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Large area gas detector © 6 layers of silicon detectors
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Analysis based on counting the number of strange particles event-by-event in pp collisions at vs = 5.02 TeV
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Each candidate weighted by P(Sig) or
P(Bkg) estimated by 1D invariant mass
fit in p-/multiplicity bins
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Analysis based on counting the number of strange particles event-by-event in pp collisions at vs = 5.02 TeV
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Analysis based on counting the number of strange particles event-by-event in pp collisions at vs = 5.02 TeV
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Probability to measure V0s

Probability to produce n particle (n up to 7 for KOS, 5 for A) of a given species per event

A results in backup
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Unique opportunity to test the connection between charged and NOTE: multiplicity can fluctuate in each VOM bin and <dN_, /dn> can
strange particle multiplicity production significantly change for events with small/large ng
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Probability to measure Cascades: higher strangeness content

Probability to produce n particle (n up to 4 for =, 2 for Q) of a given species per event
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Multiple strange K0 and A production yields .

The distribution allows to calculate the average probability for the production yield of 1, 2, 3, _nl
particles/event: < Yipart >= Zn k B(n—k)! e P(n)
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The increase with multiplicity of the probability for multiple strange hadrons is more than linear

NOTE: very good agreement between <Y part” and previous results ([1],[2])

[1] ALICE, Nature Physics v13, pages 535-539 (2017)
[2] ALICE, Eur. Phys. J. C 80, 167 (2016) INFN2024 - Trento - 26/02/2024
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Multiple strange K0 and A production yields .

The distribution allows to calculate the average probability for the production yield of 1, 2, 3,

particles/event:
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For both particles the agreement gets worse as n increases

Ropes approaches the data at high multiplicity for A

Epos LHC has a better agreement with the data at high multiplicity,
but departs from the trend at low multiplicity
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Multiple strange = and Q production yields
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The distribution allows to calculate the average probability for the production yield of 1,2, 3, ... <Y >— Zoo n! P(n)
particles/event: k—part n=k Fl(n_k)!
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The increase with multiplicity of the probability for multiple strange hadrons is more than linear

NOTE: very good agreement between <Y part” and previous results ([1],[2])

[1] ALICE, Nature Physics v13, pages 535-539 (2017)
[2] ALICE, Eur. Phys. J. C 80, 167 (2016)
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< Yipare >= X0l k!(:ik)!P (n)

Multiple strange = and Q production yields

The distribution allows to calculate the average probability for the production yield of 1,2, 3, ...
particles/event:

/\“ 1IIII\|IlIIII\|IIIII|||I\I‘Il\llll‘llll\llllll /\C:10_1I|II\lIII|III|I|I|II||I\I‘Il\llll‘llll\llllll
>_C ALICE Preliminary >_= ALICE Preliminary
1 -2
~107E ppis-s02Tev, <05 (Y, ~107E po (s =5027Tev, <05 oom Yig)
1072 10°°
QY
10°° 2= 10
G Vo
10_4 < v > 1075 20
3z
107°k 10°°
10_6 é_ -------------- 10—7 )
- Fog U0 Al full markers: particle " = Cagpmn=is full markers: particle
10 open markers: antiparticle 10 ;' open markers: antiparticle
1078 E ez -+ Pythia8 Monash 10°° ==+ Pythia8 Monash
F — Pythia8 +Ropes : — Pythia8 +Ropes
10°° Large statistical - - Epos LHG 10710 i Large statistical s
E uncertainties in models pos / uncertainties in models -~ EPosLHC
10*10_I|l|llIII|l|1|III|III|IJIJII\llll‘llll\lllllll 10—11||l|ll.l‘lllll]lIII|IIl|IJIJII\'III‘III'\Illllll
2 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 14 16 18 20 22 24
<chh/dn>|n|<0.5 <('.’Nch/dn>|n|<0.5

Pythia8 + Ropes approaches the data at high multiplicity

Epos LHC does a rather good job at high multiplicity, but shows larger discrepancy at low multiplicity
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nA/nK’, : strangeness/baryon enhancement
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First measurements of (multi-)strange particle multiplicity distribution (P(n))

s i 4
e perfect benchmark to MC models to test the interplay between charged particle and = S:EE;?!TLTKR s
strange particle multiplicity 107 0.< VOM mulipiiy < 100% =
1025 4
e tis arelevant extension of <dN/dy> studies, as it tests at a higher order the
connection between global and local characteristics of the analyzed event 10_3? E
104 -
e 2-and3- A/KOS yield ratios increase with multiplicity (baryon-related effect) F 3
10’5;— 5
e  Comparison to model comparison: 1076;— —
o for KOS Pythia8 Monash and Ropes are equal across multiplicity 10—7; K dadE b %
o  for baryons all trends are rather well reproduced by Pythia8 + Ropes: very 10_% RAE %
good improvement in this model except for purely-strangeness effect, all other E. T R e 7'

models fail n

o
)
=
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First measurements of (multi-)strange particle multiplicity distribution (P(n))

L i 4
e  perfect benchmark to MC models to test the interplay between charged particle and = S:Ei?z!?'e’:frlikos
strange particle multiplicity 107 o S VOM iy < 100% =
1025 4
e tis arelevant extension of <dN/dy> studies, as it tests at a higher order the
connection between global and local characteristics of the analyzed event ‘0’3? E
104 -
e 2-and3- A/KOS yield ratios increase with multiplicity (baryon-related effect) F 3
10’5;— =
e  Comparison to model comparison: 106% ~
o for KOS Pythia8 Monash and Ropes are equal across multiplicity 10—7; KAtz ¢ %
o  for baryons all trends are rather well reproduced by Pythia8 + Ropes: very 10—8% RAE 4
good improvement in this model except for purely-strangeness effect, all other E. T T ;
models fail art
Outlook: é W r
. . . . . . . X %{?{ ¢ ’*jf.:_,_ 0
e different yield ratios under investigation to show the relative importance of baryon and strangeness effects

e obtained results can be used to study strangeness enhancement at its extremes (yield ratios with AS>3)

e  Run3 will allow to have larger statistics (3/4 orders of magnitude higher) useful for cascade analyses ‘
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iterative procedure based on the Bayes’ theorem ( P(Ele) estimated by using Monte Carlo (response matrix)
using a picture of causes C (“true values”) and effects
E (“observed values”) P(CE) — P(E;|C;)-m(Cy) P(CilEj) — probability that different C, were responsible for the
(CilEj) = ng < observed effect £,— GOAL
> P(E;|Ci)m(Ci) !
= n(C) — prior probabilities (initially arbitrary, but updated on

subsequent iterations)

° Choosing a prior distribution in order to apply Bayes’ theorem — posterior probability matrix obtained
° Applied to “observed spectra” — 15t estimation of the corrected spectra

° The corrected spectra obtained in the previous step becomes the prior probability and the correction proceeds as before

° Procedure is re-iterated until stability is achieved (regularization parameter: n, )

a(C) = L z n(E;) - P(Gi|E;) = S My; - n(E;)

j=1
expected number of events in the cause bin i unfolding errors: covariance matrix
. . . o P(E;|C;)-m(C;) . . ZE - 9n(Cr) an(C))
— M;is the unfolding matrix: ~ Mj; = oS0 P(B, 10 (Cl) V(R(Ck),n(C)) = i'z_l 3B V(n(E;),n(E;)) o)

2

— n(Ej) measurements (effects)

— & efficiencies

G. D’Agostini, "A multidimensional unfolding method based on Bayes' theorem” INFN2024 - Trento - 26/02/2024
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Response matrices for all particles sara.pucillo@cern.ch
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Moving from KOS to Q2 particle the response matrices are increasingly "squeezed” toward a low number of reconstructed particles/event
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Antiparticle multiplicity distribution

— T

rr T [ rrrrprrrr [ rrr 1T L L L L B L L B LU L LU R LI L L I L B B B

< k- - - e 1L _:
5_5 E ALICE Preliminary E ALICE Preliminary § S],c} 1§ ALICE Preliminary 3
10_1:_ pp Vs =5.02TeV, |y| < 0.5 N pp Vs =5.02 TeV, |y| < 0.5 E o 1071; pp Vs =5.02 TeV, |y| < 0.5 -
F A 3 " E 1026 o
10°F E 2
E ] E 10°% =
107 et = E F 3
E R - - 107 3
10k - E 10° -
_65 VOM multiplicity event class ’ ] VOM multiplicity event class EE 107 i_ VOM multiplicity event class K _:
10 E#0-1%  #1-5% NS 40-1% +1-5% - E $0-1% #1-5% 3
[ #5-10% -$10-20% I #5-15% -+ 15-30% E 10%= $5-15% © 15-30% =
107 +20-30% 4 30-40% E 30-50% -4 50-70 % E F 430-50% 4 50-70% .
E $40-50% -$50-70% E 10E el T = 10° et T —
[ -#70-100% 4-0-100% ] = 4o0-100% E = #0-100% 3
10 §—|\||\|\||\||||\||||\||||\|I|I_E 10712_1||l||\||L1||J||\||\||\||H||J||\||\||\4|H||J||_ 10—10kll|IIII|\I1I‘IIII|I\IJ|JIII7
0 1 2 3 4 5 0O 05 1 15 2 25 38 35 4 45 0.5 1 1.5 2 2.5
n- ng: Ny
Probability to produce n particle (n up to 5 for A, 4 for =, 2 for Q) of a given species per event
Spanning across large ranges of strange/multiplicity variations, all the way to very “extreme” situations
Unique opportunity to test the connection between charged and NOTE: multiplicity can fluctuate in each VOM bin and <dN_/dz»> can

strange particle multiplicity production significantly change for events with small/large ng
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