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ASCA Observations of the Spectrum of the X-Ray Background
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Abstract

We present initial results from ASCA on the spectrum of the Cosmic X-ray Background from 0.4 to
10 keV. About 250 ks of deep survey data has been collected from the performance verification phase of
ASCA. About 110 ks of dark-earth data are used to assess the internal background. A single power-law
describes the X-ray background very well in the 1 to 10 keV with no evidence for a steepening in the 1
to 3 keV range. At 1 keV, the intensity of the X-ray background is 9.6 keV s™! cm™2 sr~! keV~!. Our
data clearly show an excess above the extrapolation of the single power law model below 1 keV. At least
part of this excess can be accounted for with a thermal component as there is evidence for O viI and O VIII

emission.
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1. Introduction

The origin of the X-Ray Background (XRB) remains
an important astronomical puzzle (see Fabian, Barcons
1992 for a recent review). A major handle for study-
ing the XRB is its spectrum, which has a 40-keV
bremsstrahlung-like shape (Marshall et al. 1980). In the
3-10 keV band this is flat and can be approximated by a
power-law of photon index I' = 1.4. At lower energies it
appears to steepen, in part due to Galactic emission (see
McCammon, Sanders 1990; Snowden et al. 1990). It has
also been claimed that the extragalactic background has
a steep excess intensity below 2 keV (Shanks et al. 1991;
Hasinger et al. 1993). Here we use ASCA to determine
the spectrum of the XRB over the entire 0.4-10 keV band
for the first time.

This band, which covers the transition between the soft
and harder bands studied separately before, is very im-
portant since most observed extragalactic sources have
spectra that are steeper than the XRB itself and so are
expected to create a soft excess. The energy at which
this excess dominates the XRB indicates the mean spec-
tral index and contribution of these sources. While such

steep sources may contribute heavily to the soft XRB,
the most plausible current models for the harder XRB in-
voke a population of absorbed or reflection sources (Setti,
Woltjer 1989; Morisawa et al. 1990; Fabian et al. 1990;
Terasawa 1991; Madau et al. 1993; Zdziarski et al. 1993).
A high density of absorbed sources is also inferred from
a comparison of the source counts in the soft and hard
X-ray bands (Warwick, Stewart 1989; Hayashida 1990;
Hasinger et al. 1993).

2. The X-Ray Data: Cosmic

We have accumulated a 250 ks exposure spectrum of
the XRB in each of the Solid State Imaging Spectrome-
ters (SIS) (Bautz et al. 1995 in preparation). The data
come from deep exposures of the Draco, North Eclip-
tic Pole, Lockman Hole, and Lynx fields observed during
the performance verification phase. We used 4-CCD faint
and bright observation mode data in this study. The sep-
arate observations of these fields will be described else-
where by the ASCA PV team. Each field has a galactic
latitude near 45° and thus a low galactic absorption in
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the SIS energy band (0.4-12 keV). The largest HI column
density in these fields is about 6 x 102° cm~2 (Stark et
al. 1992). The data have been carefully selected to min-
imize the effects of optical light leakage and solar scat-
tered X-rays by taking data when the earth elevation an-
gle (the angle between the telescope field of view and the
Earth’s limb) was greater than 30°. In addition, parame-
ters which are particularly sensitive to optical light leak-
age, the number of CCD pixels above threshold and the
number of detected events, including cosmic rays and hot
pixels, per integration were used to make an additional
selection condition. Cut-off values for these parameters
were made after inspecting the light curves. Data taken
near the SAA are also avoided. With these criteria data
collected during satellite night and satellite day appear
comparable and were combined to yield the total expo-
sure time. The CCDs have some bad pixels with excess
dark current. Some of these pixels appear as events 100%
of the time and are called “hot pixels,” while others turn
on less frequently and are called “flickering pixels.” Pix-
els which turned on at least twice during any exposure
were rejected.

3. The X-Ray Data: Internal

In the SIS, approximately 98% of the cosmic ray in-
duced events can be rejected by grade which is a mea-
sure of the event shape. We have selected data with
grades 0 through 4 (Bautz et al. 1995 in preparation)
for our X-ray analysis. To handle the remaining 2% of
the internal background, data were collected while ASCA
looked at the dark side of the earth. 110 ks of dark-earth
data were collected from 1993 April to September during
satellite night with the same SIS data selection criteria
as were used for the sky data . Flickering pixel removal
was done as it was for the sky data. Finally, a slight de-
pendence on the local magnetic rigidity was observed in
the dark earth data. Therefore, both the sky data and
the dark earth data were selected when the rigidity was
greater than 8 GeV c¢~!. The spectrum can be character-
ized by a nearly flat continuum, fitted without using the
telescope and detector responses, with fluorescence lines
due to iron, nickel, aluminum, silicon, and gold. There
is also an oxygen line present, which we consider to be
most likely of atmospheric origin since there is no Si-K
line of comparable strength seen in the spectrum while
the fluorescence yield of oxygen is more than an order of
magnitude smaller than that of silicon and there is much
more silicon around the sensitive part of the detector.
The sky data probably does not have this oxygen line,
since the earth elevation angle cut is so stringent. The
removal of the oxygen line from the internal background
spectrum does not affect the results. The average spec-
trum of the dark-earth data set from the two SIS sensors
has a total intensity of 7.3 x 10™* ct s~ keV~! per CCD
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Table 1. Fitting results of the hard XRB with the
SIS over different band passes.

Band pass Thara Normnard

keV s ! cm™2 sr! keV !
3-7keV...... 1.38 £0.12 8.5+3.0
1-3keV...... 1.33 £ 0.05 8.6 +0.4

(6 x 107% ct s~ keV~lem™2). There is a difference of
about 12% between the two independent SIS detectors on
ASCA. A more detailed study of the internal background
is presented elsewhere (Gendreau et al. 1994). This spec-
trum was fitted and used as a background model for the
sky spectrum (figure 1).

4. The XRT Response

While the response of the SIS has very little depen-
dence on the source angular distribution, the X-ray tele-
scope (XRT) response to an extended source is different
than it is for a point source primarily due to stray X-
rays which reflect off of the telescope surfaces only once
(Serlemitsos et al. 1995). For each energy from 300 eV to
12 keV, in 100 eV steps, 107 photons with incident angles
randomly distributed between 0° and 2° of the XRT op-
tical axis were ray traced through the XRT model. Pho-
tons landing within the regions occupied by each of the
8 individual CCDs of each SIS were counted and normal-
ized to the incident surface brightness to yield an XRT
throughput in units of [sr cm?].

5. Fitting Results

In all the fitting, cosmic components are added to the
independently-fitted internal model (from the dark earth
data) and the C-statistic is minimized (Cash 1979 ). Data,
above 7 keV where the internal background becomes com-
parable to the sky background were excluded. Also, a
500 eV wide region around a known, but uncalibrated
instrumental feature at 2 keV is ignored.

In the 1-7 keV band, we find that a power law
of photon index of 1.41 + 0.03 and normalization of
8.9+0.4keV s~ ecm™2 sr7! keV~! at 1 keV can describe
the data (reduced x? = 1.8 for 256 d.o.f.). To check
the robustness of the single power law fit, we divided
this band into several overlapping bands and fit a power
law separately (table 1). Individual fits with each of the
eight CCDs of the two SIS detectors over the 1-7 keV
band yield a mean power law index of 1.43 & 0.09 and
mean normalization 8.9 + 0.8 keV s™! ecm™2 sr~! keV 1!
at 1 keV. No individual fit is greater than 2 away from
the mean result. The individual fits are much better (re-
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XRB Data With Internal Background Fit
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Fig. 1. Spectrum of the XRB obtained with the eight CCDs of the SIS detectors. The total exposure time is approximately
250 ks. The models drawn in the upper panel are the results of analytical fits to the dark-earth data spectrum for each
of the 8 CCDs. The instrumental background contains emission lines due to aluminum, nickel, iron, and gold on top of a
continuum. The lower panel shows the XRB data with the internal background models subtracted.
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Fig. 2. The unfolded spectrum of the XRB from 0.4 to 7 keV with the best fit model for the 1-7 keV band: a single power
law of photon index 1.41 and normalization 8.9 keV s~ cm~2sr—! keV~! at 1 keV. The excess above the model below
1 keV is due, in part, to galactic emission. Also shown are the Einstein satellite IPC results (Wu et al. 1991) as diamonds
and the HEAO1-A2 result (Marshall et al. 1980).
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duced x? = 1.37) than the combined fit which may reflect
intrinsic fluctuations in the sky. As an independent check
of this result, we make use of the Gas Imaging Spectrom-
eters (GIS) also flying on ASCA. From the GIS detectors,
we obtain the same result that a single power law com-
ponent of index about 1.4 describes the 1-10 keV data
well.

Next, we consider the full SIS energy range down to
the 0.4 keV. The discrepancy between the high energy
XRB model and the low energy data is quite clearly seen
in the residuals below 1 keV (figure 2).

As a first attempt to explain the excess, a Raymond-
Smith thermal component was added to the hard power-
law. Constraining the metal abundance of the plasma
to be cosmic, we obtain a temperature of 0.147 +
0.006 keV, T'yarg = 1.47 £ 0.02, and Normparqg = 94 £
0.4 keV s7! ecm™2 sr7! keV™!. The reduced x? = 2.1
for this model. Removing the constraint on the abun-
dance, we improve the fit (A likelihood = 86, reduced
x? = 1.8) and obtain an abundance of 0.044-0.01, a tem-
perature of 0.165 + 0.006 keV, I'y,q = 1.41 4+ 0.02, and
Normpard = 9.0+ 0.4 keV s~ ! ecm=2 sr~! keV~1. Since
this low abundance may be implausible for the Galaxy,
we have added a second power-law component, while fix-
ing the thermal component’s abundance to be cosmic.
The best fit (reduced x? = 1.8 ) with this model had a
temperature of kT = 0.16+0.01 keV, I'yarq = 1.3740.05,
Normparq =84+0.5keV s~ cm™2 sr! keV ™1, Tgop, =
3.940.7, Normgos = 1.0£0.7keV s~ ecm=2 st~ keV 1.
The dominant features in this model are the O VII and
O 11l lines at 574 and 650 eV.

We also tried replacing the soft power law with a
bremsstrahlung component. The best fit (reduced x? =
1.8) for the bremsstrahlung component had a tempera-
ture of kT = 0.24 keV while the Raymond Smith compo-
nent had a temperature of kT" = 0.15 keV and the hard
power law had a photon index of 1.39 and normalization
of 8.7keV s7! em~2 sr=! keV~L.

Over our bandpass, the continuum component of
all the models we have tried is well approximated
by a soft power law. A model which describes the
data as well as the best thermal plasma plus power
law model is a double power law with lines added
at 574 and 650 eV. The best fit parameters for this
model were T'harq = 1.4 (fixed), Normpaq = 84 +
0.2 keV s7! em™2 sr! keV7!, Ty = 4.0 £ 0.2,
Normgog = 1.3+0.3keVs~! cm=2 sr— 1 keV~1, 0.574 keV
line intensity = 2.3 & 0.3 photons~!sr~!cm™2, and
0.65 keV line intensity = 0.640.15 photon s™! sr™! cm™2.
Since the quoted errors indicate the 90% confidence
ranges for the parameters, the line detections are highly
significant.

The best fit double power law (without lines) had
Ihard = 1.24, Normparq = 6.9keVs™! cm™2 sr~1 keV 1,
Teort = 3.5, Normeost = 2.9 keV s™1 em™2 sr~! keV~!

[Vol. 47,

and a reduced x? = 2.7.

ROSAT and Einstein data (Hasinger et al. 1993; Wu
et al. 1991) suggest that the X-ray background steepens
in the 2 to 3 keV range. Recent ROSAT results resolve
out about 60% of the X-ray background at 1 keV into
sources with an average photon index of 2.1-2.2. With
ASCA, we find that a single power law of photon index
near 1.4 fits well in the 1-7 keV range. To address this
discrepancy, we have tried to see how large a contribu-
tion a soft power law component could make to the X-ray
background at 1 keV. Without any constraints on the
hard power law component, the 90% confidence upper
limits to the contributions of soft power law components
with indices Tgor; = 1.7, 2.0, 2.5, and 3.0 are 94%, 71%,
43%, and 26%, respectively, of the XRB at 1 keV. How-
ever, at these limits, the hard power law is forced to be
much harder than I'y,q = 1.4. Constraining the hard
power law component to have an index 'harq = 1.4, the
90% confidence upper limits to the contributions of soft
power law components with indices I'sosy = 1.7, 2.0, 2.5,
and 3.0 are 38%, 23%, 18%, and 16%, respectively, of the
XRB at 1 keV.

6. Conclusions

ASCA confirms the well-established power-law slope
of the XRB in the 2-10 keV band. A new result from
ASCA is that there is no steepening of this power law in
the 1-3 keV range. Thus a single power law with index
of about 1.4 fits the entire 1-10 keV range. BBXRT ob-
tained a similar result with much less statistics (Jahoda
et al. 1992). This component is most likely the re-
sult of many individual sources — mostly AGN (Fabian,
Barcons 1992; and references within). ASCA has seen
many absorbed sources with hard spectra (for example,
see Fukazawa et al. 1994) which may add up to make the
observed spectrum.

Below 1 keV, we see an excess which is due in part to
the hot interstellar medium in which the solar system re-
sides (Tanaka, Bleeker 1977; Inoue et al. 1979; Cox 1987;
McCammon et al. 1990). With ASCA we find a plasma
with a temperature of about 0.16 keV which is approxi-
mately consistent with earlier sounding rocket flights and
ROSAT results (Inoue et al. 1979; McCammon et al.
1990; Hasinger 1992; Snowden et al. 1990). We find that
the addition of a soft power-law with slope similar to the
continuum of the thermal component allows us to vary
the abundance of the thermal component while maintain-
ing a good fit, since the equivalent width of the oxygen
lines against the thermal continuum is a measure of the
abundance. Perhaps the soft power law is a result of
the summation of many individual sources as suggested
by recent ROSAT results (Hasinger 1992). However, the
soft power-law is much steeper than would be expected
from AGN (Hasinger et al. 1993). Alternately, it may
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be the case that the low abundance of the single power-
law plus thermal component model reflect some state of
non-equilibrium of the local interstellar plasma.

We thank all the instrument and operation teams that
made ASCA a success. Also, we thank Dan McCammon
for useful discussions. This work was supported by NASA
grant NASW-4372.
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