Strangeness production in jets
and in the UE vs multiplicity in
Run 3 pp collisions

ALICE e-PIC Meeting - 29/01/2025
https://indico.cern.ch/event/1503581/

Alberto Caliva, Francesca Ercolessi, Nicold Jacazio



https://indico.cern.ch/event/1503581/

Ratio of yields to (n*+7n")

—
e

10°

Physics Motivation

I
w*m@ﬁ P o#ae fateh K
I

@M@wﬂﬂ L L LT R

T T T T 11T

T T T T T T T T LU R o 711 T T T T T

fi®
- 4>D LI gﬁgﬁgt E+4E (x2) i
; M@W _
i) : 9? o ¢ Wt oo s)
i | ihig ]
ﬁ @IN) ALICE
- ﬂ* I O pp, Vs=7TeV ¥ Pb-Pb, |5, =276TeV
[ 1 ® pp, Vs=13TeV O p-Pb, {5y, =5.02 TeV
:MB [s]3] | W Preliminary Pb-Pb, {s = 5.02 TeV
M . il el . sl .
10 102 10° 10
<chh/d n>|n|< 0.5

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| > Sz£] > Sal ~ ISko



State of the Art
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https://link.springer.com/article/10.1007/JHEP09(2024)204
https://arxiv.org/pdf/2211.08936

Data set and event selection

before any After sel8

Dataset: LHC220 pass7 minBias

Runs: 526641, 526964, 527041, 527057, 527109,
527240, 527850, 527871, 527895, 527899, 528292,
528461, 528531

Event selection
® Sel8

® |zux| <10 cm
Selections Nevents
Before any selection 62.191 x10°
After sel8 49.590 x10°

After z-vertex cut 47.803 x10°
After jet selection 85.024 x10°
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Analysis Task: https://github.com/AliceO2Group/O2Physics/blob/master/PWGLF/Tasks/Strangeness/strangeness_in_jets.cxx
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https://github.com/AliceO2Group/O2Physics/blob/master/PWGLF/Tasks/Strangeness/strangeness_in_jets.cxx

Jet finder and track selection

Anti-KT jet clustering algorithm — Alberto’s contribution at the past ALICE-ePIC meeting

Variable Requirement
hasITS True
hasTPC True
Nits clusters >3
Nrpc crossed rows >170
X% /Nrpc clusters <4 o
x> /Nits clusters < 36 %5 1 15 2 25 3 35 : &; /)5
IDCA,y| < (0.00164 +0.00231/pr) cm '
|DCA,| < (0.0017740.00255/pt) cm
M. Cacciari and G. P. Salam Pseudorapidity (1) [—0.8,0.8]
https://arxiv.org/pdf/0802.1189
PT > 0.15 GeV/c

v

pr-dependent selections for both DCAxy and DCA;
e Fit central core of the DCA distributions using a Gaussian

® Parametrizations correspond to the range * 1o 03 1 13 £ B9 8 85 :(éés\//c)s
!
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https://agenda.infn.it/event/40053/contributions/228453/attachments/118104/170730/deuteron_in_and_out_of_jets.pdf

Underlying event: perpendicular cone

jet axis

Underlying event estimated using two cones of radius R = 0.3
e perpendicular to the jet axis

® same 7] as the jet
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An — A@ = correlation Motivation
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Area cut is applied for normalization: \/ (n;, — 11jct)2 + (¢, — ¢jet)2 <0.3

® An—A¢ of charged particles found inside jet has a peak at (0,0) as expected
® Uniform distribution for the UE as expected
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Jet selection

® Jet must be fully contained in the acceptance: |7 | + R < 0.8
® At least two charged particles
® Z pr > 10 GeVic (after event-by-event subtraction of the UE)

® No overlap between any pair jet-jet, jet-UE or UE-UE cones in events with multiple jets

nJets_found ndets_selected
— ‘nJets_found nJets_selected
10 B Entries 4.780347e+10 Entries 4.780347e+10
C Mean 39 10‘0 Mean 0.001876
Std Dev 2614 Std Dev 0.04565
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Analysis details

VO0s

Signal extraction

Topological variable

VO transv. decay radius
DCA Dau Track to PV

VO Cosine of Pointing Angle
DCA V0 Daughters

Ntpc crossed rows

TPC x?

pr ™ (K9)

pr™ (A

pr” N

Other selections

TPC dE/dx Selection (Real data only)
Primary Selection (MC Only)

MC Association (MC Only)

Daughter Track Pseudorapidity Interval

N sigma signal extraction

G et e fit data Gauss (sgn) + pol2 (bkg)
> 0.50 cm && < 40 cm

> 0.1 cm e bin counting technique 60

> 0.99

< 0.5cm 0.8< p.< 1.0 GeV/c

> 80 4500 ;—

<4 a000 -~ JETUE Kg
[0.3,10] GeV/c 3500

[0.1,1.5] GeV/c 3000 -

[0.3,10] GeV/c 2500 z—

Cut 2000 i—

<30 1500 ;—

AliStack::IsPhysicalPrimary/() 1000 -

PDG code association VO 5oo§—

|77| <08 00.4—4 0.:16 0;8 = o.ls : 0A152 ‘o.é4' 056
+60 Max (GeV/ ¢?)
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Efficiency correction

LHC24f3c General Purpose MC anchored NV Do -passpeipimaig) »
€= In reco events
to LHC220 apass7 13.6 TeV pp MB sample NV Ussi s

Efficiency inside jets and UE are different due to different kinematic distributions 2d (o, 1)
— reweighting comparing with the general pythia distribution

Pythia JET Pythia UE Pythia
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Efficiency re-weighting

1. The p;-n distributions of V0Os in jet, UE and in pythia are obtained
2. The p; and n dependent weights are obtained as:

[dzN/(dnde)]jet |[d*N/(dndpy)]
Wi P1.1) = WaelPr 1) =
. [dzN/(d”dp T)] Pythia [dzN/(dﬂdp T)] Pythia
Weight JET Weight UE

3. These values are used to . o
weight the candidates which 1 L
fill the numerator and the
denominator of the efficiency

08N 2 3 4 5 6 7 8

; 107"
9 10 0 1 2 3 4 5 6 7 8 9 10
P, (GeVic) p.. (GeVic) 11

Francesca Ercolessi PWG-LF Preview 27/01/2025



Efficiency correction: KOs

N Vorcco+assoc+ rimar
= ( primary ) in reco events

N(Vogcn primary )
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the KOs efficiency a8 = 038 c
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up to ~25% at low - ..;@@033: : - ..3@@@*— . :
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Feeddown correction

Primary A fraction is computed from the MC (no = measurement foreseen for the
preliminaries but planned for publication):

N(Vorcco-f—aSSOC-i-primaTY)

Primary fraction = eprim = in reco events

N(Voreco+assoc)
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Density distribution - MB

To subtract the UE from the JC, :> dp 1 (| dN™¥  eprimary
s 50 X

= X X

a density distribution is defined dpr  Now = Apcc dpr s
‘l:&\ T IIT IITOI TT ‘T—;J;{T I[I % T |I T ‘ |I;Jéil
e o K o A
The JE density distribution o S #LE P FLE
_ . _ > 10k oooogy ©R<03 | 3 4oL +R<03
is obtained by subtracting $ - gt %;_Ea:* SR
the one of particles in the slg [ = l8lg [ oocoo i
2| . _] & 1 0 _
UE selection from that with L = R e e
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-
10°E —a— E 10°E - H
dpJE dpJC deE . . e
de de de 10 yl<0.5 = 10-42— ly|<0.5 -
10—5||\||H|J|||J||J||\||H||1||J||J|||l||\ 10—5\II\|IJII|III\||\||\\|H||H||||H|H|1
; 2 .. 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Ayec = TR, times 2 for the UE p. (GeVic) p. (GeV/c)
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Density distribution - multiplicity

For all multiplicity classes
the JE spectra are harder
than the UE ones

JE spectra have similar
shapes for different
multiplicity classes +
yields vary only within
~10%

Mild hardening observed
for UE spectra + large
yield variations in
different multiplicity
classes
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Density distribution - multiplicity
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N/KO vs multiplicity <« mme
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Comparison to Run 2 - KOs

Comparison with
JHEP 07 (2023) 136

Run 3 is lower wrt
Run 2 similarly for JE,
UE and JC, of ~20%
with a larger
difference at low p.

Francesca Ercolessi

(GeV/c rad)’

dp
ap

Run 3/Run 2

1072

107

et

1.8

1.6F
1.4F

1.2

[

- Jet
#Perp Cone ]
+R<04

Lol

:
1

I T

[
T

b
HH TR

mi
HT

Hh

(pdas AniiRasd)

0.2F

0.8F
0.6F
0.4F

TH

REEFURETETH]

* Y T I Y T

PWG-LF Preview 27/01/2025


https://arxiv.org/pdf/2211.08936

Comparison to Run 2 <oy
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https://arxiv.org/pdf/2211.08936

Conclusions

Preliminary approvals ongoing — Monday Preview at the PWG-LF

Today:
- Jet and UE fully corrected spectra of KOs and A + anti-A measured for the first time
as a function of multiplicity using full jet reconstruction with Run 3 pp collisions
- Deviations >~20% observed wrt Run 2 for the single particle spectra
-  /NKO ~ in agreement with Run 2

Next steps:
- Systematic uncertainty evaluation
- Understand deviations of single particle spectra from Run 2

For these preliminary results we plan to focus on V0s, but we started to have a look at
Cascades and pions for the publication
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The anti-KT jet clustering algorithm

2

d.. = min ( k=2 ko ) , Distgnce between _entitigs _
¥ ) R2 (particles, pseudo-jets) i and j

dg = knTZ » Distance between entity i and the beam (B)

Ai =(n; — ’7j)2 + (¢ — ¢j)2

R = 0.3 (jet resolution parameter)

Algorithm: calculate the smallest distance

® [f of type dj: recombine entities i and j (add their momenta)
to form a pseudo-jet

® |f of type dig: call i a jet and remove it from the list

M. Cacciari and G. P. Salam ® Continue until no entities are left
https://arxiv.org/pdf/0802.1189
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The same comments
apply also to the
N\ + anti-A\ spectra
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Status of benchmark MB for VOs

Note that the fully corrected Run 3 MB
spectrum of KOs is lower wrt Run 2 with
a flat trend in p; of ~ 15%

Likely part of the discrepancy in the jet
analysis is related to this observation

Also other aspects are being
investigated, e.g. the jet-p.. definition in
the algorithm with respect to the Run 2
publication
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