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Motivation: Strangeness
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® |ncrease in strange particle
production as function of
multiplicity across all collision
systems

e | arger net strangeness ->
Larger production increase
(b does not behave like s=0
particle!)

¢ (ss) — [s|=0
N\ (uds) — |s|=

= (uss) — |s|=2
() (sss) — [5]|=3



Motivation: Strangeness
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n|< 0.5

® |ncrease in strange particle
production as function of
multiplicity across all collision
systems

® | arger net strangeness ->
Larger production increase
(b does not behave like s=0
particle!)

¢ [ntermediate sized collisions
systems (p-Pb, high mult. pp)
allow us to study the origin of
this enhancement

What is the microscopic origin
of this increase?



Motivation: Using Correlations to Study Strangeness

Identified Strange Associated Particles (¢, A)

trigger: 4.0 < prh < 8.0 GeV/c

. S
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Measuring the angular correlation between a high pr hadron trigger (jet
proxy) and a strange hadron gives us a way to separate out
strange quarks produced in jets from strange quarks produced in the
underlying event

How does jet vs. non-jet production affect increase in strangeness?
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Extracting Particle Yields from Angular Correlations

h-¢ i h-h

3 4
A(P

Inclusive di-hadron correlation

(h _ ¢) (h — ¢) allows for direct comparison
between strange and non-strange
(h — h) Near (h — h) Away particle production/fragmentation
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ALICE Detector (Run 2)

VO: Multiplicity is measured in the
forward rapidity region using small
angle scintillating detectors

VOA:2.8<n<5.1
VOC:-3.7<n<-1.7

Detectors of interest:
e |nner-Tracking System (ITS)
e Time Projection Chamber (TPC)
e Time of Flight (TOF)

4 | 3 Magnet

ITS

ITS: tracking & vertex
reconstruction
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TPC

TPC: tracking & PID
Inl <0.9

TOF

TOF: PID information
Inl <0.9

ALICE Detector
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$(1020) & A Reconstruction

Arb. Units

1020): 8

Main decay of interest: ¢ = K+ K- (~49%)
Main decay of interest: A— p+xz (~64%)
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Scaled like sign distribution correctly estimates combinatorial BG under
mass peak, gives scale factor for correlation corrections.

WPCF 2023 Catania 7



Method: Correlation Background Estimation
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Method: Correlation Background Estimation

Correlation contains Signal (h-¢) and Background
(h-(KK)) components. Signal/BG = 2.5

Averaging and scaling correlations in Sideband
region (gray) gives estimate of BG in the peak
region (green)
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h-¢ and h-h A¢ Correlations

Jet yields extracted
from projected 1D Ag

correlations

“Underlying event” pairs
estimated with constant
term under jet peaks

Di-hadron correlations
give jet and “underlying
event” yields for h-h pairs
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(db/h) ratio in Jet and Underlying Event
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(db/h) ratio in Jet and Underlying Event

(h-9)/(h-h)
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e Total h-¢d/h-h pairs increases
with multiplicity (as seen in
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(db/h) ratio in Jet and Underlying Event
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Jets (hard scattering)

e h-¢p/h-h in Jets is lower than
inclusive measurement

e Ratio in Jets slightly increases
with multiplicity (changing jet
production? jet-medium
interaction?)

e Ratio in Away-side jet is higher

than near-side, but increases
with multiplicity at same rate
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(db/h) ratio in Jet and Underlying Event
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UE (soft production)

e Ratio of h-¢p/h-h in Underlying
Event is systematically higher
than Total pair ratio.

e [otal pair ratio moves closer
to Underlying Event ratio as
multiplicity increases (the jet
contribution to total pairs
decreases vs multiplicity)
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h-/\ Ag Correlations

4 < piriee < 8 Gev/c

Same technique of jet

and underlying-event

yield measurements
as the ¢

Split into a lower (top)
and a higher (bottom)
momentum range.

1.5 <py™* <2.5GeVic

' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

4.0 < p? g < 8.0 GeV/c B VOA 0-20% _
15< pt  <25GeV/c VOA 20-50% + b Fiata ;
= B VoA 50-80% " UE ]
0.08F ALICE Preliminary .
0.06 p_Pb VSNN =5.02 TeV ] WM“‘“ ........... W:
0.04F |An| < 1.2 g
0.02 ;
Oul | | | | ' L | | | | | | | gl |
-1 0 1 2 3 4 -1 0 1 2 3 4 0 1 2 3 4
Ag Ag Agp
2.5 < paot < 4 0 GeVic
x10~°
§ S LI I | T | 1 | | I LI | LI I LI I LI | LU | LI I LI IEEI 1 I LI | LI I LI I LI | Frrri I LI IE
zl3 9 40< ph ~ <80GeV/c T  [lVOA0-20% E
19 1 h-A data
4g w0 25< pb <40GeVic +  [V0A20-50% + A data ]
70 i mvoasoson UEM ]
OOF sy :
50 g
40 + -
30t ALICE Preliminary I ——_—— ;
‘0 An| < 1.2 oo oomapodat S
| | ' | | | | L | | | JEEENENE NI NN NN NN NN,

-1 0 1 2 3 4 —1 0 1 2 3 4 -1 0 1 2 3 4

Ag Ag Ag
WPCFE 2023 Catania 15



h-A\ Jet yields

Per-trigger pairwise yield
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Per-trigger A yields in jets show significantly higher increase
than inclusive hadrons as multiplicity increases (~70%
iIncrease vs ~10% increase). This is true for both A pr
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(/A/n) ratio in Jet and Underlying Event
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A/h ratios show same ordering as the ¢/h ratios.

As seen in the jet yield measurement, in both momentum regions the
ratio increases in the near and away-side jets
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(/A/n) ratio in Jet and Underlying Event
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Plotting as a function of mean charged particle multiplicity allows for the slope
of the ratio in each region to be compared with each other.
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(/A/n) ratio in Jet and Underlying Event
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(N/P) ratio in Jet and Underlying Event
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Comparing /A\/¢ ratios in jet and
underlying event shows no
dependence on multiplicity, as
expected from inclusive
measurements (¢ behaves as a
s=~1-2 particle)

However, A/ ratio is
systematically higher in the
nearside jet (difference in
hidden vs open strangeness in
jet fragmentation?)
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Conclusions

h-¢ & h-A correlations in p-Pb measured in ALICE

« Underlying event (h-¢)/(h-h) and (h-A)/(h-h) ratios consistently
higher than other production regions

— Strange particle production highest in the underlying event

 As multiplicity increases, events shift towards higher fraction of
production coming from the underlying event rather than jets

— Total ratio increase partly coming from different production
methods between low and high multiplicity events

* (h-d)/(h-h) and (h-A)/(h-h) ratios in the near and away-side jet
Increase with multiplicity

— Strange particle production is increasing in jets and
underlying event!
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Motivation: Small Systems

Pb-Pb

used as reference for p- allows for the probing of High energy heavy-ion
Pb and Pb-Pb collisions nuclear effects present in collisions used to study
PbPb but with no(?) medium QGP
Increasing
>

System Size

Open Question: Do the signatures of QGP “turn on” only for Pb-Pb?
Or is there a smooth transition from pp to Pb-Pb collisions?
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Motivation: Particle Ratio in PbPb and pp

PRC 95 064606 (2017)
(7 J- Y =S L L I L EL AL L I | R E R B B B 7))
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High Multiplicity PbPb collisions show the ¢/x ratio (right) is enhanced

compared to pp. The enhancement is most present in the ~1-5 GeV/c
PT region, before converging at high pr for all collision systems/sizes.
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Motivation: ¢/h ratios in p-Pb

peripheral AA

low mult pp Increasing Mult. yio1, it pp,pA
s >
“corona” 5 . .
core” ~ medium
o  [EPOS3210 _ ALICE (black)
s | ¢
810 -2 — s m @V =0 00
= .a."’.f&“’ .uooogoooo“.. ¢ /
- T
i — full
. i co+co
. eeee COrona
10 = ~e—s COTE
1 llllllll | llllllll 2[ llllllll 31
1 10 10 10
2 <dn_/dn(0)>

a "

Can also be useful to see where this
enhancement comes from in theory
calculations.

Looking at EPOS, particle ratio in the
“‘core” (hydro) and the “corona” (pp-
like) stays mostly flat as a function of
multiplicity.

The total ratio still iIncreases as a
function of system size due to
increased contribution of core

Resonance production in high energy collisions from small to big systems

arXiv:1812.06330v 1
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Correlated background from take VO

full corrected corr .
deaz"r (AQO ptrigg) L 1 (ptrigg)(d pair sig (AQO ptrigg)_ szg'n,al ngg:: side (A(P ptrigg))
sy M7 —_— 1 ted T y VT . . . »y 0T
dAp N tJ; ?ggc‘”’rec e dAy signal + integral side  dAyp
Nfull corrected pt'r'igg) . Szgna’l NE corrected( t'rigg)
trigg T signal + trigg T
3 o —
& >:<1O ,"' pn' + pp
§’ 160l ALICE Performance VO Vix
S [ mmsigna pp, Vs = 13 TeV, lyl<0.5 \ - p
E, 140 — [ Side-band regions 3<p <35 GeV/(c)‘ Y DCA
S | —— Background fit Ks ;Q.*" CA between
S 120 [ Background in signal region DCA V0 Neg. daughter / ,'/'/ VO daughters
u ; ‘.
100 — to Prim. Vix R
N A
80— o7
L P - /
- - ‘ /
60 - \ A o
: H I' ’
40— Prim. : ! DCA V0 Pos.
n ViXx —7me o 1
ool *‘(\,4 daughter
- _ o X\ to Prim. Vix
(9.44 0.46 0.48 0.5 0.52 0.54 0.56 DCA.VO to Prim. Vix

M. (GeV/c?)

KO purity ~96% across entire trigger pr range
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Method: KK Background Estimation

Arb. Units

RSB: 0.995 < Mkk < 1.005 GeV/c?

Mass Peak: 1.014 < Mkk < 1.026 GeV/c?

LSB: 1.040 < Mkk < 1.060 GeV/c?

0.0510°
0_045:_ 2.0 < pXK < 4.0 GeV/c ALICE Preliminary
. T p-Pb \[S,y = 5.02 TeV
0.04 0-20% Multiplicity Class (VOA)
0.035
0.03 :_ —1— US Kaon Pairs
- _|_ Est.BG
0.025 (using LS Kaon Pairs)
0.02[-
0.015
0.01—
0.005

Poo 1 101 142 103 104 105 106 1.07
2
my (GeV/c?)

Amount of BG
underneath mass peak:

US SB Int.
(LS Peak Int.) % TS SB Tt

0.04

Arb. Units

0.035

subtract off LS BG estimate, o.03
and fit with Voigt + pol2

—>

0.025

0.02

0.015

0.01

0.005

X

—_

o
[e)]

20< p_’FK <4.0 GeV/c

ALICE Preliminary
p-Pb \{SNN =5.02 TeV

+ 0-20% Multiplicity Class (VOA)

% Corrected US Inv. Mass

=== |ny, Mass Fit

— Residual BG Fit

099 1 #01 102 103 104 105 106 1.07
2
My (GeV/c?)

Use mass fit to
calculate the percent of

signal in the "mass =

peak” window used
(~81%)
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Method: Correlation Background Estimation

Reconstructed ¢ from KK channel, so
correlation has Signal (h-¢) and Background
(h-(KK)) components (Signal/BG ~ 2.5)

Subtracting the scaled, averaged sideband
correlations from the correlations in the peak
region (green) removes this background.

s 03
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Per-trigger h-¢(1020) 2D correlations

CI~?(Ayp, An) = (Peak Range Correction) (C’Z;Q(USKK Peak)(Agp, An)

trig

B Int. 1 _ _
_ (LS Peak Int.) * US SB Int L (Ch (USKK LSB)(A%An) 4 oh-(USKEK RSB)(A%An»)

LSSBInt. 2 ' i trig
with
1 1 B(0,0) * S(Ayp, An) 10 Py B0 GEVIE iﬁ?r_egngga;:v
Cirig(Asp; A1) = NEGT Etrig * Eassoc ’B(Agp, An§ 20< pi,assoc <4.0GeVic o-2o|:/o Multi;:c_ity .Class (VOA)
where

S(Agp,An) = same event distribution,
B(A¢g,An) = mixed-event distribution

1Ny B Nogsoo/dAgdAn

Niig is the total number of trigger
hadrons that fall in desired
trigger pr range over all events,
corrected for efficiency.
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