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Light (anti)nuclel in high-energy collisions

We consider light nuclei if Z < 2 . P
anti-deuteron
p = p, n > n =2 antinuclei ..5
anti-triton
The study of light (anti)nucleus formation in high-energy = 2
collisions is fundamental for several reasons: . PP
anti-helium3 7 N
 Their production mechanism is still not fully understood .. o
p P

anti-alpha

* Low binding energy (1 — 10 MeV) implies that light
(ant1)nucleus formation is strongly dependent on the chemical
freeze-out conditions and the dynamics of the emitting source

» Astrophysics applications: measurements in controlled
conditions costrain searches for antimatter from dark matter

In cosmic rays
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LHC is an antinucleus factory

S. Acharya et al. [ALICE], Phys. Lett. B 800, 135043 (2020) Physical Review C97, 024615m
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matter

d/p (pp) ~1/1000  3He/p(pp) ~ 1/106

Pb-Pb @ Vsyy = 2.76 TeV, only 0.005% are d
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LHC is an antinucleus factory

S. Acharya et al. [ALICE], Phys. Lett. B 800, 135043 (2020) Physical Revie
- ! ! ! ! o N B O A F3
10° X = 1.4 ALICE pp Vs dd 3
é 10 ‘~~.\p = 5% of all particles ALICE T 12 > :(—/p)z s
E 1 S > e . €
= 3 =
10 N *~~.d O,
S 7 :
10 e :
107 L T e .
105} Pre ;
= 0.6 | %3
107°k = -
107E- [m]o-10% Eudg 1':; ]
0% e o
0.8F -
1 | I 0'6:'_I I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 {#!I 1 1 I 1 1 I__
3 4 0.4 0.6 0.8 1 12 1.4
A p_IA (GeV/c)
d ~1/300 3He/p (Pb-Pb) ~1/105 i
’ / e/ p (Pb-Pb) /10 RECAP an:;;r;:;cﬂer ~1

d/p (pp) ~1/1000  3He/p(pp) ~ 1/106

Pb-Pb @ Vsyn = 2.76 TeV, only 0.005% are d

23/01/23 Giovanni Malfattore — (Anti)nucle: at the LHC 4



Centrality of the collisions

e Centrality: degree of overlap of two colliding nuclei

— - -

Spectator5\4 ol ~

b.: Impact parameter

K

Participants

before collision after collision
e Central collisions: * Peripheral collisions:
Small impact parameter b Large impact parameter b
High number of participant nucleons Low number of participant nucleons
High multiplicity Low multiplicity
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Multiplicity: pp vs Pb — Pb collisions )
Muldgldty: ppvsPb—Phoolliions ~— EEER @

ALICE

% pp @ \/E = 5.02 TeV Pb—Pb @ VSNN = 5.02 TeV

< dNg,/dn >=1548+02 |5 <05 < dNg,/dn > = 1943 + 56 Inl < 0.5

Run:282016 Run:297624
Timestamp:2017-11-11 21:38:31(UTC) Timestamp:2018-12-02 15:55:16(UTC)

Colliding system:p-p Colliding system:Pb-Pb
Energy: 5.02 TeV Energy:5.02 TeV
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Particle identification (PID) of (anti)nuclei

THE ALICE DETECTOR T Wik 2115 SPD (Phe) ITS (n<0.9)
- Q KO c. ITS SSD (Strip)

RUN1+2 L 6 layers silicon detectors
Pixel, Drift and Strip detectors
e Trigger, vertex, tracking, PID (d£/dx)
N s

TPC (jn/<0.9)

ITS
FMD, TO, VO

TPC -~
TRD TOF .

1.
2
2 Gas-filled cylindrical barrel, MWPC
5. TOF readout, 90 m?
7. EMCal T-—
8. DCal Tracking and vertexing, PID (d£/dx)
9. PHOS, CPV
10. L3 Magnet
11. Absorber
15 muon wall TOF (n|<0.9)
15, Dipale Magnet
16, PND Multi-gap Resistive Plate Chambers
S CORDE : Time resolution oo ~ 80 ps
T0, VO PID (time-of-flight)
Run 1 (2009-2013) Run 2 (2015-2018) ALICE is uniquely equipped for particle identification (PID)
pp 0.9, 2.76, 7, 8 TeV pp 5.02, 13 TeV

0-Pb 5.02 0-Pb 5.02, 8.16 TeV Most of knowq te.chniques.a're useq: speciﬁc energy loss., time-qf-ﬂight,
Cherenkov radiation, transition radiation, electromagnetic calorimetry

Pb-Pb 2.76 TeV Pb-Pb 5.02 TeV : :
b-Pb 2.76 Te 5-7lp B2 1iE and topological reconstruction of weak decays

Xe-Xe 5.44 TeV
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Particle identification (PID) of (anti)nuclei
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Particle identification (PID) of (anti)nuclei

[PHYSICAL REVIEW C 97, 024615 (2018) ]

As secondary nuclei are copiously produced via
spallation in the detector material by the impact of the
primary particles, the study of distance of closest
approach (DCA) can be studied to reduce the number
of secondary nuclei

rrr7yrr1T 7 rr1 [ rrr— 117 rvi1r 117 17T 1T T 7T 1T 17T 17 7 1T 17T T [ T 1T 1T 7T T T°7T
I I I I I I I I

ALICE Preliminary deuteron, 1< p_<1.2 GeV/c

Pb-Pb s, = 5.02 TeV (0-5%) Total fit
: N Secondary deuterons

7 Primary deuterons

—h
(o]
>

Entries / (1 cm)

—e— Data

| IIIIIII

- Nuclei: abundance of secondary candidates, flat :
distribution around DCA,, peak
- Antinuclei: no secondary candidates, only peak 7

e — —
Corrections must be performed, using simulated - ; ]
Monte Carlo data for estimate the secondary over B H.!iII.. R i
fraction and correct the nuclei raw yield : \x Is QE gg\ |05
Monte Carlo data is also fundamental for estimate the S l0d T8 l04 02 0 02 D4 06 08 i
efficiency x acceptance for yield correction DCA,y (cm)
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(Anti)nuclel production - Models

Thermal Model

* Hadrons emitted from the interaction region at statistical equilibrium
when fireball reaches limiting temperature
* Abundances fixed at chemical freeze-out

Nuclei abundance strongly depends on the choice of T
* Large mass m
* Exponential dependence of the yield ~ exp(-m/ Tepem)
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» If (anti)baryons at freeze-out are close enough in phase space and

* Nuclei are formed by protons and neutrons which have similar

Nuclei might break and re-form during the time between the chemical

d
z Coalescence model
A =
P P £
n 8
e
=3 ]
= (ant1)nucleus can be formed
g
()
N O A0
B velocities
7%
(]
=
N
e & Ll
S freeze-out and the kinetic freeze-out
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Our main observable: the particle yield

Coalescence model
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coalescence parameter B,:

NUCLEONS
A N
@ i d3Np I d3N,
A ey T W
P dpd ) =\ " dpd n="5"
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Experimentally defined
based on the

particle yields
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The coalescence parameter B,
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Nuclel over p ratio

ALICE
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23/01/23 Giovanni Malfattore — (Ant)nucler at the LHC 14



Light antinuclel as smoking guns for Dark Matter

[M. Korsmeier, F. Donato, N. Fornengo, Phys. Rev. D 97, 103011 (2018)]

A significant number of cosmological and astrophysical
evidences suggests the existence of dark matter (DM).

One possible strategy: search for products of DM

annihilation in cosmic rays with space-based experiments
(AMS, GAPS).

Light antinuclei (d, 3He) are considered promising
detection channels for dark matter due to the expected low
background from ordinary cosmic ray interactions with
interstellar medium (mainly pp and p — A interactions).

To distinguish primary and secondary fraction in cosmic
ray antideuteron and antihelium 1is essential to have
knowledge of mechanisms of antinuclei production, their
propagation in the galactic medium and annihilation.
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Measurement of anti->He nuclei absorption in matter
and impact on their propagation in the Galaxy

The ALICE Collaboration

Nature Physics 19, 61-71 (2023) | Cite this article
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