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X-RAY ASTRONOMY IN 1974

L. E. Peterson*
Tata Institate of Fundamental Research, Bombay 40Q005

I. INTRODUCTION

Although cosmic X-ray sources were first discovered
in 1962 and have been studied since then using instru-
ments on rockets, balloons, and small satellites, the full
scope of X-ray astronomy became apparent only after
the extended observations provided by the satellite Uhura
(Tananbaum, 1973; Kellogg, 1973). X-ray observations
now play a role in modern astrophysics comparable to
that of radio, optical, and infrared astronomy. In addition
to increasing the number of detected sources fourfold,
because of the increased sensitivity, the long term obser-
vations have discovered time variations on scales inacces-
sible to rockets and balloons. This has resulted in the
discovery of a new class of celestial objects, the pulsating
X-ray sources in stellar binary systems.

Here we review results from Uhura and from other
experiments on which recent advances in high-energy
astrophysics are based.

1. OBSERVATIONAL STATUS

X-ray astronomy conveniently divides itself into
energy ranges where instrumental technique, state of
development, and physical processes all differ. In the

1-10 keV range (1.2-12 /{) where the early discoveries
were made, and where the Uhura operates, observations
are made with collimated proportional counters. At
lower energies, 0.2-2.0 keV, proportional counters
with very thin windows of organic materials have measured
absorption effects and structure due to the interstellar
medium (Friedman et al., 1973; Hayakawa, 1973) and
soft X-rays from relatively cool supernovae remnants
(Pounds, 1973). One dimensional reflecting  telescopes
have been used as ‘‘concentrators” in conjunction with
thin window proportional counters to determine  the
soft X-ray structure of these remnants (Goreastein et al.,
1971; Borken et al., 1972). Although a focusing device
on the Copernicus satellite has also provided new informa-
tion on these as well as other objects (Fabian et al,, 1973;
Fabian et al., 1974a), a grazing incidence X-ray telescope,
which can form images directly as in conventional astro-
nomy, has not yet been flown with enough area to permit
definitive observations of cosmic sources. Such a device
on Skylab has, however, obtained high resolution pictures
(~5") of solar active phenomena at wavelengths as short
as 4 A (Vaiana et al., 1973} Scintillation counters are
usually employed above 20 keV, where observations may
also be made from high altitude balloons (Peterson et al.,
1972). Here, however, the steep spectra, combined with
the difficulty of implementing large area, low background
detectors, has restricted spectral measurements to perhaps
only 40 of the strongest sources and then usually only to
energies less than 100 keV (Peterson, 1973).

The concept of an X-ray measurement with a colli-
mated counter on Uhuru, or any other scanning vehicle,
is shown in Figure 1. As the spacecratt scans, 4 source

Figure 1 : The concept of an N-ray asironomy observation as

exenmplified by Uhuara.  Proportional counters collimated to

a field of view a few degrees wide scan across a source as the
vehicle rotates.

passes through the nearly triangular response function,
resulting in an increase in the counting rate. Background
is obtained before and after the scan. Uhuru was launched
12 Dec. 1970, had a sensitive area of 840 cm2, and could
detect as little as 2x 10" counts/em®  sec, or about
1/500 the flux from a strong soutce, such as the Crab
Nebula. This corresponds to an energy input in the range
10 to 10°1 ergsfem®-sec, ot for sources at a few kilo-
parsecs, to X-ray luminosities, Ly of 10% to 10**  ergs/sec.
An extrapgalactic source at 10 Mpc must radiate Ly > 104
ergs/sec in 1-10 keV X-rays to have been detected.

The X-ray sky map in galactic coordinates as obtained
by Uhuru is shown in Figure 2 (Giacconi et al,, 1974).
Also shown are the 1878 “lines of position” from which
source locations are obtained, and regions of the sky
which have been surveyed to a sensitivity of 10 c/sec
or better. The sources are located to positional areas
typically a few tenths of a square degree in size, depending
considerably on source strength, the anumber of observa-
tions, etc. Only about 40 X-ray sources have been identified
with known radio or optical objects. Although about
100 of the 161 sources are concentrated in the galactic
plane, their locations do not coincide in detail with known
galactic features such as OB associations, H II regions,
novae, non-thermal radio sources, etc. The 64 sources

at bu=20" are generally of a weaker nature. Although

* On leave from the University of California, San Diego.
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Figure 2 - The X-rgy sky map in galactic coordinates obtained

by Uhuru from approximately 125 days of operation. The

upper panel shows the 1878 © lines of position ™ from which

the 161 source locations in the bottom pamel were obtained.

The central panel (shaded) shows areas of the sky covered to

@ sensitivity better than 1o c¢|sec, or about 10-2 that of the
Crab Nebula.

some ate ‘assoéiatéd with known extragalactic ‘obj ects,
and a few are galactic, the majority are simply unidenti fied
(Schwartz and Gursky, 1973).

The photon spectrum, which is a signature of the
emission process, can be obtained from pulse height
analysis of the proportional or scintillation counter events
to an ultimate resolution of 5 - 10 per cent. Emission from
an optically thin hot gas at 107 to 10%K produces an
exponential spectrum, while synchrotron emission and
Compton scattering from power law electron disttibu-

- tions also produce power-law photon spectra. Although
black-body emission in X-ray may also occur from an
optically thick region, a thermal object with kKT> 20 keV
is extremely compact, even if at galactic distances.

Discrete K- or L-shell X-rays, expected from 107°K
thermal plasmas with normal cosmic abundances, have
been searched for extensively. The most conclusive detec-

tion seems to be from the: Cygnus loop (Stevens et al.,
1973). Gamma-rays, expected in the 20 keV to 1 MeV
range dueo nuclear process following catastrophic events,
have also been searched for and not found (Peterson and
Jacobson, 1970).

III. THE BINARY X-RAY SOURCES

Although the suggestion was made soon after the
discovery and identification of several galactic X-ray
sources that these were binary stellar systems with large
mass transfer (Prendergast and Burbidge, 1968), such
associations were not conclusive until the Uhuru obset-
vations. Observationally, the sources known to be binary
systems fall into two classes, pulsating and eclipsing, and
those that simply eclipse or have other periodic variations.
The observational status of binary X-ray sources has
recently been reviewed by Gursky and Schreier (1974).

A) The pulsating, eclipsing sources

Figure 3 shows counting rates obsetved for Cen X-3

CONTS- ORI
3 35 3 % 3 4

. 3 3

% Fy
- . L i
3 - S R
3 , .
E
ol L L A n 1 L " T | 1
MAY & LU wy R
HIGH
.- - - — — e —— (—mLS“‘
{
- - WEAK OR
- - € ot sien
WL WAL MRL MY JET W R 9t

Figure 3 : Time variations observed on 3 different scales from
the binary sonrce Cen X-3. The upper curve shows the 4™ +-
Dulses during a single Uburu scan ; middle panel the 2+ 67
variation associated with the binary eclipse, and the lower
panel the long-term quasi-random < on” " and < off 7 states.
i
on a number of time scales‘(Gursky, 1972; Schreier et al.,
1972). The rates during a single 90 sec scan are modulated
not only by the aperture response of the detector but are
pulsed at a 4°.8 rate, due to the source. The average rate
over many such scans (centet panel) shows a characteristic
on/off feature, which repeats with a 24.067 period. Ana-

lysis shows the 45.8 .+ period is frequency modulated in
phase with the same 24,067 petiod.

These effects are understood under the concept that
the pulsating X-rays are produced by a compact object



tevolving about a latger one, which occults the smaller
one during a portion of the orbit. The change in pulse
atrival time, interpreted in  terms of a Roemer shift,

gives the projected otbit size as 1.19 x10** cm. The fast

pulsation requires a source region of radius less than -

10° cm. Cen X-3 also shows quasi-random “off” pericds,
which last for weeks or months as shown in the lower
panel of Figure 3. Because of its location in highly obscured
region, Cen X-3 has only recently been tentatively identi-
fied with a reddened early OB star (Krzeminsky, 1974;
Vidal et al., 1974). This identification becomes more likely
in view of the recent improved position obtained from
Copetnicus (Parkinson et al., 1974).

The second and most extensively studied pulsating
binary system is Her X-1 which has a 15.24 - period,
a 147 eclipse cycle, and a 35 day on-off periodicity, and
is now identified with the variable stellar object HZ Her
Although HZ Her has the general appearance of a late A
ot eatly F star, its intensity is modulated Amg = 1 at the

14,7+ period (Bahcall et al., 1974). The mass function
for a binaty system is :

o B (7 »
3 . 3. AV,
M" sin"1 obs *obs

s (m- M)?2 257G
whete m and M are the masses of the unseen and ohserved
star, respectively, i is the otbit plane inclination and the
observed period and projected radial velocity are T and V.
Assuming the larger star M is indeed an FO, at~2 M@,
the smaller object is in the range 0.7<M<1.2Mo.

»

X-ray emission of compact objects in binary systems
is usually explained in terms of accretion (Zel'dovich
and Novikov, 1971; Ostriker and Davidson, 1973), in
which gas flowing out of the visible star accumulates
in an orbiting disc around the compact object. If the
latter is a rotating neutron star with an intense magnctic
field oblique to the totation axis, matter from the disc
may fall, or “accrete,” onto the magnetic polar surfaces,
become gravitationally heated, and emit X-rays. ‘The
pulsations are due to modulation at the rotation rate by the
geometry of the emission region. Simple consideration
shows that an accretion rate of 10-* M@ jyr oato a 10 km
radius, 1.0 Mo neutron star will easily result in a kinetic

temperatute of 108°K, and an emission of 1097 erg/sec
from a polar region less than 1 km across !

The most ditficult feature of the Her X-1 system to
explain is a slow modulation of the X-ray emission at
34488 period, typically about 11 days “on” and 24
days “off” (Gursky, 1972). Possibilities include 354
expansion of the visible stat envelope, precession of the
neutron star rotation axis, ¥nstability or precession of the
accretion disc, or perhaps even a third body. No important
changing optical feature appears associated with the 35d
petiod, although small eﬂgcts on the 1.7d variation may
exist (Grandi et al., 1974).

The composite X-ray spectrum, averaged over the

18:24.4- period, obtained from many balloon, satellite
and rocket observations is shown in Figure 4 (Iyengar
et al,, 1974a). Because of the complex variability, agree-
ment among measurements is not expected. The spectra
genetally ate rather flat at lower energies, and become a
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power law which has been measuted to neatly 100 keV.
Alternatively, the average spectra can be fitted by an
exponential function corresponding to a temperature of
3x10%°K. Based on a recent measurement (Iyengar et al.,
1974_a), the pulsed component diminishes considerably
at higher energies. Little i3 known about X-tay spectral
variations during the 15.244 pulsations, or duting the
147 eclipse period.
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Fignre 4: The spectrum of Her X-1 as observed by many
workers. All Hese date are  averaged over the 124+

pulsation period, but are at different times during the 1 7

“on” eclipse, and the ... 35 day < onfoff > ¢yele. The pulsating

componenr? apparently has an energy dependence, being essentially
absent at < 30 kel/.

(B) 'The irregular, eclipsing sources.

Five other sources exhibit an X-ray periodicity
between 40.8 (Cyg X-3) and 84,95 (Vela X-1). While
most of these show considerable variability during
non-cclipsed phases, none have shown periodic pulsations
like Cen X-3 or Her X-1. Cyg X-3, which has been
associated with a remarkable series of radio outbursts
(Hjellming, 1973), has now been positively identified
with a vatiable infrared object (Becklin et al, 1973).
The X-ray variations are neatly sinusoidal, as are the
in-phase IR periodicities. It has been suggested that
Cyg X-3 may be a binary system, where the compact
object is a white dwatf (Davidson and Ostriker, 1974).

The 447 SMC X-1 is in the Small Magellanic Cloud, and
therefore has an inttinsic X-ray laminosity Lyg~s3 x 10
ergs/sec, considerably above the typical galactic binary of

~5 x10% ergs/sec. All of the binary sources now have
tentative optical associations (Gursky and Schreier, 1974).
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Another well studied object is Cyg X-1, the “black
hole ” X-ray source whose extreme and complex varia-
bility on all time scales has been seen from many previous
rocket, balloon and satellite observations (Overbeck
and Tananbaum, 1968; Oda et al, 1972; Rothschild
et al., 1974). The soutce is now positively identified

with the 54.6 spectroscopic binary system HD 226868.
Since 5.6 X-ray periodicities are not seen, the assump-

tion is that the X-ray emission occurs from an unseen,

uneclipsed compact companion accreting matter onto
its surface. From the mass function, assuming the

visible object is a 2 20 M5 Bolb supergiant, the com-
panion has a mass 2 3 Mg which, if collapsed, has a

radius inside the Schwatzchild limit, and therefore has
the properties of a black hole. The intense, highly
variable X-ray emission, requiring extreme compactness,
and the unseen nature of the companion, are all consistent
with the “black hole” hypotheses. Other sources,
" such a5 Vela X-1 and 3U1700-37 may be in the same
category. The requirement for a black hole has recently
been questioned by Fabian et al (1974b), who have
suggested a - tertiary object which reduces the mass
requirement to an ““ ofdinary ” neutron star.

IV, OTHER GALACTIC SOURCES
(A) Supernovae remnants

These form a distinct c'ass. In addition to the
Crab Nebula, a unique source discussed later, X-rays
have now been observed from Cas A, SN1572, Tycho’s
SN, the Cygnus Loop, Pup A, and Vela X (Pounds,
1973; Fabian et al., 1973; Gursky, 1972), and possibly
others. These latter objects all have steep spectra
characteristic of a hot gas at a few million degtrees,
although several exhibit more complex, multicomponent
spectra (Stevens and Garmire, 1973 ; Coleman et al,
1973). The Cygnus loop is not even seen in 2-6 keV
counters because of its softness. “Maps” of the
emission region have, however, been obtained at 0.2-0.5
keV, and compared with optical and radio structure
(Stevens and Garmire, 1973 ; Rappaport et al., 1974).
Since the distances are usually well known, luminosities

may be determined, and it is found the supernovae

remnants fall in a class 10%5-10% ergs/sec, which is
less than the typical galactic emitter of 10%7-10%® ergs/
sec. The X-ray emission is thought to result from an
expanding gaseous shell which may go through an
extreme heating phase during its evolution. The relation
of this gas to the energetic electron populations producing
non-thermal radio emission usually observed in these
remnants is unclear (Shklovsky, 1972).

(B) Crab Nebula and NP0532 -

This was the first X-ray source identified with an
optical counterpart and is one of the strongest in the sky.
The mass of data now available on this object, and its
interpretation have been recently reviewed by Apparao
(1973). Early observations indicated that the emission
was distributed over a diameter of about 100"
approximately centered on the optical synchrotron-
emitting region, and that the spectrum over the 1-500
keV range had a power law shape with a photon number
index -2.1 (Peterson and Jacobson, 1970). In 1969,
it was found about 15 per cent of the X-ray' emission

was also pulsed at the 33 ms rate of the radio pulsar
NP0532, and in phase with the optical pulse. Figure 5
shows the hard X-ray spectrum of both the nebula,
and NP0532, as determined by 2 recent UCSD balloon
investigation (Laros et al., 1973a). The pulse shape,
obtained by folding the entire 5000 sec. of balloon da‘ra,
modulo the 33+4-ms period is shown in the inset. The
pulsed spectrum has been observed to extend to nearly

10" eV and there is some evidence for a non-pulsed
component in the 1-10 MeV region whose intensity
is above the extrapolation of the power law in Figure 5
(Baker et al., 1973 ; Gruber, 1974).
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Figure 5 : A balloon observation of the hard X-ray, spectrum

of the Crab Nebula, and NPo5z2. The power Jan' spectrum

over the 1-200 Rel” range is believed due to synchrotron radiation

Jrom \energetic electrons in the “~10-* ganss mebular Sreld

The mechanism of the pulsed component, and its relation to the
nebular emission is unclear at present.

It is now generally accepted that NP0532 is a
rotating neutrcn star and the nebula is being powered
by kinetic energy converted from its slow down. ‘The
details of the particle acceleration in the neutron star
magnetosphere and the transfer of energy to the nebula
are not understood, however. If the emission of the
extended region is indeed due to synchrotron radiation
of electrons injected from NP0532, then their lifetime

in the —~4x10"4 Gauss nebular field is insufficient for
them to have propagated to the observed distances,
and an additional acceleration process must be operative.
Crucial to this question is the size of the region at higher
energies, which may be determined by balloon observa-
tions during upcoming lunar occultations, or by using
a wite grid “ modulating collimator ” in front of pro.
portional or scintillation counters (Bradt et al., 1968).

Sources often .indicate absorpotion in the 0.2-2.0



keV range, which may be of either interstellar or local
origin. Although the origin may be uncertain in compact
sources, the observed absotption from the Crab Nebula
is clearly of intersellar character. Since the X-ray
absorption is independent of the state of the un-ionized
matter, i.e. atomic, molecular or granular, X-ray measure-
ments indicate the total hydrogen column density.
Although there is some disagreement among measure-
ments, the absorption from the direction of the Crab
indicates a column density of 3.5 x 10" H/cm®, or about

twice that of the 21 e¢m radio observations (Iyengar et al-
1974b; Margon, 1974).

(C) Transient X-ray sources

Since 1967, about 5 strong sources have been
observed to abruptly appear and then decay into the
background level after a few weeks or months (Gursky
and Schreier, 1974). These soutces show a spectrum
which softens with time and decays in intensity similat
to that of galactic novae, hence the term “ X-ray novae”
(Evans et al., 1970; Ulmer ct al., 1973). None of these
have been seen during the rising phase, and none ate
positively identified with known anova, or with any
optical ot radio object. The recently discovered transient
gamma-ray sources are apparently of a ditferent nature,
having very hard spectrum, and time scales of only tens
of seconds (Strong et al., 1974).

(D) Others :

This includes the majority of the galactic sources.
Some, such as SCO X-1 and Cyg X-2, have been  obscrved
extensively since the early days of X-ray astronomy
and have optical counterparts (Gursky and Shreier,
1974 ; Peterson, 1973). SCO X-1 may be explained in
terms of a 50 10%K gas of 10'" atoms/em® baving

a radius of 108 cm. Such 2 configuration becomes
optically thick in the ncar infrared, consistent with
observations. Others, such as Cir X-1, have extreme
variability on all time scales (Jones ct al,, 1974; Baity
et al., 1974). This source has in fact been dubbed a
“super black hole ™.

The energization of these sources is a major problem.
Thetefore it has been suggested that a// galactic X-ray
emitters, with the exception of the Crab agd other super-
novae remnants, arc of compact binary nature, in which
the binary characteristics have been suppressed because
of the configuration, ot because of absurfstum by thick
envelopes (Tananbaum, 1973). It is clear, however,
that X-ray sources are a rare galactic phenomenon,
with perhaps only a few hundred in our galaxy, all emitting
in the 10°7-10™ ergs/sec range, and with the exception
of the supernovae remmants, no large population in the
10%-10% ergsjsec class (Gursky, 1972; Gursky and
Schreiet, 1974).

V. EXTRAGALACTIC SOURCES

Much less is known about extragalactic X-ray
emitters, because of their inherently weaker flux, and
steeper spectra. These are not only important in terms
of galactic structure and evolution, but may contribute
importantly to cosmological effects. Although most
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of the approximately 60 sources with galactic latitude
> | 20° | are presently unidentified, emission has been
detected from certain clusters of galaxies, such as Perseus
and Virgo, strong radio objects such as Cen A and possiblg

1;/[987:')’,) a Seyfert galaxy, and a QSO, 3C273 (Kellogy,
73).

(A) Extended objects

X-ray emission has been observed o;rer extended
regions, ~0.7°, from the galactic clusters Perseus, Virgo
and Coma by Uhuru (Gursky et al., 1972) and Copernicus
(Grittiths, 1974). The Uhuru flux is typically < 50 c/sec,
implying Lx~3><1044 ergs/sec for Perseus and Coma.
It has been suggested that the emission is due to a hot

intercluster gas, ~108°K, sufficient to ptovide -the
“missing mass > required by the virial theorem for
dynamic stability. The X-ray emitting mass required,
however, depends critically on the “ clumpiness” and
other parameters, and the whole problem is controversial
at present. Alternatively, the X-rays may originate
from scattering on the 3°K radiation by an intercluster

population of cosmic-ray electrons leaking from the
galaxies.

Since these strong sources are "associated with
“rich ™ clusters, the luminosity may be related to the
tichness class. About twelve additional Uhuru sources
in the 2-7 cfsec range have been tentatively associated
with Abell clusters of varying richness (Kellogg et al.,
1973). At these low fluxes, however, it is impossible
to determine the extent of the source, or the spectrum.

(B) Compact objects

These include the closest QSO, 3C273, the Seyfert
galaxy NGC4151, and the radio sources Cen A and
Cyg A, all of which are detected at ~5 c/sec (Giacconi
et al., 1974). 3C273 has a luminosity ~ 4 x 10*® ergs/sec,
about 1/20 of the infrared power, while other soutces
do not exhibit such large X-ray power, being in the
range  10*'-10*  ergs/sec. The mechanism is also
unclear ; however in the strong radio sources, Compton
scattering seems likely, and in fact Cen A (NGC5128)
is observed to have a power law spectrum measured to
~100 keV, whose number index is in the range 1.5
to 2.0 (Peterson, 1973). Based on the Uhuru data, most
of the emission from Virgo is from a diffuse source
although the possibility of a component extending to
~50 keV from M87 cannot be excluded (Catura et al,
1974 ; Laros et al, 1973b). Several point sources, in
addition to SMC X-1, have also been indentified from
the Magellanic clouds (Rapley and Tuohy, 1974).

The majority of the high latitude sources are simply
unidentified and may in fact be a new class of extra-
galactic objects (Kellogg, 1973), although a population

of local galactic sources with Lye~10** ergs/sec cannot

be excluded (Holt et al., 1974). Figure 6 shows the
integral number intensity plot (In N-ln §) for high
latitude sources, both totafj and unidentified. The
high latitude sources show the -1.5 law, and if extra-

galactic, Ly must be about 5% 10* ergs/sec. Normal
galaxies, such as our own, and M31, which bas been
weakly detected, are in the range 0.2-1.0 x 10** ergs/
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sec, consistent with the mnon-detection from othet,
nearby galaxies.
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Figure 6 : The In N-In S plot for the high latitude sources
indicates a -3|2 slope (dashed and solid lines) expected from
an  isotropic” distribution. The crosses are for all sources
by> 20°, and the bars are for these unidentified with knonn

objects.

(C) The diffuse component

Related to the problem of the extragalactic sources
is the diffuse component of co mic X-rays, whose 2-7

keV intensity is 10 ergs/cm2-sec-st, and which has
been measured to be isotropic and uniform to a few
per cent, on both large and small scales (Schwartz, 1970 ;
Schwartz and Gutsky, 1973). Although the spectrum
has now been extended to over 100 Me V, and can be

grossly described in terms of dN/dE'SE -2 (Pal, 1973): -

the details indicate complex, multicomponent origin
(Trombka et al, 1973; Schwartz and Gursky, 1973;
Silk, 1973).

Three possibilities for the origin have been reviewed
by Felten (1973). Compton scattering of intergalactic
electrons on the 3°K radiation produces a spectrum
which is naturally a power law, with changes in slope
due to diffusion and lifetime of the electrons. An

70
“\7x10 K intergalactic medium of sufficient density

to close the universe (~10"2° gm/cm®) produces more
than the observed X-ray intensity depending somewhat
on the big-bang or steady state model. A reduction
in the Hubble constant to <40 km/s per Mpc, among
other effects, could temove this problem. One would
still however, have to invoke an added component to
explain the radiation at energies > 50keV X rays.

It may also be that the diffuse flux is due to the
superposition of many discrete sources. The lack of
“lumpiness ” in the back round however, implies

a very large number of soutces, >10". The volume
emissivity of the Amown discrete extragalactic objects:
tich clusters, quasars, Seyfert galaxies, strong radio
sources and normal galaxies, when extrapolated over
all their classes with the measured X-ray luminosity,
fails to account for the observed diffuse intensity by a
factor of 5 (Schwartz and Gursky, 1973). The uniden-
tified sources can account for about one half the back-
ground in the 2-7 keV range. Explaining the diffuse
component in terms of discrete scurces therefore requires
another, new class of undiscovered objects, or greater
emissivity of known objects in earlier cosmological
epochs. Furthermcre, the presently observed sources
neatly all have steep spectra, kT'~~5keV, thérefore the
new class must have flat spectra, or a third origin must
again be invoked for the > 50 keV X-rays.

VI. SOFT X-RAYS

This review would be incomplete without discussion
of recent rocket work on cosmic X-rays in the 0.2-1.0
keV range. Here the galaxy 'is no longer transparent to
X-rays, so fluxes measured represent a competition
between photons from the diffuse component, or possibly
other extragalactic sources, and absorption and production
within the galaxy (Hayakawa, 1973). The X-ray sky
(Friedman et al., 1973) looks markedly different in the
44-60A range (*0.35. keV) (Bunner et al, 1972) than
that obtained by the Uhuru in Figure 2. In fact, the
most intense emission is observed from the galactic
poles where the hydrogen column density is a minimum.

Explaining the measured dependence on galactic
latitude in terms of an origin characterized by a simple
scale height above the galactic plane seems not to explain
the observations at all wavelengths. Adding an isotropic
extragalactic flux permits constructing a model which
reconciles the data (Friedman et al., 1973). The extra-
galactic flux, however, should appear absorbed by neatby
galaxies. This effect is not observed for the Small
Magellanic Clouds (McCammon et al., 1971) and M31
(Margon et al., 1974) so the entite question of the origin
of the soft X-ray background is unclear (cf. Silk, 1973).
It is certain, however, that an extragalactic flux in excess
of  that predicted by extrapolation of the diffuse com-
ponent as a power law to lower energies is not required.

In addition to the general dependence on galactic
latitude, the soft X-ray flux shows special features which
may be associated with the North Polar Spur, and the
Vela supernova temnant (Bunner et al, 1972). As
already discussed, soft X-rays have been studied from
the Cygnus Loop and Puppis remnant, and possibly
others. The galactic soft X-ray flux requires a super-
position of soutces, which may be stellar, ot nebulous.
Additional supernovae remnants, radio spurs, acctetion
onto main sequence stars, and heating in active, convec-
tive stars, such as T-Tauri type, have all been suggested
(cf. Hayakawa, 1973). In the near future, spacecraft
carrying experiments specifically designed for soft X-ray
studies will be launched, and the long term observations
will doubtless again provide new discoveries.
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EIGHTH ESLAB SYMPOSIUM ON HII REC‘IONS
- AND THE GALACTIC CENTRE

A symposium on HII regions and the galactic centre
Wwas organised by the Space Science Department of the
European Space Research Organisation. It was held
at ESRO Establishment in Frascati, Italy, from June 4
to June 7.

About forty papers were presented at the symposium.
The papers presented included observations at infrared,
millimetre and radio wavelengths, A large number of
papers on the observations in the infrared region reflected
the growing interest in this field. 'There was an emphasis
on the correlation of observations made at different
wavelengths, and on the role of dust, and molecules
associated with HII regions.

The infrared emission from HII regions .and ' the
role of dust in this emission was discussed in detail
The observations in 1-25, region indicate that most
of the emission is from dust grains which are well mixed
with the ionised gas.- Resonantly trapped Lyman
photons can account for the heating of dust. The
absorption feature around 10y, usually associated with
silicates, shows similar structure for many different
sources, and its optical depth is correlated with the depth
of HyCO absorption obtained from radio observations.
The observations at longer wavelengths (> 40y) show
Source sizes comparable to radio contiuum sizes, and the
two luminosities are also correlated. The cool dust
aad molecular clouds, (which give the absorption feature

around 10p,) could be responsible for longer wavelength
emission, ‘ S

The association between the infrared emission and
molecular sources was also a topic covered in detail.

The observations at 1-20 |, infrared wavelengths have
shown sources associated with molecular masers within
HII regions. These sources do not have a radio con-
tinwum and are possible candidates for protostars.
Association of CO emission was reported with far infrared
(~ 100y) sources, and with sources having excess
emission at short infrared wavelengths.

A paper reported the observation of preferential
association of OH masers with compact sources and
lack of association with broad sources in HII regions.
This indicates that the star in the process of arriving
at the main sequence gives rise to a maser, but as the
star heats up the maser disappears.

Several models of infrared emission and absosption

from dust towards the galactic centre were discussed.

A picture consisting of a hot core, of a few patsec, and
a cooler halo emerges if the dust is assumed to have a
resonance behavior at 10y,. This resonance picture is
consistent ‘with the obsetved absorption feature around
10y. The calculations based on the 10y, absorption
feature indicate an average hydrogen density of about

5 atoms. cm™3 in the galactic centre direction, assuming
normal silicon abundance and the source of absorption
feature as silicates. A lowet value of hydrogen density
would require a high silicon abundance. The observa.
tions on association Cyg OB2 were also suggestive of
a very high dust to gas ratio.
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