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* combined fit with antiproton and diffuse gamma-rays from the Galactic Center
- 70-80GeV DM particle? (ongoing debate) ERl
* unexplained feature in positrons: = o
— astrophysical origin - pulsars ) Parents Transport
— SNR acceleration ol Xg Total

— dark matter annihilation

* understanding astrophysics background is a challenge — better constraints on cosmic-ray propagation and production needed
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* Antideuterons are an important dark matter
search technique that needs to be explored
much more!
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Finding low-energy antihelium would be truly revolutionary new physics
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* AMS is a multi-purpose particle physics detector installed on the International Space Station

billion of events since May 2011
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AMS-02 reported that several He candidate events
have been observed
- interpretations are actively ongoing

* Possible antihelium candidate explanations include:
* Secondary astrophysical background
* Dark matter annihilation or decay
* Nearby antistar: at distance of ~1pc

* New tracker layer on top of TRD to be installed soon
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Anti-deuteron Candidate
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Momentum = 40.3 2.9 GeV/c
Charge =-2

Mass 2.9610.33 GeV/c?
Velocity 0.9973+0.0005 ¢
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antideuteron
candidate

antihelium-3 candidate

Cherenkov cone in RICH "

Magnetic spectrometer _
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Tracker
The General AntiParticle Spectrometer is optimized for low-energy cosmic-ray antinuclei search

Requirements: long flight time, large acceptance, large identification power, low-geomagnetic
cutoff . _ :
GAPS will deliver: i R S R
* aprecision antiproton measurement in an unexplored energy range <0.25 GeV/n GAPS team fOr 2024launChattem pl:
* antideuteron sensitivity 2 orders of magnitude below the current best limits, probing a variety of DM models across a wide mass range

* leading sensitivity to low-energy cosmic antihelium nuclei

GAPS is fully tested and already in Anarctica

- Long Duration Balloon flight in December 2025 P. von Doetinchem Mar 2025 - p'7



incoming * antiparticle slows down and stops
antideuteron in material
A | |
* near-unity chance for creation of an
reconstructed excited exotic atom (E, ~E))
. TOF
antideuteron L
* deexcitation:

fast ionization of bound electrons
(Auger)
— complete depletion of bound

before annihilation, electrons |
1 an excited exotic Hydrogen-like exotic atom

(nucleus+antideuteron)

reconstructed

vertex atom is formed that deexcites via characteristic X-ray
emits X-rays when transitions depending on
+ deexciting antiparticle mass
102 10 1 10 107 * Nuclear annihilation with
[ (il _I_LL_LJ_-_I_I_I_-_A_I_- characteristic number of
energy deposition [MeV] annihilation products
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Production - Propagation - Flux at detector
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* Significant uncertainties for antinuclei production exist
* Significant uncertainties for propagation in Galaxy exist
— Measurements of relevant primary cosmic ray and interstellar medium cross sections are important
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Cosmic-ray antinuclei are important means to the study new physics

Uncertainties need to be reduced:
* Antideuteron and antihelium formation are not well understood
* Cross section measurements need to be conducted for interpretation

AMS-02 continues collecting data and will be upgraded
GAPS will have first flight in 2025
Accelerator experiment data are crucial for interpretation

Recent community efforts:
* XSCRC 2024: https://indico.cern.ch/event/1377509/
* JENAA 2024: https://indico.cern.ch/event/1400721/overview
« d19: https://indico.phys.hawaii.edu/event/1449/
* LANZ19: https://indico.cern.ch/event/849055/
* Reviews:
* https://arxiv.org/abs/2503.16173
* https://arxiv.org/abs/2002.04163
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