ' §astarmekample to delve deeper intc?LICE

the VOM vs CL1 difference.

= 10 E T T T T ‘E- = 10 E | ——
g u V M A'-'CE Preliminary i & - C L 1 ALICE Prellmlnary
8 - pp, (s =13 TeV . % = pp, Vs =13 TeV - . .
e 1 Vo i 4 & 1t Nego 1 (11 < 08) . VOM triggered events have a flat difference
o E Ny 210, p 2015 (GeVie), [n<0.8 3 . E Ng,z 10, p_ 2 0.15 (GeVic), ni<0.8 3 .
E - 3 8
T f = " inegrated 1 ¢ f " S egratec ] between Isotropic and Jetty events.
g 101 = |sotropic (SET:1>0.) - T o'k ® Isotropic (S, > 0.833) -
6 E %% = Jety (S; < 06) E “% E %E " Jetty (Sb7 < 0.625) 3
3 - - H R
==
§ 102 = = - § 102 -
E = = 3 g —_— 3
P r— p— p—
0% H4X E 100 2t =
I ! ! ! ! | ! | !
I S—— i- -
4 6
P; (GeVic)

02/03/2020 Adrian Fereydon Nassirpour 25



LUNDS

Unweighed Transverse Spherocity 3

Results
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converges to unity.
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The+71 andBl* ratios exhibit
different featureswhen
triggering on CL1 orOM.

The ratios to3 -integrated
highlights-llke *
behavior in the VOM triggered
events.

The CL1Iatios suggesta general
softening or hardening.

The jetty CL1 evenshow
behaviour similar to the

jetn] evolution
Ofragmentati on
and protons to highen .
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Unlike the+7B1T, the %o
does not give a clear
picture.

There seems to be no
significant difference dfeo
production in Jetty or
|sotropic events.

There is also no difference

between VOM and CL1
triggered events.
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ALICE

A =| J aims to measure the hadron production by varying the amount of
underlying event.
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JEXIT T Production as a Function of 5 J

UNIVERSITET H LIC E
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JEXIT T Production as a Function of 5 J

UNIVERSITET HLICE

A =| J aims to measure the hadron production by varying the amount of

underlying event. Charged Jet #1

Direction

A 5 GeV trigger particle is required to ensure hard scattering
A Event is sliced into different sectors, relative to
leading trigger particle.
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JEXIT T Production as a Function of 3 ]

ALICE
The idea Is that Witlf{ J, you can now gauge the UE, which in models like

PYTHIA is related to the number of MultyRarton Interactions (MPIs).
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A The protonto-pion ratio indicates a
radial flowlike behaviour between the
two 4 4 cases.

A This effect is stronger in the
Transverse region.

A Both models are able to somewhat
reproduce the low 4 trend.

A These events are most likely
dominatedby (hard)ee physics.

A However, both models fail to describe
the highd 4 trend.

A EPOS performs a bit better
gualitative job than PYTHIA.
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A ThIS effect is stronger in the
Transverse region.
A Both models are able to somewhat
reproduce the low 4 trend.
A These events are most likely
dominatedby (hard)ee physics.
A However, both models fail to describe
the highd 4 trend.
A EPOS performs a bit better
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A Thef -to-pion ratio also show similar
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A —h correlations can shed light on the microscopic picture ofdight
flavour hadron production.
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(PYTHIA) (EPOS)
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A —h correlations can shed light on the microscopic picture ofdight
flavour hadron production.

MICRO MACRO
(PYTHIA) (EPOS)
A Hadron flavour conserved

locally.
A In effect, flavour is
calculated canonically.

—

The production of a single will have a lot of
associated strangeness in near rapidity.
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ALICE

A —h correlations can shed light on the microscopic picture ofdight

flavour hadron production.

MICRO
(PYTHIA)
A Hadron flavour conserved
locally.
A In effect, flavour is
calculated canonically.

—

The production of a single will have a lot of
associated strangeness in near rapidity.

6

MACRO
(EPOS)

A Hadron flavour calculated using
a grandcanonical ensemble.
A Conserves strangeness
globally.

< Qer o,
U

There is no strict constraint on associated strangeness
production when a multistrange particle is produced.
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Opposite sign (0S), e.g., =/ssd - K*/5d A Two-particle correlation function
g between opposite and liksigne -L 8
A Flat behaviour, small aweside ridge.
A All of the strange quarks have the
same strangeness quantum number.
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minijet correlations &
jet fragmentation.
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describing the
correlation, but

underestimates
OSSS imbalance.
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data.
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A Almost complete decorrelation of strangeness production in EPO

A f —+ correlations has the potential to constrain the strangeness
production mechanism.
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A These three new ALICE measurements presented here can give insight into strangeness production in s
systems, while also benchmarking recently developed tools that can hopefully be of interest in small syst

A “ T+ TBI%dN production as a function of Transverse Spherodity 8
A Y  can be used as a tool to select strangeness enhanced or suppressed events.
A Y  is able to select different kind of physics depending-oagion.

A “ T+ ¥BI%#h production as a function oY .

AYcan be used as a tool to "Q@AAphysiessn t he amou
A Strangeness enhancement seems to be a property of the UE.

A “ T+ —f angular correlations.
A Models are currently not able to accurately describe the associated strangeness productiptrigber.
A Promising method to directly constrain strangeness production mechanism

A These analyses are currently being improved to encompass a larger set of particle spe
and measurements.
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Unweighed Transverse Spherocity 3

UNIVERSITET

ALICE
A 3 IS measured a8 , but only considers the angular component.
A . {1t |D gl A . (Y|P DT
3 — 1 E| O 3 — | Ell—
T 1 D T U

completely different describe two similar
topologies! topologies.
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Backup: Correlations

1

e Correlation function: C(An, Ayp) = N
p

is normalised to unity

Same sign:
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2
1 d Ntrig—assocpairs

number of triggers

e Balance functioln:
B(Ay. A¢) = 5 (Y + Yoy = Yoty = Y(0)
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. normalised to
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