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Strangeness production across collision systems
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Continuous evolution of strange hadron yield ratios to
pions with the charged-particle multiplicity observed
at the LHC, smoothly connecting different systems and
energies

Strangeness production increases with particle
multiplicity, saturating for central Pb—Pb

Strange content hierarchy:

S| > [S2] > Ia] = IS0l

Nature Phys 13, 535-539 (2017)
Eur. Phys. J. C 80, 167 (2020)

2



Multiplicity and effective energy

a ggggﬁ PREERT ), Considering other observables correlated with the
% oos | PO Z ] charged particle multiplicity
22 b« SFM (ISR, CERN) ,+", ]
0 F /d,,} ¢ . Effective energy: energy available for particle
I 2 7 PR " o
L 8T og/’“” - production in the initial stages of the collision
& . i /5’}' i
. V‘M};AA‘J In pp reduced due to leading baryon emission at
very forward rapidity (leading effect)
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Eog < /5 leading baryon

Eoff = v/5 = Eleading

M. Basile et al., Phys. Lett. B 95 (1980) 311 leading baryon
A. Akindinov et al., EPJ C 50 (2007) 341-352 3



Multiplicity and effective energy
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Is strangeness enhancement in pp

E.q0=5— Ejoad;
eff leading connected to the effective energy?

M. Basile et al., Phys. Lett. B 95 (1980) 311
A. Akindinov et al., EPJ C 50 (2007) 341-352 4



Inner Tracking System (ITS) R .
Six layers of silicgon leetectors = ‘ | Zero Degree Calorimeters (ZDC)
(SPD, SDD, SSD). Tracking Hadronic calorimeters, 112.5 m from the IP
triggering, vertexing Inl>8.8(ZN), 6.5<|n|<74(ZP*)

VO detectors (VOA and VOC)
Arrays of scintillators. Triggering,
multiplicity estimators
2.8<n<5.1(VOA), -3.7<n<-1.7 (VOC)

Time Projection Chamber (TPC)
Gas-detector. Tracking, vertexing,

PID (dE/d
(el Time Of Flight (TOF)

Based on the Multigap RPC technology.

PID via Time-Of-Flight technique
*considering LHC beam optics ZP acceptance for protons is 7.0 < |5] < 8.7 5



Strange hadron reconstruction with ALICE

Kinematical and geometrical criteria are used to reconstruct candidates for strange hadrons

Identification based on two topologies:

VO, neutral particle decaying weakly into a pair
of charged particles (V-shaped decay)

Kg—>7r+—|—7r_

A—p+n

» Cascade — charged particle decaying weakly
into a V° + charged particle o,
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A new experimental technique
4
. _ _ _ n=0 7~g
Novel experimental technique: two-dimensional -
analysis as a function of eh ARy

e Charged-multiplicity at midrapidity e

proxy for local effects, e.g. jet -
____________ p Y

production, local fluctuations ) -
leading baryon

in the hadronization process
- [” _:) 0

n— -

e Leading energy
proxy for global effects, e.g. the
initial effective energy in the collision

Eoff = /s = Elea,ding

Causally independent given the large ] separation
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A new experimental technique
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Novel experimental technique: two-dimensional )
analysis as a function of Neh vl
e Charged-multiplicity at midrapidity ITS I ZP | 5
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production, local fluctuations R | zp I P P
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e Leading energy
proxy for global effects, e.g. the

ALICE can measure:
initial effective energy in the collision
e midrapidity multiplicity ( SPD )

off leading = /s — Ezpc e leading energy (ZDC)

Causally independent given the large ] separation




A new experimental technique

4y ..
. . . . n=0 8
Novel experimental technique: two-dimensional )
analysis as a function of Neh vl
e Charged-multiplicity at midrapidity IVOA ITS IVOC I ZpP §
proxy for local effects, e.g. jet O | INW g - - g 2N
production, local fluctuations = ZPI I p p I
in the hadronization process
N o n—

e Leading energy
proxy for global effects, e.g. the

- . . - ALICE can measure:
initial effective energy in the collision

E Vs—FE e midrapidity multiplicity ( SPD )
— S — . ~ . E
off leading = /s = Ezpc + leading energy (ZDC)

e forward multiplicity (VOM = VOA+VOC)

Causally independent given the large ] separation




Event classes with a differential approach

The leading energy decreases with increasing particle multiplicity produced at midrapidity [1]

New multi-differential event classes: similar midrapidity multiplicity and different leading energies

g 1-6 B T T | L | T 11T | T T T 1T I L | LI I T T 1T I T |_
o~ — DATA: —
%0 O 14 ALICE preliminary ¢ VOM standalone ]
EAR N pp Vs =13 TeV ® SPDc [10-20%
5] | o/ |
|~ . O SPDcl [40-50]% 1
XL ]
» _ ]
? 8 iy é —+ syst. i
N - ¢ .
=1 - _
S g ¢ ¢ -
- ® ]
0.6~ ¢ z i
0.4 o ¢ A -
0.2~ t 2 -
0 C 11 | 1 L I L1 1| | 11 1 1 I L1 1 1 I L1 11 | 11 I 1 1 I 11 |_

0 0.5 1 15 2 2.5 3 3 5 4
< ch >|17| 05/ < ch >|17| 0.5

¢ Standalone
@ High local multiplicity (midrapidity)

(O Low local multiplicity (midrapidity)

n l||| ’7?0 nchl[ll]l]




Connection to the MPIs in PYTHIA

hard scattered parton

beam beam remants In PYTHIA, the number of Multiple Parton Interactions
strongly influence the string hadronization processes
responsible for strange hadron production

hard scattered parton




Connection to the MPIs in PYTHIA

hard scattered parton

final state
radiation

In PYTHIA, the number of Multiple Parton Interactions
strongly influence the string hadronization processes
responsible for strange hadron production

beam beam remnants

initial state
Z radiation

hard scattered parton N EW!
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Connection to hard-scattering in PYTHIA

The presence of jets at midrapidity is studied in PYTHIA
considering the (P} ), .5, proxy for the p; of the hard
parton scattering process

multiple parton interaction




Connection to hard-scattering in PYTHIA

hard scattered parton

final state

radiation The presence of jets at midrapidity is studied in PYTHIA
considering the (P} ), .5, proxy for the p; of the hard
parton scattering process

beam beam remnants

initial state
Z radiation

multiple parton interaction
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h/<nch>|n|<0.5

ALI-PREL-524325

Strangeness production at fixed multiplicity

In events with the same particle multiplicity produced:

e increase in E/nch observed for decreasing forward energy (ZDC)
e universal scaling trends with ZDC energy, compatible within uncertainties
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Strangeness production in pp collisions is studied with a novel experimental technique to
understand the origin of its enhancement by introducing a new observable: the effective energy

Strange baryon enhancement (E/nch) in pp collisions:

e was observed at fixed midrapidity multiplicity

e is connected to the effective energy (initial stage)

Studies performed using the generator PYTHIA show that the effective energy is strongly
correlated with the number of MPIs in the model

Correlation of strange baryon enhancement with global properties of the collision

17



