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A strongly-magnetized white dwarf (WD) may be a moderate particle acceleration site,
as a similar system of a rotating neutron star (NS), which have been regarded as a textbook
example of astrophysical particle acceleration sites. When we want to solve the model
degeneracy of ”polar cap” and ”outer gap” in rotating NS system, it is useful to study
similar systems with much different physical parameters, and strongly-magnetized white
dwarfs (WDs) are ideal for this purpose. A trial to detect non-thermal emission from a best
candidate among WDs, AE Aquarii, was performed with Suzaku, and a marginal detection
in hard X-ray band has been achieved with the Hard X-ray Detector (HXD) onboard Suzaku.
The signals were separated from the thermal emission with combination of the X-ray CCD
camera (XIS) and the HXD. The flux of non X-ray component corresponds to about 0.02%
of its spin down energy. If the signal is real, this observation must be a first case of detection
of the non-thermal emission from WDs.

§1. Magnetized white dwarfs as particle acceleration sites

According to Hillas 18) or Makishima 24), the maximum particle energy, Emax,
observed in various particle-acceleration cites, including the rotating neutron stars
(NSs), as well as aurora sub-storms, solar flares, blazar jets, shell-like and Crab-like
supernova remnants) generally scales as Emax ∼ e v B L, where e is the elementary
charge, B the magnetic strength, and L the typical scale of objects. Among these
astrophysical objects, rotating NSs have been regarded to be a textbook case of
particle-acceleration sites, though details of the acceleration mechanism are not very
well understood (for example, the “polar cap” model or the “outer gap” model). To
solve the model degeneracy, it is useful to study similar systems with very different
physical parameters. In a Hillas diagram, we can expect non-thermal emission from
magnetized white dwarfs (WDs), in addition to cluster of galaxies. Strong magne-
tized WDs are ideal for this purpose, because they have essentially the same system
geometry as NSs, but differ greatly from NSs regarding the system parameters of e,
B, and L. The induced electric fields from strongly magnetized WDs are expected
to reach 1013 to 1014 eV.
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With several searches in the radio band 31), 8), 32), non-thermal incoherent emis-
sion has actually been detected from five WDs. Some objects, like AE Aqr 4) and AM
Her 13), 15), show signs of coherent radio emission. In addition, the last two objects are
reported to show TeV gamma-ray emission during optical flares (AE Aqr: 10), 28), 29)

and AM Her 9)). Therefore, high-energy electrons with about 1-100 MeV energies
do exist in WDs 3), 5). In this situation, high energy photons in the X-ray band must
be generated via a “non-thermal” mechanism. Hard X-ray emission, itself, has been
reported by the INTEGRAL IBIS survay from 19 objects 6). This paper deals with
a highly sensitive search for a “non-thermal” component from a most likely object,
AE Aquarii, with Suzaku.

§2. High sensitive search with Suzaku

Among cataclysmic valuables of WD binaries, AM Hercuris (Polar), and AE
Aquarii (Intermediate Polar) have the maximum induced potential of over 1014 eV.
Between two objects, AE Aquarii has the advantages listed below.

• Radio synchrotron flares have been reported by many authors 7), 1), 4), 2), 3), 5).
They are consistent with 2000 G synchrotron emission 27).

• Pulsed TeV gamma-rays have been observed 11), 28), 29), which are sometimes
synchronized with optical flares.

• The WD is rotating while being close to the break-up condition. It has the
second fastest spinning period of ∼ 33.0767 sec among the MCVs, and is the
most asynchronous binary with an orbital period of 9.88 hr 12).

• The accreting matter may be inhibited from reaching the WD surface by fast
WD rotation. The plasma temperature measured in X-ray bremsstrahlung is
abnormally lower than the gravitational potential of WD 17), 19), and the UV to
X-ray luminosity (1031 erg s−1) is three orders of magnitude lower than that in
a simple accretion case ( 14), 16)) with a rate of 1017 g s−1.

• A magnetic propeller effect occurs in the system. Only 1% of the gas emits UV
photons, and almost all of it is are propellerd out 37).

• It is a spin down object at a rate of 1.8 × 10−6 s yr−1 38), in contrast to the
general spin-up trend among MCVs. The value corresponds to a huge spin-down
luminosity of 5 × 1033 erg s−1.

We observed AE Aquarii with Suzaku twice in the performance verification phase
of Suzaku. The first observation was performed from 2:13UT on 2005 October 30
to 01:02UT on 2005 November 2, and second one was 5:25 UT on 2006 October
25 to 09:11UT on 2006 October 26. These observations were carried out at “HXD
nominal” pointing position (i.e., putting the target on the optical axis of the HXD).
The XIS was operated in the normal mode with “1/8 window” option which gives a
time resolution of 1 sec, without charge injection method. The HXD was operated in
the nominal mode, but the BIOS voltage of quarter of PIN diodes are reduced into
400 volts from nominal 500 volts for the second observation. The net exposures are
about 47.0 ksec with the XIS and 52.7 ksec with the HXD for the first observation,
and 48.6 ksec and 41.0 ksec with the XIS and the HXD for the second observation,
respectively.
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§3. Analysis and Results

We extract the PIN spectra as shown in figure 1. The non X-ray background
(NXB) of the PIN diodes was synthesized by appropriately combining night-earth
data sets acquired under different conditions 22). The systematics of NXB for the
current observation can be checked by comparing real data and simulated NXB data
during pointing the earth, and the difference is about 1 % in 10 – 50 keV band. The
signals, in the NXB subtracted spectrum in figure 1, are clearly detected below 30
keV, when the systematics of NXB estimation is about 3 %, which is consistent with
the CXB level. In this phase-averaged spectra, the non-thermal emission from the
object must comes in below 1−12 erg s−1 cm−2 or 1 × 1030 erg s−1 at the source
distance d of 102 pc, although it has large uncertainties.

Fig. 1. X-ray spectra of AE Aqrarii

with HXD PIN diodes. Thin and

thick plots are observed data and

estimated NXB, respectively. The

difference is also plotted. Thin lines

show 3 and 5% of NXB, and the

CXB.

The source pulsations are detected at a barycentric period of 33.079622 ±
0.00002 sec over the full XIS band both in 2005 and 2006 data, as shown in fig-
ure 2. We found a shallow modulation in the HXD data in 2005 in 10 – 30 keV band
at the best period by the XIS, but is is consistent with a constant.
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Fig. 2. Periodgram of the XIS data in 2005 and 2006, (left and right, respectively).

We extract the pulse component of the XIS and the HXD data, and draw an X-
ray spectra of pulsation components by subtracting these two spectra. The thermal
emission line (especially fo Si and S lines) seems to be disappeared in the pulsed
component. The X-ray spectrum of the pulsed component are well reproduced by
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a simple power law model in 3.0 – 25 keV band, with photon index of 2.02 ± 0.17
and flux of (3.5 ± 0.2) × 10−12 erg s−1 cm−2 at 10 – 100 keV. If we expand the
lower energy into 0.8 keV, the spectra require additional thermal component with
temperature of 0.86±0.01 keV in Raymond Smith model with abundance of 0.16+0.18

−0.07

solar (χ2
ν = 1.47 (d.o.f.=352)). In addition to the fact that the photon index is similar

to the value seen in hard X-ray spectra of NS pulsars, the ratio of the flux of the
non-thermal component to the spin down energy (∼ 0.02 %) is also similar to the
NS case. If the interpretation of the spectral model is real, AE Aquarii should be a
WD case of a non-thermal emitter like NS pulsars.
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Fig. 3. Phase resolved X-ray spectra of

AE Aqr. Spactra in the phase max-

imum and minimum are shown in

black and red, and on-pulse spec-

tra is shown in green(XIS) and blue

(PIN).
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