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Abstract

The possible neutron star system 1E1207.4−5209 near the center of the SNR G296.5+10.0 is an inter-
esting X-ray source showing pulsation. Especially there are series of variable absorption-line like structures
seen in its X-ray spectra. As a result of analyses of the time-averaged spectra, we found the line-like X-
ray spectral structures should be due to electronic cyclotron resonant scattering, and showed a spectral
interpretation different from the previous published works. It was confirmed with the XMM-Newton data.
Studies of time variation of these spectral structures implied a new view of 1E1207.4−5209. Additionally,
from a theoretical analysis, we found the geometrical picture of 1E1207.4−5209.
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1. Introduction

The possible neutron star system 1E 1207.4−5209 (here-
after 1E1207) is an X-ray source near the center of SNR
G296.5+10.0, and has no counterpart in other wave-
lengths. 1E1207’s X-ray radiation shows P ∼ 0.4 sec-
onds pulsation and a very small Ṗ of which observational
results would imply apparently even self-contradictory
strange features (Halpern et al. 2011). Gotthelf et al.
2007 presents the possibility that 1E1207 is born spin-
ning slowly with weak magnetic field. In addition, there
are series of, maybe three or four, variable absorption
line-like structures seen at 0.7, 1.4, and 2.1 keV (e.g.,
Sanwal et al. 2002; Mereghetti et al. 2002; Bignamet
al. 2003). They are yet to be understood either observa-
tionally or theoretically so far (e.g., Bignam et al. 2003;
Mori et al. 2006). The interpretation of these structures
and their variation in the pulsation phase will be a clue
to understand this mysterious system.

2. Average spectrum

We analyzed the time-averaged 1E1207 spectra of XMM-
Newton and Suzaku. Figure 1 shows XMM-Newton pn
spectrum and the absorption structures. The continu-
ous component could be interpreted as the two black
body radiations (kT∼0.1 and 0.3 keV). The absorption
structures should be due to electronic cyclotron resonant
scattering not by protonic, and be presumed to exist only
in the high-temperature black-body component. The
fundamental harmonic (first line) was relatively shallow.
These spectral interpretation was different from the pre-

vious published works.
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Fig. 1. XMM-Newton pn spectrum and the absorption structures.
The bottom row shows the ratio of the absorption structures for
the continuous component.

3. Phase resolved spectrum

The phase resolved XMM-Newton spectra were varied in
each phase, and could be interpreted as Shallow1st model
as well as the time-averaged spectrum. Figure 2 shows
the shape of the absorption structures in each phase. The
absorption structure’s depth of 0.7 keV and 1.4 keV in
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each phase were anti-correlated, and synchronized with
folded light curve. In addition, the higher temperature
component contributed mainly to the variation of the
total flux.
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Fig. 2. The shape of the absorption structures in each phase. Each
phase corresponds to the quarter of the single peak folded light
curve.

4. Theoretical analysis

For interpreting the observed data based on the numeri-
cal calculation, we reproduced the spectral structure by
solving the radiative transfer in the strong magnetic field.
The numerically calculated spectra varied according to
the angle θ formed by the magnetic pole axis and the
observer’s line of sight, and showed similar features with
the observed spectra. We estimated θ in each phase from
the depth ratio of 0.7 keV and 1.4 keV in calculated spec-
tra and θ relation. The geometry of the rotational axis,
the magnetic pole axis and the observer’s line of sight
could be inferred from θ in each phase.

5. Discussion

We inferred a geometric new view of 1E1207 from the
analysis results of XMM-Newton and Suzaku data. The
lower temperature blackbody radiation come from the
entire star. On the other hand, the higher temperature
blackbody radiation come from the magnetic pole vicin-
ity. It is deformed by the electron cyclotron resonance
scattering, and contributes mainly to the total flux vari-
ation by the rotation of the star. Figure 3 shows the
geometrical picture of 1E1207 system. The lower tem-
perature component’s radius (R ∼ 10 km) is the typical
size of neutron star. And its temperature (kT ∼ 0.1 keV)
can be explained by the standard cooling (Yakovlev et
al. 2004). One of the possible causes of the higher tem-
perature radiation is the rotation energy, assuming that

it come from the magnetic pole vicinity. However, the
magnetic dipole radiation was about an order of mag-
nitude less than the observed X-ray luminosity of the
higher temperature component (L ∼ 9.4× 1033 erg s−1).
One other possible cause is the gravitational energy by
the mass accretion. Although the X-ray intensity can be
explained if the accretion rate ṁ = 1013 g s−1 (Halpern
et al. 2011). The upper limit of the infrared and optical
observations was ṁ < 1012 g s−1 (Luca et al. 2011). The
mass accretion is not enough, but there is a possibility.

Fig. 3. The geometrical picture of 1E1207 system. α is the angle
formed by the magnetic pole axis and the rotation axis. β is the
angle formed by the observer’s line of sight and the rotation axis.
These angles were estimated from the theoretical analysis.

6. Conclusion

1E1207 is an interesting object has absorption structures
in X-ray spectra. As a result of analyses of Suzaku and
the XMM-Newton data, we found the spectral struc-
tures should be due to electronic cyclotron resonant scat-
tering, and showed a spectral interpretation different
from the previous works. The time variation studies
of these spectral structures and the theoretical analy-
ses implied the geometrical new view of 1E1207. Only
the higher temperature component undergoes the elec-
tronic cyclotron resonant scattering and show the har-
monic spectral structures of which depths should be re-
lated with the geometry of the rotational axis, direction
of the magnetic pole and the observer’s view angle.
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