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We derive the spectra of the cosmic X-ray background (CXR) afnithe Galactic ridge X-ray
emission (GRXE) in the-20-200 keV range from the data of the IBIS instrument abolaed t
INTEGRAL satellite obtained during the four dedicated Earth-oetiglh observations in early
2006. We analyze the modulation of the IBIS/ISGRI detectamts induced by the passage of
the Earth through the field of view of the instrument. Unlikeypous studies, we do not fix the
spectral shape of the various contributions, but modetatstheir spatial distribution and derive
the expected modulation of the detector counts, which we fiéo the data.

The obtained CXB spectrum is consistent with the histbtteAO-1 results and falls slightly
below the spectrum derived witBwift/BAT. A 10 % higher normalization of the CXB cannot
be completely excluded, but it would imply an unrealisticdligh albedo of the Earth. The
derived spectrum of the GRXE confirms the presence of a mimigmound 80 keV with improved
statistics and yields an estimate-00.6 M, for the average mass of white dwarfs in the Galaxy.
The analysis also provides updated normalizations for pleetsa of the Earth’s albedo and the
cosmic-ray induced atmospheric emission.

This study demonstrates the potential STEGRAL Earth-occultation observations to derive the
hard X-ray spectra of three fundamental components: the,GBGRXE and the Earth emis-
sion. Further observations would be extremely valuableotafiom our results with improved
statistics.
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1. Introduction

In order to study the X-ray background, a series of four dedicEX8&EGRAL observations
were performed in January and February 2006. The Earth was allmagakss through the field
of view of the instruments shortly after radiation-belt exit while the spaieses aimed to point
towards a fixed position in the sky. A detailed analysis of these observdtamnbeen published
previously [2].

We made a complementary analysis focusing on the data of the IBIS/ISGRInmesit. In-
stead of fixing the spectral shapes of the CXB and the Earth emission centppwe attempt to
derive the complete spectral information from the observed detector liyk&in different energy
bins. This requires a deep understanding of the instrumental effects earéful modeling of the
spatial distribution of the various contributions from the Galaxy, the Eardpamt sourceq]1].

Preliminary results of this analysis were presented atBkteeme sky 2009 conference in
Otranto, Italy. As the final results are now being publiséd [1], we rdfereader to this publi-
cation for a thorough description of the method we used. In these piogseave focus on the
main results we obtain for the cosmic X-ray background (CXB) in $gct. Qdteetic ridge X-ray
emission (GRXE) in Secf] 3, and the Earth emission in $pct. 4. We end withtacshefusion in
Sect/[p.

2. Resultson the cosmic X-ray background radiation

We compare the CXB spectrum obtained by our analysis of the IBIS/IS&ettbr lightcurves
with the previoud NTEGRAL results in Fig[Jleft. Our approach could significantly increase the
useful energy range of the IBIS/ISGRI data towards higher energjies new results fall slightly
below the previous IBIS/ISGRI spectrum, while we get a good agreemitintthe SPI results
[A], except possibly for the first energy bin. The slightly lower emissionolv&in now with
IBIS/ISGRI is consistent with thélEAO-1 measurements and its analytical approximatign [6].
The flux scaling of theHEAO-1 spectrum by+10% suggested by{][2] is actually not required
anymore in the IBIS/ISGRI energy range. The discrepancy appedysoelow 20 keV for the
INTEGRAL/JEM-X data that indicate a higher CXB intensity than HEEAO-1 measurements.

We propose that only the lower-energy data of fi8AO-1/A-2 instrument could be scaled up
by ~ 10 % in intensity, without changing the normalization of the A-4 experiment {itaThis
would be acceptable within the uncertainties and would better match the JEMstreegents and
other results by recent X-ray instruments, which all suggest a highesitgebelow 20 keV than
obtained byHEAO-V/A-2 [ff, Fig. 15]. The net effect would be a broadening of the CXB hamg
a slight shift of its maximum towards lower energies. The expected qualitaiiveequence for an
AGN population synthesis of the CXB would be a reduction of the contributidheomost highly
obscured AGN, in particular the Compton-thick onfds [8].

In Fig.[ right, we compare our results to the rec&nift [B, ] andBeppoSAX [F] measure-
ments. Our data are consistent with 8w ft/BAT results and the combinealvift spectral model,
although they tend to be at a significantly lower intensity. Our data agreemadryvith the Bep-
poSAX/PDS data provided that they are scaled by a factor of 1.13 in intensity taricfoo the
difference in the Crab normalization with respectNTEGRAL [f].



INTEGRAL hard X-ray spectra of the cosmic X-ray background and the Galactic ridge

Marc Tirler

60 [

B4
sl

50

Energy ( keV )

100

60 [

n 0y n

5 40 - I% & .

B & I

T q

£ L g N

o o

% % % Ii‘-

X X Ao

~ o JEM-X (Churazov+ 07) -~ = Swift fit (Moretti+ 09) r\ |

B & IBIS/ISGRI (Churazov+ 07) [ad O BeppoSAX/PDS +13% \\

= 20 o IBIS/ISGRI (this work) @ 20 & INTEGRAL /JEM—-X \\\ E
O INTEGRAL /1BIS /ISGRI N
-- Proposed model \\

10
Energy ( keV )

50

Figure 1. Left panel: Comparison of the obtained IBIS/ISGRI CXB spectrum (redles) with the pre-
vious INTEGRAL results of IBIS/ISGRI (black diamonds), JEM-X (blue squRrand SPI (green triangles)
[E]. Right panel: Comparison of the sam&NTEGRAL JEM-X and IBIS/ISGRI spectra with other recent
CXB measurementsSwift/XRT [E] (orange shaded area) aBdift/BAT [ (green triangles) data with the
combinedSwift model []1] (black line and grey uncertainty area), and BeppoSAX spectrum |I|5] (blue
squares, scaled by +13%). The analytical model we propoEq.i@L) is shown as a purple dashed line.

Based on the considerations above, we can tentatively suggest a shgiétaoh of the ana-
lytical description of the CXB proposed b} [4, Eq. (4)], as:

dNy _ -, 0.109ph cm?stkev-tsrt

2
ST (E/28keV)L40 1 (E/28keV)288’

(2.1)

where the only difference — but a correction of a typo in the units — is agghahthe break energy
from 29 keV to 28 keV. The corresponding spectral shape is at the llawie of the uncertainty
area of theSwift model as shown in Fid] dight.

3. Resultson the Galactic ridge X-ray emission

In Fig. @ left, we compare the spectrum of the GRXE we derived from the Earth occultatio
with previous determinations all rescaled to the central radian of the Milkyd&iged in Galactic
longitudel and latitudeb by || <30° and|b| <15°. We obtain a good agreement between the results
of the various instruments, which is quite remarkable for data that wererlittagily renormal-
ized, but were rescaled based on a very simple double-Lorentzian wioidhel GRXE. All three
independentNTEGRAL measurements reveal a minimum at about 80 keV, but our IBIS/ISGRI
results suggest that the minimum is shallower than previously found. TheseitRXE below
80keV is thought to be due to a population of accreting white dwarfs tootfaime¢ resolved into
discrete sources in the hard X-rajis[9] 10].

The best-fit bremsstrahlung temperaturek®f= 14.7 + 1.4 that we derive for the accretion
column onto the pole of the white dwarfs agrees well with the measurementswifluad interme-
diate polar systems detected Byift/BAT [[L3]. Based on Table 2 in the latter publication, we note
that this temperature would correspond to a typical white dwarf mas4,@f- 0.60+ 0.05 M,
according to the model of T14].

Above 80keV the GRXE spectrum is likely dominated by inverse-Compton emi$sim
the interstellar mediun{J]2]. We derived an intensity at the level of tieeupper limits of [10],
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Figure 2: Left panel: Comparison of the obtained GRXE spectrum (blue squaresamddashed line)
with recent other determinations: previddTEGRAL/IBIS (red circles) andRXTE/PCA (black diamonds)
measurementﬂILO], and theTEGRAL/SPI spectrumml] (green triangles). All data are renoimadl to
the central radian of the Milky Way defined Hy< 30° and|b| < 15°. Right panel: Comparison of the same
INTEGRAL IBIS/ISGRI (blue) and SPI (green) spectra, but extendediglodr energies with the inclusion of
CGRO/COMPTEL (black diamonds) andGRO/EGRET (red error bars) measurements fr@ [12, Fig. 3].
The modelfit to the SPI data above 100 keV (solid line) cossisa powerlaw continuum (green dotted line),
the positronium continuum (short-dashed line) and a naalestron-positron annihilation line at 511 keV.

in excellent agreement with the latest SPI observatiprjs [11] and its denigh-energy powerlaw
photon index off =1.55. The extrapolation of this power-law is roughly consistent with higher-
energy data by the Compton gamma-ray observato@R0O), as shown in Fig] 2ight.

4. Resultson the Earth emission spectrum

The Earth emission is found to be very consistent with the spectra obtaireibysly, as
shown in Fig[Bleft, although there is a big scatter among the various determinations. This is at
least partially due to the modulation of the Earth emission by the solar cycle aapeadence
of the observed flux on the spacecraft altitude and the geomagnetic lafifd§iHeHor instance,
the difference in normalization by about a factor of two betweerSii&t/BAT spectrum and our
determination can be related tNTEGRAL drifting towards an almost polar orbit, whi@ift has
a more equatorial orbit.

A discrepancy we cannot ascribe to a different observation epoahddferent viewpoint is
the inconsistency of our results with the spectrum derived from the Hd&GRAL observations
[B]. We derive a higher Earth emission at low energies and a lower inteaistygh energies.
This has to be related to the different approach used here with a more dietaitkeling of several
instrumental effects and the contribution of the point sources.

To better characterize the difference between the two determinations ohttte $pectrum,
we show in Fig[Right the decomposition of the overall Earth emission in the two distinct compo-
nents considered in both studies. Those are the reflection of the CXB IBatkie— the albedo —
and the emission induced by cosmic-ray (CR) interactions in the atmospherespé&ctra of both
components can be described by analytical functions fitted to the resulter@eMarlo simula-
tions for the albedd[]16], and the atmospheric emisdioh [17]. In ordertteefibverall spectrum of
the Earth with these two components, we need to increase the albedo comippnren0 % and



INTEGRAL hard X-ray spectra of the cosmic X-ray background and the Galactic ridge Marc Turler

s0 |-

20 - 2 // /rkf f -
o reia |
o 4 NN

fv’;%@%uw
e et | ﬁg E
; "‘%‘ © 050-3 ]

0 BeppoSAX/PDS +13%
O Swift /BAT (Ajello+ 0B) ] L/
— INTEGRAL (Churazov+ 07) 1 / ’

EFg ( keVem-2s-tsrt)
EF, ( keVem=2s-isr-!)

N
T

1 . [ T 1 1 YA P B B 1
10 20 40 60 80 100 200 20 40 80 80 100 200
Energy ( keV ) Energy ( keV )

Figure 3: Left panel: Comparison of the obtained Earth emission spectrum (greagtes) with previous
determinations by various missions. The thin grey line esghevious NTEGRAL spectrum [[IZ]. The new
IBIS/ISGRI spectrum lies well between thxs0-3 [E] (black diamonds) and tHawift/BAT [ (red circles)
measurements. The values of BeppoSAX/PDS measurementE [5] were increased by 13 % (blue squares)
asin Fig.[ll.Right panel: Resulting spectrum of the total Earth emission (green gtes) solid line) with
separated contributions from the Earth reflection of the e§iin triangles, short-dashed line) and the CR-
induced atmospheric emission (magenta triangles, lospeathline). The thin grey curves are normalized
as derived by|]|2], whereas the thick colored lines are namedlto match our measurements.

decrease the atmospheric emission~b$0 % compared to the normalizations suggested by [2].
These important differences are not well understood[yet [1].

5. Conclusion

Our analysis of the foulNTEGRAL Earth observations results in a coherent set of spectra for
the CXB, the GRXE and the Earth emission. However, the study was compliogtetherent
degeneracy issues that forced us to fit the data with an additional dpeutrathness constraint
and adequate input parametdis [1].

The obtained IBIS/ISGRI results for the CXB are consistent with the hisHEBSO-1 spec-
trum, without any scaling in intensity. The obtained spectrum also agreeswtleltecentSwift
andBeppoSAX determinations. We propose a slight adaptation of the CXB analytical model tha
would imply a reduced fraction of strongly absorbed AGN than thought irednly 2000s.

The derived spectrum of the Earth emission is very well described byotfteifaution of two
distinct components: the reflection of the CXB that is dominant at lower &srgnd the CR-
induced atmospheric emission, but with very different normalizations thiminaial before[[2].

With a total observation time of only about a day, these special typ&STEGRAL obser-
vations yield a spectrum of the GRXE with comparable statistics as obtainedniyirdag all
availableINTEGRAL/SPI observations. This allows us to observationally estimate the average
mass of white dwarfs in the Galaxy. Conducting similar observations in diffeegions of the
Galactic plane would be useful to characterize the longitudinal distributitimeoERXE.

However, it would be even more important to conduct Earth observatweang faom the Galac-
tic plane to lift any degeneracy related to the presence of the GRXE anispairces. This would
lead to a determination of the CXB with improved statistics and less systematics anfiiiiu
exploit INTEGRAL's unique capability to observe the entire Earth from &¥agitude orbit.
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