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ALICE experiment and the resonance campaign

. System Year(s) Vs (TeV) Lot
= ALICE has produced a large set of measurements on hadronic resonances for S— oy
. . . . . Pb-Pb 2015 20 & 0 00 ubr
all collisions systems and energies provided by LHC during Run 1 and Run2 2018 2018 o0 i
Xe-Xe 2017 5.44 0.3 ub!
Pb 2013 5.02 T: nb 4
Resonance K*(892)= = K*(892)°  £o(980) Z(1385)= A(1520) |=(1530)° | ¢(1020) P 2016 5.02,8.16 3nb, 25nb
it 7 5 pb1, 2.5 pb
Quark composition us, s ds, ds unknown  yus, dds  USS uds uss ss pp 2015, 2017 5.02 h F:a pb-t
‘\/5 i ; 2015-2018 13 36 pb-!
1(fm/c) 1.3 3.6 4.2 large unc. 52515 8.1 12.6 21.7 46.4
Decay T Ko 1t Kt T+TT- ATt AK p K on KK
: Muon spectrometer:
B.R.(%) 100 33.3 66.6 46 87 unknown 225 66.7 48.9

u-tracking and trigger chambers

= 20 published articles out of 403 submitted by ALICE as of Oct. 2022

Why we measure resonances:

v’ Study the hadrochemistry of particle
production

v" Study the in-medium energy loss via R,, P

Study the hadron-gas phase of relativistic
heavy-ion collisions

vertexing, tracking, PID, EM calos

n Forward detectors:
n| <0.9

multiplicity, trigger, centrality, time zero
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Final stage of the collision evolution: the hadron gas

Lorentz-contracted disks. Diameter ~14 fm, thickness ~14/yfm, y = 2500 @ LHC
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Initial stage Gluon and QGP: deconfined Hadronization and Kinetic freeze-out

nPDF quark-pair creation nuclear matter chemical freeze-out Elastic collisions cease

saturation, All heavy quarks expanding Inelastic collisions Free streaming particles to —— U
shadowing created at this stage hydrodynamically cease the detectors

A 4

QGP phase Hadron-gas phase

Duration of the same order as

resonances lifetimes!
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Temperature at chemical and kinetic freeze-outs

At hadronization the system is close to thermal equilibrium and a
rapid hadrochemical freeze-out takes place at the phase boundary

Statistical Hadronization Model (SHM)
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Pb-Pb \(5,=2.76 TeV

central collisions

Boltzmann-Gibbs Blast-Wave fits are used to determine
parameters of the radial flow:

= T.,— kinetic freeze-out temperature

= <> -transverse flow velocity

Fit parameters extracted from simultaneous fits to m, K, p spectra
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e Hadron abundances described by SHM over 9 orders of magnitude!

* Total yields include contributions from resonance decays!
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Global Blast-Wave fit to
n (0.5-1 GeV/c) , K (0.2-1.5 GeV/c) , p (0.3-3.0 GeV/c)
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ALICE, pp, Vs =7 TeV

ALICE, p-Pb, \[s,,, = 5.02 TeV
ALICE, Pb-Pb, |5, = 2.76 TeV
ALICE, Pb-Pb, |s, = 5.02 TeV
ALICE Preliminary, pp, Vs = 13 TeV

ALICE Preliminary, p-Pb, USNN =8.16 TeV
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Resonance reconstruction: uncorrelated background

= Resonances are reconstructed from their decay daughters via the invariant
mass technique:

Minv = \/(El + EZ)Z _ |ﬁ1 + ﬁ2|2

= Large background due to uncorrelated pairs

Counts / (4.0 MeV/c 2

= Uncorrelated background is calculated via event mixing or like-sign
techniques and normalized in a mass region far from the peak

= Uncorrelated background is subtracted from the invariant mass distribution

Eur. Phys. J. C 75 1 (2015)

Phys. Rev. C 102 (2020) 024912 x10°
& ASELILARL B AL UL B I B B | c{.;“ ' ' ' ' ' ' '
O i = 1 i + + i
N ++ pp \s=8TeV S 30f £(1385)'—=An" ALICE, pp, \s=7 TeV -
&) i 0.6<p_<0.7 GeVic, [y| < 0.5 © - 1
E 500 - ++ b o> KK 7 z 1.2<p_<1.4GeVic
:@ i ¢ ¢ o Unlike-sign pairs :@ 20
c - o Mixed-event background T = -
3 400 |- ¢ 7 Q
o i * O )
¢ 10 B —=— Same-event pairs ]
i —=— Mixed-event background
. . . ) . . . O 1 1 1 1 1 1 1
15 RTE02 TGS 0 I\1/105 (ég?//égt)ﬂ 1.3 14 15 1.6 1.7 1.8 1.9 2
KK Invariant mass (An") (GeV/c?)
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Resonance reconstruction: residual background (I)
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. . = ALICE Preliminar Ys =13 TeV INEL
= After the subtraction of the uncorrelated background a residual background ‘%f 20l : 1.62sz.oeemf,,|<o_5 E
. . .. .- = B ]
remains due to correlated pairs or misidentified decay products = 21530 + Z(1530)° - =7 4 T
= 15 B
= Residual background is usually modelled by a polynomial function g [
Q 10— =
O L
= Signalis fit with a Breit-Wigner or Voigtian function (convolution of a Breit- - —+= 52_‘;,{:‘3;‘;109&@ .

. . . . 5 igtian + round |
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Resonance reconstruct

Residual background can be complicated and
can require a more sophisticated modelling
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Phys. Rev. C99, 064901 (2019)
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Transverse momentum spectra
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AMPT: Phys. Rev. C 72 (2005) 064901

PYTHIA 6 Perugia 2011: Phys. Rev. D 82 (2010) 074018
PYTHIA 8 Monash 2013: Eur. Phys. J. C 74 (2014) 3024
PYTHIA 8.2: Comp. Phys. Comm. 191 (2015) 159
HERWIG 7: Eur. Phys. J. C 76 (2016) no. 4, 196

Comparison to models
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Several models on the market: need to tune them to data to obtain reasonable predictions!
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Radial flow and hardening of p; spectra

= Radial flow: predicted by hydrodynamics in AA due to

the higher energy density

= Hardening of the spectra with increasing multiplicity
= Mass scaling observed in central collisions ——
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Hardening of p; spectra in small systems (pp and p—Pb
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Hardening of p; spectra in small systems (pp and p—Pb)

= Qualitatively similar observations as for heavy-ion collisions Phys. Lett. B 807 (2020) 135501
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Integrated vields and hadrochemistry

ALICE R Nat. Phys 13, 535-539 (2017) m  Strag ngeness production
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B | S 7 TV, Nature Phys. 13 (2017) 535- L B0k _ . -
- 10_— IE]'F:'elll-mi-:a'y.F"J-P:.'.s.hpz.?ﬁ TSBVEG o . .%_J" E WQW' R EEREm A+A (@) E Isl =1 Canonlcal plateaU) IS
i e RasesEE s [® e B TH% Mok g2002)  1[S|=0 reached
- i 3 ’@OCWEIE aats e (hidden)
. B ' EuE 1181 =2 .
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Particle production is driven by the multiplicity
and does not depend on the collision system or
the centre-of-mass energy - Common particle
production mechanism for all systems?

Expect flat behaviour as a function of multiplicity
for the yield ratio of particles with the same
strangeness content
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Suppressed signal of resonances from the hadron gas

= Re-scattering and regeneration modify the yield of reconstructible resonances
. Phys.Rev. C 91 (2015) 024609

= Effect more pronounced for central collisions where the duration is longer ¢
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o i 0.8<pT< 1.2 GeV/c
I % 2000 cent. 0-20%
= I *0
| , s K
— Regeneration O 1000f _
:L’</’/ OZK*O in Pb-Pb \ s, = 2.76 TeV :

N B I PR B
0.75 0.8 0.85 0.9 0.95 1 1.05

\ Rescattering

..

|
| .
a ¥ * ' nK Invariant Mass (GeV/c?)
o l
o] N ~
I NO I ALICE e Data (stat. uncert.)
i = 20000} — Voigtian Peak Fit
@ [
= E ----- Residual BG
: (I) — — 15000 (I) 25<p, <3 GeVic
I \ % 10000 |-
| . S
: Hadronic phase S sooo Tty
I I . 0: - "““IT] - —
Chemical freeze-out Kinetic freeze-out £ (fm/¢) 000l N POPD | Sy = 2.76 TeV
(= Particle yields) (= Spectral shapes) 401 102 1.08 104 105

KK Invariant Mass (GeV/c?)



Suppressed signal of resonances from the hadron gas

= Re-scattering and regeneration modify the yield of reconstructible resonances
= Effect more pronounced for central collisions where the duration is longer
= Effect larger at low p;

Phys. Rev. C 106 (2022) 034907
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= ALICE E
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Resonance-to-long-lived-hadron vield ratios

(2*)=5fm/c T(A*) =12 fm/c

T(K*)=4.16 fm/c

x107
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* GCSM: Phys. Rev. C 100 (2019) 5, 054906
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Simple model for the duration of the hadron-gas phase

Estimation of lower limit of the timespan between chemical and kinetic Assumptions:

freeze-out by exponential law:

i) Simultaneous freeze-out for all particles

kin = Tchem X eXp('( Lin = Tchem )/ z-res)

nin= measured yield ratios in Pb—Pb
reem= measured yield ratios in pp
Tres= lifetime of resonance
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1.3

4.2

5.5
12.6
21.7

46.2

Particle Yield Ratios

107"

102

e s e e casmmmmsmeme e ———

__ KUK (x2.0) ]
= ‘--"‘?

(4]
P (12.0) | ALICE Preliminary

¢ p-Pb y5,, = 5.02 TeV
O Pb-Pb sy, = 2.76 TeV
W Pb-Pb s, = 5.02 TeV

F Xe-Xe VS = 544 TeV

ALICE
% pp Vs = 2.76 TeV

® pp V5=7TeV

* p-Pb \5,, = 5.02 TeV
B Ph-Pb |5, = 2.76 TeV
*+ Pb-Pb |5, = 5.02 TeV

+ Xe-Xe (s, =544 TeV

STAR
¥ pp Vs = 200 GeV

B Au-Au s, =200 GeV

EPOS3

—1a p-Pb Pb-Pb
14 16 — — UrQMD ON

1/3
(dN_ /dn)

UrQMD OFF

enrico.fragiacomo@ts.infn.it

ii) Negligible regeneration

-\ Sy = 9.02 TeV

| W KK

: ALICE Preliminary
[ @K K

- AYA

%

\Snn = 2.7

v piin

O KYK
AYA

ﬂﬂ

=1

=

=l
6 TeV
lv| < 0.5

=
—
il
===
e
-

Uncertainties: stat.(bars)

sys.(boxes)
...... |

—————
Pb-Pb

8

10
(dN_/dm)"°

12, 14

<0.5

18



Summary

v During Run 1 and Run 2 ALICE has measured a varied set of resonances with
different lifetime, mass, quark content

v Resonances have proved to be a valuable probe to explore the hadron-gas
phase at the end of the collision

v’ Precise measurements of resonances have allowed to study strangeness
production and collective effects in large and small systems

v’ Future more precise data from Run 3 will allow multi-differential analyses,
reconstruction of higher-mass resonances and a quantitative study of the
hadron-gas phase via measurements of observables such as the flow of
resonances



	Latest results on hadronic resonance production with ALICE at the LHC
	ALICE experiment and the resonance campaign
	Final stage of the collision evolution: the hadron gas
	Temperature at chemical and kinetic freeze-outs
	Resonance reconstruction: uncorrelated background
	Resonance reconstruction: residual background (I)
	Resonance reconstruction: residual background (II)
	Transverse momentum spectra
	Comparison to models
	Radial flow and hardening of pT spectra
	Hardening of pT spectra in small systems (pp and p‒Pb)
	Hardening of pT spectra in small systems (pp and p‒Pb)
	Integrated yields and hadrochemistry
	Suppressed signal of resonances from the hadron gas
	Suppressed signal of resonances from the hadron gas
	Resonance-to-long-lived-hadron yield ratios
	Simple model for the duration of the hadron-gas phase
	Summary

