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If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way" 1‘3), we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical ""bootstrap' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the gelection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means
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" The classification of

ber n¢ - ng would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and

z = -1, so that the four particles d-, s~, u® and b°
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following

Mesons (qq )

constituents of quark model- Baryons ( qqq ),

e

Standard Hadrons o he

|

properties: spin 3, z = -3, and baryon number 3.
We then refer to the members u3, d-3, and s-7 of

_the triplet as "quarks' 6) g and the members of the
| anti-triplet as anti-quarks q. Baryons can now be

{(aqq), (@qaqd),
of (qd), (49q4),

f Udl' VO

quarks by using the combinations

etc. , while mesons are made out §
gtc. It is assuming that the lowest §
tion (qqq) gives just the represen- }

YOI ig urd

V: tations 1, 8, and 10 that have been observed, while
t the lowest meson configuration

(qd) similarly gives }
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gtc. It is assuming that the lowest }
, tion (qqq) gives just the represen- §
t tations 1, 8, and 10 that have been observed, while ;
t the lowest meson configuration (qq) similarly gives }

»

Standard Hadrons Exotic Hadrons

ow P ¥ ¥

Meson

Haryun

constituents of quark model- Baryons ( qqq ),
Mesons ( Q)

~ Exotic Hadrons: Combinations of quarks and
antiquarks with "unusual” configurations-

Tetra quark (qqqq), Penta quark(qqqqq) etc

~ Internal structure not clear : compact multi-quark
states? or molecular structure?
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Introduction- Resonances

-~ Hadronic resonances are short-lived particles and their lifetimes are comparable or less than that of the
hadronic gas created after the collisions.

X
kze[ut

o

Hadron Gas

Phase transition

Che mical fr

Inelastic Collisions (Pseudo-) Elastic Collisions l l

L ==

| Hadron yields fixed ,
‘l Momenta fixed

,i' Hadron yields change |
Momenta change |

More by N.Agrawal on 5th Sept at 12:20

Most Hadron yields fixed
J Momenta change 3

|
|
|
\h
|

- Rescattering - Rescattering of decay daughters - reduction of the measured resonance yield

nancey

| . . . .
L Regeneration - (Pseudo-) elastic scatterings- Increase in reso

leld
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Exotic Resonances %%

K*(892) 1,(980) #(1020) f,(1285) f,(1370) X(1385) f,(1500) A(1520) E(1530)

Mass 775 892 990 1020 1280 _1125%% 1385 1506 1520 1530
JP 1- 1- 0+ 1- 1+ 0+ (3/2)* 0+ (3/2) | (3/2)
ut + dd
Quark | Ul + ds 299 S 299 227  uus,dds 2?2 | uds dds
Contents o)
Lifetime | , 4.2 ~57? 46.2 ~5 12.6 1.7
(fm/c)

Particle Data Group

[ — e e —— ———

~ A list of (exotic) resonances in 1-2 GeV/c2 mass range
|
- Quark contents of these scalar mesons are still controversial.

More by N.Agrawal on 5th Sept at 12:20
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Structure of Exotic Resonances

FMnMg
0O J
66 FMHMg
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Diquark meson-meson Tetraquark Glueball Hybrid state
molecule

e
J
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ol Structure of Exotic Resonances
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Glueball Hybrid state

e
I

VU

£o(980)

'~ ni = (ull + dd)/2 state: Phys.Rev.D 67
(2003) 094011

© Molecular state (KK):
Phys.Rev.D 101 (2020) 9, 094034

|© Tetraquark: Phys.Rev.D 103 (2021) 1, 014010

\
|
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Structure of Exotic Resonances

F AN g
JUUVVY
p AN g
VUV J
Diquark meson-meson Tetraquark Glueball
molecule
b - — —— im
| f0(980) » f1(1285)
'© ni = (ud + dd)/2 state: Phys.Rev.D 67 | - ni = (ull + dd)/2 state: |
(2003) 09401 1 | Phys.Rev.D 96 (2017) 5, 054012
> © Tetraquark: Mod.Phys.Lett. A2
© Molecular state (KK): 5 ; 987)q77 1 DEENYS.L3 w
* | ; 4
Phys.Rev.D 101 (2020) 9, 094034 | ;
| Tet " | ~ Molecular sate: Phys. Rev D42 |
© Tetraquark: Phys.Rev.D 103 (2021) 1. 014010 | | (1990) 874 |
| & Hybrid state:
| Nucl.Phys.A 992 (2019) 121641
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Structure of Exotic Resonances

meson-meson
molecule

Tetraquark

£o(980)

'~ ni = (ull + dd)/2 state: Phys.Rev.D 67
(2003) 094011

© Molecular state (KK):
Phys.Rev.D 101 (2020) 9, 094034

|
|
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|© Tetraquark: Phys.Rev.D 103 (2021) 1, 014010 |
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fo(1710)

© Glueball candidate:

Phys.Rev.Lett. 101 (2008) 112003

, Review of Particle
Physics (PDQG)

IIT Bombay
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Hybrid state

- f,(1285)
'~ ni = (uldl + dd)/2 state:

© Tetraquark: Mod.Phys.Lett. A2
(1987) 771

|

& Hybrid state:
Nucl.Phys.A 992 (2019) 121641
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Glueball hunting
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o Lattice QCD predicts the possible existance of glueballs
[11,[2].
~ Glueball: A particle composed of gluons only, \
because gluons carry color charge and have bound state |
without the valence quarks.

- Expected properties: Mass range;1 ~ 2 GeV/c? , and total
angular momentum, charge and pairity JP¢ = 0++ (lightest |
one) |

- Candidates: fo(1370), fo(1500), fo(1710) are suitable
l candidates for searching glueball.

|

[1] PRL101, 112003 (2008)
[2] PA. Zyla et al. (Particle Data Group)
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- Glueball hunting

K? Kresonance in ep collisions

- Lattice QCD predicts the possible existance of eIIs > 8000 -
| [1] [2] | = ® ZEUSO05fb’ -
) " L0 —— 4 B-W + Background
) == Signal N
© Glueball: A particle composed of gluons only, IS e packground
because gluons carry color charge and have bound state ‘g‘ 4000 ¢ (1270)a31320) \
without the valence quarks. g i ) o)
- Expected properties: Mass range;1 ~ 2 GeV/c? , and total ]
angular momentum, charge and pairity JP¢ = 0++ (lightest | - ——
| one) : :
© Candidates: fo(1370), fo(1500), fo(1710) are suitable 500 T fo(1710) -
l candidates for searching glueball. 100 : | r | } %
- -_— N ‘, x ,‘ "a o
1] PRL101, 112003 (2008) ! |
2] PA. Zyla et al. (Particle Data Group) 0 : TR TH %‘% ; ;H#%%%#
3] Phys.Lett.B 413 (1997) 225-231 | o S

1.1 1.5 1.9 2.3 2.7
M(K:KS) (GeV)

© WA102 [3], ZEUS have measured the K(S)K(S)
| mass peak

~ Various resonances can be found in KgK(S)
channel
Sonali Padhan QM-2023 lIT Bombay
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- Candidates: fo(1370),
l candidates for search
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] PRL101, 112003 (2008)
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Phys.Lett.B 413 (1997) 225-23

|

- Can we see these states in pp collisions |

ik with the ALICE detector ?? |

N Latmossime existance ofI s |

~ Glueball: A particle composed of gluons only,

without the valence quarks.

- Expected properties: Mass range;1 ~ 2 GeV/c? , and total

Glueball hunting

color charge and have bound state

harge and pairity JPC = 0++ (lightest |

fo(1500), fo(1710) are suitable
ing glueball.

PA. Zyla et al. (Particle Data Group)

1 /‘ T T —— — mg—— S— —

Structure, quark content and
nature yet not understood |

!
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Combinations/15 MeV

K? Kresonance in ep collisions

8000 T (a)
® ZEUSO0.5 fb™” N
—— 4 B-W + Background
==mm Signal )
e background
4000 [ f,(1270)/a3(1320) ‘
i f,(1525)
f,(1710)
| R -
| | ®
800 — l ,"-.~\ f0(1710) N
’ )
' + "
400 — + I " ’ i
e b ;
M bt b tat
0 + RACAR AT
— | | | | | | | | | | ‘ ‘ 1
1.1 1.5 1.9 2.3 2.7
M(KSKs) (GeV)

| mass peak

channel
IIT Bombay

© WA102 [3], ZEUS have measured the K(S)

~ Various resonances can be found in KgK(S)

Ks




The ALICE Detector in Run2

PEERL'AW .Y/ 'RAYHL IAYm n\l'.L .
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P —

 — [ — —-:
V — T — :h__—

T 7 A multipurpose detector of LHC with
e - Wiy excellent tracking and particle
Identification capability

l/

WP
~
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The ALICE Detector in Run2

1Inner Tracking System (ITS)

|

L

.
& S y
- — —— L — =

/////// a
.
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(%) The ALICE Detector in Run2

PEERLAW .Y/ 'RAYHL IAm Awn'.L .

1Inner Tracking System (ITS)

|

L

/WI < P | Time Projection Chamber (TP o

(/8

i Juil /. “;’;I,v ) R ¥ § E E I I SIS S S SN EEEEEEEEEEER ) | = ‘ ;7 ‘ < O 9
HH S " - Gas-filled ionisation detector
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The ALICE Detector in Run2

1Inner Tracking System (ITS)
!
P @ irersassssssassrsaas » | |ln] < 0.9

/W L E it I Time Projection Chamber (TPC)
B /. i 7 '" | n e —— |
> 1© In] <09

HH S " ~ Gas-filled ionisation detector

-~ Particle identification & tracking |

Time Of Flight (TOF)
I |ln] < 0.9
© Multi-gap resistive plate chambers

o Particle identification & event
timing
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The ALICE Detector in Run2

1Inner Tracking System (ITS)

|

L

-
:'~~_~‘_

P— Pl ‘Time Projection Chamber (TPC)
.ll//'?',’,///ﬂ 7 _ e .- FTETTTT T IRIR LI LI IEIED >» | ‘V]‘ <009 !

- Gas-filled ionisation detector |
- Particle identification & tracking |

T o T - Time Of Flight (TOF)
Sa — ' “In1 <09
© Multi-gap resistive plate chambers

o Particle identification & event
timing

VOA & VOC

“VOAR.8 <1 <5.1),
VOC(—3.7 <n < —1.7)

~ Array of scintillators

~ Trigger and multiplicity es
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The ALICE Detector in Run2 - PID

TPC
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Measurement of fo(980)
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Glueball Hybrid state

e
I

VU

£o(980)

'~ ni = (ull + dd)/2 state: Phys.Rev.D 67
(2003) 094011

© Molecular state (KK):
Phys.Rev.D 101 (2020) 9, 094034

|© Tetraquark: Phys.Rev.D 103 (2021) 1, 014010

\
|
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Measurement of fo(980)

10° arXiv:2206.06216
C<I-\ >:( I | ' | ' | ' | ' | ! | l [ 1 =
L 1800 ALICE —a— Data (stat. uncert.) —
% 1600 —— Signal + background =
Q) - PP, \lg =5.02TeV ..... Total background m
o 1400 1,(980) -
2 =N f,(1270) =z
S EOF R e p(770) :
~ 1000 — Residual background =
€ 800 0.6 <p_ <0.8 (GeV/c) =
@) mky 7
S 600E -
400 .. —
200F = =
0 - L )t Y e T T r
0.9 1 1.1 1.2 1.3 1.4 1.5 1.6
M__ (GeV/c?)
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Measurement of fo(980)

arXiv:2206.06216 ;

X103 N X10I | | | | | | | | | | | | | |
C<]-\ = I | I [ T [ I [ I [ T [ I [ I |: No 200<; | | | . | _
2 1800 ALICE —=— Data (stat. uncert.) — S 3 ALICE Preliminary ]
= n — Signal + background = D Y p-Pb, sy =5.02 TeV -

© 1600 — - A
©O) - PP, \s =5.02 TeV ...... Total background - = -\ 0-20%, 1.5 < p_<2.0GeV/c -
o~ 1400F- f,(980) r o Y fy(980) = ww, -0.5<y<0
o - & .. f,(1270) n B EERAV —o— Data i
o 1200 =, L p(770) E =B . — - Sum )
c\n 1000 = .‘ Residual background — 8 , oo_— .. - - = 1,(980) H
9 E .. - O i N . \‘.\ p°(770) _
= 800 "o 0.6 < p_ < 0.8 (GeV/c) —= B ¢ - = £,(1270) -
3 600F = I g, = Res. bkg i
= 50 - ~,, i-..‘:,_‘?%“s‘w - ]
4 O 0 _: N S (»T 0 “ _
200 _: : ' ~, '("“’\'“w-;‘ -s-u..""!*’tﬂ.k‘ :
0 = ) e T T domenboi)

1.6 0.8 1 1.2 1.4 1.6
GeV/C2) Mmc (GeV/CZ)
‘= Signal extraction: Invariant mass analysis via f,(980) — z*z~ decay channel in pp and p—Pb collisions at |

/s =5.02TeV ‘
~ Contributions from three resonances, f,(980), p"(770), and f,(1270): fitted with relativistic Breit-Wigner functions

- pr-differential yields are obtained with the combined fit of signal description and corrected for the detector
acceptance and reconstruction efficiency

%
|
|
f
|
|
|
|
|
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fo(980) spectra , vield and mean z

Pt Spectra
: :I LI | L | LI | LI | L | LI .I | II [ | L T I:
PS SLILE ALICE Preliminary .
> ?‘ (W] p-Pb, \/% =5.02 TeV E
8 E L 0.5<y<0,f (980)=mw -
— 10"k - =
- ") p—Pb =
Q  F . E
2 [ - :
= 102 B -
= = Lo e
c\_b — [@ ] _
. l — i}
2 10% (o] —
< = S =
.y B B
— L = 0-20% (x2%) e ] .
107 =+ 20-40% (x2°) —+ 40-60% (x2?) —— * =
— — 60-100% (x2')-e— NSD (x2°?) . 3
D I | [ | I I | I | I I | | |1
0P
Z
i
O
©
oC

B — e —— L _ S

© Spectra are measured in four multiplicity classes & inelastic/non-single diffractive collisions.

|
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fo(980) spectra , vield and mean z

pr Spectra Pt - Integrated yield

III|IIII|IIII|IIII|IIIIII
ALICE Preliminary

e

o - N
S 1= ] p-Pb, |5, = 5.02 TeV =
(b — ] - -
g |: [ W] _O'5<y<o’ f0(980)_>ﬂ: T : % O.3_| rT T rrrrprrr ot ]
— |I| > | 1 : _
— 10° o p—Pb - > : ALICE Ii’r_ehmlnary -
Q — ] 3 S 0.25F f,(980)—n'n _
S [ e & ] 1z C = pp, Vs=5.02TeV, INEL -
2 02w = || © L 4 p-Pb, |5 =5.02TeV -
= - - = 3 020 L opp -5.02 TeV, N -
N = o1 = - p-Pb, \syy = 5.02 TeV, NSD -
© - E N N .
3103 L — 0.15 4 —
< - —- s - ] .
A L = 0-20% (x2%) — - 0.4 . .
a4l . I N A0 -
10 = 20-40% (x2°) —+ 40-60% (x2°) —e—1 5 B _
— — 60-100% (x2')-e— NSD (x2°?) . - B i ~
T T T T T T VN A | 0.05— —
D B e ] : E :
0))] B s W [ & | & | § ] ] B ]
Z | O_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
S ::'—t | 0 ) 10 15 20 25 30 35 40
@) all
2 | <chh/ dn>|n|<o.5
oC

N—" O L 1 1111l

B — e —— L _ S

© Spectra are measured in four multiplicity classes & inelastic/non-single diffractive collisions.

|
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fo(980) spectra , vield and mean z

Spectra i
PrSP Pt - Integrated yield Mean pr
: :I LI | L | LI | LI | L | L | L | L T I:
PS gL ALICE Preliminary =
~ 1 _ —
> w N p-Pb, \sy = 5.02 TeV =
(b — ] - -
g I: (W] _O'5<y<o’ f0(980)_>ﬂ: T : % O.3_| I L L I B B I B B B ] G 1 4 L |
— (] = - ALICE Preliminar 1S - _ -
—~.10"" L p—Pb = & | | 4 113 13b (I
g - — S 8 025 (980w 116 I o
j 4 . " ] 1S [ = pp,Vs=5.02TeV, INEL 1 0= - - ) .
= 102 - < ||© L 4 p-Pb, |5y, =5.02TeV 10 o 1.2 T | -
= = [e] W ] = 0.2 ‘ ] ~ - Ll |4 N
R - _— : - 4 p-Pb, sy, =5.02 TeV, NSD 5 £ 1 E
o B — i - ] A0 i -
G>J 10_3 = [e] I = 015__ B ] - —
N . - o n E N ALICE Preliminary E
107 =+ 20-40% (x2°) —+ 40-60% (x2?) —— * = - § 0.9 1o(980)—n"n —]
=+ 60-100% (x2')-e~ NSD (x2?) 0 a - 'l : - = pp, Vs=5.02TeV, INEL -
A _!...!..!!!!!!!!!!!.!....!....!.... " - 0-05__ = ] 0.8:— A p—Pb,VST\IN=5.02TeV —:
C£ i NN i - ] N ] - o p-Pb,\s=5.02 TeV,NSD 5
’:- [ ] - B | | | | | | | | | | ] | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
o ::"'—é | OO 5 10 15 20 25 30 35 40 0'70 5 10 15 20 25 30 35 40
o) ol
2 | (chh/dn)m'd)_ <chh/dn>|n|<o.5
oC

N—" O L 1 1111l

|

|

= = — — — = — — — — — — — _ — _ N ——
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Internal quark structure of fo(980)

g 0.06 B | | | I T 1T 11 | | | | I 1T 1T 11 I | | | 1T 1T 11 | |
= - ALICE arXiv:2206.06216 -
0.05 :_ ® 2f/(n*+w), pp Vs=5.02 TeV _:
- fy/7*, Vovchenko, y -CSM (/S| = 0) -
0.04~ — = fy/n*, Vovchenko, y -CSM (S| = 2) —
0.03 —
0.02 E -
: \-—;
0.01 I —— —_— - -
: | ] | L 1 1 11 | ] | | L1 1 11 | | | | L 1 1 11 | :

1 10 10° 10°

(chh/d )

(dN_,/dn) - Average pseudo-rapidity density of charged particles
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Internal quark structure of fo(980)

—

0.06 — T '~ Predictions based on the y -CSM are calculated

= B _
e - ALIGE = arxiv.2206.06216 - by assuming two scenarios:
005 @ Z/mm).ppts =5.027TeV - “|S| = 0 (Data differ by 1.90)
- f/n*, Vovchenko, y -CSM (S| = 0) E - |S| = 2 (Data differ by 4.00)
0.04~ — = fy/n*, Vovchenko, y -CSM (S| = 2) —
- - “ fy/7 vs (AN, /dn): Canonical Statistical Model
0031 B (arXiv:1906.03145) underestimates the ratio ;
B 7 |
0021 . -  y,~CSM predicts higher values for yield ratio |
i -_— OO | when assuming net strangeness 0 (|S| = 0)
o - - | compared to |S| = 2 in the low (dN_,/d#n)
— il L o = |
1 10 107 10° |~ The two predictions match each other for
(N /dm) (AN, /dn) > 100

(dN_,/dn) - Average pseudo-rapidity density of charged particles
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https://arxiv.org/abs/1906.03145
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Internal quark structure of fo(980)

ALICE Preliminary
e p-Pb\s, =5.02TeV

yS-CSM ; B
fo(1S[=0) ¢ I
fo( S|=2) } ]
PRC 100, 054906 (2019) —
I I T R TR SR NN SR S S SR R S S R
2 2.9 3
1/3
(dN ch/ dn>|n|<o.5
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Internal quark structure of fo(980)

0.8

0.6

ALICE Preliminary

p—Pb |5, = 5.02 TeV

yS-CSM

Tol
Tol

S
S

-0)
)

PRC 100, 054906 (2019)

T TR T B

3
(chh/dn>

1/3
m|<0.5

~ i.e strange and anti-strange quark (|S|=2) or not? |

~ Double ratio of £,(980) to K™ yields compared

with y,-CSM model.
~ S| = 2 (Increasing trend)
~ [S] = 0 (Declining trend)

H

-~ If strangeness content exists (|S|=2), we should
| observe a rising trend as K* possesses (S=1), and|
| the model suggests a mild increasing trend

|~ The data's behaviour aligns qualitatively with the J‘
second scenario |
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Nuclear modification factor, Q

ALICE Preliminary

p-Pb {5, = 5.02 TeV, -0.5<y<0

O

ZNA Multiplicity
e 0-20% 20-40%
o 40-60% e 60-80%

IIIIIIII;;LIII'IIIII

05 Ky 4 n
o
;. [ | | | |
2_:..,.:.,.....:i.__ Tt ]
- o Charged Hadron (PRC 91 064905 (2015)) J[ Scaling Uncertainty
1 5:_ o ,(980) El3 Uncertainties: stat.(bars), syst.(boxes) -
Of |
? — 1
Q o [ -......~oOo+_o__o_+O 4
3 S1¢ ]+ *| o
o|®!|®
1B ]
@
A i | | A |
8 0 2 6 8
p. (GeVic)

of fo(980)

B

—

»

d*NSpe'/dydpy
- ,cent) =
pPb(PT ) < TSgo > - deopp™t/dydpr
cent cent
T =, coll /GNN

=

¢ A significant centrality dependent suppression observed for the fo(980) y|eId at low pr: may be the

presence of rescattering effects
~ More suppression in central collisions
© No Cronin peak is observed in the intermediate region :

PHYSICAL REVIEW C 91, 064905 (2015)
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Measurement of f1(1285)

FHMMg
a |
‘ fﬂMMg

UUUUUJ

Diquark meson-meson Tetraquark Glueball
molecule

o f,(1285)
'~ ni = (ull + dd)/2 state:

~ Tetraquark: Mod.Phys.Lett. A2
(1987) 771

|

| (1990) 874

& Hybrid state:
Nucl.Phys.A 992 (2019) 121641
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https://arxiv.org/abs/1705.05711
https://www.worldscientific.com/doi/epdf/10.1142/S0217732387000963
https://www.worldscientific.com/doi/epdf/10.1142/S0217732387000963
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.42.874
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.42.874
https://arxiv.org/abs/1712.04783

Measurement of f1(12835) in pp collisions 2,

RILIEE

NEW in QM 2023

First measurement of f1(1285) at ALICE
pp, 13 TeV

NO I_ | L | L | 1 1T 1 | 1T 1 | L | b I_
> _ ALICE Preliminary . ]

O ¢ Data (stat. uncert)
S . 3<p._(GeV/c)<4 fﬁKgKn .
= I ‘ ]
g 0000 ¢ —(1285)  _
- n | _
3 i o ~f(1420) -
© 6000 ' -m(1475) -
I ’+I --Res.bkg |
4000 [ b T ot -
: Tewg ., -
2000} ) + . | ++_
! ( &7
* | —
OI_F I I ~|~.~I..I---I::IL:T.:LI‘-L-I:.—I._I -.*T-“I- ] I_

12 13 14 15 16 1.7 18
Mo (GeV/c?)
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- ) Measurement of f1(1285) in pp collisions

NEW in QM 2023

First measurement of f1(1285) at ALICE

NQ I— | L | L | 1 1T 1 | T 1T | L | b I_
D 10000l ALI%E_PreIlPCaW ¢ Data (stat. uncert) -
= — ppis=13Te _3BW+Res.bkg o —
S | 3<p_(GeVic)<4 f—>K2Kr - © Signal extraction: Invariant mass analysis via *
. n ‘ — | 0 - = .
° 8000 A _t(1285) " f,(1285) - KKz decay channel in pp collisions at 1
> i + ~£(1420) - Vs =13TeV
© 60001 ' -m(1475) -
I ’+I --Res.bkg |
a000 | kg % B - Contributions from three resonances f,(1285),
- % - f,(1420), and 5(1475) are fitted with Breit-Wigner
| + +. ‘ ‘ — F' _
- X - functions
2000_ P + | ++_
K { +f L -
OI_F | I I~|~.~I--I---I::IL:T:LI-L-I:.—I._I -.*T-“I-I I_
12 13 14 15 16 17 1.8
Mo, (GeVic?)
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f1(1285) Spectra and yield

NEW in QM 2023

_I”‘I | 11 | | | | | 11 | 1 I_ 1:—.——-——%5——!————»4 - —— - = EEEE
- '~ pr spectrum is obtained from 1 GeV/c to 12 GeV/c in pp collisions |
, 1 [& - T |
107 = — = ALICE Preliminary — 13 T V |
£ 5 aty/s = 13 Te
- - £ f(1285) -
§ E pp Vs =13 TeV i o | o
o e} 0-100 % o Spegtrum is fitted with Levy-TsaJIhs flt -
= 107 = ) -Levy-Tsallis Fit =
'ol_ = Q\ _
2 - .
> | EeN| _
6
310 N E
< - | -
z — =0 ]
" Uncertainties: stat.(bars) ]
10™ sys.(boxes) —
:I | | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 I:
0 2 4 6 8 10 12 14

p. (GeV/ce)
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f1(1285) Spectra and yield

NEW in QM 2023

_I‘\I | 11 11 11 | 11 | 11 | [ I_ Iéj - —— 4. - . . R
L '~ pr spectrum is obtained from 1 GeV/c to 12 GeV/c in pp collisions
1072 B —/= ALICE Preliminary — 13 T V |
- = at \/_ — C
- 2 S f(1285) - g
g : pp Vs=13 TeV 7 o | o
o ] e} 0-100 % } o Spegtrum is fitted with Levy-TsaJIhs |t -
—107 = ) -Levy-Tsallis Fit =
> - Q = | | |
QI_ B . _ 10 _— o —
S — E — = ALICE Preliminary CSM e| Data -
“—i B N E pp V\s=13TeV  --ISI=0 E
=107 oN = 1 0-100% meieise v —
§ E E o= Ratlodata -RathmOdel .9 E ................. E
z _ 0 — Error 4, &:43' - d -
 Uncertainties: stat.(bars) i 107" = e Lo ] oo =
107 sys.(boxes) — B =
:I | 1 | L 1 1 | I | I | L 1 1 | L 1 1 | | 1 I: 10—2 ;....Ill ...... _:
0 2 4 6 8 10 12 14 SR =
p_(GeVic) = | | . =
B ——— — D R
© Thermal model predictions of particle ratios with f1(1285) having l ey e il
strange quark content |S|=0 are closer to the experimental ) ol i
measurements than |S|=2 R I$18 t/p t/o
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Glueball search

Diquark meson-meson Tetraquark
molecule

e
J

Hybrid state

(1710

< Glueball candidate:
Phys.Rev.Lett. 101 (2008) 112003
. Review of Particle |
| Physics (PDG)
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https://arxiv.org/abs/0806.0807
https://academic.oup.com/ptep/article/2020/8/083C01/5891211?login=true
https://academic.oup.com/ptep/article/2020/8/083C01/5891211?login=true
https://academic.oup.com/ptep/article/2020/8/083C01/5891211?login=true

Glueball search: fo(1370), fo(1525), fo(1710)

6 ____ . - — p— —— —
0.12 ?(10 - - lle e — _— B— —_

G oqk ALICE Performance j © Signal extraction: Invariant mass distribution from K" K" decay |
= 0.1F | . S S
| op, \'s = 13 TeV, VOM (0-100%) ! , o
G 008 | vl <0.5 -. channel in pp collisions at \/E = 13 TeV
A . | . "
S 008 I nozoydnzzo) 1.0 < p <10 GeVic ; ~ Signal extraction has been performed and fo(1270), f2(1525),
% 004f T f,(1525) : fo(1710) are fitted with Breit-Wigner functions
- . e ) —_— — - e — e —
o 002fF e B £,(1710) y
O L ey,
0} : : : : : : : :
15000 « Data (stat.uncert.)
[ — 4rBW + Residual BG _
10000 ---- Residual BG
i — Signal
5000 |-
e .y
- -1..3. - .1..4. - -1j5- - .1:6. - .1j7. - .1:8. - .1j9- - 2 .
MKgKg (GeV/c?)
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’ Glueball search: fo(1370), f2(1525), fo(1710)

_CD

o

~
|

= = e — — E— E— p— —

© K(S) K(S) channel: 3 peaks are seen -> consistent with the
observation in ep collisions at HERA[1].
-~ K K channel: 2 peaks are visible.

0.12 5106 - — —_— —_— ——
G il ALICE Performance 3 © Signal extraction: Invariant mass distribution from K" K" decay |
> | s =13 TeV, VOM (0-100%) - >0
[ ppi \S = ev, - Y% : . . s
G 008 | vl <0.5 -. channel in pp collisions at \/E = 13 TeV
o . | ' "
S 0% I, tuzosnae  1.0<p <10GeVie ; ~ Signal extraction has been performed and fo(1270), f2(1525),
@ OME T 1 (1525) -} fo(1710) are fitted with Breit-Wigner functions
3 oo2f T £,(1710) ] - - S
O P “GRRb -t
R e e S ReRARREe e x10°
15000 « Data (stat.uncert.) . o e
4?3 \e/‘v (s AR 010 L= ALICE Performance i
. — 4r + hesSidua - -
10000 |- . Residual BG - gg pp, Is =13 TeV, VOM (0-100%)
: — Signal = yl<0.5
0 > 008 1<p <10 GeVic )
0 G '
-.”1.3..”1I4““1l5“”1l6-.”1.7““1l8”“119“”;-i—. g 0.06 P oae ]
' ' ' MK(S’Kg (GeV702) ' ' E\D, —SFBW + Residual BG |
% ----Residual BG
C
-
O
O

O

()

N
|

~~.
s
i
i
i
-
-
-
~maa
= -
-~
-
=

[1] PRL101, 112003 (2008)
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Glueball search: fo(1370), f2(1525), fo(1710)

NEW in QM 2023

x;l 6| | 1T 1 I 11 | T 1 | I 1T 1 | 1T 1 | T 1 1T 1 1 I_— 1: 2>j|0| | | L | L | L | 1T | I 1T 1 | [T 1 T 1 1 1
Ng E ALICE Performance N§ *  ALICE Performance ]
E 0'7¢ pp, Vs =5.02 TeV - 8 . ::) Plla |'Syn = 5.02 TeV |
= L Iy 1<05 . i ’ = 15t Y <02 :
= o.6le - More by Satoshi Yano’s poster .15 lab _
e 1 Iipr <5 GeV/c - y P % ® 1<p _<5GeVic i
S 05[° = = e ]
©O e = Q B ® _
% 0.4] - Z e -
R 4 ] o ° ° _
PN VOM 0-100 % : A V+0AD(;-t1aOO /o _
~L ® —e— Data - - ° i
B o ’ - — Total BKkg. .
0.21- ° — o g, B UaF %o < ResiduaIgBkg. B
“h % — Residual Bkg. - : " _
| .‘ ] ‘ : f0(980) |
. s — 1,(980) E . :
: \.'0 PO E 0 ._L T B et B S “.l"".'ﬂ_._'—Q—l ® '—OJ_Q_g__‘__
Ol__lllllli!!!';'-'I"'-'-'-'_’_'—Q—l—.—'—‘—‘—‘——‘—l—l P ] 1 1.2 14 1.6 1.8 2 22 24 26 28
1 1.2 14 16 1.8 2 22 24 26 2.8 . [GeV/CZ

MKgKg [GeV/c?]

~ Signal extraction: Invariant mass distribution from K(S) K(S) decay channel in pp and p—Pb
collisions at \/E = 5.02 TeV).
© Signal extraction has been performed, fo(1370), f2(1525), fo(1710).

© Target: R pA measurement of £5(1710) - enhancement exnected due to Iarge gluon denS|ty
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Glueball search: fo(1370), f2(1525), fo(1710)

NEW in QM 2023

X1 6 L x;lol | | T | 11 | 1T 1 | 1T | I 1T 1 | T T 1 T 1
1_ | | | 11 I 1T 1 | 1T | 1T 1 | 11 | 11 1T 1 L I_: ‘c|_<l\ 2_ ]
% E ALICE Performance : S ! ALICE Performance ;
E o7 pp, Vs =5.02 TeV - 8 . ::) Plla |'Syn = 5.02 TeV |
< ly 1<0.5 - : : = » ly I<05 ]
= 0.6® - More by Satoshi Yano’s poster —.15(- lab —
e 'ipr <5 GeV/c : 4 P & [ 1<p<5Gevic —
S 05[° = = e ]
©O e = Q B ® _
% 0.41 - S e -
| e _ B ® o 7]
e VOM 0-100 % E A" VOR 100 % :
e, -~ -l?g,fgl Bk : - °. — Total Bkg. -
0.2f . | " =Ry - fo(1710) 0.5 ¢ o — Residual Bkg.
- o — Residual Bkg. - 5 s -
: S - T | % —£,(980) ]
o e —1,(980) E \-.& ]
: \.'0 P E 0 ._L T B et B S “.l"""ﬂ_._'—Q—l o-0L¢o' ¢l ¢ '_
QL1 e e | GO0 g le i gle el g 1 1.2 14 16 1.8 2 2 2 24 26 28
1 1.2 14 1.6 1.8 2 22 24 26 2.8 . [GeV/02

MKgKg [GeV/c?]

~ Signal extraction: Invariant mass distribution from K(S) K(S) decay channel in pp and p—Pb

collisions at \/E = 5.02 TeV
© Signal extraction has been performed, fo(1370), f2(1525), fo(1710)

© Target: R pA measurement of £5(1710) - enhancement exnected due to Iarge gluon denS|ty
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- Exotic resonances like 1, f; and t, have stirred debates over their quark compositions

(e.g- diquarks, tetraquarks, molecules, hybrid, glueball?)

~No Cronin peak is observed in the intermediate p+ region. This may suggest an ordinary
meson structure of fo(980)

© First measurement of f1 production in pp collisions

- Comparison to CSM(canonical statistical model): close to scenario |S|=0. This may

suggests that most likely t, resonance is made of up and down quarks only
~ First measurement of fo, f2 production in pp and p—PDb collisions

- More results will come with Run 3 data collected by ALICE
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Backup Slides

Canonical Statistical Model

- In CSM, the multiplicity dependence of hadron production is driven by the canonical suppression, namely the exact
conservation of baryon number, electric charge, and strangeness over the correlation volume

- 7.~GSM incorporates incomplete equilibration of strangeness by introducing a strangeness saturation factor (y,)

1.1 — T ——— T ——— T ——— 0.010 R P 0.03 —r——r—— T ——— ey
' { % ' - =Eln I
1.0 ,%" [-¢r--1 o008t .
09+ _ - ‘ 0.02 -
o | ﬁ%} | o006} 4 NN j
0.8 i - : /\’ :
r - - ié | 0.004} - -
: - 0.01} .
0.7F i ‘ : ——y.CSM, V.= 3 dV/dy
: ——e—1y CSM, V_= 3 dV/d sCSM, V. =
- == y5=1-0.25exp[(dN,/dn) /59 { 4 o0nl e ) Ls:p o ¥ o pp,7TeV
0.6 — - - p-P,b 502 TeV . = p-Pb, 5.02 TeV
100 101 102 103 . e Pb-Pb 2.76 TeV . ! ¢ Pb-Pb, 2.76 TeV ]
(d Nch/ dn) 0000 ‘0 07 e 10° 10° 10° 10°
(dN_ /dn) (dN,,/dn)
V. Vovchenko et. al., Phys. Rev. C100, (2019) 054906 ch
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