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Pb-Pb

pp
Pb−Pb collisions at LHC energies
• Hot and dense QGP with high T and ~zero μB

→ Matter and anti-matter are produced with 
the same abundance



Pb-Pb

pp
Traces of QGP? (events 
with high multiplicities)



Heavy ion collision: space-time evolution
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Heavy ion collision: space-time evolution
Thermalization time
System reaches local equilibrium
teq ~ 0.6 fm/c

Chemical freeze-out
Inelastic interactions cease
Particle abundances (“chemical composition”) 

are fixed (except maybe resonances)
Tch ~ 170 MeV

Thermal freeze-out
Elastic interactions cease
Particle dynamics (“momentum spectra”)  fixed
Tfo ~ 110-130 MeV





Upgraded ITS2:better pointing resolution

 improved finding of (decay) vertices

Upgraded TPC: continous 

readout to cope with higher IR

Setup in Run 3 (from 2022)



Matter and anti-matter 
production



Light anti-nuclei in high energy collisions
Light nuclei are observed in high-energy heavy-ion
collision experiments
• Hot and dense medium, T = O(100 MeV)
• Binding energies O(1-10 MeV)
• How can loosely-bound states emerge from
such extreme conditions?



Light anti-nuclei in high energy collisions
Light nuclei are observed in high-energy heavy-ion
collision experiments
• Hot and dense medium, T = O(100 MeV)
• Binding energies O(1-10 MeV)
• How can loosely-bound states emerge from
such extreme conditions?

Light (anti)(hyper)nuclei at the collider as a
doorway to the Cosmos
• Constraining models of astrophysical
backgrounds in indirect dark-matter searches [1]
• Hypernuclei properties → hyperon-nucleon interactions → input to 

model neutron-star matter [2]



The dark side of ALICE
Antinuclei: antimatter counterpart of our matter world 

• Extremely rare objects in nature, low background from “ordinary” processes 

• Unique probe for new exotic physics! Dark matter, antistars, …

[1] ALICE, Nature Phys. 19 (2023) 1, 61



Measurements of light antinuclei production is of the utmost 
importance for astrophysics!

~102 - 104

The dark side of ALICE
Antinuclei: antimatter counterpart of our matter world 

• Extremely rare objects in nature, low background from “ordinary” processes 

• Unique probe for new exotic physics! Dark matter, antistars, …



How can loosely-bound states survive?
In ultra-relativistic heavy-ion collisions at the LHC
o Temperature of the system is T ~ 155 MeV
o Light (hyper)nuclei are produced among other particles
o (Hyper)nuclei have very small binding energies per nucleon compared to T



Nucleosyntesis models

Eur. Phys. J. C 84 (2024) 8, 813



Nucleosyntesis models

o (Anti)nuclei arise from the overlap of the 
(anti)nucleons phase-space distributions 
with the Wigner density of the bound state

o Microscopic description

Butler et al., Phys. Rev. 129 (1963) 836

Mahlein et al., arxiv:2302.12696
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Nucleosyntesis models

Main difference:

 for coalescence size matters,

for SHM only mass matters



Size of nuclei vs. size of system

[1] PRC 99 (2019) 024001

[2] PRL 123 (2019) 112002 [3] PRC 96 (2017) 064613
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Nuclei production in Run 1 and Run 2

Phys. Rev. C 107 (2023) 6, 064904



Nuclei production in Run 1 and Run 2

Phys. Rev. C 107 (2023) 6, 064904



Nuclei production vs rapidity



Nuclei production vs rapidity



Test of the coalescence model
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Nuclei production in and out of jet

T. Martin et al., Eur. Phys. J. C (2016) 76: 299
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Nuclei production in and out of jet

Serksnyte et al., Phys. Rev. D 105 (2022) 8, 083021

T. Martin et al., Eur. Phys. J. C (2016) 76: 299



Coalescence parameters

Enhanced deuteron coalescence probability in jets wrt UE is observed 
for the first time in pp collisions → coalescence picture

Phys.Rev.Lett. 131 (2023) 4, 042301



Coalescence parameters
Phys.Rev.C 99 (2019) 024001

Phys.Rev.Lett. 123 (2019) 112002

Phys.Rev.Lett. 131 (2023) 4, 042301

o B2 in-jet in p-Pb is larger than B2 in-jet in pp
→ could be related to the different particle composition of jets in pp and p-Pb
o B2 in UE in p-Pb is smaller than B2 in UE in pp due to the larger source size in p-Pb



Coalescence parameters: data vs model



(Anti-)Hypernuclei
production



Hypernuclei in high energy collisions
Identification daugther tracks



Hypernuclei in high energy collisions

Recontruction and invariant mass technique



Hypernuclei in high energy collisions



Hypernuclei in high energy collisions



Hypernuclei in high energy collisions



Anti-hypernuclei with ALICE
Hypernuclei: bound states of nucleons and hyperons 
o Formation of interesting states (hypertriton, hyperhelium, …), testing the nuclear 

shell model [1] 

[1] Gal et al., Rev.Mod.Phys. 88 (2016) 3, 035004 



Anti-hypernuclei with ALICE
Hypernuclei: bound states of nucleons and hyperons 
o Formation of interesting states (hypertriton, hyperhelium, …), testing the nuclear 

shell model [1] 
o Neutron stars’ EOS [2] (understanding of Λ−N and Λ−Λ interaction!)

[1] Gal et al., Rev.Mod.Phys. 88 (2016) 3, 035004 

[2] Logoteta et al., Eur.Phys.J.A 55 (2019) 11, 207



Hypertriton production in Run 2
ALICE, Phys. Rev. Lett. 128 25, 252003 (2022)For statistical hadronization models 

(SHM) the object size is not relevant 
→suppression due to canonical 
conservation of quantum numbers

In a coalescence picture large 
suppression of the production in small 
systems expected due to the large object 
size

Measurements in Run 2 pp and p─Pb 
collisions favor the coalescence 
approach



Hypertriton production in small systems



Hypertriton production in Pb-Pb



A=4 hypernuclei in ALICE



A=4 hypernuclei in ALICE



A=4 hypernuclei production in Pb–Pb



A=4 hypernuclei production in Pb–Pb



A=4 hypernuclei production in Run 3

[1] Gal et al, J. Phys. Conf. Series 966 (2018) 012



o Production of antinuclei measured at accelerators are crucial input in 

astrophysical searches for dark matter

o Antinuclear production measurements in and out of jets in pp and p-Pb collisions 

helps to further constrain the coalescence model

o Measurements of antinuclear production vs. rapidity used to extrapolate B2 at 

forward rapidity → predict antinuclear flux from cosmic rays

Summary

o A wealth of new precision measurements is becoming available to the community 
     also for A=4
o The upgraded ALICE apparatus plays a central role in (hyper)nuclear physics at the 

LHC



Thank you!

stefania.bufalino@polito.it


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39: Hypernuclei in high energy collisions
	Slide 40: Hypernuclei in high energy collisions
	Slide 41: Hypernuclei in high energy collisions
	Slide 42: Hypernuclei in high energy collisions
	Slide 43: Hypernuclei in high energy collisions
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55

