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Introduction

" The cosmic-ray spectrum:
p ~ 90%, He ~ 9%, e~ ~ 1%, antinuclei < 0.1%
* Dark matter annihilation produces matter and antimatter equally
* This makes cosmic-ray antimatter a powertul dark matter probe
* Large efforts to measure the cosmic-ray antinuclei spectrum underway
= AMS-02: modular experiment aboard the International Space Station

= GAPS: high-altitude balloon-borne experiment out of Antarctica
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The observations of AMS-02

= AMS-02 reported preliminary evidence of

S

R A * A few antideuteron events
* Around 10 antihelium-3 events
* A few antihelium-4 events

» Events are largely low-rigidity

* Orders of magnitude above
expected standard fluxes™

*1808.08961

Image credit: CERN/AMS
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The observations of AMS-02

How could these observations be explained?

.........

» Standard processes, for example - ﬁ\/\se——\»@ _,
0 \ﬁ——/*éﬁé

= Conventional dark matter annihilation, but™

N ~ 104 N5 ~ 108 Nage ~ 10" Nugg

* Dark matter annihilation through a dark sector or into SUEPs

» Other new physics, such as antistars

(See C. Gemmell’s talk)

*2504.07172
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Our dark matter annihilation model

* Annihilation into baryon-number-carrying scalars:

XX — QﬁB,LCEB,La CBB,L — antiquarks + --- — antinuclei 4 -

= Our ¢ p.1, carries baryon and lepton number

= Decay of ¢ g1 guarantees antibaryon production

= These particles appear naturally various Standard Model extensions™®

* E.g., 1309.3970, 2506.06068, 2202.05275
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Our dark matter annihilation model

» Focuson B=L =1 and B =L = 3 cases:

XX — ¢1,1551,1 — (uddz/e)(ﬂczgﬂe)

XX — ¢3,3Q§3,3 — 3(uddue)3(ﬂcfcfz76)

= A possible UV completion:
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Our dark matter annihilation model

Coalescence scheme:

* For every antiproton-antineutron pair:

e (Check ‘f)z—j _Z_ﬁﬁ‘ < pcoal 6\
¢ Check ‘771—9—775‘<3fm a/'

= Calibrate p_ ., using experimental data




Results: enhanced antinuclei yields

» Antinucleon enhancement
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Results: enhanced antinuclei yields

= Antideuteron and antihelium enhancement
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Conclusions and future work

» If confirmed, the AMS-02 observations are likely a
smoking-gun signal of new physics

" We propose a mechanism to explain these events via dark matter
annihilation to baryon-number-carrying scalars:

XX — d)B,LGEB,La &B,L — antiquarks + --- — antinuclei + ---

= This produces a 10—100X multiplicity enhancement

» We are currently carrying out a detailed galactic propagation
study to position our model in relation to existing excesses



Additional slides: higher B = L
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Additional slides: comparison of decay channels
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