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Summary. The diffuse emission in soft X-rays (0.1-2.5keV) was
measured over half the sky with 5° (FWHM) spatial resolution
during a sky survey experiment. X-ray intensity maps in galactic
coordinates are presented in B (0.1-0.19keV), L (0.1-0.28 keV),
and M (0.4-0.9 keV) energy bands. The maps contain observations
from part of the sky bounded by galactic longitudes [=180° to
270° and galactic latitudes b=40° to 80°, which is poorly studied
in other surveys. Regions of excess soft X-ray emission are found
to be associated with an edge of Loop I and its extension in the
southern galactic hemisphere, the northern H1 hole and other
features in H1 and radio continuum surveys. No quantitative
correlation is observed between the X-ray intensity and natural
hydrogen column density (Ny). The energy spectra observed
from some regions outside the Loop I are best fitted with thermal
emission spectra of a hot plasma with cosmic elemental abun-
dances, negligible interstellar absorption and temperature
105-2-10%-*K. The observed emission measures over several re-
gions of sky are in the range of (0.27-1.0) 10" 2cm™ ¢ pc. Present
data support the local origin for the soft X-ray background from a
thermal plasma of pressure 24600cm ™3 K, temperature ~10°K
and size <330pc. A spread in the temperature of the local hot
plasma with cosmic elemental abundances, is necessary to explain
the observed variation in the hardness ratio.

Key words: soft X-ray background — hot interstellar medium —
X-ray spectra

1. Introduction

The intensity distribution of diffuse soft X-rays in the energy
range 0.1-2.0keV has been studied for almost a decade and has
covered most of the sky (de Korte et al., 1976; Hayakawa et al.,
1978 ; Iwanami et al., 1979; McCammon et al., 1979 ; Fried et al,,
1980; Singh et al., 1981a, b and references therein). The soft X-ray
sky shows complex features with the intensity varying by a factor
as large as five and the energy spectrum changing significantly
over different regions of the sky.

The observed lack of absorption by the Magellanic clouds and
by M 31 (McCammon et al.,, 1971, 1976 ; Long et al., 1976 ; Seward
and Mitchell, 1981) indicates that the diffuse component of X-rays
below 0.28 keV is mostly (280 %) of galactic origin. The possible
contribution of unresolved stars to the soft X-ray background has
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been estimated to be about 20 % in the 0.28-1.0keV energy band
and <3% in the 0.15-0.28 keV energy band, thereby supporting
the non-stellar origin of the soft X-ray background (Vanderhill et
al., 1975; Levine et al,, 1977; Rosner et al., 1981).

The energy spectra of soft X-rays obtained from different
regions of the sky can be fitted by models of X-ray emission from
a hot, thin, interstellar plasma of temperature 1.510°K and with
no significant correlation for low energy attenuation by interven-
ing matter. This indicates a local, thermal origin of the soft X-ray
background (Sanders et al., 1979 ; Hayakawa et al., 1978 ; Fried et
al.,, 1980). This model is supported by the detection of Cv, Cwi,
O vi1, O vl emission lines in the diffuse X-ray spectra reported by
Inoue et al. (1979), Inoue et al. (1980), and Schnopper et al. (1981).
The observations of the ultraviolet absorption lines of interstellar
O vi1 (see review by Jenkins, 1977) further support the existence of
hot interstellar plasma at temperatures between 3 10° K to 10°K.
The probable energy source for heating the plasma to such high
temperatures is believed to be the energy released in the super-
novae explosions which can heat the interstellar matter and
maintain a substantial fraction of it at a temperature 10° K (Cox
and Smith, 1974 ; McKee and Ostriker, 1977; Cox, 1979, 1981).

In the present paper we report the distribution and the energy
spectrum of the soft X-ray diffuse component in the energy range
0.1-2.0keV, covering a major portion of well known radio loops —
Loop I, Loop III, and Loop IV and the rather scantily studied
region bounded by I=180° to 270° and b=40° to 80°, which has
not been covered in the otherwise complete survey of Wisconsin
(McCammon et al., 1979). The data are presented in the form of
intensity maps in the following energy bands; 0.1-0.19keV
(B-band), 0.1-0.28 keV (L-band), and 0.4-0.9 keV (M-band).
Correlation of the intensities in L- and B-bands with Ny, cor-
relation of L-band intensity with B-band intensity and the galactic
distribution of the hardness ratio, R, defined as L-band intensity
over B-band intensity, are discussed in an attempt to characterize
the emission regions in terms of temperature, pressure and the
extent of hot plasma. The hardness ratio of M over L band
intensities is not discussed in view of the significant stellar
contribution to the diffuse X-ray background in the M-band.
Spectral details are presented for a large number of broad regions
outside the Loop I so as to study the spectra of diffuse X-ray
background only. The spectra from some of the regions are best
fitted with a single temperature (10%-2-10%3K) X-ray emitting
plasma (Kato, 1976) with negligible absorption due to interstellar
matter and thus supporting the local, thermal origin of the diffuse
soft X-ray background. An additional higher temperature com-
ponent (T ~10°-°~107-° K) tends to improve the fits to the spectral
data in certain other directions.
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Fig. 1a and b. Detection efficiency of multi-wire proportional
counter filled with pure propane gas at pressure of 200 Torr and
carrying 1.5 p thick polypropylene windows coated a with carbon
(thickness =35pgem™2), b with boron (thickness =70 pgcm™32)

2. Experiment

The observations were made with two rocket borne proportional
counters. The two 4-layered (16 anodes/layer), wire-wall, gas-flow
proportional counters were arranged in a back-to-back geometry.
Each counter had a complete three-sided wall anti-coincidence
shield for charged particle rejection. The odd and even cells of the
top three layers were operated in anti-coincidence with each other
to reduce the non-cosmic X-ray background. Each counter had an
effective area of 495cm? with a polypropylene window of 1.5
thickness. One counter window was coated with 35ugem™2 of
carbon and the other was coated with 70 pgcm ™2 of boron. The
counters were filled with propane gas at a pressure of 200 Torr. The
pressure inside the counters was maintained steady at 200 Torr by
an on-board gas control system. Figure 1 shows the detection
efficiency of the counters as a function of photon energy. The
energy resolution of the counters, AE (FWHM)/E, was 85% at

0.28 keV and 38% at 1.5keV. Both the counters had identical
fields of view defined by aluminium slat collimators to 5°x 5°
(FWHM). Further details of the payload are described in Singh et
al. (1980).

The rocket was launched from Sriharikota Range in India
(SHAR: lat.=1327 N, long.=80°2 E, and geomag. lat.=5°2 N) at
1706 h. UT on June 24, 1979. Three mutually perpendicular
magnetometers, coaligned with the X-ray detectors provided the
aspect at any given instant. The rocket was allowed to precess
with a half-cone angle of 34°. The spin period stabilised at 0.68 s
and the precession period at 58.5s. The rocket reached an apogee
of 332km and spent 400s above the altitude of 150km. Inflight
calibration of the proportional counters was provided by 1.5keV
Al-K fluorescent X-ray line, once every 100s.

3. The data

The experiment surveyed nearly half the sky in the northern and
southern galactic hemispheres. Counts in L (0.1-0.28 keV), B (0.1—
0.19keV), and M (0.4-0.9keV) bands, observed along the scan
path were folded in each 5°x 5° sky bin in galactic coordinates
corresponding to the central axis of the filed of view. The aspect
solution was cross-correlated with Cen X-3/MSH 11-54 (1=292°,
b=0236) which was seen as a point source in each of the
precession cycle at energies >0.5keV. Only data obtained during
the altitude range 150-330km were analysed so that corrections
due to the atmospheric absorption were negligible. Data obtained
during the inflight energy calibration cycle of the detectors were
discarded. Contributions from discrete X-ray sources are how-
ever, not subtracted from the X-ray brightness maps but are not
significant in the L- and B-band maps.

The L and M-band intensity distribution maps (Figs. 2 and 3),
in the Aitoff and Polar equal area projections, were constructed
from data obtained with the counter A (with carbon coated
window). The B-band intensity distribution map (Fig. 4), in the
Polar equal area projection of the northern galactic hemisphere,
was produced from the data obtained with the counter B (with
boron coated window). There was some indication of con-
tamination of X-ray data from counter B with UV radiation from
certain regions of the sky. Such data were discarded in the
analysis. From the ratio of counts in the top layer to that in the
bottom two layers, the contamination due to low energy electrons
was estimated to be 16.5+5% in the energy intervals 2.0-2.6keV
and less than 5% for the lower energy data. In deriving the energy
spectrum the data were corrected for (i) non-cosmic X-ray
background; (ii) electron contamination, and (iii) the extragalactic
X-ray background represented by the extrapolation of power law
spectrum 11 E~'* photons (cm? s~ ! sterad keV)™! to lower
energies.

The exposure of proportional counters over the celestial
sphere was highly non-uniform and varied by a factor ~5. The
statistical significance of intensities shown in the X-ray distri-
bution maps is given in Table 1.

4. The spatial distribution of X-ray brightness

The soft X-ray sky maps presented here contain observations
from a part of the sky bounded by I=180° to 270° and b=40° to
80°. This region of the sky is not so well studied in other surveys.
The average X-ray brightness in the L-band (Fig. 2) shows a clear
increase towards the north galactic pole by a factor ~3 to 5 than
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Fig. 2. a L-band (0.1-0.28 keV) X-ray brightness map in galactic
coordinates (AITOFF projection). Thick line demarcates the
earth’s shadow. b L-band (0.1-0.28 keV) X-ray brightness map
in northern galactic hemisphere (Polar projection)

that observed in the galactic plane. Also there are several regions
where the soft X-ray brightness is significantly enhanced com-
pared to the surrounding regions. Many of these regions appear to
be associated with structures seen in neutral hydrogen (21 cm
surveys of Fejes and Wesselius, 1973 ; Heiles and Jenkins, 1976),
non-thermal radio continuum (Berkhuijsen, 1971 ; Landecker and

321

Table 1. Statistical significance of X-ray intensity maps

Band Fraction Fraction of
of the total sky the surveyed sky
=20 =30 =20 =30
L 0.40 0.25 0.80 0.438
M 0.25 0.10 0.48 0.19
H 0.30 0.13 0.59 0.26

Weilebinski, 1970), and H, filaments (Elliot, 1970) etc. as shown in
polar projection in Fig. 5 for comparison.

a) The Loop I region

A large region bounded by /=270° to 30° (towards the galactic
centre), b=0° to 75° shows up prominently in the M-band maps
(Fig. 3). This region contains a large portion of the Loop I (North
Polar Spur) with its centre at a distance of 1304+75pc
(Mathewson and Ford, 1970; Iwan, 1980) and whose diameter is
~230+135pc (Berkhuijsen, 1973). X-ray enhancement from in-
side the Loop I has been observed earlier by Hyakawa et al.
(1977), Davelaar et al. (1979), Iwan (1980) and others. Present data
show considerable soft X-ray excess in the L-band all along the
inner edge of the Loop I from I, b=270°, 40° to I, b=2300°, 70°.
This limb brightening effect is also observed in the B-band at
somewhat lower galactic latitude and more towards the inside of
the Loop I. Enhanced diffuse X-ray emission in the M-band is
observed from a region between 300°<[<330° and —45°<b
< —10°, which is spatially coincident with the geometrical exten-
sion of LoopI in the southern galactic hemisphere. Excess X-ray
emission from this region was earlier reported by Hayakawa et al.
(1977) and is also seen in the X-ray maps of Fried et al. (1980). The
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Fig. 3. a M-band (0.4-0.9keV) X-ray brightness map in
galactic coordinates (AITOFF projection). Thick line
demarcates the earth’s shadow. b M-band (0.4-0.9keV)
X-ray brightness map in northern galactic hemisphere (Polar
projection)

soft X-ray observations presented here, almost complete the
picture of Loop I as one large circular object in the soft X-ray sky.

The situation is however, quite different in the radio con-
tinuum and 21-cm observations. The boundary of Loop I at
1=265°, b=35° to 45° is observed in the radio continuum survey
(Berkhuijsen, 1971) but its association with a well defined H1ridge

Fig. 4. B-band (0.1-0.19keV) X-ray brightness map
northern galactic hemisphere (Polar projection)

in the

is controversial (Fejes and Wesselius, 1973 ; Heiles and Jenkins,
1976). The southern extension of Loop I, not observed in most of
the radio continuum surveys except that of Yates (1968), is
physically associated with a low velocity (—20 <V <30kms™1)
hydrogen filament and the direction of the optical polarisation
vectors. A sharp increase in the polarisation at 115 pc towards the
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southern extension of Loop I is in agreement with the distance of
Loop I in the northern galactic hemisphere (Cleary et al., 1979).

The Loop I is a supernova shell, produced by the explosion of
one of the members of Sco—Cen association inside a bubble of gas
and dust formed due to strong stellar winds from early type stars
of the association (Weaver, 1979). As the supernova exploded into
a hot, uniform and low density medium (Hayakawa et al., 1979)
the shell produced is large and highly spherical. The X-ray
emission that we observe originates from the shock-heated, high
temperature (23 10%K) tenuous plasma produced by the super-
nova explosion. Such a high temperature is necessary to explain
the hard X-ray spectra observed from inside the Loop I (see Sect.
8). Iwan (1980) has suggested Loop IV as an energetic event —
most probably a supernova explosion, that has reheated the
Loop I. Excess diffuse X-ray emission is seen towards the
Loop I'V region but at present it is difficult to separate the effects of
Loop I and Loop IV.

b) The Loop I1I and other regions

Most of the X-ray emission observed from the Loop III region,
contained in our survey, is very soft (L and B-bands only). There is
an increase in the X-ray intensity towards the higher latitudes
inside the Loop III region. However, this X-ray emission could be
part of the foreground emission.

A small region near the celestial pole and inside the Loop III
region known as the “polar feature” is characterised by deficiency
of radio emission in Berkhuijsen’s 820 MHz survey. One of the
major filaments in Heiles and Jenkins 21-cm survey is associated
with it. From the associated radio continuum polarization at
1410MHz (Spoelstra, 1972), Heiles and Jenkins have suggested that
because of the lack of emission in either 21-cm or radio continuum
from inside, the structure is probably filamentary rather than
being an edge-on shell of a typical supernova explosion. We have
discovered an excess in the L-band X-ray intensity at 2.8¢ level
from the sky bins through which the boundary of the polar feature
passes. An excess M-band intensity is also observed in one of the
sky bins inside the polar feature. However, a more sensitive survey
with a finer spatial resolution is required to confirm our
observations.

A prominent hole in the distribution of H1 column density
(Heiles, 1975) known as the Northern hole, where the Ny drops
sharply to 510'°atomscm ™2 from 1.5102° atomscm™ 2 outside
the hole, is shown in Fig. 5. We have observed a significant
L-band excess from this region and also an indication of M-band
excess from the inside lower edge of the hole.

A large low-brightness region defined by 95° <1< 130°, —45°
<b<0°is observed in the L-band sky map. This overlaps with a
low intensity region centered at [, b=110°, —30° with a radius of
30°, observed by Fried et al. (1980). The Ny is reported to be
24102 atoms cm ™~ 2 for this entire region (Heiles, 1975).

Our L-band map is in fair agreement with that of previous
surveys. However, a comparison of our M-band map with that of
de Korte et al. (1976) and McCammon et al. (1979) shows that
although the two maps are quite similar in the region 300° <!
<360°, 0°<b<45° the region in the southern hemisphere for
bz —15° and 330°<[<360° seen brightly in their maps is not
observed to be so bright in our maps. A possible cause for this
discrepancy is probably due to the different nature of the two
detectors and due to contribution from a large number of bright
discrete sources in that region. The source contamination in the
M-band in the case of earlier experiments is likely to be enhanced

323

7
80

180°
77N
(3]
\
y
270"
Fig. 5. Radio continuum loops (—— observed, ——— Circular
extensions), neutral hydrogen (21 cm) structures —-—-— ) and H,

filaments (/////) in the northern galactic hemisphere

because (i) P-10 filled detectors of Wisconsin group have nearly
twice the integral efficiency in the 1-2keV band as compared to
the efficiency of our propane filled detectors, (ii) the galactic centre
sources appear very weak below 1keV due to absorption by
interstellar medium but are very bright above 1keV, and (iii) the
band spill over due to finite and poor resolution of the detectors
for energies less than 2keV. In the case of de Korte et al. (1976) the
difference also arises due to the larger field of view, apart from the
above factors. It is estimated that source contamination in the
case of P-10 filled detector will be nearly twice compared to our
propane filled detector. This point has also been discussed by de
Korte et al. (1976), Fried et al. (1980), and Nousek et al. (1982).

5. Correlation of X-ray intensity with N

It was pointed out in Sect. 4 that a tendency for a general increase
of the soft X-ray brightness is observed as Ny decreases towards
the north galactic pole. The correlation plots for L-band intensity
vs. Ny (Ny taken from Daltabuit and Meyer, 1972) for narrow
latitude bands and for all longitudes in the northern galactic
hemisphere are shown in Fig. 6. Each point in this diagram
represents an average of counts over a bin which is 10° in
longitude and 5° in latitude. Measurements with less than 3¢
statistical significance are not plotted in this diagram. Typical
error bars are indicated for a representative point and are
normally of the order of 20 % of the value in the L-band data. In
most of the latitude bands, there is a large scatter in the L-band
intensity for Ny $4102°atomscm™? after which the intensity is
seen to drop off very slowly. The decrease in the L-band intensity
with increasing Ny is particularly noticeable for the latitude range
of 20° to 50°. Since optical depth for photoelectric absorption in
the L-band corresponds to Ny~210?*Catomscm™2 where no
decrease in intensity is observed, simple photoelectric absorption
cannot account for the observed anti-correlation of the L-band
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intensity with Ny A similar analysis for the southern galactic
hemisphere by Sanders et al. (1977) led to the same conclusion.
The B-band (0.1-0.19keV) X-rays vs. Ny plot is shown in Fig.7.
The B-band data is available only for the latitude range of 40°
to 75°, where the contamination by UV radiation is negligible.
The statistical errors are more than the errors for the L-band data
due to lesser exposure and lower detector efficiency in this band.
The error bars have been indicated for a few points. The data from

regions inside and outside the NPS are shown separately because
the excess X-ray emission from NPS is superposed over the
foreground emission in the NPS direction. The B-band intensity is
observed to decrease with increase in Ny for the regions outside
NPS. The intensity drops off slowly at Ny~2.510?° atoms cm ™2
before which it is almost constant with a large scatter. The optical
depth for photoelectric absorption in the B-band corresponds to
Ny~10?%atomscm™2. Therefore the observed anti-correlation
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Fig. 7. B-band intensity vs. Ny for regions inside and outside the
Loop I (North Polar Spur — NPS). The curves drawn represent the
values predicted by Kato plasma with absorption by N,
Temperature of the plasma is indicated in the figure

cannot be explained by the photoelectric absorption. Similar plot
of the L-band intensity vs. Ny is shown in Fig. 8, showing the
same trends as observed in Fig. 7. The average L-band intensity is
higher outside the NPS than inside it indicating that there is some
neutral matter between us and the NPS.

Using the calculation of Kato (1976) for X-ray emission from a
hot, thin plasma, the simulated Z- and B-band rates have been
calculated for representative temperatures in the range of 10°-2 K
to 10%3K and with simple photoelectric absorption due to
different values of Ny. The predicted count rates vs. Ny curves are
plotted in Figs. 7 and 8. These curves fail to describe the data,
thereby indicating the lack of quantitative correlation between
X-ray intensity and Ny

The observed lack of energy dependent absorption in the B-
and L-bands (Figs. 6-8) is consistent with the fact that there is
very little amount of neutral material between the sun and the
regions emitting soft X-rays, with the exception of the Loop I
region. Corroborating evidence for very low Ny in the solar
neighbourhood has also come from the Lyman-o absorption
measurements towards nearby stars (Bohlin et al., 1978). For
example, the stars a Vir, 6 Cen, fCen, vSco, ASco, and aPav,
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Fig. 8. L-band intensity vs. Ny for regions inside and outside the
Loop I. The curves drawn represent the values predicted by Kato
plasma with T=10°%K, 10%2K and with absorption by Ny in
the line of sight

which are at distances of 86 pc, 84 pc, 134 pc, 102 pc, and 57 pc
respectively, have ny values of 0.038, <0.4,0.127, <0.043, <0.076,
and 0.11cm™3 respectively, indicating that most of the cold
material measured in 21cm absorption must be behind the
emission regions which are therefore local. The apparent anti-
correlation of soft X-ray intensity in some directions can be
explained as arising from a “displacement” effect (Sanders et al,
1977). The correlation plots (Figs. 6-8) could also be explained if a
large fraction of cold neutral gas in the interstellar medium were
clumped in optically thick clouds and interspersed in the hot
plasma producing X-rays (McKee and Ostriker, 1979) with the
variation in the number of such clouds resulting in the variations
in the L- and B-band intensities. However, the observed spatial
intensity fluctuations (Levine et al., 1979) do not support such an
explanation (Fried et al., 1980).

6. Correlation between L- and B-band intensities

Using the observed L- and B-band intensities we evaluate the
relationship between the extent (d) of the local hot plasma and its
pressure (P) as follows:
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Fig. 9. L-band intensity vs. B-band intensity for the regions inside
and outside the Loop I. The straight lines drawn represent the
values predicted by Kato plasma with T=10°8K and 10%3K,
without interstellar absorption (Ny;=0) and with interstellar
absorption (Ny=10*°cm™?)

For a hot thin plasma, the intensity of the local unabsorbed
emission is given by:

AT E)
4nE

I(E)= nad, (1)

where n, is the average electron density and n?A(TE) is the
average volume emissivity of the plasma at temperature T. Since
the pressure is given by P/k=2n,T, we can write
1671EI(E)}”2
Plk=T|—7- 2
=T e @

Using the calculations of Kato (1976) for the X-ray emission from
a hot thin plasma with cosmic elemental abundances and assum-
ing a plasma temperature of 10°-°K, which corresponds to
spectral peaking in the B-band, and folding it through the
response function of X-ray detection used in the RH-12A flight,

the above expression integrated over B-band gives,

I 1/2
P/k=2.3610* [ﬂ , 3)
where I, is the B-band intensity observed [in counts (cm? s™*
sterad keV)™1], d is in parsecs and P/k is in cm ™3 K.

If maximum pressure is assumed to be 10“cm ™3 K, then from
expressions (3) one can calculate the minimum extent of such a
plasma around us using the minimum value of the observed
intensities in the B-band. The minimum B-band intensity ob-
served outside the Loop! region is ~9cts (cm?s~!steradkeV) ™.
If this intensity is due to unabsorbed emission from the plasma at
T=10%°K and P/k<10*cm™ 3K then the minimum extent (d) of
the plasma required in this direction is ~ 50 pc. A similar calcu-
lation using the L-band data gives a somewhat higher value
(~75 pe) for the minimum extent of the plasma. Fried et al. (1981)
found a minimum linear extent of the plasma to be 40 pc from a
similar discussion of their data. However, Arnaud et al. (1981)
have independently estimated the extent of local hot ISM to be
<80pc.

Figure 9 shows the L-band intensity plotted against the
B-band intensity for bins of 10° x 5° (10° in [ and 5° in b) for the
portion of the maps where both the data exist. The maps have
been divided into two parts ie., outside and inside the Loop I
Although the statistical error indicated for a few representative
points — is very large for individual points, the total scatter in the
data is still larger. The ratio of L-band intensity to B-band
intensity varies from ~1 to ~6. Straight lines drawn in the figure
indicate the expected relationship between L- and B-band
intensities for plasma (Kato, 1976) at temperatures 1058 K
and 10°3*K (i) with Ny=0 and (i) with intervening Ny
=102%atoms cm ™ 2. The maximum variation in the ratio of these
intensities expected from the range of temperatures of the plasma
is ~3.5. Larger variations are expected due to the presence of an
intervening absorber. However, even the presence of absorber
column density as large as 102° atoms cm ™2 between us and the
nearby plasma cannot explain the total scatter observed in Fig. 9
unless the temperature of the plasma is also made to vary from
1058K to 10%3K. Thus, variations in the temperature and
emission measure of the emitting region are required to explain
the observed variations in the foreground L- and B-band emission.

A general resemblance — although not in details — is observed
between the L- and B-band intensity maps (Figs. 2, 4). As the
narrow B-band intensities are a subset of the broader L-band
intensities (see the detector efficiency curves in Fig. 1) and since
the B-band X-rays would be most affected by nearby cold
interstellar material with Ny~102°atomscm™ 2, such material
will result in larger variations in the B-band map than in the
L-band thus spoiling their general resemblance. Thus it is con-
cluded that the structure seen in the soft X-ray intensity maps is
due primarily to variations in the temperature and emission
measures of the hot plasma rather than absorption by cold neutral
interstellar material. Figure 10 shows the spatial variation of the
ratio R of L-band to B-band intensity in the equal area polar
projection of the northern galactic hemisphere. The ratio R is
lowest for the regions very close to the northern galactic pole,
indicating a very soft X-ray spectrum for the region. A decreasing
ratio was observed towards the galactic plane by Burstein et al.
(1977) in the region of 340°<[<360°, —50°<b<35° whereas
Levine et al. (1976) in their data in the northern galactic hemi-
sphere, near the anti-centre region, observed the X-ray energy
spectrum to be softer at higher latitudes. The result here is in
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agreement with that of Levine et al. There are no overlapping
regions in the B-band maps of Burstein et al. and the present
experiment. There is considerable structure seen in the polar plot
of ratio R (Fig. 10) consistent with existence of a large variation in
temperature over the observed regions.

7. Constraints on local plasma model from O VI measurements

The Copernicus measurements of O vi in the absorption spectra of
early type stars show that hot gas in the temperature range of
310°K to 10°K exists in the interstellar medium (Jenkins, 1977).
The O v column densities (Ng,,) measured towards the direction
of different stars e.g. ¢Per, 6 Cru, nUma, ¢ Cen, fCen A, and
7 Sco which lie on our scan paths and are at respective distances of
316 pc, 145 pe, 41 pe, 225 pe, 126 pe, and 196 pe, are <103 cm ™2
(Jenkins, 1978). Taking the upper limit at 103 O vi atoms cm ™2
for distances less than 400 pc (see Fig. 4 in Jenkins, 1977) and
requiring the production of minimum observed B-band intensity
by the hot plasma, one can calculate the constraints on the model
of local plasma at temperature T, its extent d, and its pressure P, as
follows:
Now =dn0w=nedﬁﬁ(h) : @
N, Mg\ No /r
.where n,, nyg, ny, are the number densities of electrons,
hydrogen atoms, oxygen atoms and O VI ions, respectively.
Assuming hydrogen to be completely ionised, so that ny/n,=1
"and taking cosmic abundance for oxygen (Allen, 1973), i.e. ng/ny
=6.610"%, we get

103 cm™2 2 n,d6.6 10“4<M)
Nov: T

or (5)

49107 |
nedé —F—Cm °~pcC.
(nOVI/nO)T

This expression gives the maximum extent of the plasma
region if n, is known. However, we can write

_ (nedOVI)2
B ngdx-ray
491073\ 1 ©
dmax = ( ) pe,
(now/no)r) EM(T)

where EM(T) is the emission measure, as a function of tempera-
ture, required to produce the minimum observed B-band X-ray
intensity. Using the d_, one can then calculate the minimum
value of pressure required in the plasma, from the following
expression :
2911/2
ul =2neT=2["Zd

: ™

1/2
P L
d
Using the values of (ng,,/no)r given by Allen and Dupree (1969) or
Shapiro and Moore (1976), and EM(T) as calculated from Eq. (1)
using Kato plasma code, the results of above calculations are

tabulated in Table 2.

Although the O vi abundance has its maximum at T=105"K,
the range of temperature of plasma chosen in Table 2 is such that
the Ovi abundance is significant and also sufficient B-band
intensity is produced in the detector. As seen from the table, for
lower temperature the d,’s are lower. Larger d’s are not
admissible as they would imply too much Ng,,. Smaller values of
d can be admitted but require larger pressures to maintain
constant emission measures for supplying the minimum X-ray
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Fig. 10. Ratio of L-band intensity to the B-band intensity in the
northern galactic hemisphere (Polar projection)

Table 2. Extent (d) and the pressure (P/k) of the local hot plasma

Log,,T(K) EM(T)in (Pov/Mo)r  Amax 1IN PC (P/K)min
1073 cm™% pc in10*cm 3K
5.8 2.65 2461072 15 16.73
5.9 1.98 1151072 92 7.40
6.0 1.76 6461073 330 4.64
6.1 2.13 4471073 565 4.90
6.2 3.04 3401073 690 6.70
6.3 3.71 2191073 1330 6.73

flux [see Eq. (7)]. For lower temperatures (T <10°K) there is a
significant contribution to O vI emission but the pressures re-
quired are very high, whereas at higher temperatures (T >10%K)
the pressures are not too high but then the contribution to O vi
emission is negligible. However, this is based on the assumption of
same plasma region contributing to both O vi emission as well as
X-ray emission, which may not necessarily be true. As seen in
Table 2, the requirement of producing minimum observed B-band
emission and not exceeding the O vI column density in the same
plasma implies a pressure of 24600cm~3K and extent of
<330 pc. However, the values of (nq,,/no)r calculated by Jordan
(1969) and Shull and Steenberg (1982) are a factor of two less than
those in Table 2, as a result the d_,, values in Table 2 increase by a
factor of four and the minimum pressure values decrease by a
factor of two.

8. Energy spectra

Energy spectra observed from a large number of very broad
regions of the sky are shown in Fig. 11. Only data from counter 4
were used to derive these spectra. A single temperature, Kato
plasma, with cosmic elemental abundances, convolved with our
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Table 3. Summary of spectral fitting data (outside Loop I region)

S. Galactic Galactic %2 min Temperature® Emission measure® Ny max Intensity
no. longitude latitude (pdf) in 10°K in1073cm™% pc (10*°cm™2) (10" %ergem ™ ?sterad " 1s™?)
(deg) L-band M-band
1 100-120 15-30 0.55 1.6 (1.1-2.3) 2.7(2.6-2.9) 0.8 59 0.7
2 100-120 30-45 0.65 2.0(1.4-2.5) 5.0(4.5-6.7) 0.8 7.2 1.7
3 100-120 45-60 1.375 1.6 (1.1-1.9) 5.8(5.5-6.1) 0.9 12.4 1.5
4 100-120 60-75 0.96 2.0(1.6-2.8) 82(7.1-11.4) 1.2 11.7 2.7
5 120-140 0-15 1.74 2.0(1.4-2.5) 3.0(24-3.7) 1.1 43 1.0
6 120-140 15-30 232 2.0(1.3-23) 49 (4.1-5.3) 1.0 70 1.6
7 120-140 30-45 2.12 1.6 (1.3-2.25) 49 (4.5-5.7) 1.5 10.5 1.3
8 120-140 45-60 0.67 1.6 (1.1-2.25) 4.3 (4.1-49) 1.5 9.3 1.1
9 140-160 15-30 0.96 2.0(1.4-2.25) 5.8 (4.9-6.5) 0.8 83 19
10 140-160 3045 1.4 1.6 (1.1-2.2) 59(5.7-6.9) 11 12.6 1.5
11 140-160 60-75 1.8 2.0(1.4-2.5) 8.3 (6.9-10.0) 1.5 11.9 2.7
12 180-200 45-60 1.57 2.0(1.6-2.8) 8.0 (6.9-10.6) 0.7 11.5 2.7
13 180-200 60-75 1.77 20(1.4-24) 10.4 (9.0-12.2) 0.7 14.8 34
14 200220 45-60 1.9 1.6 (1.4-2.2) 8.8(8.1-9.4) 1.5 19.0 23
15 200-220 60-75 0.78 1.6 (0.95-2.2) 6.7 (6.5-8.1) 1.2 144 1.7
16 220-240 45-60 1.81 1.6 (1.4-2.0) 7.7(7.3-8.3) 09 - 16.6 2.0
17 220-240 60-75 1.19 1.3(0.8-2.2) 6.1 (6.0-8.8) 2.0 17.6 1.1
18 240-260 60-75 1.66 1.6 (0.95-2.1) 7.7 (7.7-10.2) 1.0 16.6 20
19 80-100 60-80 1.70 1.6 (1.3-2.1) 8.6 (8.1-9.8) 1.0 18.5 22

a

Quantities inside the bracket are the 90 % confidence limits (Lampton et al., 1976)
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X-ray detector was tried for fitting the data. Such a plasma was
found to fit the data for a large number of regions lying outside
the Loop I region. Acceptable fits as determined by y? values and
with reasonable values of emission measures were found only for a
completely unabsorbed plasma and are summarised in Table 3.
Best fit temperatures and emission measures with their 90%
confidence range (Lampton et al., 1976) are listed. The source flux
intensities obtained from the best fits for the L- and M-band are
also derived and listed in the table. Out of the 19 regions shown in
Table 3 there are nine regions which show excellent agreement
(124~ 1.4) with the single temperature local plasma model (Kato,
1976). The best fit temperatures obtained for all these regions are
(1.6-2.0) 10° K, with the 90% confidence range of temperatures
for the whole set of observations in Table 3 being only
(1.0-2.5) 106 K. The required emission measures, however, have a
larger spread in their values. As a very narrow range of tempera-
tures describes the whole set of data in Table 3 quite well, we have
estimated the upper limit (at 90 % confidence level) for the neutral
hydrogen column density between us and the plasma by assuming
that the best fit temperature for a given region in Table 3 is
acceptable. These values of N are also listed in Table 3. However,
as shown by Inoue et al. (1979), the Raymond-Smith plasma
model gives higher temperature for the observed X-ray emitting
regions as compared to the Kato model with the best fit tempera-
ture being higher by nearly 30 %.

In all the other regions, not shown in Table 3 but for which the
energy spectrum distributions are shown in Fig. 11a—c, a single
temperature unabsorbed plasma model was found to be unaccept-
able. A two temperature model with an unabsorbed lower tem-
perature component and a higher temperature component with
variable absorption up to the maximum permitted by 21 cm radio
observations improves the fit to data in these regions where single
temperature model is either unacceptable or gives poor fits.
However, it is very hard to find acceptable best fit parameters for
two temperature model because of a large number of free
parameters involved and very few data points. Therefore, we can
only make a general statement that two temperature models are
very likely to explain the data in many regions. A similar two
temperature model (T;=10°-2.510°K; T,=310°-10"K) is
required to explain the X-ray spectra from regions inside Loop I.

From a detailed spectral study of three regions viz., (I, b=284°,
—80°), (I, b=21°,42°), and (I, b=70°, —44°), and the similarity of
the energy spectra in other regions in the southern galactic
hemisphere, Nousek (1978) concluded that a two temperature
plasma model of Raymond and Smith (1977) with temperatures of
~10%1K and ~ 10%-* K describes the foreground X-ray emission
adequately. Hayakawa et al. (1978) from their spectral analysis of
12 regions in the sky, along the galactic longitudes 150° and 330°,
reached the conclusion that a single temperature Kato plasma is
sufficient to describe the foreground X-ray emission. From the
spectral analysis of a large number of regions in the sky we find
that although a single temperature (T=10°2 to 10°3K) plasma
model is sufficient to describe the diffuse X-ray emission from
certain regions of the sky, there exist several other regions in the
sky where a two temperature plasma model would be more
suitable for describing the spectral data.

9. Conclusions

The results of our sky survey of diffuse emission in soft X-rays in
B, L, and M energy bands can be summarised as follows:

(@) A very patchy distribution of L-band X-rays is observed
over the sky surveyed which includes a part of the sky (180° <!

<270°, 40°<b<80° not covered in the otherwise complete
survey of Wisconsin.

(b) Limb brightening along the inside edge of Loop I from
I, b=270°, 40° to I, b=300°, 70° has been observed in the L- and
B-bands. Excess soft X-ray emission in L-band has also been
observed from the northern H1 hole and is indicated along the
edge of a “polar feature”.

(c) The southern extension of the Loop I is observed in
M-band sky map. Enhanced X-ray emission in the M-band is also
observed from inside the Loop I in the northern galactic hemi-
sphere and is indicated inside the “polar feature”.

(d) A lack of quantitative correlation between the X-ray
intensity and Ny is observed. The present data are explained by
the displacement effect of a local hot plasma or emission from a
hot plasma containing interpersed clouds.

(e) A spread in the temperature (10°-8-108-3 K) of the hot plas-
ma with cosmic elemental abundance can explain the observed
variation in the L-band to B-band hardness ratio. The hardness
ratio is observed to decrease towards the northern galactic pole,
indicating a very soft spectrum in the polar region.

(f) X-ray spectra have been obtained with counter A from a
large number of broad regions outside Loop 1. Some of these are
found to fit well with the thermal emission spectra of a hot plasma
with cosmic elemental abundances and negligible interstellar
absorption. The best fit temperature of the local plasma required
is 105-2-10%3 K. A second higher temperature component of the
plasma improves the fit to the observed spectra in some other
regions. The emission measures of the plasma obtained from the
observed X-ray spectra of a large number of regions is found to
vary from region to region in the range (0.27-1.0) 10™2 cm® pc.

(g) The requirement of producing the minimum observed
B-band emission without exceeding the O vi column density in the
same plasma implies a pressure of >4600cm~ 3K and extent of
<330pc for the plasma.
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