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It has long been established that axions could have been produced within the nascent proto-neutron star
formed following the type II supernova SN1987A, escaped the star due to their weak interactions, and
then converted to gamma rays in the Galactic magnetic fields; the nonobservation of a gamma-ray flash
coincident with the neutrino burst leads to strong constraints on the axion-photon coupling for axion
masses ma ≲ 10−10 eV. In this Letter, we use SN1987A to constrain higher mass axions, all the way to
ma ∼ 10−3 eV, by accounting for axion production from the Primakoff process, nucleon bremsstrahlung,
and pion conversion along with axion-photon conversion on the still-intact magnetic fields of the
progenitor star. Moreover, we show that gamma-ray observations of the next Galactic supernova,
leveraging the magnetic fields of the progenitor star, could detect quantum chromodynamics axions
for masses above roughly 50 μeV, depending on the supernova. We propose a new full-sky gamma-ray
satellite constellation that we call the GALactic AXion Instrument for Supernova (GALAXIS) to search for
such future signals along with related signals from extragalactic neutron star mergers.
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Supernova (SN) 1987A (SN1987A) was a type II SN that
exploded in February 1987, producing roughly two dozen
neutrino events thatweredetected at theKamiokande II, IMB,
and Baksan neutrino detectors over a time interval of around
10 s [1–3]. The SN took place in the LargeMagellanic Cloud
at a distance of approximately 51.4 kpc fromEarth. SN1987A
provides some of the most stringent and well-established
constraints on a class of hypothetical ultralight pseudoscalar
particles known as axions [4–10]. These constraints have
been made all the more robust recently by the tentative
discovery of the neutron star (NS) formed after SN1987A,
helping establish that the SN formed a NS and not a black
hole [11,12]. In this Letter, we point out for the first time a
novel constraint from SN1987A that has promising implica-
tions for future SNs; axions produced within the proto-NS
(PNS) can convert to observable gamma rays in the stellar
magnetic field of the progenitor star.
Axions may address a number of outstanding problems in

nature such as the strong- CP problem [13–16] (i.e., the lack
of a neutron electric dipole moment) and the measured dark
matter abundance in the Universe [17–19]. Moreover, axions
are now understood to arise generically in string theory
compactifications [20–25]. String theory motivates the pic-
ture of the “axiverse,” where the quantum chromodynamics

(QCD) axion that solves the strong- CP problem is accom-
panied by a number of axionlike particles, which interact
through higher dimensional operators with the rest of the
standard model but not with QCD. The QCD axions receive
a mass contribution from QCD of the order mQCD

a ≈
5.70 μeVð1012 GeV=faÞ, with fa the axion decay constant.
The axion field a has an interaction with photons
L ¼ gaγγaE · B, with E (B) the electric (magnetic) field,
which is parametrized by the coupling constant gaγγ≡
CaγγαEM=ð2πfaÞ, with αEM the fine-structure constant and
Caγγ a coefficient of order unity that depends on the ultraviolet
(UV) completion. For the QCD axion we thus expect
gaγγ ∝ ma, as illustrated by the gold band in Fig. 1; axionlike
particles are motivated throughout the gaγγ-ma plane.
There are two classes of well-established constraints on

the interaction strengths of light axions (ma ≲ eV) with the
standard model from SN1987A: (i) axion production in the
PNS core can modify the thermal evolution of the PNS,
modifying the predicted luminosity evolution of neutrinos
[5,36–48]; and (ii) ultralight axions that escape the PNS
core could later convert to gamma rays in Galactic
magnetic fields [4,6–10] (see also [49,50] for prospects
for future SNs). The latter probe is supported by the
nonobservations of gamma rays coincident with the neu-
trino burst by the Solar Maximum Mission (SMM) [51],
which happened to be looking in the direction of SN1987A
when the explosion took place. In this Letter, we propose a
third probe of axions from SN1987A, future SNs, and even
NS-NS mergers that relies on axion-photon conversion in
the stellar magnetic fields of the progenitor star. This third
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probe allows us to test an intermediate axion mass range,
extending up to ma ∼ 10−1 eV, as indicated in Fig. 1.
In addition to considering SN1987A, we perform pro-

jections for the next Galactic SN and demonstrate that if an
instrument such as the Fermi Large Area Telescope (LAT)
were to observe such an event the nonobservation of
coincident gamma rays could rule out or detect QCD
axions above roughly 50 μeV, depending on the precise
properties of the SN, by accounting for axion-to-photon
conversion on the progenitor’s magnetic fields. On the
other hand, its limited field of view (FOV) means that
Fermi-LAT only has around a one in five chance of
fortuitously looking at the right place at the right time to
catch the next Galactic SN. Given that the Galactic SN rate
is around one per 100 years, we thus find ourselves
unprepared to take advantage of this rare event for axion
physics. To address this shortfall we propose a network of
space-based gamma-ray telescopes in the hundreds of MeV
range to search for gamma-ray flashes from Galactic SNs
and similar nearby extragalactic events, such as NS-NS
mergers; we refer to this network as the GALactic AXion
Instrument for Supernova (GALAXIS).

We make a number of improvements in modeling axion-
induced gamma-ray signals from PNSs. For axionlike
particles that couple only to electroweak gauge bosons in
the UV, we show that their infrared (IR) renormalization
group induced couplings to quarks typically dominate the
axion production rate within the PNS. Two classes of
productionmechanisms are important for this result: (i) axion
production from nucleon bremsstrahlung, and (ii) axion
production from pion conversion. (See Refs. [52–56] for
previous discussions of pion-induced axions in SNs.) The
QCD axion has tree-level couplings to nucleons and pions,
and accounting for these interactions is crucial in projecting
the sensitivity of proposed future SN observations to QCD
axions. Additionally, we make use of a suite of cutting-edge
SN simulations [57] that are spherically symmetric but
include PNS convection, muons and muon neutrinos, gen-
eral relativity, and neutrino transport [58,59].
Axion luminosity from a PNS—The effective field theo-

ries for the QCD axion and for axionlike particles contain
the interactions L⊃ ðgaqq=2mqÞð∂μaÞq̄γμγ5q, where gaqq ¼
Caqqmq=fa, with Caqq a UV-dependent coefficient and mq

the quark masses for quark fields q. There are additional
interactions involving leptons, but they are not relevant for
this work. The QCD axion additionally has the coupling
L ⊃ ðg2=32π2faÞaGa

μνG̃
a μν, which involves the QCD field

strength Ga
μν and the strong coupling constant g.

Below the scale of the QCD phase transition it is more
instructive to talk about the axion couplings to hadrons
than to quarks. Moreover, the axion and π0 undergo a mass
mixing for the QCD axion, which provides an IR contri-
bution to Caγγ. The axion-nucleon couplings are of the same
form as the axion-quark couplings but with coefficientsCapp

andCann for the proton and neutron, respectively. The axion-
pion-nucleon interaction may be computed in heavy baryon
chiral perturbation theory [60,61] and reads

LaπN ¼ i
∂μa

2fa
CaπNðπþp̄γμn − π−n̄γμpÞ; ð1Þ

with CaπN ¼ ðCapp − CannÞ=
ffiffiffi

2
p

gA, where gA ≈ 1.28 is the
axial-vector coupling constant.
The QCD axion necessarily has tree-level couplings

to hadrons because of the axion-gluon coupling. In
Kim-Shifman-Vainshtein-Zakharov (KSVZ) type models
[62,63], where the axion does not couple at tree-level
to fermions in the UV, Capp ≈ −0.47, Cann ≈ −0.02,
and CaπN ≈ −0.27. In Dine-Fischler-Srednicki-Zhitnitsky
(DFSZ) type models [64,65] where there are UV couplings
of the axion to fermions, with tan β the ratio of up-type to
down-type vacuum expectation values of the two Higgs
doublets in those models, the axion-matter couplings can be
further enhanced; see the Supplemental Material (SM) [66].
Axionlike particles may or may not have UV contri-

butions to the axion-quark and hence axion-nucleon

FIG. 1. Existing constraints (notably [26–33] and [34,35] for
reviews) on the axion-photon coupling gaγγ as a function of the
axion mass ma are shaded in gray, with the previously leading
constraint from the nonobservation of axion-induced gamma rays
from SN1987A highlighted [8,9]. We point out in this Letter that
the axions could convert to gamma rays in the stellar magnetic field
of the progenitor star, extending the upper limit on gaγγ to higher
masses as indicated in shaded blue. We take the surface field
strength of the progenitor to be 100 G to be conservative (∼1 kG is
favored). Note that the KSVZ-like axion model assumes the
couplings to photons and hadrons are related as in the KSVZ
QCD-axion model; the axionlike particle (ALP) model assumes
loop-induced hadronic couplings (see text). The nonobservation
of gamma rays from the next Galactic SN (assumed to be at
d ¼ 10 kpc) with the proposed GALAXIS full-sky gamma-ray
telescope network (modeled as being equivalent to the on-axis
Fermi-LAT instrument response with full-sky coverage) could
cover vast regions of QCD axion parameter space (red), depending
on the properties of the progenitor star (BSG shown here, assuming
a typical 1 kG surface field strength) and the axion.
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couplings. On the other hand, even if all Caqq ¼ 0 at the
Peccei-Quinn scale fa, these operators are generated under
the renormalization group flow, leading to nonzero values
for Capp, Cann, and CaπN in the IR [92]. The precise IR
values for these loop-induced coefficients depends on how
the axion couples to SUð2ÞL and Uð1ÞY gauge bosons; as
we discuss further in the SM, a generic expectation for the
loop-induced coefficients is Capp=Caγγ≈Cann=Caγγ≈10−4

and CaπN=Caγγ ≈ 10−5. We adopt these choices to be
conservative, since this assumes no additional UV con-
tributions, when discussing axionlike particle models. Note
that the limit from white dwarfs in Ref. [93] in Fig. 1 also
used loop-induced couplings—in that case to electrons; on
the other hand, the other upper limits shown in Fig. 1 are
not enhanced or otherwise affected by assuming loop-
induced couplings to matter.
Hot PNSs have thermal populations of photons, nucle-

ons, and pions. These populations may produce axions
through the Primakoff process (for photons), bremsstrah-
lung (for nucleons), and through pion-to-axion conversion
off of nucleons, either through the four-point interaction or
through intermediate nucleon or Δ resonances [46,56,94].
We improve the calculation of the axion luminosity

relative to previous works on gamma-ray signals from
SN1987A (e.g., [8,53]) by making use of more modern
SN simulations. In particular, we use the SN simulations
presented in Ref. [57], whose radial profiles are accessed
through the Garching Core-Collapse Supernova archive
[95]. (See also the recent SN simulations in [96].) These
are spherically symmetrical (1D) models that include PNS
convection [97], the presence of muons and muon-neutrinos,
general relativity, and neutrino transport [58,59,98].
To assess the impact of the astrophysical uncertainties

related to the mass of NS1987A formed by SN1987A,
we consider three different simulations: SFHo-18.6, SFHo-
18.8, and SFHo-20.0. Model SFHo-18.6, which is our
fiducial model, assumes an 18.6M⊙ progenitor and has
a NS mass of 1.553M⊙, well within the range expected
for NS 1987A (e.g., [11]). Model SFHo-18.8 assumes an
18.8M⊙ progenitor, and the remnant NS mass is 1.351M⊙,
at the lower edge of the expected range, while in model
SFHo-20.0 the progenitor star has a mass of 20M⊙ and the
NS mass is 1.947M⊙, near the upper edge of the expected
range. The SFHo equation of state that is implemented in
these simulations is fully compatible with all current
constraints from nuclear theory and experiment [99–101]
and astrophysics, including pulsar mass measurements
[102–104] and the radius constraints deduced from gravi-
tational-wave and Neutron Star Interior Composition
Explorer (NICER) measurements [105–107].
The simulations cover the first ∼10 s after bounce, with

the explosion triggered at t ∼ 0.16 s. The data are provided
in intervals of 0.025 s for 0 s < t < 0.5 s, in intervals
of 0.25 s for 0.5 s < t < 3 s, in intervals of 0.5 s for
3 s < t < 6 s, and in intervals of 1 s until the end of the

simulation. The radially dependent temperature peaks
around 40 MeV at ∼1 s after the explosion and maintains
a temperature ≳5 MeV until 10 s after.
We compute the axion luminosities in each time slice of

the simulation using the radial profiles of the temperature
and the chemical potentials. In Fig. 2 we illustrate
the differential axion spectra dNa=dE integrated over
the 10 s simulation (our fiducial model) for two different
theory assumptions for the axion. Both cases have
gaγγ ¼ 10−12 GeV−1, but that labeled “ALP” has no tree-
level coupling to quarks and only the loop-induced cou-
plings described previously. The second case, labeled
“QCD KSVZ,” has Cann=Caγγ ≃ 0.01, Capp=Caγγ ≃ 0.24,
and CaπN=Caγγ ≃ 0.13, which are the ratios expected in the
KSVZ QCD axion model. (See also the “light” QCD axion
models proposed in [108,109].) For each scenario we show
the contributions to the luminosity from Primakoff pro-
duction, nucleon bremsstrahlung involving nucleons only,
and processes involving pions. Interestingly, even in the
axionlike particle scenario with no tree-level fermion
couplings the contribution to the luminosity from hadrons
is comparable to the Primakoff production. We also
indicate the energy range of the SMM telescope that
observed SN1987A; the majority of the pion-induced
emission is outside of SMM’s energy range.
Axion-photon conversion—We consider, for the first

time, the conversion of axions-to-photons on the stellar
magnetic fields surrounding the progenitor star for the SN.
First, it is instructive to make a rough estimate of the
Galactic versus stellar conversion probabilities, with the
low-axion-mass approximation Pa→γ ∼ g2aγγB2L2, with B

FIG. 2. The differential axion spectra integrated over the first
10 s after the SN for our fiducial SN1987A simulation SFHo-18.6
[57], corresponding to the formation of a 1.553M⊙ NS. We
separate the spectra into contributions from the Primakoff
production, bremsstrahlung from nucleons, and processes involv-
ing pions. The ALP curves assume no UV contributions to the
axion-quark couplings, with the couplings generated in the
IR under the renormalization group flow, while the curve
labeled “QCD KSVZ” uses the relations Cann=Caγγ ≃ 0.01,
Capp=Caγγ ≃ 0.24, and CaπN=Caγγ ≃ 0.13 appropriate for a
KSVZ-type QCD axion. By construction the Primakoff curve
is common to both models.
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the astrophysical magnetic field strength and L the length
of the magnetic field domain. Typical values for Galactic
magnetic fields are B ∼ μG and L ∼ 1 kpc, yielding
Pa→γ ∼ 10−5ðgaγγ=10−12 GeVÞ2. On the other hand, the
progenitor of the SN1987A was a blue supergiant (BSG),
with a surface magnetic field strength B0 ∼ kG [110] and a
radius r0 ≈ 45� 15R⊙ [111]. (We fix r0 ¼ 45R⊙ as this is
a subdominant source of uncertainty relative to the surface
magnetic field strength.) Given that μG × kpc ∼ kG ×
ð45R⊙Þ, we estimate that the axion-to-photon conversion
probability on the stellar magnetic fields should be com-
parable to that on the Galactic fields. On the other hand, the
estimates above are only valid in the low mass limit; in
particular, they are valid when m2

a=ð2EÞ × L ≪ 1, where E
is the energy of the axion. Taking E ∼ 100 MeV, we thus
estimate that the axion-conversion probability becomes
degraded for ma ≳ 2 × 10−11 eV (ma ≳ 5 × 10−5 eV) for
conversion on the Galactic (stellar) magnetic fields.
Core-collapse supernovas form PNSs when the collaps-

ing core reaches nuclear densities; the formation of the PNS
causes the in-falling matter to bounce outward, forming a
rapidly expanding shock wave that blows apart the star. The
outward propagating shock wave travels slower than the
speed of light. In contrast, the axions propagate outward
faster, nearly at the speed of light. Thus, the axions leave
the star well ahead of the shock wave. They encounter the
still-pristine magnetic fields of the progenitor star because
the change in the magnetic field induced by the bounce
propagates relatively slowly out from the stellar core at the
Alfvén velocity (see, e.g., [112]).
There was no direct measurement of the magnetic field

strength of the SN1987A precursor star Sk −69 202, but
there is indirect evidence from combining radio and x-ray
data in the decades following the SN with models for the
expanding SN remnant that the precursor star had a surface
field strength B0 ∼ 3 kG [110,113]. This field strength is in
line with the ∼kG level magnetic field strengths expected
for BSGs [114], especially considering that Sk −69 202
likely formed from a merger of two smaller stars [115,116].
BSGs like Sk −69 202 have surface field strengths in the
range ∼100 G to 10 kG [117], and below we use this range
of field strengths when bracketing the uncertainties in the
axion-induced gamma-ray signal. In particular, we estimate
from population synthesis data that less than ∼3% of
BSGs like SK −69 202 have dipole field strengths less
than 100 G [118], such that 100 G may be considered a
robust lower bound on the dipole field strength.
We model the magnetic field of the progenitor star as a

dipole field, in which case B falls as 1=r3 away from the
stellar surface. On the other hand, we note that this is a
conservative choice, as the rotation of the progenitor star
and its stellar wind may have led to a Parker Spiral type
field [110,119], as in the case of the Sun, for which B falls
more slowly, with 1=r and 1=r2 components, away from the
surface. We assume for simplicity that the axions travel

radially outward at the midplane, such that at every point
exterior to the star the magnetic field is perpendicular to the
axion trajectory. The axion-photon mixing equations are
described in detail in the SM, including the nonlinear Euler-
Heisenberg term in the effective Lagrangian for electro-
magnetism (see, e.g., [120]), which reduces the conversion
probabilities given the large axion energies and high field
strengths. Note that we neglect the effects of the photon
plasma frequency in the medium exterior to the star, since
for this to be important the free electron density would need
to exceed ne ∼ 1010 cm−3, which is not expected.
SMM data analysis from SN1987A—We compute the

mass-dependent upper limits on gaγγ from the nonobserva-
tion of excess gamma rays from SN1987Awith the SMM.
We use the SMM data and instrument response approx-
imations presented in [9] (see the SM). We find no evidence
for axions, consistent with previous works, with the 95%
upper limits illustrated in Fig. 1. The limit shaded in blue
labeled “ALP SN1987A” accounts both for the conversion
in the Galactic magnetic field, with the fields modeled
using the updated Galactic model [121] (for each mass and
energy point we use the lowest conversion probability
among all models described in Ref. [121]), and for axion-
to-photon conversion in the stellar magnetic field of the
progenitor (dominating the sensitivity for ma above
∼10−9 eV). We account for Primakoff production and
hadronic processes, with our fiducial loop-level couplings
to hadrons. Only accounting for Primakoff emission weak-
ens the limit at low ma from jgaγγj≲2.6×10−12 GeV−1 to
jgaγγj≲ 3.1 × 10−12 GeV−1. On the other hand, changing to
the older Galactic magnetic field model in Ref. [122],
matching that used in previous works [8,9], weakens the
low-mass axion limit to jgaγγj≲ 3.4 × 10−12 GeV−1. Using
the magnetic field model in [122] and only accounting for
Primakoff emission, as in Refs. [8,9], we find a nearly
identical upper limit to that in [9] at ma ¼ 0 eV (<10%
difference), suggesting that the differences in SN simulations
are subleading.
Our upper limits in Fig. 1 take a stellar surface field

strength of 100 G to be conservative, even though higher
field strengths are favored. Our axionlike particle limit
(labeled “ALP SN1987A”) excludes new parameter space
for ma ≳ 10 μeV. The upper limit labeled “KSVZ-like
axion SN1987A” assumes that the ratios of Capp=Caγγ ,
Cann=Caγγ , and CaπN=Caγγ are as expected in the KSVZ
QCD axion model. This upper limit is around an order of
magnitude away in terms of gaγγ from probing the KSVZ
QCD axion model for ma ≳ 10−4 eV, strongly motivating
future observations with increased sensitivity.
Our axionlike particle upper limit in Fig. 1 excludes much

of the parameter space that will be probed by the ALPS II
light-shining-through-walls experiment [123–125]; taking a
more realistic but less conservative surface magnetic fields
strength of B0 ¼ 1 kG, we exclude the full parameter space
to be probed by ALPS II (see the SM).
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Note that our results are strictly speaking only valid for,
roughly, jgaγγj≲ 10−8 GeV−1 (ma ≲ 10−2 eV) for the axi-
onlike particle model (the KSVZ QCD axion), as for larger
couplings we estimate that the axion luminosity 1 s
postbounce exceeds the neutrino luminosity. The axion
model at larger couplings is disfavored [4,10], and model-
ing this scenario would require including the backreaction
of the axion emission in the SN simulations.
GALAXIS: Galactic Axion Instrument for Supernova—If

a Galactic SN went off today, we estimate using the
FERMITOOLS [126] that the chance Fermi-LAT would be
looking at the correct place at the correct time to catch
the ∼10 s axion-induced burst is only around ∼20%,
accounting for the finite FOV of the instrument and
downtime during its orbit. On the other hand, if the next
SN went off directly above Fermi (at its zenith), the
estimated 95% upper limits on gaγγ we would be able to
obtain are illustrated in Fig. 1. We use the FERMITOOLS

to obtain the instrument response with the P8R3_
TRANSIENT020_V2 event class; we estimate ∼0 back-
ground events over the ∼10 s duration of the SN. The
effective area at zenith at E ¼ 200 MeV is ∼0.72m2. We
illustrate the expected 95% upper limits under the null
hypothesis for the axionlike particle scenario, the KSVZ-
like axion, and a DFSZ-like scenario, scanning over tan β.
(We show the strongest and weakest limits across the range
of tan β; see the SM for details.) We make these projections
using our fiducial SFHo-18.6 SN simulation, and we
assume a distance of 10 kpc to the next Galactic SN.
We only account for axion-photon conversion on the stellar
magnetic fields of the progenitor star, assuming a 1 kG
surface magnetic field for a BSG SN that is otherwise the
same as SN1987A. (The axions could also convert to
photons on the Galactic magnetic field, enhancing the low-
mass sensitivity.) In the SM we discusses red supergiant
SNs, which are more prevalent and as we show have
comparable sensitivity.
Without new instrumentation the opportunity to probe

QCD axions using gamma-ray observations of the next
Galactic SN will almost certainly be lost, since the
event will likely have no advanced warning (but see
Ref. [127]) and not be within the FOV of the Fermi-
LAT. The proposed Advanced Particle-astrophysics
Telescope (APT) [128,129] may have an increased FOV
relative to the Fermi-LAT, though it will likely also not
be 4π. We thus propose a full-sky gamma-ray telescope
network, which we call the GALactic AXion Instrument for
Supernova (GALAXIS) (see Fig. 3).
The idea behind GALAXIS is to establish a full-sky

constellation of gamma-ray satellites to provide continuous
4π coverage of the gamma-ray sky between ∼100 MeV
and ∼1 GeV. (See also the recent work [130] that made a
related proposal.) The network would consist of multiple
(e.g., ∼5 or more) gamma-ray telescopes on different
orbital trajectories, such that any future SN would be in

view of at least one telescope in the network. Such an
instrument would complement the multiple gamma-ray
telescope constellations in planning stages at energies
below ∼10 MeV (see Ref. [131] and references therein).
We leave a full technical investigation to future work.
In Fig. 1 we simply assume for the projections that the
GALAXIS instrument response is identical to that of the
on-axis Fermi-LAT (see the SM). The main improvements
with the future projections relative to the SN1987A con-
straints come from the distance to the SN, the large
effective area and improved background rate of GALAXIS
(i.e., Fermi-LAT) relative to the SMM, and the inclusion
of higher-energy photons above ∼100 MeV that allow
for probing pion-induced axions. GALAXIS may reach
sensitivity to the QCD axion, making it competitive
with upcoming efforts to target QCD axions such as
IAXO [132], MADMAX [133], and ALPHA [134].
Discussion—In this Letter we focus on axion-induced

gamma-ray signals from nearby PNSs formed after core-
collapse SNs due to axion-photon conversion in the stellar
magnetic fields of the progenitor stars. However, there are a
number of related axion-induced gamma-ray signals that
may proceed similarly and be detectable with the proposed
GALAXIS gamma-ray observatory. For example, in cases
where the compact remnant of the core-collapse SN is a
black hole (as suggested could be the case for SN1987A
in [135], though this is now disfavored [11,12]), a hot,
massive PNS remnant forms prior to collapse. It would be
interesting to study the axion-induced gamma-ray signal
from such a short-lived remnant with dedicated simula-
tions. Similarly, NS-NS mergers can lead to stable NSs
or hypermassive remnants that collapse to black holes;
in either case, exceedingly hot PNSs form within the first
tens of ms, with temperatures that can exceed those in
core-collapse SNs. As we show in the SM, nearby NS-NS
mergers (within ∼50 Mpc of Earth) are promising targets
for gamma-ray axion searches (see also [136–138]). Given
the compact sizes of the NSs, these objects can potentially
probe higher axion masses and may even reach QCD axion
sensitivity near ∼1 meV (see the SM). NS-NS mergers,

FIG. 3. The GALAXIS gamma-ray satellite constellation pro-
posed in this Letter to search for axion-induced gamma-ray
signatures from core-collapse SNs and NS-NS mergers. The
axions are generated in the hot PNS cores and then convert to
gamma rays on the stellar magnetic fields of the progenitor stars.
Such an instrument with a Fermi-LAT-level effective area could
potentially probe QCD axions for any ma ≳ 50 μeV, depending
on the properties of the event.
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along with SNs within the local group and nearby galaxy
clusters, can be expected on a near yearly basis, meaning
that the proposed GALAXIS instrument would have
frequent opportunities for axion science.
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