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FIG. 2. DSNALPB fluxes from the Primako↵ process with
ga� = 5.3 ⇥ 10�12 GeV�1 (red dashed curve) and NN
bremsstrahlung with gap = 1.2 ⇥ 10�9 (black dashed curve),
compared with the di↵use ⌫̄e one (black continuous curve).

until they reach the Milky Way. There they can convert
into photons in the Galactic magnetic field. Indeed, the
Lagrangian given in Eq. (1) would trigger ALP–photon
oscillations in external magnetic fields.

The problem of photon-ALP conversions simplifies if
one restricts the attention to the case in which B is ho-
mogeneous. We denote by BT the transverse magnetic
field, namely its component in the plane normal to the
photon beam direction. The linear photon polarization
state parallel to the transverse field direction BT is then
denoted by Ak and the orthogonal one by A?. The com-
ponent A? decouples, while the probability for a photon
emitted in the state Ak to oscillate into an ALP after
traveling a distance d is given by [25],
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Here, the oscillation wave number is [25]
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2
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is the plasma frequency expressed as a function of the
free electron density in the medium ne as !pl ' 3.69 ⇥
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ne/cm�3 eV. For our benchmark values of the
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One realizes that for ma ⌧ 10�11 eV and E & 10 MeV,
this becomes energy-independent, P�!a ' (�a�d)2,
since �a� � �a,�pl.

Measurements of the Faraday rotation based on pul-
sar observations have shown that the regular component
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FIG. 3. Skymap in Galactic coordinates of the a ! � con-
version probability, starting from a pure ALPs beam at the
outside boundary of the Galaxy, for the Jansson and Farrar
magnetic field model derived in [33]. We have taken the en-
ergy to be E = 50 MeV, the coupling ga� = 3⇥ 10�13GeV�1

and ma ⌧ 10�11 eV. The white circle represents the Galactic
coordinates of the SN 1987A.

of the Galactic magnetic field is parallel to the Galactic
plane, with a typical strength B ' a few µG, and radial
coherence length lr ' 10 kpc [34]. Inside the Milky Way
disk the electron density is ne ' 1.1⇥ 10�2 cm�3, result-
ing in a plasma frequency !pl ' 4.1⇥ 10�12 eV. Among
the possible magnetic field models proposed in the liter-
ature, we take the Jansson and Farrar model [33] as our
benchmark, with the updated parameters given in Ta-
ble C.2 of [35] (“Jansson12c” ordered fields). Due to the
presence of a rather structured behavior in the Galactic
magnetic field, the propagation of ALPs in the Galaxy is
clearly a truly 3-dimensional problem. Due to the varia-
tions of the direction of B the same photon polarization
states play the role of either Ak and A? in di↵erent do-
mains. We have closely followed the technique described
in Ref. [36] (to which we address the reader for more
details) to solve the beam propagation equation along a
Galactic line of sight. Finally, the di↵erential photon flux
per unit energy arriving at Earth is given by,

d��

dE
=

1

4⇡d2
dṄa

dE
⇥ Pa� , (10)

where d is the SN distance.
An illustrative sky map of the line-of-sight dependent

probability for an ALP starting at the edge of the Galaxy
to convert into a photon at Earth is shown in Fig. 3 for
our chosen reference Jansson and Farrar magnetic field
model. The probability of a ! � conversion is generally
larger towards the Galactic center due to the presence of
the X-shaped field and to the large vertical scale height
of the halo field. For light ALPs, when the mass e↵ects
in the oscillation probability can be ignored, the photon
spectrum has the shape

dF�

dE
=

�
a(E)g2a�,11 + b(E)g2aN,9
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Analysis strategy using Fermi-LAT data
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The diffuse extragalactic SNe ALP-flux induces an all-sky gamma-ray signal in the range 
up to a few hundred MeV. 

Falls in the energy range of the Fermi LAT: 
—> previous work [arXiv:2008.11741] only exploited the spectral shape  
       of the signal and parametric fit formula for extragalactic LAT data

Improved approach: template-based analysis combining spatial and spectral features of 
                                      the signal utilising the maximum likelihood method  
 
 
 
 
 
 
 
 

∑ Fermi-LAT data

2.44716 5.63231log10 N

=
model templates

Fermi-LAT data

Objectives: 
— What is the region that yields the best  
     consistency between model and data (baseline fit)? 
— What is the upper limit on an additionally injected 
     signal after this baseline fit?

ALP signal (ga∞∞ only)

-0.755819 2.12796log10 N

ALP signal
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Results and outlook
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— The high-latitude Southern Hemisphere ( ) is best suited to constrain this  
     particular ALP signal. 
— The addition of the spatial morphology of the ALP signal improves the 95% C.L. upper limits  
    previously derived with solely spectral information. 

b ≥ − 30∘

Additional/future objectives:  
— Exploring the robustness under variations of the interstellar emission model. 
— Exploring alternative models for the regular component of the Galactic magnetic field.  
— Investigating the impact of the SNe mass function on the expected ALP spectrum.
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