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Multiplicity-dependent study in small systems allows us to
bridge the gap between minimum bias pp and peripheral
heavy-ion collisions

Light-flavor hadrons: the most abundant particles facilitate
the study of the soft processes and non-perturbative regime
The main focus of this presentation:

- Light-flavor yield vs. event multiplicity

In AA systems, strangeness enhancement could be
interpreted as a signature of the formation of a quark—gluon
plasma (QGP).
- Unresolved if this also applies to pp
collisions

In such cases, we need other observables to characterize
events. So, what are the possible observables?
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Transverse spherocity (™)

= S, 1s defined using a unit vector n (ny, 0) that minimizes
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= §,can be used to disentangle the soft and hard QCD
dominated process in an event
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> Sy =2 0 (jetty limit)
Px (Dominated by hard QCD processes)
; - Sy =2 1 (isotropic limit)
So 1 (Dominated by soft QCD processes)
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The ALICE detector

a. ITS SPD (Pixel) ITS (In|<0.9)

b. ITS SDD (Drift) . '
G Ueosniee) - Trigger, vertex, tracking, PID (d£/dx)
e. FMD

THE ALICE DETECTOR

TPC (jn<0.9)

Tracking and vertexing, PID (dE/dx)
Carac~ J.5% for pp
O4E/dx ™ 7% for Pb—Pb

i®

RO < - 7% . : . TOF (|n|<0.9)
— Multi-gap Resistive Plate Chambers

CONOURWNE
—|
o
m

. PHOS, CPV

s Time resolution (otor ~ 80 ps) , PID (time-of-

11. Absorber fli ght)
12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
e D V0 (A&C)
18.zDC . e g . .
19. ACORDE : trigger, multiplicity estimators
T0, V0 (Minimum Bias: 0 — 100%, High Multiplicity:
0—0.1%)

JINST 3, S08002 (2008)
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Multiplcity estimators for 3" analysis

CL1: Mid-rapidity multiplicity estimator (obtained using SPD tracklets: [n| <0.8)
VOM: Forward rapidity multiplicity estimator (obtained using VO amplitude: 2.8<n <5.1, —3.7<n <-1.7)
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CL1: Mid-rapidity multiplicity estimator (obtained using SPD tracklets: [n| <0.8)

VOM: Forward rapidity multiplicity estimator (obtained using VO amplitude: 2.8<n <5.1, —3.7<n <-1.7)

= VOM -2 change in <dN/dy>
= CL1 - change in <p>

=  We expect a trivial correlation between spherocity and
multiplicity. Due to the nature of MPIs/soft collisions

» This means that broad multiplicity range = selection on
multiplicity

= This is why the main focus 1s CL1, where there is a
significant selection of hardness

(p,) (GeVic)

o
»
S

0.62

0.6

T T T I T T T I T T T | T T T I T

- ALICE Preliminary pp, \s=13 TeV
- N, =10, p, 2 0.15 (GeV/c), |n|<0.8

i ¢ Ngpp IH11(I7]<0.8)
P
0

@ VOM I-lI

=1
¢ Jetty (ST <0.625)

=1
| ® ety (S, <06)

p_= p
0 0

1 =1
| @ Isotropic (S ' >0.823) 4 Isotropic (S ' >0.833)

24/06/23

rutuparna.rath@cern.ch || MESON 2023 (@ Krakow, Poland

11



Transverse momentum spectra
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. As a function of §, event classes, the low-p; region is dominated by isotropic-like events,
whereas, the high-p; region is dominated by jetty like events
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Transverse momentum spectr

As a function of §jevent classes, the low-p; region is dominated by isotropic-like events,

1/N,, &°Nidydp_[(GeV/c)]

=1
-int.

P;
0

Ratioto S

10"

o - -
0w a9 N

T T T T T
B ALICE Preliminary 7]
= pp, Vs =13 TeV =
- ¢ — K'K(ly| < 0.5) =
= = = =
E  VOM I-lIl 3
E N, >10,p_>0.15(GeV/o), n]<0.850 4 ]
- = S’;T=1—integrated ==—M
E = |sotropic (SZT=1> 0.823) ¢ =
E = ety (S0<0.6) 3

| |
- i 3
I R R R e I :
[ T e PR — oo —]
N2 e KRR e E
0 2 4
P, (GeV/c)

whereas, the high-p; region i1s dominated by jetty-like events

Similar dependence on event shape classes was observed across the particle species in
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Transverse momentum spectr
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As a function of S, event classes, the low-p; region is dominated by isotropic-like events, whereas, the
high-pr region i1s dominated by jetty-like events

With CL1, the crossing point for the light-flavor hadrons appear at lower p; as compared to VOM - CLI1
1s more sensitive towards the hardness of the event
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A glimpse from D-meso
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= The self-normalised yields have a decreasing shape which becomes faster with higher p; intervals, for all
the multiplicity classes considered
= [t seems that the contribution of isotropic events in the production of prompt D mesons is very similar to
jet-like ones for very low p intervals, while the latter is dominant for pr > 6 GeV/c
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Summary and outlook

- S’;Tzl can select different physics depending on the 1 region

* The results suggest that high-multiplicity events are primarily dominated by soft processes

= A clear event shape dependence for p-spectra has been observed for both VOM and
reference multiplicity classes

Outlook

= A comprehensive paper on S gTzl under preparation that includes results in the most extreme

selections such as the top 0-1% in multiplicity and the top 0-10% 1n transverse spherocity,
which 1s expected to be published soon

Further investigation with high statistics RUN 3 data (Stay tuned for new results)
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Spherocity Vs Unweighted Spherocity
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Spherocity Vs Unweighted Spherocity
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