PROCEEDINGS

OF SCIENCE

Galactic Hard X-ray Background: Inner Galaxy

R. Krivonos@Tand S. Tsygankovd M. Revnivtsev®, S. SazonovP®, E. Churazov?®
and R. Sunyaev®
aMax-Planck-Institute fiir Astrophysik,
Karl-Schwarzschild-Str. 1, D-85740 Garching bei Muncl@grmany
bSpace Research Institute, Russian Academy of Sciences,
Profsoyuznaya 84/32, 117997 Moscow, Russia
¢ Finnish Centre for Astronomy with ESO (FINCA), Universityrarku,
Vaisalantie 20, FI-21500 Piikkid, Finland
d Astronomy Division, Department of Physics, FI-90014 Ursitg of Oulu, Finland

In this report we present measurements of Galactic Ridga»eEmission (GRXE) in the Galactic
Center region using INTEGRAL scanning observations. The BB keV band GRXE fluxes at
| =0°,1 =—-225° andl = +225° are 154+ 15, 72+ 15, and 62t 12 mCrab, respectively. The
derived longitude profile of the GRXE is in good agreemenilie Galactic distribution of stars
obtained from infrared observations, which strongly itk its stellar origin.

The Extreme and Variable High Energy Sky - extremesky2011,
September 19-23, 2011
Chia Laguna (Cagliari), Italy

*Speaker.
TE-mail: krivonos@mpa-garching.mpg.de

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Galactic Hard X-ray Background: Inner Galaxy R. Krivonos

1. Introduction

The stellar origin of the Galactic hard X-ray (30100 keV) background, better known as
the Galactic Ridge X-ray Emission (GRXE), has recently bseangly supported by morpho-
logical/spectral studies with the RXTE and INTEGRAL obsdories [1, 2, 3], spectral studies
with Suzaku [4, 5] and direct X-ray source counts with Char{@ 7]. The GRXE does not arise
from the interaction of cosmic rays with the interstellardioen, as was believed before, but is
associated with the (predominantly old) stellar poputatié the Galaxy, namely with hard X-ray
emission from accreting white dwarfs and coronaly actiegsst It was demonstrated [1, 2] that
GRXE intensity closely follows near-infrared (NIR) suréalrightness over the Milky Way, which
is a known tracer of stellar mass.

INTEGRAL continues observational campaign for GRXE stuBgcent observations in the
region of low stellar density dt= 4155, by Krivonos et al., [8] showed non-detection of the
GRXE. It was demonstrated that this result does not corttrétuie stellar nature of the GRXE, but
inconsistent with its cosmic ray origin. In this report wegent measurements of the GRXE flux in
the central regions of the Galaxy, and compare them with NifRase brightness and gamma-ray
background Galactic longitude profiles.

2. Observations, analysisand results

The possibility of the GRXE study with INTEGRAL observatd8} is based on the capability
of the IBIS telescope [10] to separate the contributionsoififssources from the background count
rate. Large field of view (FOV) of IBIS allows one to collect &R flux, but accuracy of its
measurement crucially depends on knowledge of instrurhbatkground. In the series of papers
[2, 11, 8] we developed several approaches for ISGRI backgionodelling for GRXE study
with INTEGRAL. The most optimal method includes INTEGRALasming observations along
the Galactic latitude, when the background model is adjugtey precisely using the mid-latitude
shapshots of the background performed shortly before aedafiven GRXE observation. This
is the main concept of the Galactic Latitude ScaB&$ [8]). In the present report we use data
from the followingGLSobservations centered at Galactic longitudes

e | =0°; exposure 1.3 Ms; revolutions 294-296, 357-360, 416-417,
e | =+225° exposure 1.6 Ms; revolutions 607, 610-615, 667, 670-672, 851-852,
e | = —225°; exposure 630 ks; revolutions 1022-1025, 1082-1083.

We screened the whole data set following the procedure ibescm [2], and built 25- 60 keV
mosaic sky image of each scan. The list of significantdy> 5) detected sources was used in
the iterative procedure of source flux subtraction from BE&RI detector count rate [2, 11, 8].
The obtained detector light curves sampled per individdABITHEGRAL observation with typical
exposure of 2 ksKcientific WindowScW), and free from source contamination, are shown in
Fig. 1.

Using the background model from [8] we obtained for eS§chiVthe predicted detector count
rate. As seen from Fig. 1, there is a positive excess betwbsareed and predicted detector
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Figure 1: Detector count rate of the individu&lcWs as a function of sequence number, after subtracting
flux contribution from point sources (in black). The datarsicontain pure statistical errors. The red points
represent the count rate predicted by the background model.

count rate, which is actually the GRXE signal detected wHaS IFOV is crossing the Galactic
plane. The sharp changes reflect long-term variability eftiackground. Averaging this excess
over the Galactic latitude we constructed GRXE profiles shiowFig. 2. All profiles demonstrate
significant GRXE detection in the Galactic plane. We meas@RXE flux in the|b| < 5° latitude
range, which roughly corresponds to the IBIS fully coded FDAking systematic uncertainty of
5.7 mCrab in 25- 60 keV band ([8]) into account, the obtained flux values a®#1%5, 72+ 15,
and 62+ 12 mCrab at =0°, | = —225°, andl = +22.5°, respectively. For the sake of convenience
of reference, we also show Gaussian functions roughly septeng IBIS response function as a
collimator. The position, width (FWHM), and normalizati@me fixed on values®( 16.45°, and
GRXE flux, respectively. GRXE profiles are in general agregmgth IBIS response function,
however scan dt= —22.5°, having lower exposure with respect to the others, dematessome
deviation from Gaussian. The flux measurement-at)® is consistent with~ 150 mCrab GRXE
flux in 17-60 keV band obtained in our previous work [2] usihg same data set.
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Figure 2: Galactic latitude profiles of the GRXE in the 2560 keV energy range (in red). Gaussian
functions represent IBIS response as a collimated instnume

We can test the measured fluxes for consistency with stefildrcasmic-ray induced (truly
diffuse) GRXE origins. To this end, we compare the obsenard X-ray Galactic longitude profile
with the corresponding intensity profiles of a given tradde use the COBE/DIRBE.9um data
(zodi-subtracted mission average map provided by the LAMBIIchive of the Goddard Space
Flight Center, http://lambda.gsfc.nasa.gov, and coerckefdr the interstellar reddening as described
in [2]) as a tracer of stellar mass, and the EGRET gamma-relygoaund map above 100 MeV as
a tracer of the cosmic-ray induced gamma-ray background ililustrated in Fig. 3, where the
COBE/DIRBE and EGRET longitude profiles (convolved with $8lesponse) are renormalized
to the hard X-ray flux observed in the GC. The width of INTEGRpdints has been estimated
from the effective sensitivity of each data set. We concltidd the measured GRXE fluxes are
consistent with the stellar mass distribution of the Galaaged by NIR maps, rather than with the
cosmic-ray induced gamma-ray background seen by EGRES.réhillt is in agreement with our
previous works [1, 2] and supports stellar origin of GRXE.
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Figure 3: Galactic longitude profiles of the COBE/DIRBES#im intensity (dashed line) and EGRET back-
ground above 100 MeV (dotted line), both normalized to thex&Rlux of 154 mCrab at = 0°. Red
points represent GRXE measurements of the current work.Zohepper limit corresponds to the GRXE
measurement at= 155" [8].
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