
Bremsstrahlung Model of Hard X-Ray regions in Magnetic Cataclysmic Variable (mCV) 

Ex Hya Using Suzaku 

1
S. Esaenwi . 

2
R.N.C. Eze, 

1
C.N Ofodum.

 
3
F.B Sigalo 

1NASRDA-Centre for Basic Space Sciences, Nsukka, Nigeria., sudumesa@yahoo.com, +2348038824533 
2Department of Physics and Astronomy, University of Nigeria Nsukka, romanus.eze@gmail.com.  +2348037791388 
1NASRDA-Centre for Basic Space Sciences, Nsukka, Nigeria., ofonworah@yagoo.com. +2348037630603 
3
Department of Physics, Rivers State University of Science and Technology, PH., fbsigalo@hotmail.com., +2348033427133 

 

Abstract 
Here we report on the pointed Hard X-ray observations of Magnetic Cataclysmic Variables Ex Hya using Suzaku 

satellite. Ex Hya was observed with Suzaku satellite on 18-07-2007 for 91 kiloseconds (ks). We modeled the 

spectrum of the system with an absorbed bremsstrahlung model plus three Gaussian lines for the iron lines. We 

resolved the neutral or low-ionized (6.41 keV), He-like (6.70 keV), and H-like (7.00 keV) lines. The absorbing 

hydrogen column density in both the full and partial covering is not present in our sources. Hence The hard X-rays 

are created from the boundary layers between the accretion disk and the white dwarf due to irradiation, producing 

the line energy range of 6.4, 6.7 and 6.9KeV of H-like and He-like iron by bremsstrahlung cooling and collisional 

ionization of the k-shell followed by florescence of atoms in ionized state, while the 6.70 and 7.00 are as a result of 

collisional ionization around the white dwarf surface. 
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1. Introduction: 

Cataclysmic variables (CVs) are close binary systems consisting of a late-type star transferring 

material onto a white dwarf (WD) via Roche-lobe overflow. Magnetic CVs (mCVs) are a small 

subset of the catalogued CVs (Downes, et al. 2005; Ritter & Kolb, 2003), and fall into two 

categories: polars (or AM Her types after the prototype system) and intermediate polars (IPs or 

DQ Her types). The WDs in polars possess such strong magnetic fields that they can synchronize 

the whole system, yielding Porb = Pspin. The strong magnetic field in these systems is confirmed 

by strong optical polarisation and measurments of cyclotron humps (Warner, 2003). Accretion in 

polars is thought to follow the magnetic field lines of the WD onto the WD magnetic poles, and 

no accretion disk is expected (for a review of polars, see Cropper, 1990). Another possible class 

of systems called asynchronous polars (APs) might exist, where the spin and orbital periods are 

out of synchronization by only a few percent. It is not yet known exactly why this happens but 

we suggest that these systems are polars which have had a recent nova event, kicking them 

slightly out of synchronization (Warner, 2003). For Intermediate Polars, the lack of strong 

optical polarization implies a weaker magnetic field, not powerful enough to synchronize the 

secondary companion (for a review of IPs, see Patterson, 1993). In these systems, material 

following the magnetic field lines of the WD onto its poles usually forms accretion disc up to the 

point where the magnetic pressure exceeds the ram pressure of the accreting gas. From this point 

onwards the accretion dynamics are governed by the magnetic field lines, which channel the 

material onto the WD magnetic poles. The nature of these systems is confirmed by the detection 

of coherent X-ray modulations associated with the spin period of the WD. In the simplest 

scenario for X-ray production in mCVs, the magnetically channeled accretion column impacts 

the WD poles producing hard X-rays from thermal bremsstrahlung cooling by free electrons with 
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kT of the order of 10s of keV (Warner, 2003; Cropper, 1990). The emission is thought to 

originate in the post-shock region, a region below the shock front created from the impacting 

accretion column. Softer X-rays are also produced from the absorption and reprocessing of these 

higher energy photons in the WD photosphere. As a result, both polars and IPs are expected to 

emit high energy photons, but discrepancies exist between the observed ratio of soft-to-hard X-

rays between polars and IPs, with polars showing an excess of observed soft X-rays (Lamb, 

1985).  

2. Previous Studies 

(Chanmugam, et al. 1991) and others have reported that the total X-ray luminosities of IPs are 

greater than those of polars by a factor of 10, attributed mainly to the higher accretion rates. 

Moreover it has been proposed that strong magnetic fields in polars produce a more “blobby” 

flow than in IPs (Warner, 2003). These high density “blobs” are then able to penetrate within the 

postshock region, emitting fewer bremsstrahlung photons and contributing more to the observed 

X-ray blackbody spectral component, thought to be produced at the base of the post-shock 

region. At the shock, the kinetic energy is converted into thermal energy, heating the gas to 

temperatures of ~ 20 keV (Fujimoto, et al. 1997). Below the shock, in the post-shock flow, the 

cooling material radiates its thermal and residual gravitational energy through free-free, bound-

bound, and free-bound radiation, which is primarily detected in X-rays. The nature of the 

observed X-ray spectrum of CVs depends primarily on the specific accretion rate (i.e., the 

accretion rate per unit area). The small spot size and hence high specific accretion rate of 

magnetic CVs impose a conical geometry that does not allow the X-ray photons to escape 

without further interaction (Brunschweiger, et al. 2009). Thus the observed X-ray spectrum is 

dominated by emission lines formed in a region photoionized by the radiation field from the 

shocked region. In contrast, the boundary layer at the inner edge of the accretion disk of non-

magnetic CVs covers a relatively large area and therefore the specific accretion rate is low, 

allowing the X-ray photons to escape freely. (Mukai, et al. 2003) observed this “binomial” 

distribution in moderately exposed (~ 100 ks) observations obtained with Chandra using the 

High Energy Transmission Grating (HETG), and generally found that the X-ray spectra of 

magnetic CVs are compatible with photoionized emission while those of non-magnetic CVs are 

consistent with a collisionally ionized, cooling gas (known as a cooling-flow model in X-ray 

spectral fitting packages such as XSPEC 6). Interestingly, EX Hya was the “exception” in this 

binomial distribution: its X-ray spectrum was well fit with a cooling-flow model. This can be 

explained if EX Hya has a tall shock, a lower accretion rate, and/or larger accretion spots than 

other IPs, and therefore a low specific accretion rate, leading to a dominant collisionally ionized, 

cooling spectrum (Allan, et al. 1998) . 

3. Data Analysis and Results 

Ex Hya was observed by Suzaku for 91 sec on July 18, 2007 (obsid 402001010). The pointing 

direction was chosen to center the source on the HXD detector, which has the effect of reducing 



the effective area of the XIS detectors by 10% due to vignetting. All four XIS detectors were in 

standard imaging mode. We downloaded Ex Hya data from suzaku archive. The data were 

processed using version 1.2 of the standard Suzaku pipeline software. We extracted all events 

within 250" of Ex Hya for each of the four XIS detectors to create the source spectra. The light 

curve of both the XIS and HXD events in figure 2 showed no sign of flares either in the complete 

event list or the source events, so all events were kept. We generated response matrices for the 

XIS detectors using version 2007-05-14 of xisrmfgen, and used the standard effective area files 

for HXD-nominal pointings using a 6 mm (4.34′) extraction circle. The XIS background data 

was taken from a circular region with no apparent sources that was offset from both the source 

and the corner calibration sources. Since we are primarily interested in the Hard X-rays, our 

fitting covered 0 -10.0 KeV for the XIS BI, 3.0 -12.0 KeV for the XIS FI and 15.0 – 40.0 KeV 

for the HXD PIN. Energy below 3.0 KeV were ignored in the XIS FI and BI detector to avoid 

intrinsic absorption which is known to affect data at this energy range and energy above 10 KeV 

were also ignored for XIS BI due to high instrument background compared to the XIS FI 

detectors. We resolved the neutral or low-ionized (6.41 keV), He-like (6.70 keV), and H-like 

(7.00 keV) lines. A spectrum of the source is presented in figure 1 while the spectral parameters 

are shown in table 1, and the light curve is shown in figure 2. The light curve shows no sign of 

flare in the observation. We then used the appropriate PIN response matrix to correct the dead 

time using the hxddtcor routine. We used the PIN background events file (v1.2) generated by the 

Suzaku HXD team4 to make the PIN non X-ray background (NXB) spectrum. The cosmic X-ray 

background was included in the spectral modeling itself, at the level found by (Bond 1987). 

Table 1.Ex Hya observable parameter/errors 

Parameter Ex Hya (Value ± Error) 

 (KT) KeV 10.00 ±  1.00 

photons s
-1

cm
-2

 (Fcounts) 20.80 ± 0.10 

E6.4 (KeV)  6.41 ±  0.01 

E6.7 (KeV) 6.66 ± 0.02 

E7.0 (KeV) 6.95 ± 0.01 

F6.4 in 10
-5

 photon s
-1

 cm
-1

 3.30 ± 0.20 

F6.7 in 10
-5

 photon s
-1

 cm
-1

 2.90 ± 0.30 

F7.0 in 10
-5

 photon s
-1

 cm
-1

 1.10 ± 0.30 

EW6.4 in eV 28.00 ± 3.00 

EW6.7 in eV 32.00 ± 1.00 

EW7.0 in eV 109-4+5 
The parameters shown in table 1 above are the continuum temperature in (KT) KeV, The continuum flux in 10-3 photons s-1cm-2 

(Fcounts), The centre energy 6.4, 6.7, and 7.0 lines (E6.4, E6.7, and E7.0) in KeV, Line fluxes in 10-5 photon s-1 cm-1 (F6.4, F6.7, and 

F7.0) and the Equivalent widths in eV (EW6.4, EW6.7, and EW 7.0). Ex Hya do not have both absorptions of Hydrogen column 

density of full and partial covering matter (NH
f & NH

p) with the covering fraction of the partial covering matter (C). 



 

Fig.1. Suzaku spectra of Ex Hya fitted with a simple absorber bremsstralung model (suited to highly ionized disks) showing a 

pointed X-ray spectral observations of Fe K due to irradiation of the accretion disk by the hard X-rays from the boundary 

layers, reprocessing in a dense absorber plus partial covering absorber of the system. The insert shows an expanded version of 

the resolved iron line complex 

 

 

Fig.2.  Light curve of Ex Hya showing no flare, signifying no intrinsic variation in the source during the observation.  

4. Discussion and Conclusion 

The hard X-rays is created from the boundary layers between the accretion disk and the white 

dwarf due to irradiation, producing the line energy range of 6.4, 6.7 and 6.9KeV of H-like and 



He-like iron by bremsstrahlung cooling and collisional ionization of the k-shell followed by 

florescence of atoms in ionized state. The detection of strong iron lines and the bremsstrahlung 

continuum with an average temperature of 10 KeV in the source support the thermal origin of the 

hard X-rays at the boundary layers between the accretion disk and the white dwarf due to 

irradiation; hence these hard X-rays are most likely released during the accretion process within 

the boundary layer, (see Eze, 2013). We however observed no absorption of the hard X-rays by 

full covering and partial covering, thus, light curve shows no intrinsic variations in the system 

during the observation. We obtained a statistically acceptable fit using a simple model of 

absorbed bremsstrahlung. The hard X-ray from boundary layers between the accretion and the 

compact objects irradiates the cold gas in the accretion disk leading to the emission of the Fe Kα 

fluorescence line, (see Eze, 2013). The production of hard X-ray photons in the mCV Ex Hya 

also originate at the post-shock region of the WD by bremsstrahlung cooling of free electrons. 

This is somewhat different to softer X-rays (< 2 keV) seen from most mCVs, which can originate 

from a blackbody component close to the WD surface. For those mCVs that are detected in the 

hard X-ray range the detection could mostly occur at the post shock region of the WD due to  

bremsstrahlung cooling of the free electrons. In particular the hard X-ray energy range (> 10keV) 

is telling us about the temperature distribution of components within the multitemperature 

bremsstrahlung emission, not the ratio of hard to soft X-ray components. Keeping this in mind, 

Fig. 2 shows the scatter plots for hardness indicating no sign of flares, defined as the count ratio 

in the 12-40 keV bands, In red, we show all pointed X-ray spectral observations by XIS BI, in 

black, pointed X-ray spectral observations by XIS FI and in green, we show the only pointed X-

ray spectral observations detected by the HXD PIN observed in Ex Hya. In order to obtain 

hardness ratios for XIS and HXD in Ex Hya, we have reproduced their bremsstrahlung spectra 

using the temperatures (or photon index) provided by (Brunschweiger, et al. 2009) and (Terada 

et al. 2008), respectively. We then extracted the hardness ratio from the spectra taking into 

account errors (symmetric for all) and computing the hardness. However, it is easily noticeable 

that the HXD extrapolated hardness’s are systematically harder than the XIS ones as shown in 

fig 1, hence the harder component of the X-ray shown in green separates in a different fit to the 

right on the spectrum. The gap between the XIS BI – XIS FI and HXD PIN shows that the hard 

X-ray is created from the boundary layers between the accretion disk and the white dwarf due to 

irradiation, producing the line energy range of 6.4, 6.7 and 6.9KeV of H-like and He-like iron by 

bremsstrahlung cooling and collisional ionization of the k-shell followed by florescence of atoms 

in ionized state. 
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