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Fig. 1.— Chandra ACIS-S3 0.5–1.2 keV photon flux images of
GK Per in (a) 2000 and (b) 2013. Data were smoothed by a Gaus-
sian blur with a 2σ radius of 5 pixels (2.′′46), and were rendered
with a logarithmic intensity greyscale covering up to 2×10−7 pho-
tons cm−2 s−1. The source and background extraction regions are
indicated by the solid and dashed annuli, respectively. Areas of
diffuse emission identified by the vtpdetect algorithm are shown
as green polygons. The 45◦ blue sectors show the source and back-
ground extraction regions that were rotated in a clockwise direction
to investigate the azimuthal dependence of the X-ray flux (see text
and Figure 5). The red rectangles of size 50′′×20′′ parallel to a po-
sition angle of 122◦ are the regions used for the projection profiles
of Figure 3. On the lower image, the edge of the CCD chip is also
shown by the solid black line.

4. ANALYSIS

4.1. Diffuse Emission and Comparison

As found by Balman (2005) from the 2000 February
data, the latest observation reveals the brightest X-ray
emission to lie in the southwest quadrant and to be char-
acterized by a prominent arc with extended “wings” of
emission running from the northwest to the southeast.
The source is notably fainter than it appeared in 2000.
We limit detailed analysis to soft X-ray events in

the 0.5–1.2 keV energy band. At lower energies, the
detector efficiency, especially around the carbon K-
edge at 0.28 keV, is significantly attenuated by a layer
of molecular contamination that appears to be de-
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Fig. 2.— Comparison between radio, optical, and X-ray images
of GK Per rendered in red, green, and blue, respectively, on loga-
rithmic scales tuned to clarify features of interest. The radio data
was taken by the B-configuration VLA in 1997 using the L-band
receiver at 1.45 GHz. The optical data was by the WFPC2 instru-
ment of the HST in 1995 using the Hα+[N II] filter. The X-ray
image is by Chandra in 2000; the same data as the panel (a) in
Figure 1.

positing on the instrument filter (Marshall et al. 2004;
Chandra X-ray Center 2010). At higher energies, the
source fluxes become comparable to, or lower than, the
background levels. The background-subtracted X-ray
count rates were estimated to be 3.06±0.07×10−2 and
5.68±0.32×10−3 counts s−1 in 2000 and 2013, respec-
tively, corresponding to a decline of 81±1%. Based on
folding a model fit to the observed spectrum (see below)
through the instrument effective areas in the two epochs,
a drop of 70% in count rate is expected due to the decline
in the detector efficiency at low energies. We attribute
the difference between the observed and expected decline
to the remnant development over the intervening 13.8
years, indicating an X-ray flux drop of 38±5%. No large
differences in median photon energy or hardness ratio
were found between 2000 and 2013 (see also Table 1 for
details).
Figure 1 shows 0.5–1.2 keV photon-flux images ob-

tained by Chandra ACIS-S3 in both 2000 and 2013
epochs. Exposure maps used for flat-field correction
were computed at 0.6 keV, corresponding to the me-
dian detected photon energy, using the fluximage soft-
ware in CIAO. A sliding cell search for source candidates
(celldetect; Harnden et al. 1984) was performed, and
astrometry was fixed by matching the observed X-ray po-
sitions of three point sources with Two-Micron All Sky
Survey (2MASS; Cutri et al. 2003) catalogue positions
of their infrared counterparts: J03311201+4354154 (i.e.,
the white dwarf binary of GK Per), J03312219+4356461,
and J03310820+4357503. The celldetect position es-
timates have precisions better than 0.′′2, and the result-
ing relative astrometric precision between the two epochs
based on the three reference sources remains at a similar
level. The distribution of diffuse sources was determined
from a Voronoi Tessellation and Percolation algorithm
(vtpdetect; Ebeling & Wiedenmann 1993) applied to a
combined exposure-corrected image in which the two ob-

Takei	  et	  al.,	  ApJ,	  2015	  



•  Magne$c	  WD	  accre$ng	  from	  a	  
red	  dwarf	  secondary	  

•  Porb	  is	  	  ~	  2	  days	  	  

•  WD	  spin	  period	  is	  351	  s	  	  

•  The	  distance	  is	  470	  pc	  	  
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Fig. 1.— Chandra ACIS-S3 0.5–1.2 keV photon flux images of
GK Per in (a) 2000 and (b) 2013. Data were smoothed by a Gaus-
sian blur with a 2σ radius of 5 pixels (2.′′46), and were rendered
with a logarithmic intensity greyscale covering up to 2×10−7 pho-
tons cm−2 s−1. The source and background extraction regions are
indicated by the solid and dashed annuli, respectively. Areas of
diffuse emission identified by the vtpdetect algorithm are shown
as green polygons. The 45◦ blue sectors show the source and back-
ground extraction regions that were rotated in a clockwise direction
to investigate the azimuthal dependence of the X-ray flux (see text
and Figure 5). The red rectangles of size 50′′×20′′ parallel to a po-
sition angle of 122◦ are the regions used for the projection profiles
of Figure 3. On the lower image, the edge of the CCD chip is also
shown by the solid black line.

4. ANALYSIS

4.1. Diffuse Emission and Comparison

As found by Balman (2005) from the 2000 February
data, the latest observation reveals the brightest X-ray
emission to lie in the southwest quadrant and to be char-
acterized by a prominent arc with extended “wings” of
emission running from the northwest to the southeast.
The source is notably fainter than it appeared in 2000.
We limit detailed analysis to soft X-ray events in

the 0.5–1.2 keV energy band. At lower energies, the
detector efficiency, especially around the carbon K-
edge at 0.28 keV, is significantly attenuated by a layer
of molecular contamination that appears to be de-
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Fig. 2.— Comparison between radio, optical, and X-ray images
of GK Per rendered in red, green, and blue, respectively, on loga-
rithmic scales tuned to clarify features of interest. The radio data
was taken by the B-configuration VLA in 1997 using the L-band
receiver at 1.45 GHz. The optical data was by the WFPC2 instru-
ment of the HST in 1995 using the Hα+[N II] filter. The X-ray
image is by Chandra in 2000; the same data as the panel (a) in
Figure 1.

positing on the instrument filter (Marshall et al. 2004;
Chandra X-ray Center 2010). At higher energies, the
source fluxes become comparable to, or lower than, the
background levels. The background-subtracted X-ray
count rates were estimated to be 3.06±0.07×10−2 and
5.68±0.32×10−3 counts s−1 in 2000 and 2013, respec-
tively, corresponding to a decline of 81±1%. Based on
folding a model fit to the observed spectrum (see below)
through the instrument effective areas in the two epochs,
a drop of 70% in count rate is expected due to the decline
in the detector efficiency at low energies. We attribute
the difference between the observed and expected decline
to the remnant development over the intervening 13.8
years, indicating an X-ray flux drop of 38±5%. No large
differences in median photon energy or hardness ratio
were found between 2000 and 2013 (see also Table 1 for
details).
Figure 1 shows 0.5–1.2 keV photon-flux images ob-

tained by Chandra ACIS-S3 in both 2000 and 2013
epochs. Exposure maps used for flat-field correction
were computed at 0.6 keV, corresponding to the me-
dian detected photon energy, using the fluximage soft-
ware in CIAO. A sliding cell search for source candidates
(celldetect; Harnden et al. 1984) was performed, and
astrometry was fixed by matching the observed X-ray po-
sitions of three point sources with Two-Micron All Sky
Survey (2MASS; Cutri et al. 2003) catalogue positions
of their infrared counterparts: J03311201+4354154 (i.e.,
the white dwarf binary of GK Per), J03312219+4356461,
and J03310820+4357503. The celldetect position es-
timates have precisions better than 0.′′2, and the result-
ing relative astrometric precision between the two epochs
based on the three reference sources remains at a similar
level. The distribution of diffuse sources was determined
from a Voronoi Tessellation and Percolation algorithm
(vtpdetect; Ebeling & Wiedenmann 1993) applied to a
combined exposure-corrected image in which the two ob-

GK	  Per	  

•  Hosts	  the	  largest	  known	  X-‐ray	  emiLng	  nebula	  centered	  on	  a	  WD	  binary	  	  

•  Is	  detected	  with	  the	  SwiO	  BAT	  and	  INTEGRAL	  during	  DN	  outbursts	  

	  

R=0.14	  pc	  	  
	  



1901	  Feb.	  21	  
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explosion	  

2015	  DN	  outburst	  

Chandra	  HETG	  
NuSTAR	  

Data	  from	  the	  AAVSO	  database	  



Šimon,	  A&A,	  2015.	  Comparison	  of	  the	  AAVSO,	  RXTE	  and	  SwiO	  BAT	  light	  curves.	  	  
	  
	  

•  Slow	  rise	  and	  decline	  in	  op$cal.	  
•  A	  long-‐las$ng	  plateau	  phase	  in	  the	  X-‐rays.	  
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Table 1: List of the objects observed with Chandra
Period Nustar Swift>1.5 keV Swift<1.5 keV

351.357 s 7.86 0.72

7102 s 2.42

210.2 min 2.2

175.7 s 1.86

4610 s 1.6

2893 s 1.3

3942 s 1.2

101 s 1

2367 s 1

3718 s 0.9

2930 s 0.8

1552 s 0.7

142 m 0.7

5797 s 0.7

2672 s 0.6

2026 0.6

6358 s 0.6

4193 s 0.6

4708 s – 0.38

5920 s – 0.34

180 min – 0.30

5027 s – 0.30

5973 s – 0.30

1378 s – 0.22

293 s – 0.20

190 min – – 0.15

184 min – – 0.14

1168 s – – 0.1

1

The	  WD	  spin	  period	  

First	  harmonic	  	  

QPOs	  

QPOs	  

2015	  

•  The	  spin	  period	  is	  longer	  comparing	  with	  
previous	  observaEons.	  	  

•  There	  are	  no	  common	  spikes	  in	  the	  
LSPs,	  corresponding	  to	  different	  data	  
(except	  for	  the	  spin	  period).	  

2012	  
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Conclusions:	  
The	  obtained	  data	  reveal	  several	  dis$nct	  regions	  in	  the	  X-‐ray	  spectrum:	  
•  a	  very	  soO	  (<0.8	  keV)	  at	  Tbb~	  25	  eV	  	  
•  a	  soO	  X-‐ray	  component	  at	  T	  ~	  0.1	  keV	  

these	  components	  do	  not	  show	  spin	  modula$on	  
	  
•  a	  hard	  thermal	  X-‐ray	  component	  at	  T~14	  keV,	  modulated	  at	  the	  spin	  

period.	  

	  
The	  amplitude	  of	  the	  spin	  pulse	  is	  the	  highest	  (>	  10	  cnts/s)	  in	  the	  Nustar	  
energy	  range	  -‐>	  the	  modula$on	  is	  not	  due	  to	  an	  absorp$on	  
	  
The	  spin	  period	  is	  slightly	  longer	  than	  in	  previous	  observa$ons.	  The	  
proposed	  spin	  up	  is	  not	  confirmed.	  
	  
QPOs	  are	  observed	  in	  all	  the	  data	  in	  all	  energy	  ranges.	  
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