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Figure 1: Pulsar magnetosphere. Credits:
[Lyne, 2012].
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Figure 2: Pulsar magnetosphere. Credits:
[Lyne, 2012].
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Figure 3: Pulsar magnetosphere. Credits:
[Lyne, 2012].
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Pulsar classification and electrospheres
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Figure 5: Credits: [Manchester et al., 2005]
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Pulsar Aroma

Pulsar Aroma [Mottez, 2024] computes self-consistent stationary solutions

of electrospheres.

repeat at each iteration until convergence

Compute

Initialize star

full particle

spectral

and elec- use of f with

trajectories on

trospheric interpolation methods

background

parameters i
fields

o f: distribution function of the particles
@ p: charge density; j: current density

o E: electric field; B: magnetic field
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Example of numerical solution
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Figure 6: Charge density (left), parallel electric field (right). B =10 G, P=5s
and i = 30°.
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Radiative processes: modelling emission

The single particle spectrum (e.g. [Rybicki, 1979]) is multiplied by the
number of emitters N(r),

P,(r) = fm V3T N 1)

0 cT oy

o F(x) = x {7 Ks(€)d¢, Westfold function
3
® x = .= with v the critical frequency

o T = 2—7;3 the period associated to the motion along the circle of
radius a
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Radiative processes: modelling emission

repeat at each iteration until convergence

Initialize star Compute par-
and elec- ticle trajecto- | use of f with spectral

trospheric ries on back- | interpolation

parameters ground fields

4

and emitted radiation and radiation maps
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Outline

© Results
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Spectra
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Figure 7: Charge density (left) and spectral energy density at different line of
sight average over one period (right). B = 10* G, P =5 s and i = 30°.
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Maps at various energies
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Figure 8: Spectral energy, vP, [ergs™!| density maps at
infinity

Theo Francez PhD HE radiation of electrospheres November 5th, 2024




observe electrospheres collectively ?
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Can we observe electrospheres as a whole group ?

B(G) P(s) Ly(ergs™)
1010 1 8.927 x 1027 @ Much lower than pulsar
5

1011 3.589 x 1028 luminosties (L, = 1033 ergs™!).

1012 10  8.935 x 10%° @ The typical FERMI-LAT

sensitivity threshold for
Table 1: Luminosities of various ity

electrospheres in the 0.1-100 GeV gamma-ray pulsar detection in

the 0.1-100 GeV band is

1 21

band averaged over one period.

i =30°and R =12 km. o~10"2 ergsTtcm™

Theo Francez PhD HE radiation of electrospheres November 5th, 2024 28/33



Can we observe electrospheres collectively 7

o Estimated flux of an electrosphere with an average gamma-ray
luminosity L, ~ 10%8 ergs™!, located at an average distance of
8.5 kpc:

F~1x10"®ergstem2sr P ~6x 1071 GeVstem2srt
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Can we observe electrospheres collectively 7

o Estimated flux of an electrosphere with an average gamma-ray
luminosity L, ~ 10%8 ergs™!, located at an average distance of
8.5 kpc:

F~1x10"® ergstem2sr 126 x 1071 GeVstem™2sr?

@ But electrospheres are supposed to be numerous in the Galaxy
(N ~ 108 — 10° [Faucher-Giguere and Kaspi, 2006]).
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Can we observe electrospheres collectively 7

o Estimated flux of an electrosphere with an average gamma-ray
luminosity L, ~ 10%8 ergs™!, located at an average distance of
8.5 kpc:

F~1x10®ergstem2sr 26 x 1071 GeVstem2srt

@ But electrospheres are supposed to be numerous in the Galaxy
(N ~ 108 — 10° [Faucher-Giguere and Kaspi, 2006]).
= Consequences:

@ diffuse gamma-ray background;
@ contribution to the high energy tail (10-50 GeV) of the Galactic Center
Excess (e.g. [Linden et al., 2016]) ?
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Conclusion and discussion

@ Spectra peak at or above 10 GeV.
@ Faint pulse-like structures.

@ Possibly detectable as a diffuse gamma-ray flux but population
dependent and the number of electrospheres in the Galaxy is very
uncertain.

@ Very preliminary study, should be refined with low pair creation

regime, synchro-curvature radiation for example.
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Thank you for your attention !
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