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1. Abstract

Context.

Electrospheres are the environments of
magnetized and rapidly rotating neutron
stars acting like particle accelerators. With
their central star slightly less energetic than
the one of a pulsar, they do not host
clectron-positron pair creation processes.
They consist of a low density plasma made
of primary high energy particles emitting
camma-rays that have been extracted from
the star by the electric field. Even if we do
not know their number, they are expected
to be numerous (~ 10”) in our Galaxy, ac-
counting for the short life of pulsars and
of their progenitors, and the long life of
neutron stars. The radiative energy flux
emitted by the low density plasma is too
low to be observed and no electrospheres
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have been observed individually up to now. their much lower luminosity makes them :é;wlom
However, due to their large number, they hard to detect as point source by FERMI- § & N & 102

but the study of their output radiation re-
mained phenomenological.

Aims.

We want to study the spectra of electro-
spheres and to deduce some observables for

the FERMI-LAT telescope.

Methods.

A recent code, Pulsar Aroma, comput-
ing self-consistent stationary solutions of
plasma dynamics of electrospheres with the
magnetic moment inclined with respect to
the rotational axis of the star (Mottez,
2024), was adapted to solve the radiative
transter of ultra-relativistic particles emit-
ting curvature radiation.

Results.

The spectral features of electrospheres are
quite different from pulsars. As expected,

4. Simulated spectra

The spectra of electrospheres have a shape
different than the one of pulsars. They
have a principal component peaking be-
tween 10 and 100 GeV and sharply decreas-
ing at 1 TeV (fig. 4 and 5) but also display
a secondary component above the TeV for
some lines of sight when the quantity scal-
ing the electric field, %, is high enough
(fig. 5). Such emission peaks and compo-
nents are at higher energy than gamma-ray
pulsars which usually peak at a few GeV.
We suggest that they would probably be

annihilated by positron-electron pair cas-

cades at higher plasma density which ex-
plains why pulsars spectra usually peak at
a few GeV. Nonetheless we have to men-
tion that curvature radiation was treated
here in the classical regime while quan-
tum regime and synchro-curvature radi-
ation are actually more adapted (Voisin,
2017). This would have the effect of shift-
ing a bit the spectra toward lower frequen-
cies, albeit not much. Further investiga-
tions in the code are also needed to assess
the significance of the secondary compo-
nent above the TeV to constrain its shape.
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electrospheres have already been computed

2. Particle motion and electromagnetic fields

Pulsar Aroma combines iterative, PIC and Vlasov code methods to compute stationary
self-consistent solutions of neutron star electrospheres. The iteration scheme of figure 1 is

repeated until convergence.

repeat at each iteration

Fig. 1. Iteration scheme to compute a numerical solution of charge and current densities (p,7) and

electromagnetic fields (E, B). f is the distribution function of the particles.
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Fig. 4. Charge density (left, parallel electric field (center) and spectral energy density at different line of
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sight average over one period (right). B = 1011 G, P = 5 s and ¢ = 30°.
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5. Observables

- o 1
The total luminosities in the 0.1-100 GeV band B <S) P(s)i() Ly (erg§ 2)7
(table 1) are 10* to 10° times lower than the typi- :‘010 L 30 8.927 :‘027
:: % cal gamma-ray luminosity of a pulsar in this band, :_011 L 60 5.192 x :“028
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However, the supposed large number of neutron star in our Galaxy, usually estimated as
N ~ 10?, is mainly composed of dead pulsars.

Fig. 2: Electrosphere with B = 101 G, P = 5 s and an inclination i = 45° of the magnetic axis. Left: charge
density. Right: Parallel (i.e. to the magnetic field) electric field.

— Estimated flux of N ~ 10” electrospheres with an average gamma-ray luminosity
L, ~ 10%® ergs™!, located at an average distance of 8.5 kpc:

Frlx10ergs tem 2sr a6 x 107" GeVs tem 2sr b .

3. Radiative processes at high energy — Consequences:

1. plausible contribution to the diffuse gamma-ray background:;

2. a contribution to the high energy tail (10-50 GeV) of GCE (e.g. Linden et al.
(2016)) might also be worth the consideration because the spectrum peaks occur
at the right energies (figures 4 and 5). However, it looks like we would need a bit
more than 10” electrospheres otherwise the spectral energy v P, seems too faint by
a factor < 10 to contribute significantly to it.
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Fig. 3: Physical properties of electrospheres (light grey) and associated assumptions (light blue) for radiative processes.
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