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Abstract: We investigate the inverse Compton emission including the soft X-ray radiation from the shocked Be
disk in the gamma-ray binary PSR B1259-63(hereafter B1259). The high energy emission from B1259 is likely
to be related to the interaction between the pulsar wind and Be disk. When the pulsar wind interacts with the Be
disk, we expect that the shocked region appears in the Be disk to show the soft X-ray radiation. The high energy
electrons scatter off this radiation by the inverse Compton process to emit gamma rays, which can contribute
to the flux in the gamma-ray band. We calculate this inverse Compton emission, and find that this affects the
spectrum in the gamma-ray band.
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1 Introduction
So far five gamma-ray binaries are identified, LS 5039
[1], LSI+61◦ 303[2], PSR B1259-63 [3] (hereafter B1259),
1FGL J1018.6-5856 [4] and HESS J0632+057 [5], which
show the gamma-ray emission varying with the orbital
phase. This fact means that gamma rays are emitted near
or inside the binary system, so that the gamma-ray binaries
are expected to be the information sources of the compact
object vicinity (1AU scale).

B1259 is the unique object whose compact star is iden-
tified; a energetic pulsar. Since the optical star in B1259
has a gas disk around itself, and the pulsar blow the pulsar
wind, we expect for this system a scenario that the pulsar
wind collides with the dense gas disk at the disk crossing
phase to produce the gamma-ray emission [6, 7, 8]. Here,
the emission is considered to be produced by the high en-
ergy electrons at the termination shock of the pulsar wind.

In the above scenario, the shock should be formed not
only in the pulsar wind region but also in the circumstel-
lar disk. Assuming that the shock propagates in the disk
at the same velocity as the pulsar orbital motion, we ex-
pect that the temperature of the shocked disk is ∼ 106 K.
This shocked region should emit 100 eV photons by the
Bremsstralung, which may affect the X-ray spectrum. In
addition, the high energy electrons scatter off this radiation
to emit the gamma rays. In order to investigate the effect
of the emission from the shocked disk on the spectrum, we
calculate the spectrum of the disk photon field at the pul-
sar position when the pulsar is inside the disk. Moreover,
we calculate the inverse Compton scattering in this photon
field.

2 Radiation from the circumstellar disk
In this section, we investigate the photon field at the pulsar
when the pulsar is inside the disk for B1259. The schematic
picture of the situation is shown in Figure 1. The disk
around the star (a yellow circle) is represented as a red
bow tie, in which the pulsar (a black point) and shocked
disk region (blue) is located. Here, the pulsar wind region
is omitted for simplicity. The pulsar is at 40 R∗ from the

Figure 1: Schematic picture of the situation. A yellow cir-
cle and a black point show the star and the pulsar, respec-
tively. A red and blue region represent the cross section of
the unshocked and shocked disk region, respectively. The
size of the shocked disk region is characterized by Rs and
located at 40 R∗ from the star, where R∗ represents the stel-
lar radius.

star, which corresponds to the binary separation at the disk
crossing phase, where R∗ represents the stellar radius ∼
6× 1011 [9]. The shocked disk region is assumed to be a
sphere whose radius is Rs.

We calculate the spectrum of the photon field by the
unshocked disk and the shocked disk. The unshocked disk
is assumed to have a power-low density distribution, ρ ∝
r−2.37 [10], extend up to 50 R∗ from the star and show
the opening angle 5◦. In addition, this disk is in thermal
equilibrium and its temperature is 1 eV. On the other hand,
the shocked disk region is also in thermal equilibrium,
and its temperature and density is assumed to be 100 eV
and 4 times larger than the unshocked disk, respectively.
These two regions emit optical and soft X-ray photons
by the thermal Bremsstralung process. We calculate these
photon field at the pulsar by solving the radiation transfer
equation.

The results are shown in Figure 2. The radius of the
shocked region Rs is taken to be 0 (red), 1 (green), 3 (blue),
10 (magenta), where Rs is normalized by R∗. Since the
red line shows the spectrum of the emission from the un-
shocked disk, we see that the contribution of the shocked
disk emission to the radiation energy density at the pulsar
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Figure 2: Spectrum of the photon field by the circumstellar
disk at the pulsar, when the pulsar is inside the disk. We
calculate four different values of Rs, 0 (red), 1 (green), 3
(blue), and 10 (magenta), where Rs is normalized by R∗.

dominates over that of the unshocked disk emission when
Rs is larger than 1. This means that the emission from the
shocked disk may efficiently contribute as seed photons of
the inverse Compton scattering of high energy electrons,
which is accelerated at the termination shock of the pulsar
wind or in the pulsar wind region.

3 Inverse Compton scattering off the disk
radiation

We next calculate the inverse Compton scattering off the
shocked disk emission under the above photon field. We
assume that high energy electrons are accelerated at the
position of the pulsar up to the Loretz factor γ = 105. The
seed photons are considered to be just the disk radiation,
where the stellar photons are omitted. Although the stellar
photons should contribute to the seed photon spectrum, we
neglect them in order to investigate the effect of the disk
radiation. We calculate the inverse Compton scattering by
the Monte Carlo method, where the radiative cooling is
not taken into account because the photon field by the disk
radiation is so thin that the effect of the radiative cooling is
negligibly small. The radius Rs is taken as in the previous
section.

The resultant spectra are shown in Figure 3, where we
see that the spectra take a peaky shape at the same energy
as the emitting electrons due to the Klein-Nishina effect.
The important results are that the spectra become harder by
including the radiation from the shocked disk, so that the
flux around the energy of injected electrons is dominated
by the shocked disk component.

4 Conclusion and discussion
For the gamma-ray binary PSR B1259-63, we calculate the
radiation form the shocked disk and the inverse Compton
scattering off it for the disk model in [10], assuming the
simple configuration of the shocked region. As a result, the
radiation form the shocked disk dominates over that from
the unshocked disk. Also, the inverse Compton scattering
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Figure 3: Spectrum of the inverse Compton emission by
the electron with γ = 105. We calculate four different val-
ues of Rs, 0 (red), 1 (green), 3 (blue), and 10 (magenta).

off the shocked disk emission dominates over that off the
unshocked disk emission. Thus, in considering the emis-
sion from the disk-wind interaction system the radiation
from the shocked disk should be taken into account.

The results are sensitive with respect to the disk
density in the shocked region because the flux of the
Bremsstralung emission is propotional to the square of the
density. Therefore the results can be changed; possibly, the
shocked disk emission could be negligible when we adopt
a different model for the circumstellar disk. The depen-
dence of the disk density on the resultant spectra should
be investigated in future work.

The stellar radiation may efficiently affect the results,
which is omitted in this work. In the spectrum around 10
eV, the flux is dominated by the stellar radiation, which
contributes significantly as the seed photons of the inverse
Compton scattering. Therefore, we should also investigate
the effect of the stellar radiation.
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