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Antideuterons and antihelium nuclei in the cosmic-ray spectrum have long been considered a smoking
gun signature of dark matter annihilation, making the tentative observation of several such events by AMS
highly intriguing. Conventional dark matter models, however, can produce only up to Oð1Þ antideuteron
events at AMS and are not capable of generating observable fluxes of antihelium. In this Letter, we propose
a class of models in which dark matter annihilates into particles carrying baryon and lepton number, whose
subsequent decays produce enhanced fluxes of antinucleons and antinuclei. Such scenarios are motivated
by grand unified theories and can lead to an order-of-magnitude or larger enhancement in the resulting
antideuteron and antihelium-3 fluxes, providing a means by which to potentially explain the events
reported by the AMS Collaboration.
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Introduction—While astrophysical mechanisms typi-
cally generate more matter than antimatter in cosmic rays,
the processes of dark matter annihilation and decay gen-
erally produce equal quantities of particles and antipar-
ticles, motivating searches for antimatter in the cosmic ray
spectrum [1–3]. Indirect searches for dark matter involving
cosmic-ray positrons [4–9], antiprotons [10–13], and anti-
nuclei [14–20] have each been extensively studied and
pursued.
The current generation of cosmic-ray experiments offers

unique opportunities to search for signatures of dark matter
annihilation [21]. Intriguingly, the AMS-02 experiment
[22] aboard the International Space Station has reported
preliminary evidence for several cosmic-ray antideuterons
in its dataset [21], along with ∼10 antihelium-3 nuclei, and
even a few antihelium-4 events [23,24]. Given that standard
astrophysical processes are expected to produce only Oð1Þ
antideuteron and Oð0.1Þ antihelium-3 events over 15 years
of AMS exposure, new physics would appear to be required
to accommodate this remarkable signal [25–28]. Even
conventional models of dark matter annihilation would
be unable to generate as many antihelium events as have
been reported by AMS [25,28–34]. In addition, the

balloon-borne general antiparticle spectrometer (GAPS)
experiment completed its first flight in January 2026,
providing a new and complementary probe of antideuterons
[35] and antihelium [36] in the cosmic-ray spectrum.
In light of this situation, a number of exotic scenarios

involving dark matter [37–43] or other new physics [25,44]
have been proposed in an effort to explain the antinuclei
events reported by AMS [33,37–43]. In this Letter, we
consider a class of models in which the process of dark
matter annihilation produces particles that carry baryon
number, guaranteeing the production of antibaryons and
enhancing the yield of antinuclei relative to conventional
dark matter scenarios. Such models can provide a means of
potentially accounting for the events reported by AMS
while remaining consistent with existing constraints.
The model—There exist well-motivated extensions of the

standard model which feature particles that carry net
baryon number but no QCD color. Such particles can
arise, for example, in models where baryon number is
shared with the dark sector [45–50], and in extensions
where some combination of Uð1ÞB and/or Uð1ÞL are
spontaneously broken global or gauge symmetries [51–
58]. In the standard model itself, the gauge structure
explicitly breaks each ofUð1ÞB andUð1ÞL to Z3 subgroups
[59,60], providing motivation for models in which these
groups are also spontaneously broken by scalars with
charge 3 [51–53,58,61]. In the context of grand unified
theories (GUTs), Uð1ÞB−L is often gauged and embedded
into a larger non-Abelian structure [62–71], resulting in
new species with various values of baryon and lepton
number.
Concretely, we consider here a model in which dark

matter particles χ annihilate into a pair of scalars, ϕϕ̄,
which carry baryon and lepton number and antibaryon and
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antilepton number, respectively. We consider two repre-
sentative charge assignments for the scalar: ϕ1;1 with
B ¼ 1, L ¼ 1, and ϕ3;3 with B ¼ 3, L ¼ 3. In the ϕ1;1

case, the scalar decays to three quarks and one lepton. In
contrast, the ϕ3;3 decays through three off-shell ϕ1;1 scalars
to nine quarks and three leptons.
In Fig. 1, we show an example of how these scalar

decays could proceed in a possible UV completion for the
case of ϕ̄1;1 (left) and ϕ̄3;3 (right). Note that these processes
each involve intermediate scalars, ϕ̄2

3
;0, which carry QCD

color and electric charge and are therefore required to have
masses above the TeV scale to evade constraints from the
Large Hadron Collider. Additionally, the decays also
involve a colorless and electrically neutral fermion λ1;0,
with B ¼ 1, L ¼ 0, which could be much lighter. We take
the intermediate particles to be heavier than the decaying
scalar and integrate them out, modeling this process using
higher-dimensional operators. For concreteness, we focus
here on the following DM annihilation scenarios:

χχ → ϕ1;1ϕ̄1;1 → ðuddνeÞðuddνeÞ ð1Þ

and

χχ → ϕ3;3ϕ̄3;3 → 3ðuddνeÞ3ðuddνeÞ; ð2Þ

which correspond to operators of dimension 7 and 19,
respectively. Even in this latter case, the scalar could
potentially decay on a timescale smaller than that asso-
ciated with propagation over Galactic length scales while
respecting bounds from colliders. This is possible despite
LHC constraints in part due to the existence of a low-mass
window for particles that decay to dijets which is poorly
constrained in LHC analyses because large jet momentum
cuts are needed to remove QCD backgrounds, as has been
emphasized by Dobrescu and Yu [72,73]. In our case the
ϕ2=3;0 can be pair-produced so the leading bounds
[74,75] constrain mϕ2=3;0

> 520 GeV. The uncolored inter-
mediate particles λ1;0 and ϕ1;1 are not produced copiously

at the LHC, though there is a very weak bound on
mλ1;0 ≳ few × GeV coming from qq → qλ production lead-
ing to a monojet plus missing energy signature, as recently
analyzed in [76]. If we consider the possibility of N flavors
of the uncolored λ1;0 and ϕ1;1 then forN ¼ 1, the ϕ3;3 decay
length can be Oð1 kpcÞ for mϕ3;3

≳ 12 GeV, while if we
consider N ¼ 3 flavors mirroring the SM generation
structure, such decay lengths are possible for all
mϕ3;3

≳ 5 GeV. As we show in Sec. S3 of Supplemental
Material [77], our results do not significantly change if we
were to consider decays to other combinations of quarks or
leptons.
Event generation and antinuclei formation—To calculate

the multiplicity of antinuclei produced through the process
of dark matter annihilation in the models considered here,
we begin with the quarks and leptons produced in the decay
of a scalar, ϕ̄. Since the decay occurs through off-shell
processes, we sample the quark and lepton energies
assuming a flat n-body phase space distribution in the
massless-daughter limit, and distribute the momenta iso-
tropically in the rest frame of the ϕ̄. While this treatment
neglects the Lorentz structure of the off-shell fermions that
have been integrated out, it provides a conservative
estimate for the antinuclei, as it maximizes the separation
between antiquark jets and thus final state antinucleons.
Additionally, this leaves us relatively agnostic to possible
alternative intermediate decay processes from ϕ̄ to the final
state. We then use PYTHIA 8.313 [78] to simulate parton
showering and hadronization, employing the Vincia shower
algorithm [79] to include the effects of electroweak
radiation. We adopt the PYTHIA parameters from
Ref. [31], selected to match data from LEP, ALICE, and
ALEPH [80].
We implement the formation of antinuclei in these events

using a standard coalescence model [81,82]. Specifically,
an antinucleus is taken to form if every antinucleon pair in
the candidate nucleus has a momentum difference
jp⃗i − p⃗jj < pcoal and spatial separation smaller than
jx⃗i − x⃗jj < dcoal, both measured in the pair’s center-of-mass

FIG. 1. In the models considered in this Letter, the dark matter annihilates to a pair of scalars with baryon and lepton number,
χχ → ϕi;jϕ̄i;j, where i and j denote the baryon and lepton number of the particle, respectively. These scalars then decay as shown here,
for the cases of the models with B ¼ L ¼ 1 (left) and B ¼ L ¼ 3 (right).
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frame, where pcoal is a free parameter that is tuned to fit
observational rates. We have taken the standard value of
dcoal ¼ 3 fm, corresponding to the spatial extent of light
nuclei, ensuring that antinucleons can form a bound state
only if they are produced within a region comparable to the
size of the nuclear wave function. For antideuterons, we
adopt pcoal ¼ 219 MeV, which reproduces the D̄ multiplic-
ity measured by ALEPH in Z-resonance hadronic decays
[83]. Similarly, we take pcoal ¼ 206 MeV for 3H̄e, based on
the multiplicity measured by ALICE in pp collisions at
ffiffiffi

s
p ¼ 13 TeV [84] (for an overview and comparison of
models, see Ref. [85]).
Results—In order for the process of dark matter annihi-

lation to produce the ∼10 antihelium-3 events reported by
the AMS Collaboration, those annihilations must produce
roughly 10 − 100 times more antihelium-3 nuclei than is
predicted in conventional dark matter models [25–28]
(although this factor could be reduced somewhat by
adopting favorable cosmic-ray propagation parame-
ters [33]).
Our main results are presented in Fig. 2, where we show

the multiplicity of antinuclei produced in the dark matter
models considered in this Letter and compare it to a
benchmark case of 50 GeV dark matter particles that
annihilate directly to bb̄. These results are sensitive to
the value of the ϕ mass. In contrast, the mass of the dark
matter itself does not impact the antinuclei multiplicity,
although it will impact the spectrum of the resulting
particles through the Lorentz boost of the scalar, ϕ. This
we plan to study in future work.
For our model with B ¼ L ¼ 1, the number of anti-

deuterons and antihelium nuclei produced is actually
slightly smaller than in the χχ → bb̄ benchmark model.
Although a larger number of antinucleons are formed in the
B ¼ L ¼ 1model for most values ofmϕ (see Sec. S1 of the
Supplemental Material [77]), those particles are produced
approximately isotropically in the rest frame of the
decaying ϕ̄, suppressing the probability that they will
coalesce into antinuclei. In contrast, the antinucleons that
are produced in the conventional dark matter benchmark
are more colinear, leading to somewhat greater antinuclei
production.
For our B ¼ L ¼ 3 model, we find that the number of

antideuterons and antihelium nuclei produced is enhanced
by a factor of Oð10 − 100Þ relative to the benchmark dark
matter model. This enhancement results from two factors:
(i) the larger number of antibaryons produced due to the
scalar’s baryon number, and (ii) the increased number of
hadronic jets produced in the initial ϕ̄ decay. The larger
number of antiquark jets both softens the momentum
distribution of antinucleons and reduces their average
spatial separation, increasing the likelihood of antinucleus
formation. The larger antibaryon number of ϕ̄3;3 ensures
that each decay contains at least three antibaryons, greatly
increasing the chance that an antinucleus can coalesce

compared to the decays of ϕ̄1;1 which may have as few as
one antibaryon.
Because of the enhanced number of antinucleons that are

formed through dark matter annihilation in the models
presented here, constraints from the antiproton content of
the cosmic-ray spectrum are expected to be more stringent
than in conventional dark matter scenarios. In Fig. 3, we
show the ratios of antideuterons and antihelium-3 nuclei
produced per antinucleon in each of the models considered
here. For the B ¼ L ¼ 3 model, we find that this ratio can
be significantly enhanced, especially for relatively small
values of mϕ. This allows these models to produce
significantly enhanced fluxes of cosmic-ray antinuclei

FIG. 2. The average number of antideuterons (top) and
antihelium-3 nuclei (bottom) per dark matter annihilation event
in our models with B ¼ L ¼ 1 or B ¼ L ¼ 3 as a function of the
mass of the decaying scalar, mϕ. These results are compared to
the yields predicted for 50 GeV dark matter particles annihilat-
ing directly to bb̄ (dashed line). The multiplicities of antideu-
terons and antihelium nuclei produced through dark matter
annihilation can be enhanced by more than an order of
magnitude in the B ¼ L ¼ 3 model, especially for small values
of mϕ. Note that in the B ¼ L ¼ 1 model, the number of
predicted antihelium events is below the range shown in this
figure.
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while remaining consistent with existing constraints from
cosmic-ray antiprotons.
Summary—In this Letter, we have considered models in

which dark matter annihilates into particles that carry
baryon (B) and lepton (L) number. Such particles arise
in a variety of well-motivated extensions of the standard
model, including grand unified theories. Because these
particles carry baryon number, their decays generate an
enhanced yield of nucleons and antinucleons. For models
with B ¼ L ¼ 3 or greater, dark matter annihilation can
produce significantly larger multiplicities and fluxes of
antideuterons and antihelium nuclei relative to conven-
tional dark matter scenarios. This could allow dark matter

annihilations to produce many of the cosmic-ray antideu-
teron and antihelium events that have been provisionally
reported by the AMS Collaboration while remaining
consistent with constraints from cosmic-ray antiprotons.
Establishing whether these models can quantitatively
reproduce the reported AMS-02 candidates will require a
dedicated treatment of cosmic-ray propagation and detector
response, as well as more detailed information on the
antinuclei candidates than is currently publicly available.
With GAPS having completed its first flight and AMS-02
continuing to collect data, our understanding of antinuclei
in the cosmic-ray spectrum is likely to improve substan-
tially in the coming years.
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