
INTEGRAL’s Earth Observations
4 similar CXB occultation observations in Jan-Feb 2006
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INTEGRAL Earth observation

Spectral shapes could be 
independently derived for

●Cosmic X-ray background

● Earth emission

●Galactic X-ray background

● Point sources

This is the result of 1 day of 
observation (rev 401-406)

Turler et al 2010



Why do we care about the CXB ?

●The CXB is emitted by 
a population of 
unresolved AGN

‣fraction of obscured, 
unobscured, and 
Compton-thick AGN

‣evolution with redshift

●There is a controversy 
with the CXB 
normalisation at the 
level of 10%
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Fig. 5.— Observed spectrum of the extragalactic X-
ray background from HEAO-1 (Gruber et al. 1999), Chandra
(Hickox & Markevitch 2006), XMM (De Luca & Molendi 2004),
INTEGRAL (Churazov et al. 2007) and Swift (Ajello et al. 2008)
data. The dashed gray line shows the XRB spectrum from the
AGN population synthesis model of Treister & Urry (2005), which
assumed a 40% higher value for the HEAO-1 XRB normaliza-
tion. The thick black solid line shows our new population synthesis
model for the XRB spectrum; the only change is the number of CT
AGN, which is reduced by a factor of 4 relative to the number in
Treister & Urry (2005). Red, blue and thin black solid lines show
the contribution to this model from unobscured, obscured Comp-
ton thin and CT AGN respectively.

measurements of the XRB, reported by Churazov et al.
(2007), have uncertainties of ∼5% including both statis-
tic and systematic effects. Similarly, the Swift measure-
ments have estimated errors of ∼3% (Ajello et al. 2008).
Both measurements are consistent with each other but
are ∼10% higher than the original HEAO-1 intensity.
Translating this ∼5% uncertainty into an uncertainty in
the number of CT AGN, we conclude that the total num-
ber of CT AGN can be changed by a factor of 55% and
still be consistent with the current measurements of the
XRB. However, this calculation does not include the un-
certainty in the normalization of the Compton reflection
component, which is by far the dominant factor. For
comparison, the statistical errors for the measurement of
the ten CT AGN detected combining the Swift and IN-
TEGRAL surveys correspond to an uncertainty of ∼30%
(Gehrels 1986), i.e., the direct detection of CT AGN is
much better than the XRB for determining the number
of CT AGN.

Given that the number of CT AGN in the local Uni-
verse is effectively constrained by the Swift and INTE-
GRAL surveys, it is now possible to estimate the total
contribution of CT AGN to the XRB, as well as its red-
shift dependence. In order to do that, we integrate the
total X-ray emission from the CT AGN in our popula-
tion synthesis model and divide it by the observed XRB
intensity. To facilitate the comparison with the local
sources observed by Swift, and to make sure that the
effects of absorption are negligible, we perform this inte-
gration over the 14-195 keV band. In Figure 6 we show

Fig. 6.— Cumulative fractional contribution of CT AGN
to the XRB in the 14-195 keV Swift/BAT band as a func-
tion of redshift, from the population synthesis model pre-
sented here (solid line; see text for details). As shown by
the vertical dashed lines, 50%, 80% and 90% of the total CT
AGN contribution come from sources at z<0.7, 1.4 and 2.0
respectively. Only ∼1% of the total XRB intensity comes
from CT AGN at z>2. Given the current 5% uncertainties in
the measurement of the XRB intensity, this means that the
XRB spectrum does not constrain the number of high-redshift
CT AGN at all (factor of 5 uncertainty). The data point at
z∼0 corresponds to the contribution to the XRB by the CT
AGN detected by Swift/BAT, while the data points at high
redshift were obtained from the CT AGN in the Chandra
sample of Tozzi et al. (2006). Solid error bars correspond to
transmission-dominated sources only, while the data points
with dashed error bars include all the sources in the sam-
ple. As expected, most of the contribution to the XRB comes
from the transmission-dominated sources, which are in gen-
eral brighter. Good agreement between our population syn-
thesis model and observations of CT sources is found at all
redshifts.

the resulting redshift dependence of the fractional contri-
bution to the hard XRB radiation. As can be seen, the
total contribution of CT AGN to the XRB is ∼9%, and
about 50% of it comes from sources at z<0.7. Similarly,
we conclude that ∼2% of the XRB is provided by CT
AGN at z>1.4, while CT AGN at z>2 only contribute
!1% to the XRB. Conversely, the 5% uncertainty in the
absolute measurement of the XRB intensity translates
into an uncertainty of a factor of ∼5 in the number of
CT AGN at z>2. Hence, the number of CT AGN at
high redshift is largely unconstrained by the XRB.

In Figure 6 we further compare this expected redshift
dependence to the integrated fluxes from individually-
detected CT AGN. At z"0 we integrate the emis-
sion from the eight sources detected by Swift/BAT. At
higher redshifts we use the sample of CT AGN can-
didates detected in X-rays in the Chandra Deep Field
South reported by Tozzi et al. (2006), which includes
14 reflection-dominated AGN and six transmission-
dominated AGN with NH>1024 cm−2. In the same
field, Georgantopoulos et al. (2007) found a total of
18 CT AGN candidates, but only eight of them with

Treister et al. (2009)



Comparison with previous INTEGRAL results

Cosmic X-ray background
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Comparison with HEAO-1

INTEGRAL results are in agreement with HEAO-1, 
i.e. we do not confirm a 10% higher intensity.

Error bars can be decreased with more exposure

Comparison with other recent CXB measurements



Galactic ridge emission
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Comparison with other INTEGRAL results

Average mass of white dwarfs in the Galaxy : 0.6 M�
INTEGRAL provides the best galactic ridge spectrum.

We can make it even better -> INTEGRAL legacy

The broad-band view



Earth emission
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☞ Important difference in normalization

Disentangling CXB reflection & cosmic-ray emission

Total

Earth reflection 
of CXB

CR induced 
emission



Status
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We derived state-of-the-art hard X-ray spectra 
of 3 fundamental components:

The Cosmic X-ray Background

The Galactic Ridge emission

The Earth reflection & emission

All this with only ~1 day of INTEGRAL observing time!

! INTEGRAL CAN DO BETTER

An AO proposal has been submitted by a large group 
lead by Roman Krivonos...

...but no decision yet to perform more Earth observations.



Gain on systematics
by looking away from the Galaxy with less cosmic-rays
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al. 1997) and by Swift/BAT (Ajello et al. 2008) (see

Fig. 9 of Türler et al. (2010) for a comparison with

INTEGRAL results). The problem with all these de-

terminations is that they rely on prior assumptions

of either the spectral shape of the CXB and/or the

Earth emission components. There are therefore still

quite important systematic uncertainties in the results

of all Earth occultation studies, including the ones of

INTEGRAL.

Nevertheless, INTEGRAL has not yet exploited its

potential in this field. With its unique high-altitude

orbit and a field-of-view that is large enough to in-

clude the full Earth, it is in a prime position to make

the best, most model independent measurements of

the CXB via Earth occultation. The analysis meth-

ods are now mature and validated by the previous

publications by Churazov et al. (2007) and Türler et

al. (2010), but there is a need of more observations,

ideally away from the Galactic plane for what con-

cerns the CXB analysis, to make a big improvements

and push down both the statistical and systematic un-

certainties on the results. The observation period of

AO-8 is also better with respect to the solar cycle (see

below), which will further allow us to extend the de-

termination of the CXB to higher energies (towards

200-300 keV or so) especially with SPI.

Scientific objectives (2): Earth
emission

Cosmic rays interacting with the Earth atmo-

sphere create numerous secondary charged particles.

The produced electrons create X rays photons by

bremsstrahlung. The produced meson decay produces

gamma ray photons. The aurora creates low energy

photons mostly near the magnetic poles. The flux

and geographical distribution of the Earth gamma ray

emission depends from the solar activity. The aurora

part can be varying over rather short periods. The

visible part of the Earth is a changing function of the

orbit and the attitude of the spacecraft. All those

effects are difficult to predict (see Monte-Carlo pre-

diction Sazonov et all 2007) both in spectrum and in

intensity.

One of the essential results of the performed obser-

vations was measurements of the Earth emission due

to intrinsic Earth atmosphere emission due to bom-

bardment by the cosmic rays and reflection of the

CXB flux from the Earth atmosphere. The latter spec-

tral component significantly complicates the analysis

of the Earth-occulted data and extraction of the CXB

spectrum. This complication occurs due to fact that

at hard X-rays INTEGRAL effectively measures the

flux difference between the CXB brightness (occulted)

and the Earth brightness due to cosmic ray bombard-

ment (added). At the highest energies (>100 keV)

Earth brightness dominates and we should be very

solid about the shape of the Earth emission compo-

nent in order to be able to make secure decomposition

of the INTEGRAL detector count rates into these sev-

eral components.

Figure 3: Predicted total X-ray spectral surface bright-
ness of the Earth (solid lines) - sum of cosmic ray-induced
atmospheric emission (dotted lines) and the reflected CXB
radiation (dashed lines). For details see Sazonov et al.
(2007).

The increased level of the solar activity results in

the decreased flux of low energy cosmic rays, which,

in turn, leads to the reduced brightness of the cosmic-

ray induced emission from the Earth’s atmosphere

(Fig. 3). Therefore, the region of dominance of the

CXB over the intrinsic emission of the Earth’s atmo-

sphere during such periods moves to higher energy.

The measurement of the Earth atmospheric gamma-

ray emission itself during Solar maximum would be

very valuable to evaluate the potential of the Earth

disk as a calibrator for gamma-ray missions. For in-

stance, the independent INTEGRAL measurement of

the Earth emission is valuable for Fermi observations

at higher energies for all 3 diffuse emission components

(CXB, Earth and GRXE).

Previous observations of the Earth were performed

almost during the Solar minimum (see Fig. 4), there-

fore the brightness of the Earth atmosphere was al-

most maximal. We can expect the maximum of the

Solar activity to be at the end of 2011 - 2014, which

will effectively reduce the brightness of the Earth.

The new observations proposed here will allow us

to test the results of Monte-Carlo simulations for the

cosmic-ray induced emission and in particular, when

compared to the 2006 data, the expected dependence

on the solar activity. Concerning the albedo compo-

nent – the reflection of the CXB by the Earth – a

higher normalization was derived in the analysis of

Türler et al. (2010) compared to the expectations of
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Sazonov et al. (2007)



Gain on statistics
by a factor 2 with 4x4 new Earth-occultation observations
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20102011
(i.e. 4 days)


