N

TORINO

c

(@)

S

(&)

=

©

2

o 7
(&)

2T

cC C

6ol

SSt

e D

=

88
c

-

C oL

eah

e

o3

38th Winter Workshop on Nuclear Dynamics (WWND 2023)

for the ALICE Collaboration
Universita di Torino and INFN

February 8, 2023

Bong-Hwi Lim




Resonances ALICE
€000 0000

Results
000

Hadronic resonances in ALICE

Particle Ratio

0000

Future
0000

» Short lifetime comparable to the one of the hadron gas phase (~ few fm/c)
» Suitable probes to study the properties of the hadronic phase in heavy-ion collisions.

» Excited states of hadrons

» Compare results to other particles that have the same (or )similar) quark content.

Resonance

Quark composition

unknown

2
T (fm/c) 1.3

Decay T

B.R. (%) 100

36 42 |largeunc.| 555 8.1 126 217 46.4
Ko7 Kn o Am AK pK =r KK
333 66.6 46 87 unknown 225 66.7 489

Bong-Hwi Lim  (UniTo)

The production of hadronic resonances with ALICE at the LHC

Table 1: List of resonances studied in ALICE (Runl & Run2).
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Hadronic phase in Heavy-lon Collisions

Before Initial Quark-Gluon ‘;Freeze-out" and’
Collision Collision Plama Hadronisation free-stream to detector

"o To.or " 10 "100 t (fm/c)

Figure 1. Simulation of the evolution of the heavy-ion collision, time flows from left to right [1]

» Hadronic-gas phase: between chemical freeze-out and kinetic freeze-out
» Duration of the same order of magnitude as resonance lifetimes.

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023
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Resonances in Hadronic Phase

time

>

Chemical
Freeze out

Inelastic Collisions (Pseudo-)Elastic Collisions

Figure 2: Sketch of interactions in hadron-gas phase. Yields of the short-lived resonance, such as K*
(e & 4.2 fm), can be affected by rescattering and regeneration in hadronic phase in contrast to those of
long-lived resonances, such as ¢ (cm = 44 fm).

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC

» Regeneration:

Pseudo-elastic scattering
of decay products

— Increase in resonance

measured yield

Rescattering:
Elastic scattering smears
out mass peak

— Resonance can not be
reconstructed through
invariant mass

— Decrease in resonance

measured yield

WWND2023 | February 8, 2023
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Features of resonances: suppression at high multiplicities

£0f@ s mecey 0 Laweemomcna . | > Ratioresonance yield to ground-state
L T PO 1 e hadrons with similar quark content
:: ﬁ%@ 5 .G»Fi.-. """ i ; ] 1 — K* /K and ¢/K ratios
R e e  sictom oomerem || » Significant suppression of K* /K from
ORI I R il I Y
SO SR im0 e A — Presence of hadronic interaction: rescattering
o2r 1 dominant effect compared to regeneration
f H hE sl What drives this decrease?
O Thermal Model T, - 1s6MeV | % L] | — The lifetime of the resonance
—EPOS3 -+, EROS3 wio LirGMD, i i L — The cross sections for rescattering and
e E‘”g’\’cn/d"z’ﬂ/a ! ! m(ge‘” regeneration processes
Figure 3: K* /K and ¢ /K ratios in various collision — The time duration of the hadronic phase

systems and energies. (left: mulitplcity, right: energy)

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023 5/21
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The ALICE detector

semnsaw v avh mom o ara¥h

Bong-Hwi Lim

Figure 4: Schematic view of the ALICE detector

(UniTo)

The production of hadronic resonances with ALICE at the LHC

Future Summary
o

0000

Multi-purpose detector at
the LHC with unique
particle identification
capabilities and tracking
down to

very low momenta

Central barrel detectors
(Inl <1)

ITS: Silicon detector for tracking and
vertexing

TPC: Time Projection Chamber for
particle identification and tracking

TOF: Time Of Flight detector for
particle identification

VO: scintillator detector for trigger
and multiplicity estimation

WWND2023 | February 8, 2023
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Resonance reconstruction: analysis strategy
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o r ALICE Preliminary pp (s=13TeV 7] © 8F ALICE Preliminary pp Vs=13TeV
e L . VOM Multiplicity Event Class 10-30% 1 7; VOM Multiplicity Event Class 10 - 30% 3
E 18- . 16<p, <20GeVic, [yl <05 E E 16<p, <20GeVic, Y| <05
< I . (15300 + T(15300 » T+ T | & OF _ 0 = 0 = 3
=~ 16 4 < _E (15300 + (1530 - =+ T ]
@ r . —4— Data (stat. uncert.) 12 56 =
s L . —4— Mixed-event background 15 1= E
3 4 Normalisation Region 18 E E|
C RITPILALY, P3N ] 35 4

C 8000 3 Ot E —+— Data (stat. uncert.) E|
12~ 1 2F Voigtian peak + background

L 7 1; ————————— Residual background E

10— ~ E e E|
%3 1 o wm.*m‘,m.,‘@
IR R 1 400U G i s G e = N R B R DA

15 1.55 1.6 1.65 1.7 1.75 1.5 1.55 1.6 1.65 1.7 1.75

M-, (GeVi/c?) M., (GeV/c?)

Figure 5: Invariant mass distribution of £* with background (left) and fitted signal after the background subtraction (right)

Resonances are reconstructed via the invariant-mass technique Mi,, = /(E1 + E2)2 — (pi + p3)2
Uncorrelated background is calculated via event mixing or like-sign techniques
PID from TPC, TOF for the daughter tracks, VO or Cascade topology for K9, A, E+

Residual background: Correlated pairs or misidentified decay products, usually modeled by a polynomial
function

vvyyvyy

v

Signal: Breit-Wigner or Voigtian function
Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023 7/21
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ALICE, |5, = 2.76 TeV.
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---- Background
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Figure 6: p(770) [2]
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Invariant mass distribution of various resonances#1

: . o
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Figure 7: £5(980) [3]

1 11
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098

1
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Figure 8: K(892)° and ¢(1020) [4]

The production of hadronic resonances with ALICE at the LHC
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Invariant mass distribution of various resonances#2

T0<p <125GeVic
70-90%
-e-data

(bkg. subtracted)
—global fit i

(Voigt. + residual bkg.)
- -residual bkg.

1.45

Figure 9: A(1520)° [5]

Bong-Hwi Lim  (UniTo)

210"
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The production of hadronic resonances with ALICE at the LHC

Figure 10: 2(1820)

Figure 11: K(892)* and
»(1385)* [6]
WWND2023 | February 8, 2023
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Transverse momentum (pr) spectra

N(1520) + cc.
<05 |

0-10% (x10°) |
10:30% (x10%
Sy \30-40"/: x10%) 4
10.50% (x10%) f

50-70% (x10Y) |

70-90% (x10°) |

-- MUSIC+Smash

— Blast-Wave (WK/p) ™~ l

[ —e— ALICE Prellmlnary Pb P, ‘\[SNN 5.02Tev
I | | .

0 2 4 6 8

P, (GeV/c)

Figure 12: A(1520)° pr spectra

» pr spectra obtained for different centralities
classes (multiplicity classes for pp collisions)

» Hardening of spectra with increasing
centrality of the collision

— Caused by radial flow.

» Comparison with hydrodynamic models:
— Spectral shapes are in agreement with Blast- Wave
model (from 7, K, p)

— MUSIC [7] hydrodynamic models with SMASH
afterburner underestimates the A(1520) yield

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023
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Integrated yields dN/dy

> T T T T
g 1 ALICE Prellmlnary _
B F 2(1530)°+ £(1530)° » Ewt + E H‘ E
[ Uncertainties: stat. (bars), total syst. (open boxes), H‘ 1
E uncorr. syst. (shaded boxes) B
107 E # 3
E ol PP, Pb-Pb: [y] < 0 ]
r ) [= Jpp13Tev B
o] GE pp 13 TeV INEL B
107 5 [ 1 pp7TeVINEL E
E Eur. Phys. J.C 75 (2015)1 3
L B %] p-Pb5.02TeV,-05<y, <0 |
L & Eur. Phys. J. C 77 (2017)389

3 [# ] Pb-Pb 2.76 TeV
10°Es ALICE Preliminary 3
C v vl | | Ll |

10 10 10°

(dN ch/ d '7>\r,\<o.5

Figure 13: 2(1530)° dN/dy

» Resonance production is driven by the multiplicity.
It doesn't depend on the system size or the centre-of-mass energy

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023
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Figure 14: A(1520)° (pT)

Bong-Hwi Lim  (UniTo)

The production of hadronic resonances with ALICE at the LHC

» Mean transverse momentum provides

first-order characterization of the
spectral shapes.

(pT) values increase with increasing
multiplicity and are higher for the higher
centre-of-mass energy

Models that do not include a hadronic
afterburner (SMASH) do not reproduce
the data

— MUSIC [7] without SMASH and EPOS3 without
UrQMD afterburner [8] underestimate the trend

WWND2023 | February 8, 2023
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Particle ratio: K(892)* /K"

‘ » The trend of the particle ratio is similar to

o F ‘ ]
s r 1100 - ]
: 0‘4} K* /Ks ALICE Preliminary - the One Of K(892)0/K
S H\__ #Pb-Pb 54y =5.02TeV, ly| <0.5 ]
T0.35 N P is=13TeV. <05 3 » Suppression in central Pb-Pb collisions (AA collisions)
0.3F 3 » EPOS-LHC [9] model: describes the measurements
F Models: K9k ] o )
.25 —PYTHIAG Perugia 2011 = qualitatively in small systems.
[~ ==PYTHIA8 Monash 2013 ]
[ —PYTHIA8 wio CR ] X
0.2/ ~EPOSLHC (o UrawD) E » HRG [10] model: describes the measurements both
Fooy. u inties: b s I
R sta, (o), total sys. (open box) H 5| qualitatively and quantitatively.
0.15 —Music+smasH uncorr. sys. (shaded box) -
= MUSIC (w/o SMASH) | -

10
13
(dN,/dn >m\<o.s

Figure 15: K(892)* /K©

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023 13/21
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Particle ratio: A(1520)°/A

Resonances ALICE Results
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%
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Figure 16: A(1520)9/A

Bong-Hwi Lim  (UniTo)

The production of hadronic resonances with ALICE at the LHC

>

Gradual decrease of the pr-integrated
A(1520)%/A yield ratio from peripheral to
central Pb—Pb collisions

Thermal models [10, 11] overestimate
the data

MUSIC + SMASH [7] reproduces the
multiplicity suppression trend

Small systems:
—Small systems: no suppression observed.

WWND2023 | February 8, 2023 14/21
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Particle ratio: Y(1385)* /7
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Figure 17: $(1385)* /=

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023 15/21
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Particle ratios in a nut shell
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>

ALICE Preliminary

© p-Pb Sy = 5.02 TeV

0 Pb-Pb Sy = 2.76 TeV

< Pb-Pb |5, =5.02 TeV

@ Xe-Xe Sy = 5.44 TeV
ALICE

* pp 15 =2.76 TeV

® pp (5=7TeV

* p-Pb (s, =5.02 TeV

= Pb-Pb {5y =2.76 Tel>
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—————— UrQMD OFF

The production of hadronic resonances with ALICE at the LHC

Long-living resonances, Z(1530)"
and ¢ show a flat behaviour with
system size within the
uncertainties

— (N /dn)/3: Proxy for the system

size [12]

A(1520)° is suppressed more
than the K(892) in central
collisions

— Regeneration may play a more important
role in K(892) than in A(1520)°?

WWND2023 | February 8, 2023
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£
o}
4 8 .
» Strangeness enhancement in small systems
> — Canonical thermal model describes the strangeness
enhancement very well while couldn't describe the ¢/ ratio.
i ' " 104 106 108 0 » Main goal: is ¢ production purely statistical? or modulated?
My, (GeV/c?) (enhanced or Suppresseo!) .
! < Y¢¢ > Inclusive ¢ pairs production
. . . 2.
Figure 18: 2D Invariant mass histogram of 05 =2 < Ypp >+ <Yy >— <Y, > Variance
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R » Comparison to the models: Average yield of
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102 —
E o Memsued » New characterisation technique (y4) hint at
ol © o e ez the accordance with the production statistics
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0.8 =
o —— 7 » Large statistical uncertainties — Further
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N0 o8 Run3

Figure 20: ¢ pair measurement results

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023

Summary
o

18/21



Resonances ALICE Results

0000

0000 [e]e]e}

Particle Ratio Future
0000 0000

Summary
o

Searching for the glueball candidates: f}(1525), f,(1710)

1 210" x10°
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Figure 21: KK (Leff) and KSKS (right) invariant mass distribution (top)

and fitted distribution after background subtraction (bottom)

» The possible existence of glueballs was predicted
in Lattice QCD [13, 14].

» Candidates:
» Mass range: 1550-1750 MeV /c?

» Total angular momentum, charge and parity:

JPC — ot++

» Decay modes KK, K¢K? was searched for in pp
collisions at y/s = 13 TeV.

> KK (KIK?) Fitted with (coherent) sum of
Breit-Wigner functions + residual background.

» KK channel: 2 invariant mass peaks are
visible.

» KOKO channel: 3 invariant mass peaks are
seen.
—Consistent with the observation in ep
collisions at HERA [13]

» Looking forward to Run 3 and Run 4 data for
precise measurements.

Bong-Hwi Lim  (UniTo) The production of hadronic resonances with ALICE at the LHC WWND2023 | February 8, 2023
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Resonances in transverse spherocity classes

Jetty (So— 0)
Isotropic (So— 1)

» Event shape observable:
sensitive to hard and soft
proceeses.

Can be used to distinguish

between isotropic (dominated

by soft QCD) and jetty
(dominated by hard QCD)
events.

Bong-Hwi Lim  (UniTo)
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» The K(892)% yield is higher in isotropic
— Harder spectra in jetty events
> K(892)* /KO ratio shows a hint of depe
The production of hadronic resonances with ALICE at the LHC
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Summary
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ndence on transverse spherocity.

WWND2023 | February 8, 2023

20/21



Resonances ALICE Results Particle Ratio Future Summary
0000 0000 000 0000 0000 °

Summary

» Resonance production is independent of the collision energy and system and is
driven by the event multiplicity.

» Short-lived resonances (p, K*, ¥*, A*) are suppressed in most central collisions.

» Rescattering is the dominant process in the hadronic phase for the short-lived
resonances (7 <~ 15 fm/c).

» Further studies are ongoing. New multi-differential measurements, including
higher-mass resonances, will be done using the higher data sample of Run3
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