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Introduction




Galactic Ridge X-ray Emission (GRXE)
X-ray background emission observed along with the Galactic disk and the
Galactic bulge. Total luminosity is ~1038erg/s in 2-10 keV.
The origin of the GRXE has been one of great mysteries in X-ray astrophysics
over 40 years (e.g. Cooke et al. 1969).
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Spectral feature (e.g. Koyama et al. 1986)

« Continuum + Emission lines. Fe line

« Coexistence of lines from light (Si/S)

and heavy (Fe) elements. -1 Continuuny

+ Multi-temperature plasma?

Questions
+ What is the origin?
+ What is the emission mechanism?
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The origin of the GRXE
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Our approach : Broad-band spectroscopic study

1. Construct a spectral model of , especially
then check its validity using data of nearby sources.

- We concentrate on intermediate polars which have hardest spectra among
accreting WDs.

- WD masses can be estimated as by products in individual source analyses.

,and

2. Use the IP spectral model to spectroscopically decompose the GRXE.




Studies of magnetic accreting WDs
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Modeling a spectrum from an accretion column
accreting gas
Geometry and emission process

« Accreting matter freely falls along the B field lines. z axis
. . shock front
. Ashgctk conlverts bulk kinematic energy z~100km  [FSERIRN |\
into internal energy. column
& KT o EMWD 0 ey
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+ The heated gas cools in the post-shock region (PSR)
via optically thin-thermal X-ray emission.
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+ The system reduces to an initial value problem KT (keV) ;
of ODEs (Cropper+99, Suleimanov+05). .
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Construct a total spectrum
APEC was convolved with the emissivity to produce a total spectrum. Thus, the
model consists of multi-temperature emission.
Mwp and Fe abundance are primary parameters of the model.

+ Updates from previous studies : emission lines + variable metal abundance
Heavier masses result harder spectra, i.e. cutoff energy o< shock temp o< WD mass
By fitting observed spectra, WD mass can be estimated.

« Cutoff energy and Fe line ratio are important factors constraining the mass.
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Spectral fitting with near-by IPs (Yuasa+10, A&A)

« The XIS clearly resolves three Fe lines. The HXD detects signals up to 40-50 keV.
« Single kT model (apec) — Felines and continuum inconsistent.

« The IP model successfully reproduced overall spectra and the Fe line structure.
Note : In the present study the 6.4-keV Fe line was arbitrarily modeled using a Gaussian.
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Muwp from radial velocity
measurements (Msun)
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No systematic uncertainty strongly affects the result.
The model seems valid for the presently available data.

— Apply the model to the broad-band GRXE spectrum.
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Spectral analysis of the GRXE




Suzaku GRXE observations

+ 4.4 Ms exposure with 92 pointings in the Galactic Center region as of 2010.
* Selected fields “Region 1”and “Region 2" — Total exposure = 1Ms.

XIS mosaic image (4.4Ms total)

- Region1
HXD/PIN full FOV

590ks




Correlation of GRXE and NIR

+ Revnivtsev+06 reported nice correlation between the surface brightness of the GRXE
and the NIR diffuse emission using RXTE Galactic plane scan data.

« Since NIR surface brightness traces the stellar density, the GRXE origin was suggested
to have connection with it (i.e. stellar origin).

« The present Suzaku data also confirms this correlation.
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Close-up view of the XIS spectrum

« Lines from lighter (S/Ar/Ca) elements coexist with those from Fe

(reconfirmation of Ebisawa+08 with much higher statistics).
« This strongly indicates contributions from thermal emissions with different temperatures.
- Atleast two distinct plasma temperatures are necessary to reproduce the spectrum.

Power law + Gaussian lines (phenomenological)
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Fitting the GRXE in the hard X-ray band

+ A power-law model gives a soft index, [=2.8+0.2, and extrapolation of this to lower
energies contradicts with the XIS spectrum.
+ Single-temperature thermal model gave the best fit at kT=15.7 (13.7-18.4) keV.
+ The IP spectral model well reproduced the data with Mwp=0.66 (0.59-0.75) Msun.
- This could be interpreted as a representative WD mass of IPs in the Galaxy.
(c.f. ~0.5 Msyn by Krivonos+07 with INTEGRAL data)
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Broad-band decomposition
Fit with the IP PSR model + single-kT thermal model.

(1) Mwp was fixed at the HXD result. .
Region 1

Single-kT thermal (apec) ' ;H = g.ggogox; Zozz cm2
—_ Fe = 0.806x0. sun
kT = 1.52+0.04 keV e 80 755

Energy (keV)




0.1 1

10# 103 0.01

-20 2

Broad-band decomposition
Fit with the IP PSR model + single-kT thermal model.

(2) Mwp was allowed to freely vary. Region 1

nH = 3.2+0.4 x 1022 cm-2
Zre= 0.73+£0.07 Zsun

'Single-le thet:mal '(ap'ec) '

kT = 1.44+0.07 keV x2v = 1.28(752)

low-kT component ~1-1.5 keV — typical to coronal sources (active binary stars)
— well reproduce by




The X-ray observatory ASTRO-H (2014-)

X-ray micro-calorimeter
~5 eV resolution (FWHM) at Fe K emission lines.
— Resolves the fine structures.
— Direct measurements of plasma density, velocity, Einstein redshift.

— Does the GRXE have red-shifted neutral Fe K line?
(if emitted from reflection from the WD surface, a shift of ~50 km/s~1eV)

Hard X-ray Imager with a collection mirror
High statistics and imaging in the hard X-ray band.

Simulation of the IP TV Col observation for 100 ks
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Summary of results T

+ An X-ray spectral model for IPs was constructed, and its validity
was confirmed by applying it to Suzaku spectra of 17 nearby IPs.
WD mass estimates were obtained as byproducts.

+ Broad-band GRXE spectra (2-50 keV) were extracted from 1-Ms
Suzaku data.

+ Hard X-ray spectrum was well reproduced with the IP spectral

model.

+ The temperature of the low-kT component is consistent with K@
typical temperature of coronal sources such as active binary
stars.

Conclusion

The present study precisely measured the GRXE spectrum over 1-50 keV,
and decomposed it into to distinctive components which have physical
counterparts such as active binary stars and

Being complementary to the imaging result, this result also supports the
point source scenario as the origin of the GRXE.

LogN-Logs of required point sources will be available in Q&A session.




Number density of hard X-ray sources
+ The GRXE in the hard X-ray band could be explained by magnetic CVs.

« Surface number density :
N(>L)= Ny <
+ Integrated luminosity :

o /Lmin dN(> L)
L dL

L

)

LdL

max

-a =1.0-1.5 (e.g. Muno+09)
-$=2.34X10% erg/s/HXD-FOV
(GRXE flux measured by the HXD)
-Lmax=1.3X1034erg s™
(from absence of bright point
sources inside the FOV)

- Lmin
case 1:2X 1030 erg s (Revnivtsev+09)
case 2:3.8X 103 erg s (Muno+09)
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