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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). oOf course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection 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

ber nt - 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
properties: spin z, 2z = -3, and baryon number 3
We then refer to the members u3i, d-3, and s-3 of
the triplet as ""quarks' 6) g and the members of the
anti-triplet as anti-quarks q. Baryons can now be
Ol quarks by using the combinations

gtion (qqq) gives just the represen-
tatmns l 8 and 10 that have been observed, while
the lowest meson configuration (qq) similarly gives
just 1 and 8.

Standard Hadrons Exotic Hadrons

oo ¥

Meson aryon

Detailed understanding of QCD requires study of
"exotic" hadrons and their possible excitations

Exotic hadrons are combinations of quarks and
antiquarks with "unusual” configurations

ALICE at LHC is the ideal laboratory for studies and
searches for exotic hadrons
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Exotic hadron structure

Study of the internal structure of exotic hadrons gives information ALICE
on the strong interaction and their production mechanism

Tetraquark: meson-meson molecule or Pentaquark: meson-baryon molecule or
compact qqqq state compact qqqqq state

Yields predicted by competing phenomenological models:

o statistical hadronization model
-~ hadron coalescence
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Hadron coalescence

‘\ ALICE

Hadron coalescence model:

Exotic hadrons formed by coalescence of
guarks or hadrons close in phase space

Yield of exotic hadrons in the state-of-the-art coalescence implementations:

NH — gH * [d3X1 o o o d3XIl * d3k1 c oo d3kn 'Ifl(Xl, kl)l .| fn(Xn, kn) I. IWII(XI’ e o o o XIl’ kl’ « o o kn)

T l I <

spin (isospin) phase space distributions of . .
degeneracy factor (point-like) hadrons/quarks Wigner density of the bound state

Exotic hadron wave function

- (Gaussian approximation
- Solutions of the many-body problem using
constituent models

Phys. Rev. D 99, (2019) 094037



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.094037

Statistical hadronization model

A. Andronic et al., Nature vol.

561, p. 321-330 (2018) Hadron yields at chemical freeze-out (when inelastic ALICE

interactions cease) calculated using the hadronic

E 103 _2 ) pb pb \'S\ =276 TeV _ partltlon function:
g., 102 _ ,..K 0-10% centrality _E o )
S T PA rolin(Z) g dp p dv; - dv
Q 10F ~.""~'".‘. — E ni= — 9) > _ni._
< P V. ou 272 )y expl(&; —p)/T]x1  dy dy
1 i -
pli e g 1 primordial yields + feed-down from high-mass states
5 é
102 a8 E
10°L 1 Fit experimental data using 3 free parameters: Tchem, V, UB
: ~He 31 E
4 [ :";'. A _
107 @ D, ALICE * - Tgem = 156.5£ 1.5 MeV = Ty, = T,
10 Statistical Hadronization - |
F total (after decays) “.He ] Chemical freeze-out close
10°F .
§ ........ primordial + § to phase boundary!
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https://www.nature.com/nature

Statistical hadronization model

A. Andronic et al., Nature vol.
561, p. 321—330(2018)

Hadron yields at chemical freeze-out (when inelastic  ALICE
interactions cease) calculated using the hadronic

E 103 _2 ) pb pb \'S\ =276 TeV _ partltlon function:
g., 102 & ,..K 0-10% centrality _E o )
S T PA roin(Z) g dp p dn; dv
= 10F e 1 L= = > =N
< .5 : V. ou 2% ) expl(Ei—p)/T1x1  dy dy
1 i -
pli e g 1 primordial yields + feed-down from high-mass states
o :
102 a8 E
108k 1 Fit experimental data using 3 free parameters: Tchem, V, UB
: ~He 31 E
4 & A _
107F o Data, ALICE * - Tyem = 1565+ 1.5MeV = Ty = T
107 Statistical Hadronization - |
F total (after decays) “.He ] Chemical freeze-out close
10°F $.
§ ........ primordial + § to phase boundary!
10—7 Corovo v v by by b by b by

0 0.5 1 1.5 2 2.5 3 3.5 4
Mass (GeV) Thuclei = 159 £5 MeV || valid also for nuclei and loosely

bound states, such as the hypertriton
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(Anti)(hyper)nuclel

Eur. Phys. J. A 56, 280 (2020)

; < lllllll | | lllllll | | lllllll | | L
= 10? o ALICE data + STAR data
2 ., 3T -
T 10 + ,H, _H od, d
= > H o °He, *He
-e§‘ -+ , He = “He, “He
10_1 < —@ : __________ ——"" +
e o8 * ''''' -
10 2y “‘ N ,+.‘4;
10° TNy S —¢
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10 6 = "' "f':",, \\\-E}\B -__-_—“% _____
107 & % o
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10° g |
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At LHC matter and antimatter produced in
almost equal amount (g ~ 0)

> LHC is an antimatter factory

ALICE
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(Anti)(hyper)nuclel

Eur. Phys. J. A 56, 280 (2020)
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At LHC matter and antimatter produced in
almost equal amount (g ~ 0)

> LHC is an antimatter factory

Ultrarelativistic heavy-ion collisions are ideal to
produce antimatter hypernuclei

> extend 3D nuclear chart into positive strangeness

Science 328, 5974 (2010)

ALICE
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YN interaction and neutron stars

Hypernuclei are unique tools to study strong interaction between hyperons and ALICE
nucleons (including three-body systems)

Knowledge of YN interaction is crucial for

1. Studying the strangeness sector of QCD
2. Understanding internal structure of neutron stars (hyperon puzzle)

J. Phys.: Conf. Ser. 668 012031

0 R o | 2 g Hyd d heli t h Crust (1 kil ter thick)
B 2 yarogen an elium atmospnere rus nometer tic
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- , tons . 2]
~3s0f nucleons, hyperons & leptons o) :
& 300 1 2
cP 1 Eonaloaerrins o158
E B . Hulse-Taylor PSR _ 20
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https://iopscience.iop.org/article/10.1088/1742-6596/668/1/012031/pdf

The hypertriton

S

Lightest known hypernucleus ALICE
oA
Bound state of proton, neutron and A hyperon
R
D Qe ' - 2\ _ +3.04
%o Ultimate halo nucleus with \/(Rd_A) = 10.7977; fm
"deuteron” core
Phys. Rev. C 100 (2019) 034002 https://arxiv. org/abs/2209 07360
O r Pb—Pb 0-90%, Sy = 5.02 TeV ]
E 50:— s 2sct<4cm,2SpT<QGeV/c_:
Secondary _ _ _ g/ ; b ]
vertex Reconstructed in ALICE using its  — — St Eaigrand S
................. charged mesonic decay channels: <€ 5 | T Bedgowa 2
ocany | e S F
—— -~ "', 1. ?\H — 3He + 77 (BR ~ 25%) 20E _—
Vertex 3 - o 10: _:
2. \H—->p+d+ 7 (B.R.=40%) ’JH$MM

296 297 298 299 3 3.01 3.02 3.03 3.04
M(He + m and c.c.) (GeV/c?)
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https://arxiv.org/abs/2209.07360

Hypertriton lifetime and 5,

https://arxiv.org/abs/2209.07360

— ~ ¢ ALICE
w < L R L L R R B L AR
E 103 ALICE J o | ALICE :
= \\ Pb—Pb, 0-90%, |, =5.02 TeV : = 15 Pb-Pb, 0-90%, \s,, = 5.02 TeV -
= I ~s T=233 % 11 (stat.) £ 6 (syst.) ps - m°  [B, =72 +63 (stat.) + 36 (syst.) keV -
%’, - ~+._, Fitprobability = 0.23 - . Fit probability = 0.68 3
o M \\ 1 C J
< ) P :
; RN : it :
L N ) Uil 1T 1 =
= C 4 :
\}\\\\ 05 _l
10 - r .

B S - l 1 s P P

S w » &0 o W0 B 5 10 15 20 25 30 35
ct (cm) ct (cm)

?\H lifetime extracted from exponential fit to the measured ct distribution

- 3 . _
A separation energy (B, ) from the 1 H mass measurement: By, = my + m, — sy

o Deuteron mass from CODATA
~ A mass from PDG
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https://physics.nist.gov/cgi-bin/cuu/Value?md
https://pdg.lbl.gov/2020/tables/rpp2020-tab-baryons-Lambda.pdf
https://arxiv.org/abs/2209.07360

Comparison with world average

https://arxiv.org/abs/2209.07360

ALICE

Theoretical predictions Theoretical predictions
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i
STAR, PRC 97 (2018) 054909 | . : 3 o STAR, Nat. Phys 16 (2020)
ALICE, PLB 797 (2019) 134905 —elﬁ—
— [ 11 —_ [ —
STAR, PRL 128 (2021) 202301 - e ! :
- ; ! _ B I ALICE, Pb—Pb 5.02 TeV
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Most precise measurements of lifetime and B,

Consistently indicate a weakly bound state — large wave function 9/ 26


https://arxiv.org/abs/2209.07360

Hypertriton in small systems

Phys. Rev. Lett. 128 (2022) 252003 ALICE
% e aLCEprbodnys-scztev | Hypertriton production measured in small collision systems
o™ & reliminary pp, rigger,\{s = e B
10 e ace o po ot ag 2oty 4 (M ppat13TeV
BR. =0.25£0.02 . — - p-Pb at 5.02 TeV
Large separation between predictions from statistical
hadronization model and coalescence
g | > hypertriton production sensitive to production models
B 3-body coalescence -
:Z'Hb:ﬂdyvzoza:;:ynce: Clear tension with SHM at low multiplicity
—sHm ve—3dvigy 1 > configuration with Vc = 3dV/dy is excluded (discrepancy > 60)
L1 L]

10 10? 10°

(dN_ /dn) Full multiplicity evolution will be studied in Run 3

7]<0.5
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https://doi.org/10.1103/PhysRevLett.128.252003

Searches for exotic dibaryons

Phys. Lett. B 752 (2016) 267-277

g 3500: ALICE + &é\ E ALICE —4+—
> = Pb-Pb \S,y, = 2.76 TeV +* > 3000 & TR,
- S
= 3000 (0-10% central) + = - —+ 4
¥ - + = 2500 .
~— = = ~
> 2500 R = = .
— [ —4— “+— — —~+-
S 2000F + g 2000 ¢ L e,
O - ~ S 1500 o
1500F B -
= #;r* E e (0-10% central)
500 . _ =
E =" |AA J'a i An
T TR Y T Ry Y TR YR} TR ST oe TNV TUNNTRNINE s DUOETRN RN
' ' ' ' ' ' ' ' 2 2.01 2.02 203 2.04 205 2.06 2.07 2.08 2.09

Invariant mass (Apn) (GeV/c?) Invariant mass (dn*) (GeV/c?)

Searches for two hypothetical strange dibaryon states in Pb-Pb collisions at 2.76 TeV:
A (H-dibaryon) and An

Weak decay channels are used
“AN->A+p+n

cAn—->d+xnt
n—dT 11/ 26


https://www.sciencedirect.com/science/article/pii/S0370269315009041?via=ihub

Upper limits

Phys. Lett. B 752 (2016) 267-277

§ ALICE
o ] _ 100 = ALICE }
2 4o ALIGE FRPD sy = 270 Tey (0907 central 2 = Pb-Pb . v Upper limits (99% CL, 0-10% central)
5 _____________________________________________ % 10" = \s=276TeV ! Thermal model prediction (156 MeV)
X 102 &= e T
E  E 2L = == Decay length of free A
— 107 E .
- 107 Upper limit An (99% CL) = An !
i 3 ’ T
10* & Preferred BR from theory 10 = I I I l I I I
; B >\1045— A A 4
T S L0 2
S %102 AR L e e et e e e m e e n e e nean
o Upper limit H-dibaryon (99% CL) 10° | AN :
Preferred BR from theory : : l
10-5 e Y 10-4 B : I — .l.l : : Y. . V. YV A A 4
0 0.2 0.4 0.6 0.8 1 95102 107 2x10" 1 5 3

Branching Ratio (BR) Decay length (m)

No evidence for these bound states is observed
~ Upper limits are determined at 99% C.L. for a wide range of lifetimes and for
the full range of branching ratios

~ results compared to thermal, coalescence and hybrid UrQMD model expectations 12 /96


https://www.sciencedirect.com/science/article/pii/S0370269315009041?via=ihub

H-dibaryon from correlations

Nature 588 (2020) 232-238 Phys. Lett. B 797 (2019) 134822 ALICE

.’:\ 2 ] 1 1 I ] I 1 I I 1 1 I 1 1
x - ' ALICE pp Vs =13 TeV .
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G o 1 al — Ehime = ESCO08 -
:\?, 0 0.5 '. ) lf————== S . __ :
pj\* schrodinger | equation || | T Repulsive - HKMYY == Quantum statistics -
Two-particle wave °0 1o /‘..iv(];[:)v / (.)2 v 1 2 L o
\ / function|¥ (k*,r")| \ | / - -
| ' 1 o S E Sy ap v 0w WA 5
:::::::::::::: e ___‘~— - - O v R 1 :
‘ : S ‘—h- 'I‘%ﬁ' """" P v |
O 8 | — L ----- ;%-I-l 5
(¢ A n = .
C(k* _ (XU k K IZ d3 * k* Nsame(k#) __F(:)z N
= W (k1) dPrt = €k . 0.6 -
Nmixed (k™) C N
. _ J L 2
0'4 [ 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |
0 50 100 150 200

Constraints on the existence of the H-dibaryon derived from AA momentum
correlations in the femtoscopic region

Source size constrained by fit of pp correlation function 13 /96


https://www.sciencedirect.com/science/article/pii/S0370269319305362

AA: a shallow bound state

Phys. Lett. B 797 (2019) 134822
I ALICE

no <1
1<noc<2
2 ho =<3
B no >3

B Unphys. C(k*)
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&)

Constraints on the A scattering parameter space obtained by comparing data with model
calculations

Data are compatible with hypernuclel results and lattice calculations, both predicting a
shallow attractive interaction: B, \ = 3.21“;:2 (stat)ﬂ:g (syst) 4196
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AA: a shallow bound state

Phys. Lett. B 797 (2019) 134822
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Data are compatible with hypernuclel results and lattice calculations, both predicting a
shallow attractive interaction: B, \ = 3.21“;:2 (stat)ﬂ:g (syst) 4196
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p-Q Strange dibaryon

Nature 588 (2020) 232-2338 55
100 | B8 ALICE data e H LIC E

[x

304 45 I Coulomb
O e s o O e B S B R g i Coulomb + p—E_ HAL QCD
p-Z-HALQCD, /=0, S =0 2.5 = Coulomb + p—Q~ HAL QCD elastic

< R p—;" HAL QCD: ] 1’/2’ S=»o % - Coulomb + p— @~ HAL QCD elastic + inelastic
© 10
S -200 |
= p-=Z-HALQCD, /=0,S=0
= p—=- HAL QCD

-300 | — p—-£2- HALQCD, /1=1/2,S=2

x 5|
O
~400 - T T T
|
O 1 1 1 J
_500 0 50 100 150 200
500 e e | .
0 1 2
r (fm)
p-£2 interaction: purely attractive (HAL QCD) reds L.
: | F‘&%-Q—J .
calculations underestimate the data in 100 < k* < 300 MeV/c # w
g 0.8

1. Inelastic interaction not accounted for quantitatively
2. p-£2 dibaryon assumed (Ep = 2.5 MeV): depletion of C(k*)

k* (MeV/c) 15 / 26



Stable H-dibaryon: sexaquark

In 2017, G. Farrar proposed a new (uuddss) state called Sexaquark

as a dark matter candidate (arXiv:1/708.08951 [hep-ph]) — highly debated

- Spin-0, flavor-singlet, Q=0, B=2, and S=-2
o if mg <2(m, + m,) — absolutely stable

- Itmg <m,+m,+m, — its litetime would be longer than the age of the universe

~ Searches based on its interaction with detector material (https://arxiv.org/abs/2201.01334)

M.Sc. Thesis of F.Partous (2018)

S+n-
AKtn~ n®
AK°nm?
AK® % r©
pK° K™
p K° Kt n®

S+p-
AKtn nt
A Kt n®n®
AK°nt n®
pKt Kt mf
pK*K°nmt

ALICE
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https://arxiv.org/abs/2201.01334
https://iihe.ac.be/sites/default/files/thesis-florian-partous-cms-master-2018pdf/thesis-florian-partous-cms-master-2018.pdf

Pentaquark with hidden strangeness

Phys. Rev. D 97, (2018) 094019

Several hidden-strangeness molecular pentaquarks are proposed

with different spin configurations

Decay channels and expected masses provided for the searches

TABLE IV. The resonance mass and decay width (in MeV) of
the molecular pentaquarks with J¥ =

l_
5

2K XK* 2*K*
S wave Mr Fi M,. Fi M,. Fi
N7/ 20794 1.1 2246.8 20.0
N¢ e e 2080.0 3.6 2237.0 30.0
AK 16680 1.3 20834 1.0 2261.5 20.0
AK* e e 2056.6 0.2 2219.0 58.0
2K 2071.6 4.6 2252.3 6.0
2XK* e o 22539 16.0
D wave
N¢ 2076.3 0.3 2254 .4 0.006
AK* 2076.3 04 2253.6 0.6
2K* e .o 2254.0 0.06
2*K 2076.8 0.01 2253.3 0.8

TABLE V. The resonance mass and decay width (in MeV) of

the molecular pentaquarks with J*

:3_
7

2K* 2K 2FK*
S wave Mr Fi M,. Fi M,. Fi
N¢ 2060.6 104 2270.5 0.03
AK* 2046.1 15.0 2256.5 2.0
2K* ‘e ce 2270.6 0.1
2¥K 2054.1 2.3 2263.6 3.7
D wave
Nn/ 2061.4 0.001 1875.7 0.0004 2269.2 0.01
N¢ 2061.0 0.2 ‘e e 2269.3 0.01
AK 2060.6 0.9 1871.6 0.08 2269.2 0.02
AK* 2059.1 0.3 ‘e ‘e 2269.1 0.05
2K 2060.3 0.9 1871.6 0.05 2269.2 0.02
2K* : ‘e ‘e fe 2269.2 0.003

ALICE
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Searches for Ps with ALICE

3 3
x10 x10
N - | 1 1 1 I 1 1 1 1 I 1 1 | % V4 V4 1 I 1 1 1 1 I 1 1 1 I - N 1 60 1 1 1 1 1 1 1 1 1 1 | | A 1 1 I 1 1 1 1 1 1 1 1
b 280 F 7 - G L ' N y -
=~ - ~ .~  ALICE Performance - < - 7/~ ALICE Performance i
> - 2< p_< 20 GeV/c 00000 = > . 2< p_< 20 GeV/c 00000 -
é’ 270 F 7 Pplis=13TeV ] % 155 - ppls=13TeV ~
= 00000 A— m " 0 e - N
O 260 70000 ~K 2" + K 2 = A = o2 =KTA+K A -
~ — IS —] ~ A —
~ - - I - < 150 fz¢ AP
u / - RN / _
9 C ~~~~~~ —Background - 9 [ 4 P .~ —Background ]
= 2s0F _ 3 £ Fs . :
o - 0 Ps mass range - o 145 AL 77 7 P, mass range _
O nll ISP rs 7 O B i ) (I IP P I I, "
240 | ~ (Phys.Rev.D97. . - W . (Phys.Rev.D?97, .
_ j v, - — W<y -
- oA 094019 (2018)) - 140 v 094019 (2018)) —
z O z : M, :
= 0000 - _ 00t -
220 — I II A, — I ]
u Il _ 135 s ¢
ISP IA S YIS II I I
_ VIS IIIID - B 00 ; ' "
- 70000 3 u 000 ¢ ]
210 — Al — B it .
- 00000 - = A v -
— 0 ///, ~ 130 YIS, —
C IrrIIN - N J
}
00 E 77 = x 7 |
00 77 = . 77 :
1 1 1 1 I 1 1 1 I 1 1 1 [ | I 1 1 1 I ] ] ] L™ 1 1 1 I 1 1 1 1 I 1 1 1 L l/ 1 I 1 ] ] I ] ] ]

2.30 2.35 2.40 2.10 2.15 2.20 2.25 2.30 2.35 2.40
M GeV/c?) Myp wcmy (GEV c?)

N
— M1
o
N
—
(@)
-N-
A®)
o
N R
N
G lN

K= (KTF) ( K*A

Searches have been performed by ALICE in the decay channels:
KiZH KT KA KT A KYA KA, ¢p

No signal is observed
— ongoing work to set upper limits
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fo: @ mysterius particle

f0(980): scalar meson with unknown lifetime and quark content PRC 102, 024909 (2020) ALICE

© nit = (uit + dd)/\/2 state: PRD 67. 094011 (2003)
- exotic four-quarks state: PRD 103, 014010 (2021)

~ Molecular state (mainly KK): PRD 101 094034 (2020) ; 08— ’?m;,p? — ;1 R
8l 1232 | =
Measurement of fo(980) in small systems ;! -
study its internal structure using the canonical statistical I ng A’@'ZQLA"_ ———————
model (CSM): PRC 100, 054906 (2019) S ool U
= 04~ } |
: : . . = o2} § (©)
Measurement of fo(980) in heavy-ion collisions 0.0 P [N e D)
,_LE 1.0& E ””’__—
"A significant suppression of the fo(980)/r ratio in central s ol B
collisions relative to peripheral ones can be interpreted s o4f -7
as evidence for a short fo(980) lifetime": e I 9
PRC 102! 024909 (2020) 70 80 90 1OOT11[OMel/2]0 130 140 150
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Measurements of fo in small systems

https://arxiv.org/abs/2206.06216

3 B 006 : ALICE
" > - ALICE -
O AN 0osf. @ Zd/a), p (s =5.02 TeV E
s N - 5
Y b - fy/n*, Vovchenko, y -CSM (ISI = 0) -
Eo = 0.04— — - f/xn*, Vovchenko, y -CSM (ISI = 2) —
0.8- | 3 _ 0.03— =
I ! I - - ’
T B .
= + i 0.02— H —
- ALICE, p-Pb \[s, =5.02TeV | - : — -
0.6 Y ,CSM, f (IS|=0) — oot = - =
Y .CSM, f (|S|=2) - | | | :
| | | | | | | | | | : | : : : | — | [ A N T | [ I N T | [ A N T I ]

2 2.5 3 s 1 10 10° 10°

<chh/dn>|n|<o.5 (chh/d n)

fo(980)/K ™ and f0(980)/7r compared with ys-CSM predictions: PRC 100. 054906 (2019)

~ |S] = 0 (no strangeness)
“ S| =2 (SS)

Data disfavor the |S| = 2 (SS) scenario N.B.: No rescattering effects in y-CSM 20 / 26



Bound states in the charm sector

Phys. Rev. D 106 (2022) 052010 ALICE
g B e -
SN—" - — 7] - - . .
2 4 ﬁl‘ll‘glﬁlfnﬁﬁ \(%_01 $7T°/3YNEL>O) -{ First measurement of D-p femtoscopic correlation function
O D_@_'D+ | 1 > suggests a shallow attractive interaction
1 ¢ oD 5 _
ol Bl gm;"’mb / 1~ C(k*) compatible with Coulomb-only within 1.50
. Fontoura et al. o
i v Y:m: ui; :ta/ 1 © agreement improves when an attractive D-N strong
I Vi | Hofmain M Lt ] interaction is considered
D _— J. Haidenbauer et al. (gi/4n:=2.25) —_ Phys. Rev. D 84, (2011) 014032
: v 1 The model by Yamaguchi et al. also foresees the formation
nl f e + . 4. ¢ . | ofaD-Nbound state with a mass of 2804 MeV/c2.
i j _+‘ | | | Data not conclusive yet due to large stat. uncertainties
0 100 200 300 __ aoo > Will be addressed with improved precision in Run 3
k* (MeV/c)
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https://link.aps.org/doi/10.1103/PhysRevD.106.052010

(Hyper)nuclel measurements in run3+4

~_ 70000
J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002 & “ALICE Upgrade AL TCE
. : 2 60000
Improved precision expected in Run 3 and Run 4 - : Pb-Pb, |S = 5.5 TeV
for (hyper)nuclei measurements & 50000} S
. - = B inosty : 10 nb
- ~X580 larger data sample (Pb-Pb collision rate = 50 kHz) 3 40000}
) . . O -
~ New ITS: better sec. vertex resolution and lower material S
20000;
% 1092_ ALICE Upgrade projection ; 8 ; ALICE Upgrade projection . i
'S, © E Pb-Pb, s, =55TeV (0-10%), B=0.5T = C Pb-Pb, |S, = 5.5 TeV (0-10%), B=0.5T 10000} 2< p, <10 GeV/c
5 10°F _3 = — aHl » Hetn’ I "H 5 %He+
O 107k — °He S B.R. =25% (*) i I e ) D i W
o 1gef.— e [ 102:‘—31'_’5;*;’;*‘;‘ 296 298 3 3.02 3.04 3.06
oo B e Tl x Invariant Mass(°He, ) (GeV/c?)
10 O YR = 399 [+
B.R. =32% (¥)
10° (é)_ " (%) theoretical
1 g W 10F = State dN/dy [81] B.R. (Acc x €) Yield
w0 AT i (H Ix10T " 95% [ 1% 44000
10F 5 AH  2x107"  50% [82] 7% 110
15 ; 1} P iHe 2x1077 32% [83] 8 % 130
10° i 107 1 10 107 107 1 10
Min. bias integrated luminosity (nb™) Min. bias integrated luminosity (nb™)
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https://iopscience.iop.org/article/10.1088/0954-3899/41/8/087002/meta

Next generation HI experiment

Letter of intent for ALICE 3:
A next generation heavy-ion experiment at the LHC ALICE

CERN-LHCC-2022-009 ;: LHCC-1-038

ALICE 3 detector concept:

TOF

Superconducting pic
magnet system

- Sillicon tracker composed of cylinders and disks
- B field provided by a superconducting magnets
- Vertex detector contained within the beam pipe

- Particle identification: TOF, RICH, photon detector,
and muon system

-~ Forward conversion tracker housed in a dedicated
dipole magnet

Muon
absorber

Muon
chambers 7 ALICE 2 ALICE 2.1

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 >

23/ 26


https://cds.cern.ch/record/2803563?ln=en

= 107

Q1

= 10"

10—14 PP BN BN B B B BN B
1.5 2 25 3 35 4

+ 10+

Letter of intent for ALICE 3:

A next generation heavy-ion experiment at the LHC

CERN-LHCC-2022-009 ;: LHCC-1-038

Exotic hyper- and super-nuclel

Pb-Pb \s,,=5.02 TeV 0-10%
lyl<0.5

u,d,s only particles

4
— ¢ =1 particles x
—— ¢ =2 particles

5
— ¢ = 3 particles A

SHMc, T, =156.5 MeV oG

do__ /dy=0.532 + 0.096 mb

45 5 55 6
Mass (GeV)

ALICE

ALICE 3 ideally suited for the study of
hyper-nuclei like AH or f\He and A=6 (anti)nuclei
> Test production models
SHM: Qj; about g ~ 3 X 10* more abundant
than > He tel
an 3, fe (approximately same mass) 6He
o
°He is the lightest known halo nucleus 8

> coalescence predicts lower yield than SHM o

Search for super-nuclei (light nuclei with charm)
most promising candidates: c-deuteron, c-triton and c-3He

Cd—>d+K_+7T+
S H+K +#t
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https://cds.cern.ch/record/2803563?ln=en

4x
3x

2%

Interplay between system size and scattering length gives size-dependent modification of the

Exotic molecules/tetraguarks

[ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [
ALICE 3 upgrade projection
o 4 _
100 i< I\/Iode1ls;c op) :
— L 1Im (PP i
sl 2 fm ]
i —--- 3fm |
3 —— 5 fm (Pb-Pb)
- Simulated data
2F, .+ pp, L., =18 b )
- Pb-Pb,L_=35nb"
1=, .
t\ f}ﬁ,——/‘ Molecular T+ i
= D+ Tetraquark Tec+ .
0 j/ o 00 }
0! - :
0—1 | | | | | | | | | | | | | | | | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5
k* (GeV/c)

o
a
(@)
(o
O

Bx
B5x 1

W H OorooNO©
[

ALICE 3 upgrade projection

4
vl < Models

—— 1 fm (pp)
2 fm PP

.- 3fm
_ _ 5fm (Pb-Pb)

Simulated data
. pp, L, =18fb”
3 Pb—Pb,g

------

D°-D*° “molecule”
|||||||||I||||I||||

@@

quuark—dlanthuark

=35 nb’

0.1 0.2

0.5

k* (GeV/c)

correlation function in presence of a bound state (https://arxiv.org/abs/2203.13814)

Expected precision enough to study T . and X(3872) molecular structures
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https://arxiv.org/abs/2203.13814

Summary

Outstanding contribution of ALICE to the studies and searches
for exotic hadrons

Exciting times are ahead with the re-start of LHC

Further investigations with future upgrades and ALICE 3
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Summary

ALICE

Outstanding contribution of ALICE to the studies and searches
for exotic hadrons

Exciting times are ahead with the re-start of LHC

Further investigations with future upgrades and ALICE 3

Thank you for your attention!
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