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Why resonances? Qs

ALICE
| K p, . * Short lifetimes
t'Te / e Comparable to Hadronic phase
A . :

N L Excited states
g | !/T e Can compare results to other parficles with similar quark content
@
T
S |

Pre-Equilibrium
Phase (< 1)

N

b) with QGP

B

Bong-Hwi Lim / Quark Matter 2022 2/12



Why resonances? Qv

ALICE
"ﬂ"‘ “““ ° tae e
| K. p, .. e Short litetimes .
time + o« Comparable to Hadronic phase
A
A
=
kS,
S
©
g
o |
=

Hadron gas

Chemical
Freeze out

Inelastic Collisions (Pseudo-)Elastic Collisions

Pre-Equilibrium
Phase (< 1))

= Hadron yields

Hadron yields
momenta

(most) Hadron yields

b) with QGP momenta
momenta

Bong-Hwi Lim / Quark Matter 2022 2/12



Why resonances? Qs

ALICE
".¢"' “““ M tae e
| K b, . = Short litetimes .
t'Te / » Comparable to Hadronic phase )
A T : B i O q ---
fo _ .- L :
R ‘ LER Excited stqtgg
Tg !/T e Can compare résu[Ts to other particles with similar guark @‘nfep"r |
S R ) time
=]
-

T
®
=
O
D

(®
Q

Chemical
Freeze out

Inelastic Collisions I (Pseudo-)Elastic Collisions

Pre-Equilibrium

Phase (< 1) Regeneration

pseudo-elastic scattering through resonance state

b) with QGP * =) Enhanced yield

Bong-Hwi Lim / Quark Matter 2022 2/12



Why resonances? Qs

ALICE
o S} tatimae e
| K b, . = Short litetimes .
t'r‘“e / » Comparable to Hadronic phase )
A T : B i O q ---
fo _ .- L :
> 1 L Excited stqtgg
7% )/T e Can compare résu[Ts to other particles with similar guark @hf@pff
e ~ :
T |
§ !

|

QGP

Phase transition

Chemical
Freeze oIt

Hadron | .

Inelastic Collisions I (Pseudo-)Elastic Collisiont
Pre-Equilibrium P e o o~ oo d e, PPy | o— —
Phase (< 1) Regeneration Rescattering
- pseudo-elastic scattering through resonance state elastic scattering smears out mass peak
b) with QGP * =P Enhanced yield m) Reduced yield

N

B

Bong-Hwi Lim / Quark Matter 2022 2/12



Why resonances? Qs

ALICE
| © K b, L Short lifetimes .
t"‘“e / « Comparable to Hadronic phase
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Phase (< 1. Regeneration Rescattering

pseudo-elastic scattering through resonance state elastic scattering smears out mass peak

=
. y 4 . o
) GoF ‘ Enhanced yield e Chemical freeze out temperature (7 ,) ‘ Reduced yield
o Lifetime of hadronic phase
¢ Lifetime of resonance itself
B e Scaitering cross sections of decay products
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The ALICE Detector Qs

ALICE

Highlighted Sub-detectors Used for Resonance Study

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

e Central barrel detectors (|7| < 1)
C 1S (In] <0.9)

e 6 layers of silicon detectors

*
PEERAA W, Y. "R YN A‘;‘ n\:l‘k .

« Trigger, tracking, vertex, PID (dE/dx)
B TPC (7] < 0.9)

e Gas-filled ionization detection volume
e Tracking, vertex, PID (dE/dx)

TOF (|| < 0.9)
* Multi-gap resistive plate chambers

—@m— - PID (f, time of flight)

B o VoA (2.8 < <5.1)8V0C (=37 <15 < —1.7)]
e Arrays of scintillators

e Trigger, beam gas rejection, multiplicity estimator

Bong-Hwi Lim / Quark Matter 2022 3/12
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Highlighted Sub-detectors Used for Resonance Study
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ALICE Performance

‘l Pb-Pb \s,, =5.02TeV

3 4 5

p (GeV/c

ALI-PERF-1
—

E
0.8H
E
¥
0.7
[
E
0.6
B

B
0.51
| 2

0.4 F

ALICE Performance E
Pb-Pb |5, =5.02 TeV 7

. 10
p (GeV/e)

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

Central barrel detectors (|| < 1)
C 1S (In] <0.9)

e 6 layers of silicon detectors

« Trigger, tracking, vertex, PID (dE/dx)
B TPC (7] < 0.9)

e Gas-filled ionization detection volume

e Tracking, vertex, PID (dE/dx)
lTOF (|n| < 0.9)

* Multi-gap resistive plate chambers

4y« PID (f, time of flight)

B o VoA (2.8 < <5.1)8V0C (=37 <15 < —1.7)]

e Arrays of scintillators

e Trigger, beam gas rejection, mulliplicity estimator
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The ALICE Detector Qs

Highlighted Sub-detectors Used for Resonance Study

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

e
-

e Central barrel detectors (|7 < 1)
C 1S (In] <0.9)

e 6 layers of silicon detectors

« Trigger, tracking, vertex, PID (dE/dx)

----?‘_s__p -

= A Pb-Pb \s, =95.0 TeV
= 03 « Data
—— NBD-Glauber fit
‘ Pu,k x [f Npart +(1 -f)Ncou]
f=0.801,u=45k=1.75

B TPC (|5] < 0.9)

.. e
ey ~all] g e Gas-filled ionization detection volume
i  Tracking, vertex, PID (dE/dx)
- TOF(|n| <0.9)

* Multi-gap resistive plate chambers
4y« PID (f, time of flight)

EIAOI‘LIICE Fl’erlfolrmanlcel o VOII\/II\I/IuIItipIicit)I/CIIasIseS é l \/O [\/OA (2.8 < }7 < 5.1) & VOC (—3.7 < }7 < — 1,7)]

§ pp Vs =13 TeV Min. Bias Triggered Data: 3
Clo1% [ ]2080% ]
T 11-5% [ ] 30-40% 3

TP Sg:\ e o e Arrays of scintillators

[ ]1520% [ | 70-100% -

................

— 0-100% F

e Trigger, beam gas rejection, mulliplicity estimator
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Overview: the resonance production in ALICE
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0%/t (x12.0)

K*/K (x2.0)

S**/A (x0.6)

I

S
— 3

I

A(1520)/A

0 2 4 6 8

12 14

1/3
(dN_ /dn)

10

ALICE Preliminary
¢ p-Pb ys =5.02 TeV

O Pb-Pb \[SNN =2.76 TeV sy, dds)_(é%})

7P Pb-Pb ys,, = 5.02 TeV

& Xe-Xe \sy = 5.44 TeV
ALICE

X pp Vs =2.76 TeV

® pp Vs=7TeV

* p-Pb ys = 5.02 TeV

B Ph-Pb |5 = 2.76 TeV

+ Pb-Pb |5, = 5.02 TeV

* Xe-Xe |sy, = 5.44 TeV
STAR

X pp Vs =200 GeV

A Au-Au sy, = 200 GeV

— EPOS3

16

-= EPOS3 (UrQMD OFF)

Properties of the resonances

Lifetime (fm/c) —
46.3

Mass

1019 MeV/c2 KT K~
(48.9%)

P(s3)
=(1530)

(uss)

1531 MeV/c2

AIS30) Pk
(22.5%)

(uds)
1387 MeV/c2

0, 1 + -
K*(ds) s (5.6%/5 896 MeV/c2

_ 0_+
K*i(us)m (3K3373ch ) 892 MeV/c2

_ ¥ -
P (ull + dd) . (75007% ) 770 MeV/c2

 Suppression of the ratios of the short-lived resonances

e Huge role of a hadronic phase afterburner (UrQMD).
— Suggests rescattering of decay products in hadronic

phase.

e No energy dependence from RHIC to LHC

 Smooth transition from pp to A-A

— System size (multiplicity) conftrols resonance yields

4/12
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)

K*/K (x2.0)

S*/A (x0.6)

A(1520)/A

=*/= (x0.06)

&/K (x0.05)

2 4 6 8 10 12 14 16

1/3
(dN_ /dm)

ALICE Preliminary

Properties of the resonances
Lifetime (fm/c) —
46.3

Mass
1019 MeV/c2

P(s3)
=(1530)

(uss)

1531 MeV/c2
A(1520)

1520 MeV/c2 12.6 §1 S
(uds) (22.5%)

U Pb-Pb ys\y=2.76 TV suyys, dds)-(@/%) 1387 MeV/c2
b Pb-Po (S =5.02TeV  Kds)IIEEN K& 896 mevrer

_ 0_+
K*i(us)m (3K3373ch ) 892 MeV/c2

_ + -
Pui+dd, 1.3 51[007%) 770 MeV/c?

21.7 BA3ICE
(66.7%)

9 p-Pb |5, = 5.02 TeV

¢ Xe-Xe \[Syy = 5.44 TeV

ALICE
X pp Vs =2.76 TeV

® pp Vs=7TeV . . .
 Suppression of the ratios of the short-lived resonances

* p-Pb s = 5.02 TeV

B Po-Pb (5 =276 TeV Huge role of a hadronic phase afterburner (UrQMD).

+ Pb-Pb ys = 5.02 TeV — Suggests rescattering of decay products in hadronic

* Xe-Xe \sy = 5.44 TeV
STAR

X pp Vs =200 GeV

phase.

e No energy dependence from RHIC to LHC
X% Au-Auys=200Gev  ® Smooth fransition from pp to A-A

— System size (multiplicity) conftrols resonance yields

K™+, A(1520), ¢ will be updated in this talk.

— EPOS3
-- EPOS3 (UrQMD OFF) .

Bong-Hwi Lim / Quark Matter 2022 4/12
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m— NEW in QM2022

New results: K* and A(1520) in pp collisions

ALICE

‘TGI [ rrrr|rrrrrrrrrrr o111 ;G 10_1:_ ALICE Prellmlnary __
= = =
> G A(1520) -
©) ~ = pp, Vs =5.02 TeV, |y| <05 -
—_ S, 102 i:.:':‘:' =

= e e =

% -C|— ~ e o 7
Q. S — —e—

O < 1073 = e & —
S 107 S ™ e . -

N 3 -Oq_. - R -
-O*; 10 E_ i 1074 - — :.:; ‘ =
209 1 0_4 - Al Z - I | o) =
- 5 ? VOM Multiplicity Event Classes — ~  VOM Multiplicity percentile(%) g s .
T 107 B kg K K K K 105+ 1030 ~

-6 9 6 3 = 6 30-50 3

10 L W[ (x2 IV+V (x 27) L1 VI (x 27) o - e 50-70 + N

5 . - ALICE Preliminary 5| ®70-100 | |

10 = O e || (x 2%) VI (x 2°) 0 ®|X (x 22) |y| <05 = 10 = UncerTanltleS: stat.l(bars), syst.?boxes) | | | =

s F _ = ]

107 = 1 (x 27) VIl (x 2% O WX (x2) pp Is = 13 TeV = : ' :

= Lo T S A O S S B S T W S §°___ -
LL — E o C 3
< = o I ]
e % 107 & 3
2 g E
m i | | | L | | | |

o New results of KT and A(1520) in pp collisions at \/_ = 5.02 and 13 TeV in different multiplicity intervals
and in Pb-Pb at 4 /syn = 5.02 TeV in different cenftrality intervals.
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New results: K* and A(1520) in Pb-Pb collisions

o KRAKOW
ALICE “e 2022
NEW in QM2022 NEW in QM2022
106 — r r r [ r 1 1 Tt 1 r 1 T T T ] _ 106 — 7T T

B ALICE Preliminary I A(1520) + co 3

o Pb-Pb | s = 5.02 TeV o= y| <05 _

- (K* +K)/2, ly| < 0.5 1 © -

| ] 5 — Nt = 0-10% (x10%) —

0-10% x 2" [M40.60% x 22 —~ -

T

—h
)
N

10-20% x 2°

1Q-30% (x10%)
20-40% x 2° [160-80% x 2! ~

~
~

IN_,.)(°N/dp_dy) (GeV/c)

*- 40-50% (x10?) }

- =X . - )

— LA = A = —@= | 50-70% (x10") |

5 = == _

— - —= ~. 70-90% (x10°) ~

i el 104 ---- MUSIC+Smash -
107 [ —

u =T | —— Blast-Wave (w/K/p) B

— Uncertainties: stat.(bars) sys.(boxes) — - —@— ALICE |Pre“m'”arys P?'Pb,‘@ = 5-|02 Tev. -

107 I R I R I R 1 0_60 — 2 — 4 — 6 — 8

0 5 10 15
. ( GeV/o) P, (GeV/c)

o New results of KT and A(1520) in pp collisions at \/_ = 5.02 and 13 TeV in different multiplicity intervals
and in Pb-Pb at 4 /syn = 5.02 TeV in different cenftrality intervals.
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ALICE

> N ' ' ' R NEW in QM2022

~— : *i‘ 0 . —

% 0.4 N K /K$ ALICE Preliminary —

N o~ m Pb-Pb \s,,,=5.02TeV, |y| <05

0.35 = epp Vs=13TeV, |y| < 0.5 —

0.3~ 1l Tl -

- Models: K*/K N -

0.25[— —_PYTHIA6 Perugia 2011 _

- = =PYTHIA8 Monash 2013 —

— — PYTHIA8 Without CR | N B

0.2 | —EPOS-LHC no UrQMD G _

=L DIPSY '} N -

- -..gammaS-CSM Uncertainties: - 1 \\ "~

. —HRG stat. (bar), total sys. (open box) \

0.15— —MUSIC + SMASH uncorr. sys. (shaded box) —

B MUSIC + SMASH res. dec. | |

10
1/3
{ chh/dn >|77| <05

e Yields and particle ratios: consistent with previous K™ results

. Suppression of K" /K vield ratio in high multiplicity events (A-A collisions)
e EPOS-LHC: describes the measurements qualitatively at small systems.

e HRG1): describes the measurements both qualitatively and quantitatively.

« K™*/K also shows hint of decreasing trend in high multiplicity pp collisions.
[1] Phys.Rev.C 102 (2020) 2, 024909 6/12


https://indico.cern.ch/event/895086/contributions/4723691/
https://indico.cern.ch/event/895086/contributions/4756520/

. . Sonali Padhan, Poster Session 1 TO5_1
U P q rII'I C I e rq II'I Os : A( 1 5 2()) Neelima Agrawal, Poster Session 2 T14_2 @'4 coal

ALICE 20727
< o | T | I | I | | W . . . .
— 015 —- mgg:ggmg: 0 ALI(‘(:_E Preliminary « Suppression of A(1520)/A yield ratio in Pb-Pb events
— e 0 Vs=7TeV : : . . .
o - —— 7,-CSM :Eﬂgb, Sy =5.02TeV - * Yield ratio shows decreasing trend in the central A-A collisions
> I App, Vs =13 TeV _ it et merioneral cofic
b & 0p. 15 = 5,02 TeV o ~ 7o significance wrt most peripheral collision.
< ¢ Eg'ggs @ = g-gg iex e Similar to previous studies (2.76 TeV at ALICE and STAR)
i _. ® Pb-Pb, \(s,, = 5.02 TeV -
- B e Yields in central A-A collisions smaller than thermal model
0.1— STAR, \syy = 200 GeV predictions.

Opp [d-Au  JTAu-Au - e MUSIC+SMASH vs MUSIC

i | e Trend with centrality reproduced by hydro (MUSIC)
N i ______ with a hadronic phase afterburner (SMASH).
| by — o : ) » Small systems:
L THERMUS B f‘gp\\@ _ « A(1520)/A ratio: rather flat in the given multiplicity range.
I GSl-Heidelberg ) E ﬂ ~—
-.-.-. SHARE3 | B
| Ty =138 MeV,y =1.63,7 =2.08
BT SHARE3 ) -
O 1 | | [ 1 | | [ 1 | | [ 1 | | 1 | | I | [ 1
0 2 4 6 38 10 12
1/3
<chh/d77>
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) K in pp \/E = 13 TeV in different spherocity interval

ALICE

o | QUARKMATTER
*  KRAKOW

"0 20722

Suman Deb, Poster Session 1 TO5_1

I N E\V in QM 2022 I £\ in QM 2022

Transverse spherocit i : = RO .
v g O - ALICE Preliminary - % 3.0k ALICE Preliminary ¢ Isotropic (20%) —
A B 7 + ] =1

E i pp, \s =13 TeV T X - PP ‘%; 13 TeV, VOM IHlIl g SopT -integrated -

SRR = =0 (I- ) VOM Mult. class § % 25 V<0, ® Jetty (20%)
Jetty (So— 0) R m " e = - _
Isotrop;)c (So— 1) %\I_ _ (K™ +K")2, |y <05 2.0 ¢ ¢ ry —
Q. B - _ ¢ _
< 10°; ~ 151 = S _

< > X = = ¢ Isotropic (20%) = (e "'gT @®

% - p,=1 . . R .
= - B S, -integrated , A - 10 —
> [ @ Jetty (20%) | ] : o -
< 1072 3 Uncertainties: stat. (bar), syst. (box) = 05 _% Uncertainties: stat. (bar), syst. (box) |
~ T N T T T WO AT TN N U TN N W TN T TN T ST T N T T TN N AT T T MO AU AN U AN NN NN A OO L oo o b oo by v o by oo e oo o oo o oo o b ool g
- :"I""I""I""I'"'I""I""I""I""I": 1-8_'I""I""I""I"'I"'I""I""I""I'_
l g 20F 1 E 1ef -
T 15F 4 1 14 -
I SR e G o — 1 o 12mel*Te e e | *[¢] & |-
g 1.0F T S ;gj‘ e e G
o 0.5 — o F -
o - - T 0.6 -
0.0°476"7.5 2.0 25 3.0 35 4.0 45 5.0 04730795 2.0 25 3.0 35 40 45 50
p. (GeV/c) P, (GeV/c)

e prspectra with several spheoricity classes are measured in high multiplicity pp collisions at \/E = 13 TeV.

e Ratio of prspectro K™%/K : Hint of spherocity dependence.
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Model / Data

ALICE

Measurement of & meson pair Qo
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NEW in QM2022

| |
~ ALICE Preliminary
pp Vs=7 TeV
¢ — K'K, |y|<0.5

o
u ® Measured ___ Pythia8 Monash Ropes  —
- —— Stat. Uncert. — pythiag Monash 2013 —
— Syst. Uncert Pythia6 Perugia 2011  —
= | | | | | =
— ®

Yy (Y.) (Y

V)

.
(Y, 7

02 Y

Nicola Rubini, Poster Session 1 T14_2

Strangeness enhancement in small systems

o Study of double ¢ production in pp collisions
aty/s =7 TeV

$d meson pair production: <Yc1>c1>>

. 0%=2<Y¢¢>+<Y¢<>_<>YCD>2
oo Yoo
» 0 (Yo) o (Yo) \Fo?

Key observable

e Ifyp =0, double ¢ production is purely statistical with o
poissonian distribution

e Ifyep # 0, the production enhanced or suppressed.

Result:

e Yo > 0: Not purely stafistical but enhanced.

e Pythia models underestimate <Yq,>, <Y¢q)> while y is
described quantitively.

9/12
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NEW in QM2022

| |
~ ALICE Preliminary
pp Vs=7 TeV
¢ — K'K, |y|<0.5

® Measured _ Pythia8 Monash Ropes

—— Stat. Uncert. — pythiag Monash 2013
Syst. Uncert

Pythia6 Perugia 2011
|

Yy (Y.) (Y

V)

.
(Y, 7

02 Y

Nicola Rubini, Poster Session 1 T14_2

Strangeness enhancement in small systems

o Study of double ¢ production in pp collisions
aty/s =7 TeV

¢ meson pair production: <Yc1>c1>>

. 0%=2<Y¢¢>+<Y¢<>_<>YCD>2
oo Yoo
» 0 (Yo) o (Yo) \Fo?

Key observable

e Ifyp =0, double ¢ production is purely statistical with o
poissonian distribution

e Ifyep # 0, the production enhanced or suppressed.

Result:

e Yo > 0: Not purely stafistical but enhanced.

e Pythia models underestimate <Yq,>, <Y¢q)> while y is
described quantitively.

9/12
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ALICE

Measurement of & meson pair Qo
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Model / Data

Nicola Rubini, Poster Session 1 T14_2

NEW in QM2022 ,
. . e Strangeness enhancement in small systems

I I
ALICE Preliminary — .
pp Vs=7 TeV
» — KK, |y|<0.5

Study of double ¢ production in pp collisions
aty/s =/ TeV

e ¢ meson pair production: <Yc1>c1>>

—— Pythia8 Monash Ropes

3 ‘ . . : 0%=2<Y¢¢>+<Y¢<>—<>Y(D>2
= _ 0(% Yoo
g_ ® Measured _§ . <Yq’> e <Y<I>> <Y®>

Key observable
—— Stat. Uncert. — pythiag Monash 2013 d

— ¢ Syst. Uncert Pythia6 Perugia 2011 — e Ifyp =0, double ¢ production is purely statistical with o
— | | | — poissonian distribution

B B o Ifyy # 0, the production enhanced or suppressed.

— o + © - o o — e Result:

e Yo > 0: Not purely stafistical but enhanced.

e Pythia models underestimate <Yq,>, <Y¢q)> while y is
described quantitively.
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summary SV

ALICE

e ALICE has measured a rich set of resonance particles in various systems.

e Rescattering and Regeneration are the key mechanisms.

I I I I e Resonances are useful tools to probe the characteristics of the hadronic phase.

« New measurements of the K™= in pp at \/E = 13 TeV and Pb-Pb 4 /syn = 2.02 TeV

e Consistent with the result obtained for K

Antonina Rosano, Poster Session 1 T0O5_1 Prottay Das, Poster Session 1 T14_1

o New measurements of A(1520) in Pb-Pb collisions at 4 /sy = 5.02 TeV

and pp collisions at \/_ =5TeV and 13 TeV

e The ratio A(1520)/A in Central Pb-Pb collisions:
suppressed w.r.t the peripheral with a significance of 7.1¢

Neelima Agrawal, Poster Session 2 T14_2 Sonali Padhan, Poster Session 1 TO5_1

e Spherocity dependent K™+ in ppP af \/E = 13 TeV.

e The ratio of py spectra K**/K: Hint of spherocity dependence.
Suman Deb, Poster Session 1 TO5 1

e ¢ meson pair production

e The enhanced yield of ¢ is not purely statistical.
Nicola Rubini, Poster Session 1 T14_2
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