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Introduction

« Antinuclei in space (searched by AMS-02, GAPS) may result from:
« Dark matter annihilation (or decay) and/or segregated antimatter (signal)
* Interaction of cosmic rays with the interstellar gas (background)

* Yields (for both channels) depend mainly on:
* Antinuclei formation mechanisms
« Particle transport in the galaxy (e.g. diffusion, convection)

« Attenuation due to inelastic scatterings with the interstellar gas
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Antinuclel o;,,, measurements

« Antinuclei inel. cross section (o;,) with matter
only poorly constrained since the 70s [1]

 Still today, o, of antinuclei are mostly taken

from some parametrizations based:
« on a combination of o,,,.(pp) With Glauber model (GEANT 4) [2]
« on a combination of antiproton and antineutron o, [3]

* Recently ALICE started to contribute directly to this field
by measuring o, of d, 3He and 3H [4-5]

e This talk focuses on A=3 results

[1] S. P. Denisov et al., Nuclear Physics B 31 (1971) 253

[2] V. Uzhinsky et al., Physics Letters B 705 (2011) 235

[3] A. A. Moiseey, J. F. Ormes, Astroparticle Physics 6 (1997) 379
[4] PRL 125 (2020) 162021

[5] arxiv.org/2202,01549
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.162001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.162001
https://arxiv.org/pdf/2202.01549.pdf
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— Matter and antimatter nuclei are produced almost at the same rate at LHC

NA/N, ~ 3-103*D N (in Pb-Pb collisions at midrapidity)

See L. Barioglio talk [Heavy-lons Session]: “Study of the dynamics of
the production of light nuclei in small systems with ALICE”
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Particle Identification

()@

i
(/8
vl .

i®

LoNgalONE
—
O
m

PHOS, CPV
10. L3 Magnet
11. Absorber
12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD
17. AD
18.ZDC
19. ACORDE

”’

QD

DQO0UT

”
”

. ITS SPD (Pixel)
. ITS SDD (Drift)

. ITS SSD (Strip)

.VOand TO
. FMD

)
—
o
S

Frrrprrrrprrrrjrrrop

E ALICE Performan(;
900Epp-po VS =5.02 Te

T III\IIIII]IIIIl!lIIlIIIIlII

dE/dx in TPC (arb. units

5 -4

ALI-FPERF-341664

-3

a ()

Istituto Hazionale i Fisica Nucleare ﬂ L I C E

LB B L IR

[I'llI.lllllllllllllllllllllllllllllll

ALICE Performance
p—Pb | s, = 5.02 TeV

IIIlIllIIIlIIlIIlIIIIIIIlI

10
p (GeV/c)

M. Colocci - ICHEP 2022 - 8 July 2022

ALI-PERF-149520



The two observables

(I) Antiparticle-to-particle ratio (raw)
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TOF-to-TPC counts (°He)
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the variation of the inelastic cross section

MC default = o, fixed to the GEANT 4 parameterisation
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Antitriton inelastic cross section
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SHe source:
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* Navarro-Frank-White profile for ppy, [1]
 WIMP candidates — W*W-
e <ov>=26-102°cm3st[2]

« 3He spectrum from [1]
PYTHIA 8 + coalescence afterburner
— peak at E;, ~ 0.1 GeV/A

[1] E. Carlson et al., Phys Rev D 89 (2014) 076005
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[2] M. Korsmeier, F. Donato, and N. Fornengo, Phys Rev 97 (2018) 103011
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SHe source: cosmic rays (Il)

« 2nd 3He source from interactions of cosmic rays with interstellar matter
*  pp, p-*He, *He-p, “He-*He most relevant

* Production cross section in pp from [1]: EPOS LHC + coalescence afterburner
Scaling factor (A+Ap)Y1° for the other collision systems

3He production XS in pp [1] — Validated with ALICE exp. data [1, 2]
Cosmic rays ISM 109 Shisisoa |:|This work

W 4700 GeV

. + ALICE

B 1900 GeV

T

W 750 GeV

protons
91 %

protons
90 %

W 310 GeV

W 200 GeV

1"r‘Nccllision 11'"(2in) dszdedy [(GGV!’C) 2]

| |20 GeV L | L1l [ Lo
0 0.5 1 1.5 2 2.5 3

P, [GeV/c]

[1] A. Shukla et al., Phys Rev D 102 (2020) 063004 T P T T
[2] ALICE, Phys Rev C 97 (2018) 024615 Kinetic energy per nucleon [GeV/n]
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Particle transport in the galaxy

Transport equation can be solved using GALPROP code [1]

o _ 0 J y
— q(r,pyHdiv(D_grady — Vy) +$p2Dpp

dp p?

Source : cer s : Fragmentation,
. Propagation: diffusion, convection... oy e e
Function annihilation

* Propagation parameters (common for all particles)
are constrained from available cosmic ray measurements [2]

* Propagation from GALPROP down to the boundaries of Solar System
— Heliosphere (shielding cosmic rays) needs to be taken into account
— Force Field approximation [3] accounts for solar modulation

[1] https://galprop.stanford.edu/
[2] M. J. Boschini et al, Astrophys J Suppl 250 (2020) 27
[3] L. Gleeson, W. Axford, Astrophys J 154 (1968) 1011
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3He annihilation

 3He nuclei may interact inelastically with ISM and get “absorbed”

* Proton and helium targets most relevant
* 0,,(°He-p) from GEANT 4 rescaled using ALICE experimental data

» 8% uncertainty from A scaling [1] is valid for all targets
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Results: 3He flux near Earth

Local interstellar 3He flux
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Unlque tracklng/PID capablllty of ALICE aIIows one to cIearIy |dent|fy v
light nuclei and antinuclei produced in hadron-hadron collisions at the LHC g

Low-energy antideuteron and *He and t inelastic cross sections
experimentally constrained for the first time
(among many other measurements!)

Impact on 3He flux near Earth evaluated
— Small impact from the uncertainty on o, (°He-A)
— High transparency of the galaxy to 3He flux
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