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ABSTRACT
We present results of a study of the X-ray emission from a small

portion of the galactic plane near galactic longitude 2600. This region
contains at least six low luminosity X-ray sources within ~ 10° of
PSR0833-45, which is near the center of the Gum Nebula. 4U0B33-45,
the X-ray source associdated with the Vela pulsar, is observed at twice
its 4U catalegue intensity. The lack of X-ray pulsations at the pulsar
period (> 99% non-pulsed), the non-thermal power law spectrum, and models
of the X-ray source distribution in this region suggest that a large
fraction of the X-rays come from an extended source 1° in radius.

The observation of a high tempevature (T _>__108 K) spectrum in a

eff
field of view containing only Puppis A among known sources has led te the
discovery of a new 0S0-8 source, 080752-39. QOther spectra from this

region are discussed.

Subject headings: pulsars - X-rays: sources - X-rays: spectra
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I. INTRGDUCTION

This 1s a report on an observational study of the X-ray emission
from the Vela~Puppis region, The previocusly identified sources, all
of which have low apparent luminosities, are 4U0833-45 (Vela pulsar)
and 4U0821-42 (Puppis A) (Giacconi et al. 1974}, MX0836-42 (Markert et al.
1977), A0835-48 and A0B54-46 (Seward et al. 1976), and 4U0813-38 (Forman
et al, 1977). Distance estimates exist only for 4U0833-45 (v 500 pc, Milne
1968) and 4U0821-42 (v 1000 pc, Milne 1971, Zarnecki et al. 1977).
Both, therefore, are on the low end of the galactic X-ray source luminosity
distribution, If the apparent clustering of all the known sources (and
a new source discussed in this work) is a true distance indicator rather
than a projection effect, then these sources belong to a class of intrinsically

33-34 erg sec-l) which are resolved only because

weak X-ray sources (10
they are nearby. If so, this region could be a prototype for other more
distant and presently unresolved source regions.
II. EXPERIMENT AND ANALYSIS

This observation ut'lized two gas proportilonal counters of the 050-
8 Cosmic X-ray Spectroscopy Experiment. Table 1 summarizes the properties
of the detectors and the dates of their use. More complete detector descriptions
are given in Becker_gg‘gk. (1976) and Pravdo et al. (1976a). The 59 FWHM
circular field of view of the primary forward detector complicates the process
of source separation in this confused region. However since the spin axis
exnecuted slow scans through the area, it is possible to check the consistency

of the count rates with models of the X-ray source distribution., The smaller

Qo .. . , .
37 field of view of the aft detector results in a lesser source confusion



problem, but a smaller fraction of the region was scanned with this detector.
IFigure 1 illustrates che three scans which were performed.

The positions of known sources were held fixed in the models., For
simplicity and for a homogeneous sample, 4U Catalogue (Forman et al., 1977)
positions were used, Model parameters were the intensities of these sources,
and the positions and intensities of any new sources, In addition, the
angular extent of 4U0833-45 was left as a {ree parameter in a simple face-
on disk model. The background rate was deduced from adjacent source-free
regions, Pravdo et al. (1977b) describe further this method of modeling.

Source spectra were deduced by folding model spectra through the detector
response matrix and fitting the result to the pulse-height data (cf.
Serlemitsos et al. 1975). Although a given source was seldom isolated in the
field of view, we could estimate the possible contamination of its spectrum
from other sources on the basis of the intensities derived from the models
discussed above. Spectral models included theimal spectra, power law spectra,
and linear combinations of these, Photoelectric absorption (Brown and Gould
1970, Fireman 1974) and line features were possible parameters, as well.

The experiment was commanded into the "real time" mode for two days
(329-331 see Table 1) when PSR 0833-45 was in the field of view with sub-
stantial effective area (v 200 sz)“ This modes yields 20 msec temporal
resolution for pulse-~height-analyzed (PHA) events. The data were folded
over the 89 msec period of PSR0833-45 (Manchester et al, 1976) after making
time-—of-flight corrections for the satellite and Earth motion. The coarse
temporal binning would not allow us to distinguish pulse durations from
0.04 to 0,20 of the period, which are the observed duty cycles of the radio
pulse (Downs et al. 1973) and the gamma ray pulse (Thompson et al, 1975)

respectively.
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III., RESULTS
A, Sources

The two forward detector scans revealed the presence of an additional
source in this region. The source, 05 (0S0-8 source) 0752-39, has a best
fit pesition at righr ascension 7h51m365 and declination -38,7°, Figure
1 shows the best fit positions and 90 per cent confidence areas for the
two scans, The second scan was considerably slower than the first, so that
the source position was better defined, and the significance of its existence
was at the ten sigma level.

Table 2 summarizes the fluxes and one sigma errors derived for each
source, There are indications of varisbility in 4UG813-38 and MX0836-42.
The scan 1 fluxes for A0835-48 and A0B54-46 were held [ixed at their Scan
2 values because the speed of Scan 1 made their determination extremely
uncertain, Based on a comparison of their Ariel 5, 43U, and 050-8 values,
A0854-46 has roughly constant intensity, while AQ835-48 appears to be
variable.

The flux of 4U0821-42 (Puppis A) is about 0.6 of its 4U Catalogue
value, This discrepency could be due in part to the soft Puppis spectrum
(Zarnecki et al. 1977) and the enhanzed efficiency of the UHURU detectors

; (Giacconi et al, 1971) below 2 keV relative to this detector. The intensity
of 400833-45, conversely, is about twice the 4U value, although it is
consistent with the Ariel 5 intensity (Seward et al. 1976). We also find
that the best—fit model for 410833-45 has nor—-zero angular extent.

On the basis of an increase in the minimum value of xz for 99% confidence
(cf. Lampton et al. 1976, Avni 1976) the angular extent is 1. i_0.20 in
radius. An equally acceptable fit is obtaimed with a combination of a point

source at the
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PSR0OB33-45 position and the 4U catalogue level and an extended source
which 15 equally luminous. We see no evidence for variability of this
source during the two scans (an upper limit of ~ 10 per cent) or for a
flare event such as the one observed by Smith and Pounds (1977).

MX0836-42 was the only known source scanned with substantial
efficiency by the aft detector, The upper 1imit at that time to the flux
of this source was 9.5 x 10_12 erg cm2 sec-l. There is evidence at the
two s’gma level for an additional source near right ascension 8h55m36s
and declination -41.1°. It is marked as "S" in Figure 1.

B. Spectra

Figure 2a shows the derived incident spectrum from a position which
includes Puppis A but excludes all other known sources. This spectrum is
complex and can not be £it by a sinmgle simple model, although it is fit
acceptably by a two-component model. The high temperature component is
inconsistent with previous observations of the X-ray spectrum of Puppis A
(Seward et al. 1971, Zarnechi et al. 1977), and was the first indication of
the presence of 080752-39 in our analysis of these data. The temperature
of the soft component can not be accurately determined because the detector
window is opaque to X-rays with energy less than 2 keV. It is, however,
consistent with a temperature of X 10° K. The hard component has a temperature
> lO8 K and also is fit with a power law spectrum of number index 1.44 +
0.20. Figure 2b shows the spectrum of 080752-39 when it alone is in the field
of view. This power law spectrum is consistent with the hard component of
the previous spectrum, and its parameters are listed in Table 3.

The spectrum shown in Figure 3 was obtained from a pointing position

cloner to Puppis A and farther from 0S0752-39. Ian this two—component spectrum
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the ratio of low to high temperature component flux is at least twice as

high as in the spectrum shown in Figure 2a. This is, of course, consistent
with the low temperature component originating from Puppis A and the high
temperature component from 050752-39. Fipure 3a demonstrates a 3.6 sigma
excess near /7 keV which can be attributed to a line with one sigma limits

of 6.9 + 0.3 keV in energy and 0.57 + 0.06 keV in equivalent width. A

thermal iron line with this equivalent width is not expected in the low temper-
ature continuum from Puppis A (cf. Raymond and Smith 1977). The increased
statistical signifiecance of this line relative wo that in Figure 2a (a two
sigma excess) may be due simply to the factor of two increase in net

high energy counts.

The spectrum from 4U0833-45 is shown in Figure 4. The continuum
is fit well by a power law (Table 3) and can not be fit by a thermal model.
There is also an emission feature with 3.6 sigma statistical significance
at 6.4 + 0.3 keV with equivalent width 0.11 + 0.0l keV. We estimate the

contamination of this spectrum by nearby sources to be less than 0.12

of the photons, ' ORIGINAL PAGE
OF POOR QUATI™
o 89 msec Pulsations
We continued the search for X-ray pulsations from 4U0833-45 at the
- 89 msec PSR0833-45 period, None were observed with a 3¢ upper limit of
2.9 x 10--5 photons cm-2 sec_l keV-l at 3 keV., This upper limit is a factor
of 10 below the previous upper limit at this energy (Pravdo‘gg.ﬂi. 1976b) .,

It Falls close to an interpolation of the pulsad flux observations of

the optical emission (Wallace et al. 1977) and the integrated gamma ray



emission (Bennett et al. 1977). However, an extrapolation of the 0.1 -
1.0 GeV pulsed spectrum from the previous reference is at least a factor
of ten above the present pulsed flux upper limit. This indicates a turnover

in the pulsed spectrum between the X-ray and gamma ray regimes.

IV. DISCUSSION

A. 080752-39 and Puppis A

An additional weak source of high energy X-rays has been discovered
in this region. TIts hard spectrum would indicate an X-ray binary (Ulmer
1975, Rappaport et al. 1977), if indeed the source is galactic. Although we
could not isolate Puppis A in our field of view, we conclude that the soft
component of the two-component spectra is associated with it. We can not
obtain meaningful confidence limits on this low temperature but our estimate
is consistent with the & 107 K temperature observed by others (Seward et al.
1971, Zarnecki et al. 1977), and with the predicted temperature based on the
age of the supernova remnant and the shock wave model (cf. Gorenstein et
al. 1974, Culhane 1977},
B. Vela Pulsar

The X-ray intensity of 4U0833-45 determined by 0S0-B is about twice

that teported by Kellogg et al. (1973), who used a detector with a smaller field
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of view. This is perhaps consistent with our determination that at least
half of this flux originates in an extended source 1° in radius around
the pulsar, The angular extent, the non-thermal spectrum, and the > 99%
non-pulsed fraction suggest that an extended sychrotron source exists
around the Vela pulsar (see also Silk 19786).

Vela and the Crab are the only known pulsars with both optical and
gamma ray pulsations., The pulsed spectrum of the Crab has been shown
to extend from X-rays to gamma rays over almost nine decades in energy
with a single power law spectrum (Bennett et al. 1977), However, the
Vela pulsed spectrum apparently turns over between 10 keV and 100 MeV.
A spectral break in this energy range would be expected if the pulses
originate from magnetic bremsstrahlung of relativistic electrons neatr
the pulsar speed of light radius (Shen 1972, Thompson 1975), although
the prediction of pulsed X-rays in the preceeding model is a factor of
5 above the observed upper limit. A model of Massaro and Salvati (1977)
proposes that the pulse duty cycle will increase with decreasing energy
from the gamma rays. This effect, if large, would decrease our sensitivity
to observe pulsatinns, TFor example, a pulse duty cycle of 0.95, would
increase our intensity upper limit by a factor of 20,
c. MX0836-42

MX0836-42 has been reported vo be a variable X-ray source which
at one time was the brightest source in this region (Markert et al., 1977),.
Cominsky et al, (1977) observed this high state at an intensity of
9 x 10"1O erg cm_z sec-l for about 50 days in 1972, Our intensity upper

limit from May 1976 demonstrates a factor of at least 100 in variability.



During the remainder of times covered by 080-7 (Markert et al 1977), UHURU
(Cominsky et al. 1977), and the times sampled by 0S0-8, the scurce intensity
was o 3 X 10_11 erg cm_2 sec_l. The soft spectrum observed by the experi-
menters above, as well as the prolonged higl state, are typical of X-ray
transients similar to AD620-00 (Kaluzienski 1977). An additional charact-
eristic of this propcswed class is an intrinsic X-ray luminosity of 3_1037
erg sec-l during high states, This would imply that the distance to
MXQ836-42 is > 10 Kpe, or > 10 times the distances to the other sources
discussed here.
D. Iron Line Emission

X-ray spectra of several galactic objects have revealed iron line
emission features which have been attributed to both thermal (cf, Pravdo
et al, 1976a, Becker ot al 1976} and non-thermal (Pravdo et al. 1977a)
processes, Iron line emission at the observed equivalent width would
arise naturally if the hard component
associated with 050752-39 is a thermal spectrum with temperature
; 108 K (cf. Raymond and Smith 1977), This temperature, however, is only
marginally consistent with the 05G752-39 spectrum, Lline emission in
the power law spectrum of 4U0B33-45 suggests other line formation mechanisms,
Iron line fluorescence is an efficient mechanism which requires 2 hard
¥-ray source and a fluorescence target (cf. Hatchett and Weaver 1977),
Note that we can not effectively differentiate between these two on the basis
of the line energy, as our statistics do not allow us to formally exclude

either possibility in any of the spectra obtained. For normal cosmic

abundance of iron (cf. Cameron 1973), hydrogen column densities in the
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target NH " 1024 c:m-'2 are required for significant fluorescence emission,
Unless these high density regions are very patchy and not directly in the
line of sight, this value for NH appears too high relative to the previous

20

determinations for this region of ~ 10 cm-2 {Gorenstein et al. 1974).

Alternatively, the possibility exists that this is a diffuse emission

feature from the extended X-ray source around the pulsar. Charge exchange
between low energy cosmic ray 1roen nuclei released in a supernova and the
interstellar gas can account for the line lumineosity in this region
(Ramaty et al. 1971, Bussard et al., 1977). The product of hydrogen column

density times cesmic ray energy density must equal 1019 H atoms c:ru"'2 X v

cm ~ to produce the observed line strength (Bussard et al. 1977), With

NH v 1020 cmz, cosmic ray energy densit: in this model is 0.1 eV cm-3.

The intrinsic line widtlh of 2 keV, which is characteristic of a charge exchange

B a1

iron line, can not be identified in this measurement hecause of the low
statistical level of the feature,
; We add that the line emission region could extend beyond the immediate
vicinity of Vela and into the Gum Nebula. The cosmic ray energy density
estimated above is not in conflict with the observed ionizatijon state (Ramaty
et al 1971, Reynolds 1976b) or the (OIII) line emission (Reynolds 1976a)
from this larger region. It is interesting to note that the observed iron
line flux from both the Vela pulsar region and the 0S80752-39 region is

NG ox 10-4 photons r.'m-2 sec-l.

E. The Gum Nebula and the Galactic Ridge

If the low luminosity sources (excluding MX0836-42) observed from

:
3
!
K

this region are at a distance of % 1 Kpc, there may be both local and
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galartic implications. Locally, the sources would appear to form a
cluster of X-ray sources. Thes would reside within the Gua Nebula, an
extended low density ionized region of the local interstellar medium
(cf. Brandt et al. 1971, Reynolds 1976b). One possible X-ray cluster
production mechanism is a supernova cascade event (Opik 1953, Ogelman
and Maran 1976) although the time scale for this process may be larger
than the expected X-ray source lifetimes. More simply, a cluster could
result from the evolution of a group of short-lived stars formed at the
same time {e.g. an 0B association).

These sources could be representative of a class of intrinsically
weak X-ray sources which are now observed only in this nearby region
of the galactic plane. An estimate for the space density of such sources
in a disk distribution may be deduced from the result of Bleach et al.
{1972), who observed excess X-ray emission associated with the gai:ctie
disk at longitude ™ 60°—the so-called galactic ridge. They suggested
that a distribution of weak, unresolved sources is responsible for the

3

measured integral source function of 7 x 10_30 erg cm secwl (2-10 kev).

This corresponds to a space density of 19/L34 Kpc_a, where L is the

34
average source luminosity in units of 1034 erg sec-l. There is no obvicus
contradiction hetween this value with L34 v 1, and the density of sources

in the proposed Gum Mebula cluster, although the cluster volume is difficult
to determine. In addition, if the source distribution is a disc with
thickness D Kpe, then the number of such sources, 1 x 104 D/L34, and their

38

. . -1 . - : .
total luminosity, 1 % 10°° b ers sec ~, is not in conflict with observations

or estimates of the total galactic X-ray luminosity. The longitudinal
distribution of all low~latitude X-ray sources indicates that another

cluster of low luminosity sources may be located near EII = 800.
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V., CONCLUSTONS
Observations of the Vela-Puppis region have shown it to be densely
populated with low luminosity sources. The existence of iron line emission
and an extendaed source near the Vela pulsar are interesting possibilities
which reg:ire further confirmation. Models for the pulsed emission from
PSRO833-45 must address the question of a spectral break between 10 and
105 keV. Finally, we add that HLAD-1 will increase the resolution horizon
for low luminosity sources and continue the search for this class of
objects.
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FIGURE CAPTIONS

The Vela-Puppis region. The three scans (marked with
day number of 1975} performed by the 080-8 pointed
detectors are shown with arrows. Previously known
sources and their error boxes are shown. The hatched
ragion is the error box for 080752-39 which intersects
with the larger error box derived from another scan. A

possible source is marked "§".,

Composite spectrum including hoth Puppis A and 080752-39

in the field nf view.
Derived .ncident spectrum for 080752-39.

PHA histogram and derdived incident spectrum from position

near Puppis A which shows a 3,60 excess near 7 keV,

PHA histogram and derived incident spectrum for 4U0833-45.
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