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Abstract. COMPTEL, the imaging telescope on the
Compton Gamma-Ray Observatory, has detected 1.809
MeV gamma-ray line emission attributed to radioactive
26A] from the nearby Vela region. The location of the
emission feature suggests an association with the Vela su-
pernova remnant. The measured flux of 3.6(+1.2) 10~°
phcm~2 57 is consistent with theoretical estimates for nu-
cleosynthesis of core collapse supernovae, if the distance
to the Vela supernova remnant is below 500 pc.

Key words: nucleosynthesis - gamma-ray: observations -
supernovae - stars : Wolf-Rayet stars - Galaxy: abundances

1. Introduction

Since the pioneering detection of 1.809 MeV radiation
from the central region of the Galaxy (Mahoney et al.
1982), this v-ray line originating from the decay of ra-
dioactive 26Al has been used to study recent nucleosyn-
thesis in the Galaxy. Formation of 26Al is believed to take
place in explosive nucleosynthesis sites such as novae, su-
pernovae, and in the interior of intermediate or very mas-
sive stars. The yields of individual nucleosynthesis events
are estimated to be in the range 1078 Mg - 107* Mg

This, combined with the 1.04 10° y decay time, implies
that the apparent 1.809 MeV emission can generally be
understood as a superposition of a large number of source
events. Many measurements of the 1.809 MeV gamma-
ray line from 26Al have been performed over the past 15
years (see review by Prantzos & Diehl 1995). Interpreta-
tion of these results in terms of the nature of the sources
has been hampered by the ambiguity of the expected can-
didate source distributions in the Galaxy. In general, the
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sources are expected to follow the distribution of star for-
mation activity in the Galaxy. A steady-state situation of
Galactic star formation is however not necesssarily main-
tained over timescales as short as 10° years, so that ir-
regularities may be expected. Alternatively, however, the
observation of nearby individual candidate source regions
presents the opportunity to identify individual source ob-
jects, provided that the yields of these sources are suf-
ficient to exceed the sensitivity limit of the ~-ray tele-
scope. The COMPTEL imaging telescope (Schonfelder et
al., 1993), successfully launched in April 1991, has ade-
quate sensitivity to provide new insight into the origin of
26A]. The first large-scale picture of the 1.809 MeV emis-
sion from the Galaxy (Diehl et al., 1995a) is characterized
by extended 1.809 MeV emission along the Galactic plane,
generally confirming the inner Galaxy as the most promi-
nent emission region with a longitude extent of ~70°. The
appearance is surprisingly irregular, however, with unex-
pected large-scale asymmetry, the fourth quadrant being
enhanced with respect to the first, and several localized
emission features along the plane. This paper discusses
the COMPTEL measurement from the Vela region, the
ongoing nucleosynthesis in this direction, and the impact
of the results on our understanding of the 2°Al sources.

2. Observations and Data Analysis

COMPTEL has an energy resolution at 1.8 MeV of ~8%
(FWHM) with a photopeak fraction of ~250%, and an an-
gular resolution of 1.6°(1¢) within its wide field of view of
about 1 steradian. The 4-ray line sensitivity at 1.8 MeV
is ~10~% phcm~2s~! typically, for an observation of ~10°
seconds. For a detailed description of the instrument see
Schonfelder et al. (1993). Our analysis utilized data from
April 1991 to September 1993. The Vela region was in the
field of view of COMPTEL during 10 observation periods,
however during three pointings only at small aspect an-
gles. The total exposure corresponds to =5 10® seconds.
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Fig. 1. Maximum-likelihood maps of the Vela region in differ-
ent gamina-ray energy bands, 200 keV wide each:

a energy band 1.5-1.7MeV; b energy band 1.7-1.9 MeV cen-
tered on the *°Al line; c energy band 1.9-2.1 MeV. Contour
levels are likelihood values in steps of 2, starting at 4.
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Fig. 2. Energy spectrum for the Vela region (background from
high latitude observations subtracted; possible differences in
continuum spectra of source and background result in a resid-
ual slope). The line shows a fit of a Gaussian instrumental line
feature at 1.809 MeV plus a linear background, which yields
480 counts in the line.
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Fig. 3. Maximum entropy image of the Vela region at 1.8 MeV;
background is estimated from adjacent energies. The positions
of the most likely candidate sources, the Vela SNR and WRI11,
are indicated. Flux per solid angle is displayed, with contour

levels above 4 10™* phem™2s7!sr™! in steps of 2 107*.

For a selected energy interval, the measured v-ray photons
can be binned in a 3-D dataspace of scatter direction (de-
fined by the interaction locations in the two detector layers
of the instrument), and Compton scatter angle (defined
by the energy deposits in these two layers) (Schénfelder
et al. 1993). A data-space enclosing £ 60°around the Vela
region i1s employed. Imaging analysis is performed in dif-
ferent ways (for details see Diehl et al., 1995a,b}):

- the Maximum Entropy method (Strong et al. 1991) it-
eratively extracts a 1.809 MeV sky image, using the 3-
dimensional point spread function (PSF), by maximising
the sum of the overall image entropy and the overall image
likelthood (i.e. minimizing its new information content)
until satisfactory agreement with the data is achieved ;

- the Maximum Likelihood method (de Boer et al. 1991,
Bloemen et al. 1994) convolves a point source or an alter-
nate model into the dataspace, testing for the statistical
significance (likelihood) of the source hypothesis. Either
scans of point source locations are made, or symmetric
extended sources of different radii and position are con-
volved with the 3-dimensional PSF and compared to the
COMPTEL measurements. Spatial background modelling
is achieved in the 3-D data-space using independent data
at adjacent energy bands from the same observations.

3. Results

The COMPTEL maximum-likelihood map of the Vela re-
gion in a 0.2 MeV narrow energy range centred on the
1.8 MeV line is shown in Figure 1, together with maps
in two adjacent energy bands. These images were derived
from maximum-likelihood testing for a point source hy-
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Fig. 4. Growth curve of derived photon flux with radius, cen-
tered at the Vela feature (solid line), and at the Carina feature
(dashed), the sharpest feature observed in COMPTEL 1.8 MeV
maps, for comparison. (left).

Estimations of the source extent from model fits: The likeli-
hood variation with source radius for a source centered at the
emission maximum suggests a radius of ~4 degrees (dashed);
the likelihood ratio differences are < 20 , however (this model
includes additional components at WR11 and (1=2530/b=-30).
Models centered at the Vela pulsar, with a Vela SNR com-
ponent only (solid line), or the same additional components
(dotted) allow for somewhat larger radii.(right).

pothesis throughout the region of the sky shown in these
maps. The background is modelled from the same data us-
ing a filtering technique which eliminates expected source
signatures and smoothes the residual data (Bloemen et al.
1994). Clearly the 1.8 MeV image stands out, proving that
1.8 MeV line emission dominates over continuum emis-
sion from this region. The background-subtracted spec-
trum from this observed excess (Fig. 2) confirms this un-
derstanding: the feature at 1.8 MeV is fitted with a Gaus-
sian of instrumental width, yielding 480 counts for these
data selected from a region ~15° wide around Vela SNR
using one observation only. The peak likelihood-ratio val-
ues (~15) for 1.8 MeV emission close to the Vela super-
nova remnant (SNR) translate into a detection signifi-
cance of 4¢ for this point-source hypothesis. Model fits
with a slightly extended feature yield a likelihood ratio im-
provement above the zero hypothesis of 25, corresponding
to 50. The COMPTEL 1.8 MeV image derived through
maximum-entropy deconvolution using background mod-
elling from adjacent energy bands is shown in Figure 3.
This intensity image differs in detail from Figure 1 due to
the subtraction of continuum sources by the background
technique chosen here. Nevertheless, the basic appearance
of the likelihood map is confirmed. The dominating ob-
served emission feature is located at (1=267°, b=-1°) and
appears somewhat extended (see below). Analysis of the
data with the straightforward excess-scan technique that

avoids complex deconvolutions (Diehl et al. 1995a) con-
firms these results. The 1.809 MeV signal excess scans
across the Vela region in longitude and latitude also show
a clear feature compatible with a point-source profile cen-
tered at about the Vela SNR’s position. Independent tests
of the significance of the measurement with the boot-
strap method (Diehl et al. 1995b) were performed. From
the generation of 30 bootstrap samples out of the com-
bined observations, the spread in intensities at the po-
sition of the Vela pulsar is equivalent to a 3.8¢ signifi-
cance. For comparison, a 2.5 ¢ value is found for the fea-
ture at (1=253°,b=-3°). The intensity map resulting from
maximum-entropy analysis (Fig. 3) in the 1.7-1.9 MeV
energy band, derived with a background technique based
on adjacent energy bands of the same observation, can
be integrated to determine the flux of the 26Al signal on
top of any Galactic continuum for the feature of inter-
est. For the Vela feature, a value of 3.6 10~% phcm=2s~!
is determined. This value has an uncertainty of 30%, in-
cluding statistical and systematic uncertainties. The lat-
ter is mainly due to background modelling. A possible
extent of the detected feature can be tested in different
ways. Integration of the emission over a 2.5°-6° radial
area around the peak of the observed main feature yields
a ’growth profile’, indicating somewhat extended emission
(see Fig. 4 left). A maximum likelihood hypothesis test of
extended sources also shows a trend towards a somewhat
extended source (r~4°), although source diameters rang-
ing from a point-like source (r<2°) to an extended source
with r~10°are compatible with our data (see likelihood
profile, Figure 4 right).

4. Discussion

The Vela region constitutes a region of particular interest
for the study of the 2°Al origin, as it houses two individual
candidate objects relatively closeby: The Vela SNR, and
the closest Wolf-Rayet star to the sun, WRI11, in the bi-
nary system 5 Velorum, with low contamination from sub-
stantial background sources. Oberlack et al (1994) have
studied candidate 2°Al sources within the Vela region. The
Vela supernova remnant is the most probable counterpart
of the observed feature. A revision of the distance to the
Vela SNR from 500 pc to below 300 pc is indicated by
recent X-ray results (Aschenbach et al. 1995). This is com-
patible with the COMPTEL data, if standard yields of
type 1l supernovae are applied to a supernova progenitor
mass in the range 15-35 Mg (see Figure 5; ref. Weaver &
Woosley 1993; Hoffman et al. 1995). Contributions from
the Wolf- Rayet binary 'y Velorum’ (van der Hucht 1988)
have been estimated recently by Langer et al. (1995). Al-
though it was found that the binary nature of this system
has negligible impact on the 2Al yield, these recent nucle-
osynthesis calculations for a 50 M star produce ~7 10~
Mg of 26A1, which is more than twice the earlier estimates
(see Prantzos & Diehl 1995). This suggests a contribu-
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Fig. 5. Expected 1.809 MeV flux from the Vela SNR versus
distance, for different model calculations (Weaver & Woosley
1993; Hoffman et al. 1995). The hatched area indicates the
range of yields from variation of the physical parameters of
models for 25M progenitors. Lines indicate the variation of
yields for the same model but different progenitor masses of
15 (dotted), 25 (solid), and 35 Mg (dashed). The horizon-
tal bars in the bottom part indicate distance estimates for
the Vela SNR (Aschenbach et al. 1995) and pulsar (Becker
1995), from ROSAT X ray data.The classical distance, and its
re-determination with the same (now obsolete) method, are
indicated (vertical lines).

tion to the measured flux of >4 10® phem~2s~!from
WRI11/ v Velorum, which probably could not be detected
by COMPTEL even in deeper observations of this region.
From likelihood analysis of our present data we determine
for WRI11 a 20 upper limit of 1.9 10~° phcm=2s~! (for
a source of 4° extent at 1=263°, b=-8°). This only weakly
constrains the range of discussed progenitor masses for
WRI1 (see Oberlack et al. 1994). Contributions from ex-
tended background sources such as novae or supernovae
have been estimated. For novae an upper limit of 5.7 10~3
phem™2s™! for the 20°-longitude region around the Vela
SNR was derived (Oberlack et al. 1994) for what appears
as a worst-case nova distribution (Higdon & Fowler 1989),
assuming that all observed Galactic 1.8 MeV emission was
attributed to novae. However this would imply a rather
smooth distribution of the emission over the Galaxy, in
contrast to the observed concentration in a localized fea-
ture. Attribution of a major part of the observed flux to
(unobserved) supernovae from the Vela region (where gi-
ant molecular clouds are located at a distance of ~1-2 kpc)
is unlikely: the number of ~10 supernova remnants within
an 2°Al lifetime is incompatible with the absence of any
other signs of enhanced star formation activity in these
clouds, such as O-type stars or a high density of young
stellar objects. The Gum nebula at a distance of 300-400
pc, with its present extent of ~40° should contribute only
< 4% of the Vela supernova remnant’s intensity, an upper

limit given by the surface brightness ratio assuming a su-
pernova origin for the Gum nebula. The observed novae of
this region are negligible individual 2°Al sources for typi-
cal yields < 10~7 Mg Additionally, the Puppis supernova
remnant is too distant (d~2.5 kpc) to contribute to the
observed emission. Yet, the recent X-Ray detection of a
supernova remnant at d~1.8 kpc in this region at 1=272°,
b=-3° (Greiner et al. 1994) may indicate moderate star
formation activity in the back side of the Vela SNR.

5. Conclusions

COMPTEL observations of 1.8 MeV emission along the
Galactic plane have revealed significant emission from the
Vela region, which may be due to the Vela supernova
remnant. This represents the first detection of a single
nucleosynthesis source in 2°Al radioactivity. More accu-
rate localization of the emission and the determination of
the absolute intensity from further observations, together
with better distance estimates, will provide essential con-
straints on our understanding of core-collapse supernova
nucleosynthesis. The imaging resolution of COMPTEL
should also constrain a possible contribution from the Wolf
Rayet binary ¥ Velorum, which will help in understand-
ing hydrostatic burning nucleosynthesis phases within the
evolution of such a very massive star, possibly modified
by the presence of a companion.
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Abstract. The COMPTEL telescope on board the Comp-
ton Gamma-Ray Observatory (CGRO) is capable of imaging
gamma-ray line sources in the MeV region at a sensitivity of
about 10~ photons/(cm?®s). During the period August 1991
to August 1993 of the observation program of CGRO, several
recent Galactic novae, some of which were later claimed to be
neon-type novae, were in the COMPTEL field of view on a
number of occasions. We searched for the *Na line at 1.275
MeV from the neon-type novae. No positive detection can be
reported. Combining the upper limits to the fluxes from these
novae we are able to derive an average 2 ¢ upper limit for any
neon-type novae in the Galactic disk of the order of 3 x 1073
cm™? 5™, which translates into an upper limit of the ejected
?2Na mass of 3.7 x 107® Mg . This COMPTEL limit severely
constrains modern theories of novae.

Key words: gamma-rays — gamma-ray lines — nucleosynthesis
- novae — ONeMg novae
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1. Introduction

The classical nova outburst has been modelled as a thermonu-
clear runaway in the accreted hydrogen-rich envelope of the
white dwarf companion of a close binary system (e.g. Starrfield
et al. 1974, 1978; reviews by Truran 1982; Starrfield 1989). In
general, observations of novae support such models (Gallagher
& Starrfield 1978; Truran 1982; Truran & Livio 1986).

The existence of a distinct subclass of the classical no-
vae, associated with an underlying oxygen-neon-magnesium
(ONeMg) white dwarf, was first proposed by Law & Ritter
(1983) and later supported by spectroscopic observations of
Nova Cra 1981 (Williams et al. 1985), Nova Aql 1982 (Sni-
jders et al. 1987) and of more recent novae by Williams et
al. (1991, 1994) and Saizar et al. (1992). The majority of the
spectroscopic data were produced by the Tololo Nova Survey
{Williams et al. 1994) and by studies based on spectrophotom-
etry done with the International Ultraviolet Explorer satellite
(IUE) (see for example Starrfield et al. 1992). Those studies
suggest that the cores of white dwarfs in nova systems largely
consist of either carbon and oxygen (CO) or oxygen, neon, and
magnesium (ONeMg) (Williams et al. 1985; Sonneborn et al.
1990; Saizar et al. 1992).

On the basis of these data a distinct class of novae was in-
troduced, the so-called ‘neon-novae’, whose ejecta show strong
emission lines in Ne, Na, Al, and Mg (Starrfield et al. 1986,
1992) and in which neon abundance enrichments of more than 8
times solar exist. Neon enrichment up to 8 times solar could be
produced during thermonuclear runaway even for the usual CO
white dwarf under certain conditions (Livio & Truran 1994). Of
the ~ 12 well studied Galactic novae, for which reliable abun-
dance determinations are available, probably one third could
be referred to as ‘neon-novae’ ( Truran 1990; Higdon & Fowler
1987).

It is believed that neon novae may be an important source
of Galactic 2°A) and ?>Na (Weiss & Truran 1990; Nofar et al.
1991). During explosive hydrogen burning, many nuclei in the
intermediate mass range are produced by repeated proton cap-
ture reactions. These proton-rich nuclei are generally unstable
and can be detected via de-excitation v -ray lines which fol-
low the decay of the unstable nuclei. A detection is possible if
the nuclei have sufficiently large decay-times to survive until
the expanding ejecta become thin to v -rays. In addition de-



excitation lines of those nuclei that are convected to the v -ray
thin regions during the nova outburst may be detectable (e.g.
Clayton & Hoyle 1974).

The large luminosities of classical novae imply very high
effective temperatures. Therefore, novae could also be quite
strong X-ray emitters. Hence, v -ray lines and continuum X-ray
emission seem to be typical signatures of novae - as has been
widely discussed in a number of recent publications (see e.g.
Politano et al., 1994; Shara & Prialnik 1994; Livio & Truran
1994; Leising 1993; Truran & Starrfield 1993; Starrfield et al.
1993, 1992; Higdon & Fowler 1987).

In 1974 Clayton and Hoyle proposed that *?Na might be
produced in substantial quantities from proton capture on neon
initially present in the nova atmosphere. ?Na decays (90% 8
emission and 10% B~ capture) with a mean life-time of 3.75
years to a short lived excited state of ?*Ne at 1.275 MeV. The
accumulation of 22Na from the frequent novae in the central
bulge of the Galaxy may lead to an observable extended emis-
sion from that region. In addition, an individual nova within
a few kiloparsecs from the Sun may be visible in the light of
the **Na + -ray line. For example, a nova at 1 kpc from the
Sun with a total ejected mass of the order of 107* Mg and a
#2Na mass fraction of the order of 10~* could have been seen
at a flux value of 4 x 107> cm™2 s™*(Weiss & Truran 1990)
which is comparable to the sensitivity limit of COMPTEL, the
low-energy v -ray telescope aboard CGRO.

A few experimental verifications of the ¥ -ray emission
from Galactic novae were attempted in the past, namely with
a balloon-borne germanium detector (Leventhal et al. 1977),
with the germanium detector on-board the satellite HEAO-3
{(Mahoney et al. 1982), with the v -ray spectrometer on the
SMM satellite (Leising et al. 1988) and recently by the OSSE
instrument on-board CGRO (Leising et al. 1993). From mea-
surements at the 2>Na line energy of 1.275 MeV with HEAO-3
an upper limit to the production of 2*Na in a nova event of 5.6
x 1077 Mg was derived for an assumed galactic-disk distri-
bution of novae (Mahoney et al. 1982). A search for the 1.275
MeV line by the SMM + -ray spectrometer yielded a 99% confi-
dence limit of 4.6 x 10~7 Mg of 22Na ejected by any one of four
novae in the Galactic bulge region (Leising et al. 1988). The
OSSE team was able to derive an upper limit of § x 1078 Mg
to the mass of *Na ejected from the recent neon-type Nova
Cyg 1992, assuming a distance to the nova of 1.5 kpc (Leising
et al. 1993).

The COMPTEL experiment onboard CGRO with its large
field of view observed a number of recent Galactic novae during
1991-1993. At least five of these novae (Nova Her 1991, Nova
Sgr 1991, Nova Sct 1991, Nova Pup 1991 and Nova Cyg 1992)
are presently believed to be of the neon-nova type. The other
novae considered in this paper belong to the so-called classical
(standard) type, which could also be important contributors
to the galactic neon abundance.

We present here the results of a search of a portion of the
COMPTEL data for **Na line emission at 1.275 MeV. New
limits are derived to the ?’Na line fluxes from the individual
neon-type novae and to the mass of *Na ejected from each of
these novae.

2. Data analysis and results

2.1. Imaging analysis

Detection of ¥ -ray line emission from ??Na produced dur-
ing a nova outburst is one of the observational goals of the
COMPTEL experiment. COMPTEL, due to its combination
of imaging and spectroscopic capabilities (Schonfelder et al.
1993), provides a unique opportunity to measure line emission
from extended regions (e.g. the Galactic bulge) or from point-
like sources. Here we restrict ourselves to the search for the
22Na line from selected point sources. :

In this work we use the same approach to search for 2?Na
line emission as in the Cas A **Ti line emission search (Iyudin
et al. 1994).

Generally, different viewing periods were combined to
achieve the best possible sensitivity for the novae listed in Ta-
ble 2. The CGRO viewing periods (VP) used for the search are
listed in Table 1.

Table 1. List of viewing periods (VP) used for the ??Na line
search from recent novae in COMPTEL’s field of view.

VP VP pointing Start End
1 b date date

5.0 0.0° -4.0° 12 Jul 91 26 Jul 91
7.5 25.4° -14.0° 15 Aug 91 22 Aug 91
12 310.7° 22.0° 17 Oct 91 31 Oct 91
13.0 25.0° -14.0° 31 Oct 91 07 Nov 91
14 285.0° -0.7° 14 Nov 91 28 Nov 91
16 0.0° 20.0° .12 Dec 91 27 Dec 91
20 39.7° 08° 06 Feb 92 20 Feb 92
23 322.0° 3.0° 19 Mar 92 02 Apr 92
27 332.0° 2.5° 28 Apr 92 07 May 92
30 252.4° 30.6° 04 Jun 92 11 Jun 92
32 284.0° 23.0° 25 Jun 92 02 Jul 92
33 252.4° 30.6° 02 Jul 92 16 Jul 92
34 108.7° -2.4° 16 Jul 92 06 Aug 92
35 335.1° -25.6° 06 Aug 92 11 Aug 92
38 335.1° -25.6° 27 Aug 92 01 Sep 92
41 228.0° 2.8° 08 Oct 92 15 Oct 92
43 31.1° -28.3° 29 Oct 92 03 Nov 92
44 228.0° 2.8° 03 Nov 92 17 Nov 92
203 78.0° 0.7° 01 Dec 92 22 Dec 92
208 307.0° 21.0° 02 Feb 93 09 Feb 93
209 0.0° -34.0° 09 Feb 93 22 Feb 93
210 356.0° 6.0° 22 Feb 93 25 Feb 93
212 83.7° 11.7° 09 Mar 93 23 Mar 93
214 356.0° 6.0° 29 Mar 93 01 Apr 93
215 312.0° 23.0° 01 Apr 93 06 Apr 93
217 312.0° 23.0° 12 Apr 93 20 Apr 93
219.4 350.0° 16.0° 05 May 93 07 May 93
223 359.0° 0.0 ° 31 May 93 03 Jun 93
226 355.0° 50° 19 Jun 93 29 Jun 93
229.0 5.0° 5.0 ° 10 Aug 93 11 Aug 93
229.5 5.0° 5.0° 12 Aug 93 17 Aug 93
231 22.0°  -13.0° 03 Aug 93 10 Aug 93
232 348.0° 0.0 ° 24 Aug 93 07 Sep 93

Table 2. List of the recent novae searched for the presence of
22Na line emission and the derived upper limits.



Nova Galactic Date of Nova 2 o up. lim.
name 1 b max m, type ph./(cm?s)
Cen 1991 309.5° -1.04° 17-Mar-91 stand. 4.0E-05
Her 1991 43.3° 6.6° 24-Mar-91 neon  3.3E-05
Sgr 1991  0.18°  -6.94° 29-Jul-91 neon 6.2E-05
Sct 1991 25.1°  -2.80° 08-Aug-91 neon 3.6E-05
Pup 1991 252.7° -0.72° 27-Dec-91 neon  5.5E-05
Cyg 1992 89.14° 7.82° 20-Feb-92 neon 2.3E-05
Sco 1992 343.8° -1.61° 26-May-92 stand. 5.9E-05
Sgr 1992-1 4.75° -2.0° 06-Feb-92 stand. 6.0E-05
Sgr 1992-2 4.56° -6.96° 19-Jul-92 stand. 3.0E-05
Sgr 1992-3 9.38°  -4.54° 29-Sep-92 stand. 4.4E-05
Aql 1993 36.81° -4.10° 17-May-93 stand. 6.2E-05

The time delay between the nova outburst and the actual
COMPTEL observations ranges from 7 days to 507 days. In
calculating the **Na mass in the ejected shell (Section 3), the
time delays between nova maximum brightness and the time
of COMPTEL’s measurements were taken into account.

For the ?*Na line search a dataset was generated for each
VP in Table 1 using standard COMPTEL event selection crite-
ria (Schonfelder et al. 1993) and a +2¢ energy window around
the 1.275 MeV line, where o is instrumental energy resolution
for a monoenergetic line at 1.275 MeV.

The analysis was performed in the 3-D dataspace of COMP-
TEL, with a binning of 1°x1°x2° in the x, ¥, and ¢ coordi-
nates (Schonfelder et al. 1993). A 3-D model point-spread func-
tion (PSF), based on a single-detector response and a physi-
cal model of the instrument derived from the prelaunch cal-
ibrations and simulations was used throughout this search.
Maps of the likelihood ratio and flux were generated using the
maximum-likelihood method (de Boer et al. 1991; Bloemen et
al. 1994) which convolves a point source in the dataspace with
the 3-dimensional PSF, and tests the statistical significance of
the existence of a point source in the line energy interval.

The background models used here were determined in two
different ways: 1) by applying a filter technique to COMP-
TEL’s 3-D dataspace (Bloemen et al. 1994), which smooths
the photon distribution and suppresses source signatures in
first-order approximation and 2) by the use of photon distri-
butions from adjacent energy intervals smoothed in y and %
subspace.

The 2 o upper limits quoted in Table 2 for the positions
of the novae considered were derived from the flux maps gen-
erated using the maximum-likelihood method (Bloemen et al.
1994) and the formalism described in Lichti et al. (1994). This
formalism effectively means that we have quoted 2 o upper lim-
its for the positions of the saurces with zero or negative value
of the flux derived with maximum-likelihood method but in
the case where originally derived flux was positive but slightly
less than 2 statistical & we have quoted almost 4 o (e.g. in
this case we also add 2 & value on top of the originally derived
flux). Five novae of Table 2 were spectroscopically identified
to be of the ‘neon’ type (Williams et al. 1994). The others are
‘standard’ novae which were in the field of view of COMPTEL
(with good exposure) in the period 1991-1993.

2.2. Spectral analysis

For an independent estimate of the *?Na line emission, a spec-
tral analysis was performed for each nova listed in Table 2. The
spectral analysis was performed in very much the same way as
discussed in Iyudin et al. (1994). The source and background
spectra were generated for each of the VP’s. Then residual
spectra for each nova position and each VP were generated
by subtraction of background spectra from the source spectra.
The background spectrum was first normalized to the source
spectrum; the results appear to be insensitive to the energy
interval that is used for the normalization.

Finally the residual spectra from different VP’s, generated
for each of the considered novae, were summed and analysed
for the presence of ?Na line emission.
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Fig. 1. Sum of residual spectra of Nova Her 1991 for the viewing
periods 7.5, 13.0, 20 and 231. Statistical 1 ¢ error bars are shown.
The dashed line represents the expected 22Na line appearance ac-
cording to the ejecta mass derived by Woodward et al. 1992, with a
22Na mass fraction of model 3 of Starrfield et al. 1992. This signal
would have been seen by COMPTEL at the significance level of ~
8co.

Examples of the residual spectra for Nova Her 1991 and
Nova Cyg 1992 are shown in Fig. 1 and Fig. 2. The signal
which would have been seen by COMPTEL is also shown in
the Fig. 1 and 2. This signal was derived by the convolution
of the flux in the ?Na line from the novae predicted by the
model of Starrfield et al. (1992) with the instrument responce
function. No positive signal at the 2> Na line energy was found
from any of the novae considered in this search.

3. Discussion

The derivation of **Na mass limits from the 1.275 MeV line
flux measurements is hampered by the fact that in many cases
novae were not observed prior to the nova outburst. Even rel-
atively well studied novae are often subject to uncertainties of
a factor of 2 in distance. The 4 -ray line fluxes or upper limits
are also subject to the systematic uncertainties. In the case
of the **Na line flux upper limits of Table 2 these systematic
uncertainties, which are produced by differences in the used
background models, amount to ~ 30 %.

The distances of the neon-type novae are listed in Table
3. The nearest of these objects are the best candidates to be
seen at 1.275 MeV. Distance estimates for Nova Her 1991 range
from 1.8 to 5.0 kpc, with a best probable distance estimate of
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Fig. 2. Sum of the background-subtracted spectra of Nova Cyg 1992
for the viewing periods 34, 203 and 212. Statistical error bars are
shown. The dashed line represents the expected >?Na line appear-
ance according to the predictions of Starrfield et al. 1992. This signal
would have been seen by COMPTEL at the significance level of ~
170 .

2.8 kpc, which is based on the graybody angular diameter for
the dust shell (Woodward et al. 1992). The distance of Nova
Cyg 1992 (V1974 Cygni) is known more accurately to be 2.3
+ 0.5 kpc, based on the simple average of optical interferomet-
ric and direct angular imaging, radio angular measurements,
and photometric measurements (Andrillat & Houziaux 1993;
Chochol et al. 1993; Paresce 1993, 1994; Pavelin et al. 1993;
Quirrenbach et al. 1993).

For the other novae listed in Table 2 we estimated distances
with the use of the M g - t; relation from Pfau (1976) and Livio
(1992). Here M p is the maximum brightness of the nova in the
blue light, and t3 is the decline time of the nova brightness by
3 magnitudes from its maximum value in the blue light.

Derived distances to the neon-type novae were used for the
translation of the ?2Na line upper limits into limits on the
22Na mass ejected by each nova event. Combining upper limits
for the fiux value from the positions of the known nova of the
‘neon’ type, we could derive a weighted upper limit on the **Na
line flux from any neon-type nova occuring in the galactic disk,
assuming some spatial distribution of the galactic novae.

Two components of the galactic novae distribution are gen-
erally assumed to exist, one associated with the galactic disk,
the other is associated with the spheroid or galactic bulge.
Only for the disk component in the proximity of the Sun we do
have limited knowledge of the nova distribution and frequency
{Kopylov 1955; Patterson 1984). The idea of the possible exis-
tence of a bulge distribution of novae in our Galaxy was drawn
from observations of other galaxies, largely of M31 (Ciardullo
et al. 1987).

We will concentrate our discussion on the neon-type no-
vae. The most intensively studied novae are Nova Her 1991
and Nova Cyg 1992. Unfortunately other neon-type novae cov-
ered by Table 2 have not been investigated in such detail in
the optical, UV or X-ray energy domains. This complicates
the interpretation of the *Na line results. In case of Nova Sct
1991 we do not have even a firmly established apparent magni-
tude at the maximum brightness. It is however helpful that all
neon-type novae considered in this search were spectroscopi-
cally verified for the presence of the forbidden Ne lines (Austin
1992; Emerson & Mannings 1992; Hayward et al. 1992; Barger
et al. 1993; Williams et al. 1994).

3.1. Nova Her 1991 (V838 Her)

Nova Her 1991 (V838 Her) is one of the most promising 2Na
line sources, its distance estimates ranging from 1.8 to 5.0 kpc.
Nova Her 1991 was a fast ONeMg-type nova, which was discov-
ered on 1991 March 24 with an apparent magnitude of m, ~ 5.4
(Sugano & Alcock 1991). It showed one of the fastest declines in
luminosity on record. The optical (Della Valle & Turatto 1991)
and UV spectra (Sonneborn et al. 1991) revealed velocities of
the ejected envelope of up to 7300 km s™'. The presence of
strong neon lines in the spectra confirmed that Nova Her 1991
was indeed an ONeMg nova (Dopita et al. 1991). Within a
few days of maximum brightness, V838 Her was detected in
the infrared (Woodward et al. 1992) and in X-rays by ROSAT
(Lloyd et al. 1992). The cause of this early X-ray emission is
still unknown (Starrfield et al. 1992).

The extensive observations of V838 Her produced a wealth
of information on the light curves of novae and resulted in a
number of distance estimates (see e.g. Woodward et al. 1992;
Starrfield et al. 1992; Shara 1994). Under these circumstances
it was straightforward to model the ejected mass of %2Na and
26 Al (Starrfield et al. 1992; Starrfield et al. 1993). The pre-
dicted flux of the 1.275 MeV line was of the order of ~ 9 x
10~° ¢m™2 s~ 'in the summer 1993 for a distance of 3.4 kpc.
Therefore, the 2 o upper limit of 3.3 x 107° cm™? 5™}, mea-
sured by COMPTEL ~ 300 days after the maximum luminosity
of the nova in visual light (when the optical depth for the 1.275
MeV photons should be much less than 1), indicates that not
all parameters of the thermonuclear runaway model applied to
the Nova Her 1991 case are correct. The COMPTEL flux limit
for the **Na line can be translated into a limit of ejected mass
of 22Na of less than 1.15 x 10”7 Mg for a distance of 3.4 kpc,
which is a factor of 3 smaller than predicted by the model of
Starrfield et al. (1992), for the same distance. In fact, because
the predicted **Na line flux value is dependent on the mass of
the ejecta ((6.4-9.0) x 107> Mg was derived from IR measure-
ments of Nova Her 1991 by Woodward et al. (1992)) and on
the 2>Na mass fraction (5.7 x 1072 as derived in the numeri-
cal model of Starrfield et al. 1992), we have to conclude that
either the ejected mass or the mass fraction of 22Na in V838
Her ejecta is overestimated by at least a factor of 3. This dis-
crepancy is within the uncertainty of the numerical model, but
it is probably too large for the IR measurements of Woodward
et al. (1992). The discrepancy increases if we take the distance
estimate of 2.8 kpc from Woodward et al. (1992).

In the context of model 3 of Starrfield et al. (1992), ONeMg
novae should eject an envelope of ~ 1073 Mg , if the white
dwarf has a mass of 1.35 Mg . The fact that Nova Her
1991 ejected more mass than a typical ONeMg nova of 1.35
Mg mass, implies that it either had a lower luminosity, a
lower accretion rate, or both. Spectroscopic measurements by
Matheson et al. (1993) of Nova Her 1991, performed in May-
November 1991, indicate an unusual overabundance of ejecta
with sulphur and nitrogen for a neon-type nova. Comparison of
these findings with thermonuclear models implies that the pro-
genitor of Nova Her 1991 was a massive ONeMg white dwarf
with a mass of 1.35 Mg or slightly higher, and almost cer-
tainly greater than 1.30 Mg (Matheson et al. 1993). The same
conclusion has been drawn from ROSAT observations of Nova
Her 1991 5 days, 12 and 19 months after the outburst (Lloyd et
al. 1992; Szkody & Hoard 1994). Our conclusion on the V838
Her discussion is that the nature of V838 Her might be more



complicated than generally believed, and may support the pre-
diction of Shara & Priainik (1994), that the ?*Na production is
in general higher for the slower ONeMg novae, with low white
dwarfs masses, lowest burning temperatures and highest mass

shells.

3.2. Nova Cyg 1992 (V1974 Cyg)

Following the discussion of the previous section, Nova Cyg 1992
could be an ideal case to test the validity of the prediction of
Shara & Prialnik (1994). Nova Cygni 1992 was first reported at
a visual magnitude of 6.8 on 19 February 1992 (Collins 1992).
In two days it reached a maximum visual magnitude of 4.4.
With t3=47% its decline was rather slow. It is also closer to
the Sun than Nova Her 1991, with a rather accurate distance
estimate of (2.3 + 0.5) kpe.

The COMPTEL upper limit on the 2Na line flux of 2.3 x
10~* em™? s™'for V1974 Cyg is a factor of 5 smaller than the
flux value predicted by Starrfield et al. (1993) for a measure-
ment in the summer 1993. It is important to remember here
that COMPTEL’s measurements of ?Na line emission from
V1974 Cyg were performed during 16 July-06 August 1992,
01-22 December 1992 and 09-23 March 1993. The mass of the
22Na ejected by V1974 Cyg, directly derived from the COMP-
TEL upper limit, after correction for the time delay since the
maximum brightness of V1974 Cyg (February 21, 1992), can
be constrained to a value less than 1.7 x 107® My (D/1.5
kpc)?. The OSSE limit for the same nova of 8.0 x 107 Mg of
22Na is based on measurements taken during March 5-20, 1992
(Leising et al. 1993) and assumed a distance of 1.5 kpc.

The COMPTEL measurements were performed at a time
when the optical depth for gamma-rays with E,=1.275 MeV
was much less than unity, so the difference between the pre-
dicted ?*Na line flux (Starrfield et al. 1993) and that measured
by COMPTEL cannot be explained by the loss of gamma-rays
due to scattering in the optically thick envelope. This is sup-
ported by measurements of the X-ray spectra of V1974 Cyg by
ROSAT on 22 April, 1992 (Krautter et al. 1992), which showed
a relatively hard spectrum with a luminosity of ~ 10%? erg s~!,
and a measurement about one year later (Krautter et al. 1993),
which showed a much softer spectrum and an increase in lu-
minosity up to ~ 10°* erg s™!. This softening of the spectrum
and the increase in luminosity are compatible with a thinning
of the nova envelope and a decrease of the opacity for X-rays,
which holds also for the ?2Na line energy. Generally, the time
when the ejecta reach a total optical depth of unity for 1.275
MeV gamma rays is a few days after the nova outburst (Leising
1993). :

The COMPTEL upper limit to the ?2Na mass ejected by
the nova is a factor of 6 to 30 times smaller than the value
predicted by model calculations (Starrfield et al. 1993), which
were in the range from 1.0 x 1077 Mg to 5.0 x 107 Mg for the
same distance of 1.5 kpc. From MERLIN’s (the Multi-Element
Radio Linked Interferometer Network) measure of the total
ejected mass of 7 x 107> Mg (Pavelin et al. 1993), and from
COMPTEL’s upper limit of 1.7 x 107 Mg to the ejected ?*Na
mass, one can derive an upper limit to the ** Na mass fraction
for Nova Cyg 1992 of 2.4 x 10™*. If we assume a mass of the
ejected shell of (1-5) x 10™* Mg from Shore et al. (1993}, then
we obtain even smaller 2?Na mass fractions ranging from 1.7
x 10™* to 3.4 x 10™2. The last range of values for the fraction
of ejected 22Na would imply that the mass of the white dwarf

is less than 1 Mg (Politano et al. 1994; Starrfield et al. 1992).
The Myg4-t3 relation of Livio (1992) yields a mass of the white
dwarf of 0.83-0.88 Mg . It would be interesting to compare
the upper limit of COMPTEL with the predictions of models
which consider smaller masses of the white dwarfs undergoing
thermonuclear runaway.

3.3. Nova Pup 1991 (V351 Pup)

Nova Pup 1991 was reported at maximum visual magnitude
my ~ 6.4 (Camilleri 1991) with a colour index E(B-V)=+0.64
(Gilmore 1991). By correcting for a possible reddening in the
direction of the nova we can estimate a minimum and a maxi-
mum distance to the nova by applying the same procedure as
for Nova Her 1991 (Shara 1994). We could derive M, from the
Mp - t3 relation of Livio {1992), with the use of an extinction
value of A, ~ 1.0 (Allen 1989), or from the colour index mea-
sured by Gilmore (1991) as Ay ~ 2.1. In this way minimum
and maximum distances to Nova Pup 1991 of 3.5 and 6.9 kpc
are obtained.

Taking the upper limit to the *?Na line flux derived by
COMPTEL, which is 4.2 x 10~> ¢cm ™2 577, and correcting for
the time delay between the nova flare and the time of the actual
measurements, one obtains a limit of 1.5 x 10~7 My (D/3.5
kpc)? for the ejected **Na mass. No attenuation of the 1.275
MeV gamma-rays is expected for the period of the COMPTEL
measurements (04-11 June, 02-16 July, 08-15 October and 03-
17 November, 1992) because already on April 12, 1992 the nova
envelope was reported to be optically thin (IAU Circ. No 5527).

3.4. Nova Sgr 1991 (V4160 Sgr) and Nova Sct 1991 (V444
Sct)

The other two neon-type novae, Nova Sgr 1991 (V4160 Sgr)
and Nova Sct 1991 (V444 Sct) were discovered by Camilleri on
July 29 at my ~ 7.0 (IAU Circ. 5313) and on August 30.5 at
m,=10.5 (IAU Circ. 5331). Nova Sgr 1991 declined in bright-
ness very quickly, with tz=4%, one of the fastest declines ever
observed. Nova Sct 1991 declined with t3=10%. Using again the
relation between t3 and Mg and the distance modulus, we es-
timated the distances to both novae to be larger than 10 kpc.
It is concluded that neither nova is a promising object for the
search for the 2Na line. The 2 & upper limits from COMPTEL
to the 2>Na line fluxes are 6.2 x 107> cm™% s~'and 3.6 x 107°
cm ™2 57!, respectively.

We have used these upper limits together with the upper
limits of the other 3 neon-type novae to estimate an upper limit
to the 2>Na line flux from any neon-type galactic disk nova in
the vicinity of the Sun. The statistically weighted mean of the
flux upper limit of 3.3 x 10~ cm™2 s~ translates into an upper
limit of the ejected 2>Na mass by any nova in the galactic disk
of the order of 3.7 x 10™* Mg (D/2 kpc)>.

It is also interesting to derive such a limit for standard
novae in the galactic disk (in the vicinity of Sun). For this case
the COMPTEL weighted upper limit to the ?2Na line flux of
4.3 x 10~% cm~2 s~ 'translates into a limit on the ejected *’Na
mass of 4.9 x 10~% Mg (D/2 kpc)®.

The values for neon-type and standard novae are almost
identically limited by the **Na line sensitivity of COMPTEL.
Table 3 summarises the COMPTEL-limits on the ejected mass
from the various nova types.



Table3. COMPTEL limits on the ejected **Na mass from
recent novae.

Nova m, M, ta d 2 ¢ up. limit
at max at max days kpc to “?Na mass ej.

Her 1991 5.3 -9.5 4 34 121077 Mg
Sgr 1991 ~ 7 -9.5 47 125 2.4 107°% Mg
Sct 1991  10.5  -8.9 10 12 2.0-10"° Mg
Pup 1991 6.4 -8.5 26 35 1.5-1077 Mg
Cyg 1992 4.4 -7.6 47 23 3.0-107% Mg
neon-type - - - 2 3.7.1078 Mg
standard - - - 2 4.9 .107% Mg

4. Conclusion

22Na gamma-ray line emission at 1.275 MeV from novae in our
Galaxy still remains to be detected. The upper limit to the
?2Na line flux, derived by COMPTEL for the neon-type nova
V1974 Cyg, requires a reevaluation of the theory of the evolu-
tion of a binary system containing a small mass white dwarf
(WD) and subsequent thermonuclear runaway of the WD. The
frequency of occurence of classical novae with ejecta rich in
neon appears to be as high as 30 % of all novae. Truran &
Livio (1986) have explained this high frequency as a selection
effect due to a shorter recurrence period of classical novae on
massive ONeMg white dwarfs compared with lower mass CO
white dwarfs. However, the theory also predicts that massive
WD, which undergo relatively frequent outbursts, can accrete
and eject only low-mass shells (Shara 1981; Starrfield et al.
1992; Politano et al. 1994). In several cases it was found ex-
perimentally that ejected masses are 10™* My or more (Taylor
et al. 1987; Woodward et al. 1992). This obvious discrepancy
between theoretical predictions and experimental results (as in
the case of the Nova Her 1991) has prompted theoreticians to
look into an alternative mechanism for producing ONeMg rich
WD in binary systems with initially small-mass WD of 0.75-1.0
Mg (Shara & Prialnik 1994; Shara 1994). It appears that mul-
tiple flashes on a carbon-oxygen WD could enrich the dwarf’s
shell in neon and magnesium up to 0.1 Mg for a 1.0 Mg WD
and up to 107% Mg for a 0.75 Mg WD cases (Shara & Prialnik
1994). It will be extremely interesting to compare the results
of the modelled runaway production of *Na on the 0.8-0.9 Mo
WD with the COMPTEL upper limit for Nova Cyg 1992. For a
direct comparison of runaway models with the high-mass white
dwarfs in binary systems, one has to wait either for a nearby
(less than 1 kpc from the Sun) neon-type nova, or for the next
generation of space-borne gamma-ray line spectrometers with
better sensitivity to MeV v -ray lines.
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Abstract. We have analyzed the Ulysses, BATSE, and
COMPTEL spectral data from the ~y-ray burst of June
22, 1992 (GB 920622). COMPTEL data reveal a hard to
soft evolution within the first pulse of the burst, while the
mean hardness ratios of the three pulses are the same.
Unlike the single instrument spectra, the composite spec-
trum of GB 920622 averaged over the total burst duration
ranging from 20 keV up to 10 MeV cannot be fit by a sin-
gle power law. Instead, the spectrum shows continuous
curvature across the full energy range.

COMPTEL imaging and BATSE/Ulysses triangula-
tion constrain the source location of GB 920622 to a ring
sector 1.1 arcmin wide and 2 degrees long. This area has
been searched for quiescent X-ray sources using ROSAT
survey data collected about two years before the burst. Af-
ter the optical identification of the X-ray sources in and
near the GRB location we conclude that no quiescent X-
ray counterpart candidate for GB 920622 has been found.

Key words: vy-ray bursts — counterparts

1. Introduction

Gamma-ray bursts are recorded by all four instruments
onboard the Compton Gamma-Ray Observatory (CGRO).
However, apart from the Burst and Transient Source Ex-
periment (BATSE), the most interesting data are collected
when the burst happens to be in the field of view (FOV)
of the other instruments (1 sr for the Compton Telescope
(COMPTEL), 0.5 sr for the Energetic Gamma-Ray Ex-
periment Telescope (EGRET), and 11°x4° for the Omi-
ented Scintillation Spectrometer Experiment (OSSE)). Al-

Send offprint requests to: J. Greiner, jcg@mpe-garching.mpg.de

though only a few bursts per year among the ones which
occur in the COMPTEL/EGRET FOV are intense and
hard enough at these high energies to result in signifi-
cant detections, the data from these events are extremely
valuable in two respects: 1) Since the energy ranges over-
lap, these bursts allow a cross-correlation of the differ-
ent instruments with their completely different measure-
ment principles and deconvolution methods (Schaefer et
al. 1994). 2) The spectra of these bursts can be determined
over an unprecedented range in energy, from about 20 keV
up to a few GeV (if the burst contains such energetic pho-
tons). This may allow us to draw unique conclusions about
the emission mechanism in the bursts. In the two bursts
1B 910503 (Schaefer et al. 1994) and 1B 910601 (Share
et al. 1994) investigated previously, the broad-band spec-
tral shape is not compatible with single component models
even though the single instrument spectra could be well
fitted with such simple models.

In this investigation we present the CGRO data for the
v-ray burst of June 22, 1992. Since this burst was outside
the OSSE and EGRET FOV, we are dealing with BATSE,
COMPTEL and the EGRET anticoincidence dome data
(section 2). In addition, we have included the low-energy
data of the burst detector onboard the Ulysses spacecraft.
For the first time, we have fitted simultaneously Ulysses,
BATSE and COMPTEL count rate spectral data with the
corresponding detector response matrices (section 3.2).
Furthermore, using BATSE/COMPTEL/Ulysses data we
derive the position of the burst (section 3.3) with an ac-
curacy which has allowed a search for quiescent X-ray
sources in the ROSAT All-Sky-Survey data (section 4).

2. Instruments

The BATSE instrument consists of eight modules (Fish-
man et al. 1989) each, placed at the corners of CGRO.
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Each module contains a Large Area Detector (LAD) and
a Spectroscopy Detector (SD). Photons are detected in 128
LAD energy channels covering the energy range between
~25 keV and ~2 MeV. In addition there are four broad
discriminator channels: 25-50 keV, 50-100 keV, 100-300
keV and >300 keV. A burst trigger is generated by the
BATSE on-board software if two or more detectors mea-
sure a >5.50 increase in count rate in any of three time
intervals (64 ms, 256 ms or 1024 ms) over the average
background count rate of the preceding 17 sec. The data
presented below are derived only from the LADs.

The OSSE detector utilizes four actively shielded and
passively collimated Nal scintillation detectors with a
3%8x1194 FWHM FOV. The four annular Nal shields
surrounding the OSSE detectors continuously accumulate
data with a time sampling interval of typically 16 ms,
which are dumped only in response to a BATSE burst
trigger. There is no pulse height analysis of the detected
photons and the low-energy threshold is about 150 keV.

The COMPTEL telescope onboard CGRO operates in
the 0.75 to 30 MeV range with a field of view of about 1
steradian (Schénfelder et al. 1993). Two different modes of
operation are employed by COMPTEL for the detection
of GRBs (Winkler et al. 1986). In the "telescope” mode
(which is the usual imaging mode of COMPTEL), each
incoming v-ray photon is first Compton-scattered in the
upper layer of detectors (D1) and then absorbed in the
lower detector layer (D2). This allows images to be pro-
duced, and spectra and light curves of GRBs occurring
in the field of view of COMPTEL to be measured. In the
”burst” mode (BSA data), which is triggered upon receipt
of a signal from BATSE, two of the lower layer Nal detec-
tors (called D2-7 and D2-14) accumulate 6 spectra for an
integration time of 1 sec each ("burst” spectra), followed
by 133 spectra of 6 sec integration time ("tail” spectra).
The two burst modules operate in two overlapping energy
ranges: 0.3-1.3 MeV (D2-14) and 0.6-10 MeV (D2-7). The
spectral resolution is 9.6% at 0.5 MeV and 7% at 1.5 MeV.
Different data selections for spatial, spectral and timing
analysis have been applied to give results less affected by
instrument characteristics.

The EGRET total absorption shower counter (TASC)
is a Nal scintillation detector measuring 77x77x20 cm?
with an axial thickness of about 8 radiation lengths. Its
normal objective is to determine the energy of gamma-
ray photon showers which converted in the spark cham-
ber telescope above the TASC. In a secondary mode, the
spectrum of the energy deposit by any radiation (i.e. no
charged particle discrimination and no veto counter dead
time losses) in the TASC is recorded in the 0.6 to 170 MeV
range with two types of accumulation times (Kanbach et
al. 1988): a regularly repeated mode provides spectra ev-
ery 32 sec and a special burst mode gives spectra with
adjustable time intervals (typically 1, 2, 4 and 8 sec) after
a trigger from the BATSE instrument.

The Ulysses vy-ray burst experiment operates in the
25-150 keV energy band (Hurley et al. 1992). Two hemi-
spherical CsI detectors of 20 cm? effective projected area
provide a 47 steradian field of view. The duty cycle of the
burst detector has been >95% since November 1990.

3. The gamma-ray burst of June 22, 1992

The BATSE detectors on CGRO triggered on a strong
y-ray burst on June 22, 1992 (GB 920622) at Tyrio(UT)
= 07"05™0426 = 25504.6 seconds (BATSE trigger number
1663). GB 920622 occurred within the COMPTEL field of
view (though at a relatively large off-axis angle of 45?5),
thus enabling imaging of this burst. Both burst modules
(D2-7 and D2-14) were operational at the time of the burst
and registered "burst” and "tail” spectra. The burst is also
seen in the shields of the OSSE and EGRET detectors. GB
920622 was strong enough below 150 keV to trigger the
burst detector on Ulysses, which recorded 1 sec duration
spectra as well as the light curve in the 25-150 keV range
with 1/32 sec temporal resolution.

3.1. Time History

In the BATSE LAD energy range (25 keV-2 MeV) the
burst had a Tgp duration (see Fishman et al. 1994 for
definition of Tgg) of 50 sec with a 1 sec rise time, complex
structure and an exponential decay to background (Fig.
1). There was weak precursor emission at T¢rig—50 sec
(Fig. 2). The peak count rate seen by BATSE occurred
at Tyrig+16 and significant emission above 300 keV was
detected as can be seen in the COMPTEL data (Fig. 1).
There are three consecutive pulses of emission each lasting
about 5 sec. This is also clearly seen in the OSSE data
(publicly available via XMOSAIC, Matz et al. 1994). Fig.
1 shows the burst time history at energies >150 keV as
recorded by the summed shield elements of OSSE.

The binned COMPTEL "telescope” light curve in the
energy range ~0.7-10 MeV (Fig. 1) shows emission start-
ing just after the BATSE trigger time and lasting for about
20 sec. The data selection was standard (see Schonfelder
et al. 1993) except for the relaxation to D1E = D2E =
ETOT = 0-90000 and phibar = 0-180°. Only events from
within 10 degrees of the source were used for the light
curve. This gives 26, 52, and 63 telescope events in the
first, second and third pulse or a total of 141 events. The
three pulses are also seen clearly. The most intense pulse
has a rise time of ~200 msec. Separating the data into
three energy bands suggests that the third pulse appears
to be relatively stronger in the higher energy bands than
the other two pulses. However, detailed analysis is impos-
sible due to low count statistics.

The accumulation times of the two COMPTEL burst
modules D2-7 and D2-14 were set at 1 sec in burst mode
(6 intervals after burst trigger), 6 sec in tail mode and 100
sec in background mode. The last complete 100 sec in-
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Fig. 1. Light curve of GB 920622 as seen by different instruments in different energy bands. Only the COMPTEL light curves
are background subtracted. For the other detectors the dashed line gives the background rate. In most of the panels the error
bars are smaller than the line thickness. The BATSE trigger time at 25504.568 sec is marked by the vertical dotted line. Note
the different relative shapes at 4-6 sec after the trigger time (end of first pulse).
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tegration before receipt of the BATSE trigger signal was
used for background subtraction. Fig. 1 shows the burst
time history after background subtraction as seen by the
two burst modules. Concentrating only on the first pulse
measured at 1 sec resolution, the comparison of the rela-
tive intensities in the hard and soft energy bands suggests
that there is spectral evolution within this first pulse of
the burst (see section 3.2.1).

The Ulysses detector recorded the light curve with a
time resolution of 1/32 sec, including 8 sec of pre-trigger
data. The precursor emission was too weak to be de-
tectable by either COMPTEL or Ulysses.

3.2. Spectrum
3.2.1. Fitting to single instrument data

The LAD 4 BATSE data have been used with channels 0-
22 (24-95 keV) excluded from the spectral analysis due to
low-energy inaccuracies of the calibration. Several models
were applied to the total burst spectrum (25.9 sec accu-
mulation time after BATSE trigger) with a broken power
law giving a not acceptable fit (xZ/v = 188/89). A better
x2/v (115/89) is obtained using the "GRB model” intro-
duced by Band et al. (1993) (see below). Details are given
in Table 1.

Recently, Band et al. (1993) introduced the following
mathematical model for fitting BATSE SD GRB spectra:

E], (a=B)E, > B

|

——r——r——r—r—rT
12800 BATSE: 25-2000 keV
126800
12400

12200

counts/sec

12000

11800

llﬁoo"'l'

Fig. 2. BATSE light curve of GB 920622 showing the weak
precursor about 50 sec before the trigger time. There is no
emission above 300 keV in the precursor.

16

Although this functional form has no physical mean-
ing, it allows different standard models to be reproduced
by using specific values of , B or E,, e.g. 2 simple power
law (E,=o0) or the common burst continuum description
(a ~ =1, B ~ —2). In general, the low-energy part of the
spectrum (20-100 keV) determines the value of c, whereas
the high-energy part determines (3 (the EP power law is
referred to as the high-energy tail in Band et al. 1993).

The data selection for the COMPTEL telescope data
was the same as in the temporal analysis. The telescope
livetime over the full ~24 sec burst duration is estimated
to be about 92%. Due to the limited temporal resolution
of onboard livetime data we cannot make reliable livetime
estimates for short, sub-burst intervals.

We have used the Cash test (Cash 1979) for fitting
the COMPTEL telescope spectra of both, the full burst
and of burst sub-intervals. Several different spectral mod-
els were tested, including power law, optically thin ther-
mal bremsstrahlung (OTTB), Synchrotron, Compton, and
broken power law. For the full burst interval, the simple
power law model and models with more free parameters
(Compton, broken power law) gave acceptable fits while
simple models with curvature (OTTB, Synchrotron) gave
worse results. Details of the deconvolution with the best
fit power law model are given in Table 1.

The standard energy ranges for spectral fitting of the
burst module data (Hanlon et al. 1994) are 0.3-1.6 MeV
(D2-14) and 0.6-10 MeV (D2-7). All energy channels are
rebinned to have the same signal/noise ratio of 30. Al-
though GB 920622 was ~45° off-axis it was possible to
use an on-axis response matrix for the spectral fitting af-
ter the application of a simple correction factor of 1.4 for
low range data and 1.2 for high range data (derived from
pre-launch calibration data). A power law model was fit to
the time integrated burst spectrum as well as to individual
spectra. In all cases, there was no need for two component
models (like broken power law) or models with more pa-
rameters (like the Band model) due to the goodness of the
power law fit. The results are shown in Table 1. The er-
rors are 90% (=1.60) errors on the two-parameter model
(powl) and thus are the most conservative error estimates.
The power law spectral index is plotted as a function of
time in Fig. 3. In addition, hardness ratios have been cal-
culated for each time interval individually and plotted in
the same figure. Consistently, both show evidence for spec-
tral softening within the first pulse of the burst. The av-
erage hardness ratio of the six 1 sec "burst” spectra is
similar to the hardness ratio of the first and second "tail”
spectra as well as to the average of the full burst interval.
This means that there is certainly no spectral evolution at
MeV energies over the full burst, i.e. from pulse to pulse.
Summarizing, the spectrum of GB 920622 in the COMP-
TEL range may be represented as a single power law, with
no evidence for spectral breaks or turnovers.

The Ulysses instrument collects 16 channel spectra
with a time resolution between 1 and 16 seconds. The
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Table 1. Spectral fitting results for single instrument data

Instrument / Data type Model Time Interval Fit parameters x2 /v
Norm"* Others
COMPTEL Telescope powl Full burst 1.01%91% a=-2.6913%0 0.26""
COMPTEL Telescope powl Pulse 1 0.7510352 a=-2.7510% 0.47**
COMPTEL Telescope powl Pulse 2 1.17503%% a=-2.9210%7 0.85°*
COMPTEL Telescope powl Pulse 3 1.081922 a=-2.58133% 0.28°*
COMPTEL BSA low powl Full burst 0.64130% a=-2.4675%0 100/72
COMPTEL BSA high powl Full burst 0.7019%% a=-2.43101, 26/25
BATSE LAD broken powl 25.9 sec (5.040.04)x107?  Eprear=366+10 keV  188/89
ay=-1.37£0.01
az=-2.2740.02
BATSE LAD Band 25.9 sec (5.940.06)x1072  E,=476+15 keV  115/89
a=-0.9130.04
$=-2.38+£0.05
Ulysses powl Full burst 2.7+0.3 a=-0.8+0.3 19/12

* Note that the normalizations are defined differently: for the COMPTEL data the normalization is in ph cm™ 2 s7! MeV™! at
1 MeV; for the models applied to the BATSE data it is in ph cm ™% s} keV~! at 100 keV; and for the power law model applied

to the Ulysses data it is in ph em™2 57! keV™! at 1 keV.

“* Cash test used, there is no x*. The goodness-of-fit was dete

rmined by bootstrap simulations. The parameter of interest is P

= probability of exceeding the observed best-fit Cash statistic purely by chance fluctuations of the model (this is completely
analogous to x?/v). In this case, one can reject models with (1-P) confidence; thus acceptable model fits have P =0.5 which

directly corresponds to X2 jv=1.
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Fig. 3. Spectral evolution of the burst as seen by the COMP-
TEL burst modules. Shown are the hardness ratio (0.7-1.7
MeV) / (0.3-0.7 MeV) (filled squares, left axis) and the pho-
ton indices of single power law spectral fits to the BSA data
(open circles, right axis) vs. time of day 1992 Junc 22. The
asymmetric error of the fitted power law index is marked by
the small cross bar at the end of the error bar. The error of
the hardness ratio (10 plotted) is symmetric. Within the first
pulse of the burst, i.e. during the first 6 seconds, significant
softening is observed. The four small vertical bars indicate the
arrival times of the photons with energies greater than 4 MeV
detected in the COMPTEL telescope mode.

timing of the spectra is such that the first spectrum is ac-
cumulated over a long time prior to the trigger, while the
second may be accumulated over a very short time inter-
val; these two spectra have been omitted in the analysis.
A dead time correction of 22.6% has been applied to the
count rate data. The spectrum averaged over 14 sec (start-
ing 3.8 sec after the trigger) is consistent with a power law
model (Table 1), but has a considerably flatter slope than
the power law model fitted at MeV energies (COMPTEL
and BATSE). The first two channels (< 17.5 keV) have
been ignored in the fit.

3.2.2. Combined fitting of Ulysses/BATSE/COMPTEL
count rate spectra

Inspecting the combined Ulysses/ BATSE/COMPTEL
spectrum of GB 920622 (Fig. 4) there are two things to
note. 1) Given the completely different measurement prin-
ciples and deconvolution algorithms of the three instru-
ments involved, we find that the normalizations as well as
the global spectral shape are in remarkable agreement in
the overlapping parts. This is most clearly seen in the bot-
tom panel of Fig. 4 where the differential spectral points
are multiplied by E?. 2) There is clear evidence that the
composite broad-band spectrum cannot be fit by a sin-
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Fig. 4. Mean composite Ulysses, BATSE, COMPTEL and EGRET spectrum of GB 920622 over the full burst duration as seen
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10% systematic error included for COMPTEL burst module data. The EGRET TASC data are from Schneid et al. (1995) and
were not included in the fit procedure. Lines show the best fit models (see Table 2) to the Ulysses, BATSE, and COMPTEL data:
solid line — Band model, dotted line — bremsstrahlung model, dashed line - Comptonization model after Sunyaev/Titarchuk. In
the lower panel the COMPTEL low range data have been omitted for clarity.
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Table 2. Results of the spectral fitting of the combined Ulysses/BATSE/COMPTEL data

Model Fit parameters x> /v
Norm Others
phcm™2 57! keV~?!
Band (6.0£0.3)x10™>  E, = 457430 keV  248/210
a = ~0.86+0.15
B = —2.51+0.07
Bremsstrahlung 2.7+0.3 kT = 849425 keV  412/210
Comptonization 10513 kT = 208+10 keV  620/210

r = 1.240.1

gle power law model. Instead, the continuum shows con-
tinuous curvature over the total range; thus appropriate
models with curvature have to be used for fitting.

The count rate spectra and the detector response ma-
trices of Ulysses, BATSE and COMPTEL (burst module
data only) have been converted into XSPEC format and
all three instrument data have been fitted simultaneously.
Since the spectra were accumulated over different integra-
tion times (14 sec — with 3.8 sec offset — for Ulysses, 25.9

s for BATSE, 24 s for COMPTEL and 32 s for EGRET)’

defined (section 2) by the instrument set-up, correction
factors were applied to the count rate spectra.

Again, several models have been tested and a sum-
mary is given in Tab. 2 and plotted in Fig. 4. Band’s
GRB model gives the fit with the lowest reduced x2, and
the following parameters are derived (errors are 90% con-
fidence for 1 parameter of interest): a=-0.86+0.15, S=—
2.51+0.07, E;,=4574+30 keV with a normalization ampli-
tude of 6.0x1072 ph cm™2 s~ ! keV~! at 100 keV. We
have included a 10% systematical error in the absolute
normalization of the COMPTEL burst module data. The
measured fluence of the burst is 1.4x10~* erg/cm? above
20 keV for a mean duration of 25 sec (see Tab. 3 for values
using different energy bands). A high temperature (~100
keV or higher) blackbody model does not fit at all.

Table 3. Fluence of GB 920622

Energy range Fluence*

2
2
2

20 keV - 10 MeV (combined fit)
30 keV - 2 MeV (KONUS range)
0.3 ~ 10 MeV (SMM range)

1.4x107* erg cm™
1.1%x10™* erg cm™
0.9x10™* erg em™

* A mean integration time of 25 sec has been used.

EGRET TASC data of GB 920622 have been fit-
ted separately with a -3 photon index power law model
(Schneid et al. 1995) and are added in Fig. 4. These
EGRET data follow the extrapolation of the best fit expo-
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nential cut-off spectrum of Ulysses, BATSE and COMP-
TEL data below 1 MeV.

3.3. Localization

The accuracy of the most likely position derived from the
BATSE data (as shown in Fig. 5 and Table 4) is primarily
determined by systematic uncertainties since the 1o sta-
tistical error is only 0°2 due to the strength of the burst.
An independent position determination of the precursor
emission gives a location consistent with that of the main
buzst emission.

For the COMPTEL telescope mode data reduction the
module D2-2 was excluded from the imaging analysis due
to a non-operating central photomultiplier tube. We used
a one degree (chi, psi) binning and a two degree phibar
binning in the range 0 < phibar < 50° (see Schonfelder et
al. 1993 for details on these dataspace variables). Data for
the first 24 sec after the BATSE trigger were chosen, and
the following data selections applied: TOF: 110-130, PSD:
0-110, D1E: 70-2000 keV, D2E: 650-30000 keV, ETOT:
720-30000 keV. This finally resulted in 162 events used
for imaging.

Since this burst was far off-axis in the COMPTEL
FOV, a simulated point spread function was generated
specifically for this burst position, with a spectral shape
derived from the burst module data analysis (E~?% power
law). Maximum entropy and maximum likelihood analy-
sis algorithms both give a centroid position of a(2000.0)
= 10" 51™ 12* and §(2000.0) = 48°0. The 30 positional
uncertainty is 1°5 by 6° with the asymmetry due to the
large off-axis angle. This position is fully consistent with
the BATSE location at «(2000.0) = 10* 26™, §(2000.0) =
45°0 (given the 4° uncertainty).

The Ulysses GRB detector recorded the burst 2173.282
sec earlier than the instruments on CGRO. At that time,
the separation between the two spacecraft was 2894.381
light seconds. The resulting timing arc has a width of
about 1!/1 due to an intersatellite timing uncertainty of
+0.3 sec. The arc passes through the COMPTEL map
at the 1.40 level at its closest approach. Evaluating the
COMPTEL likelihood ratio map at points along the trian-
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Table 4. Position of GB 920622 (all equinox 2000.0)

BATSE
centroid position a = 10" 30™ (157°5)
§ =44%4
error radius 422
COMPTEL
centroid position a = 10" 51™ 12* (162°8)
§ = 48°0

Ulysses/BATSE triangulation arc

Center o = 10" 00™ 40° (150°167)
§ = 62667
radius 412333
width 11
Ulysses/BATSE/COMPTEL
best position along arc a = 10" 46™ 46° (161°69)
§ = 46°80
©
20 error (at 189.44) Aa="1010 A= —ozxo
—1%3s +0°%28
maximum arc likelihood 193.4
T T T T T T T T T S0
L, N 7 / ~ / n e
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o / e N X / \'/, -

Fig. 5. COMPTEL maximum likelihood image of GB 920622
with equatorial coordinates (equinox 2000.0) superimposed
{dash-dot line). The likelihood contours are at the 1o, 20 and
30 confidence level and the most probable likelihood position
is marked with a squared cross. The curved line gives the
BATSE/Ulysses triangulation arc. The small star on top of
the triangulation azc is the best COMPTEL position along
the arc (corresponding to the maximum of Fig. 6). The circle
gives the BATSE position with a 5° error radius around the
centroid position marked by a filled lozenge.

200 7 7
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Fig. 6. COMPTEL maximum likelihood ratio evaluated along
the triangulation arc as a function of angular distance (in de-
grees) from the position of the maximum likelihood (a = 10*
46™ 46° (161°69), § = 46°80). The solid line marks the mea-
sured likelihood values, and the dotted line is a bicubic inter-
polation of the likelihood map.

gulation arc results in a 20 error box measuring less than
2° around the maximum point at (2000.0) = 10*46™45%6
(161°69) and §(2000.0) = 46°8 (Fig. 6 and Table 4).

4. Counterpart search
4.1. Soft X-ray sources

The X-ray satellite ROSAT (Trimper 1983) performed an
All-Sky-Survey between August 1990 and January 1991.
This was the first time that the whole sky was scanned in
the soft X-ray range (0.1-2.4 keV) using a position sensi-
tive proportional counter (PSPC, Pfeffermann et al. 1986).
The area of GB 920622 was scanned by ROSAT from
Oct. 31, 1990 until Nov. 11, 1990 for a total observing time
per location of about 540 sec, resulting in the detection
of about 1.6 sources with likelihood greater than 50 per
square degree. Thus, within the 2o error box size of 132
arcmin? one would expect 0.05 background X-ray source.
Fig. 7 shows the broad band image (0.1-2.4keV) of the GB
920622 location with the COMPTEL likelihood contours
and the BATSE/Ulysses triangulation arc superimposed.
In the following, we restrict ourselves to the best position
from the combined COMPTEL/BATSE/Ulysses data.
For the optical identification we made use of the objec-
tive prism plate survey of Hamburg Observatory (Engels
et al. 1988). These plates record 3500-5500 A spectra with
a dispersion of 1390 A/mm down to 17-18th mag. In ad-
dition, direct plates with limiting magnitude 19-20 allow
us to find fainter candidates when the prism plates are
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ROSAT Survey
®3

Fig. 7. Smoothed ROSAT survey image

(6°x6°) with the COMPTEL error box of GB 920622 and the 1.1 wide

BATSE/Ulysses

triangulation arc superimposed. The cross denotes the best COMPTEL position along the triangulation arc. Small circles mark
soft X-ray sources above 50 with the color density within these circles being proportional to the intensity of the X-ray emission.

The faintest objects have absorbed fluxes of 10713
erg/cm’/s.

not conclusive, and these direct plates are also used to
estimate the positions of the counterparts identified.

Table 5 shows all X-ray sources within an (arbitrary)
range of 45" around the triangulation arc together with
their optical identifications: column 1 gives a running
number according to Fig. 7, column 2 the ROSAT source
name, column 3 the ROSAT PSPC count rate in the 0.1-
2.4 keV band, column 4 the optical identification, column
5 the optical brightness (typical error of &0.5 mag for the
faint candidates), and column 6 the optical position as
measured on the corresponding direct plate with a typical
error of +5 arcsec. There is no X-ray source fully inside

21

erg/cm? /s while the brightest sources (No. 2 and 8) have

about 5x107!!

the Ulysses/BATSE/COMPTEL error box, in agreement
with the above expectation. In the enlarged search area of
45’ around the triangulation arc we find 10 X-ray sources
while one would expect 14.

All X-ray sources are rather faint with the total num-
ber of counts ranging between 10-60. Thus, no meaningful
variability analysis could be performed. However, we have
checked for any flaring emission of all sources of Table 5,
but the distribution of photon arrival times is consistent
with all sources being constant X-ray emitters.

Due to the high galactic latitude (BII=55-60°), most
of these sources are identified with AGN candidates. Four
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Table 5. ROSAT X-ray sources near the triangulation arc (3 45')

No. Name Count rate  Identification = Brightness Optical Position
cts/sec 1 mp (mag.) (2000.0)

56 RX J1036.6+4743 0.113 HD 91782 8.7 10 36 48.1 447 43 17
58 RX J1040.2+4731 0.082 Blue WK 18.9 10 40 17.5 447 30 59
60 RX J1033.744718 0.026 Blue WK 18.6 10 33 46.2 447 18 04
63 RX J1045.0+4656 0.028 EBL WK 18.5 10 45 02.8 +46 56 55
66 RX J1051.444644 0.022 GSC star 13.5 10 51 27.4 +46 44 39
67 RX J1038.1-+4642 0.024 BL-WK 18.5 10 38 08.8 +46 42 49
71 RX J1052.5+4620 0.031 GSC star 12.9 10 52 30.5 +46 20 12
72 RX J1044.04-4612 0.156 HD 92855 7.9 10 44 01.8 +46 12 28
81 RX J1050.6+4-4551 0.024 Red WK? 19.0 10 50 38.5 +45 51 19
82 RX J1102.8+44542 0.044 QSOS), z=0.T7 17.4 11 02 50.4 445 42 31

) For explanation of abbreviations see text. 2) Identification uncertain. No other optical object down to 19th mag. 3) Redshift

determined by optical spectroscopy (Bade et al. 1995).

are foreground (i.e. galactic) stars exhibiting coro-

ay emission (including two Guide Star Catalog

Due to the low-dispersion spectira a definite iden-
we...ation is not always possible. In Table 5 the abbre-
viations ”Blue WK” (weak source with blue continuum)
denote possible AGN candidates and "EBL WK” (weak
source with extreme blue continuum) very likely AGN can-
didates.

Having partly reliable counterparts and good candi-
dates for the other X-ray sources we may state that there
is no unusual X-ray source among those listed in Table
5. Since we know nothing about GRB counterparts, one
is forced to search for unusual sources of any imaginable
kind though it could also be a usual one. According to this
criterion, we do not believe we have found a counterpart
candidate for GB 920622. Thus, the steady soft X-ray flux
of the source of GB 920622 is below the detection thresh-
old for a point source, i.e. below 0.01 cts/sec (0.1-2.4 ke V)
in this case.

4.2. Simultaneous optical coverage

We are not aware of any simultaneous coverage of the
GRB error box by regular sky patrols. For the European
network (Greiner et al. 1994) the burst occurred after sun-
rise, and the Explosive Transient Camera on Kitt Peak
was observing a different location (near the meridian) at
the burst time (Vanderspek 1993).

5. Discussion

Observations by previous detectors (Norris et al. 1986)
and the first results from the BATSE spectroscopy de-
tectors (Band et al. 1992) have shown that the spectral
shape of the y-ray burst emission changes during typical
bursts. In addition, spectral analysis of the COMPTEL

burst module data of the bright burst 1B 910814B has
shown that a break in the spectrum may move gradually
to lower energies as the burst evolves (Hanlon et al. 1994).
As a consequence, the shape of the spectrum of GB 920622
(Fig. 4) accumulated over the entire burst may well be af-
fected by spectral evolution. At least in the COMPTEL
data of GB 920622 there is evidence (Fig. 3) that spectral
softening occurred within the first pulse of this burst. Sim-
ilar hard to soft spectral evolution within individual burst
pulses was reported by Norris et al. (1986) and very re-
cently by Bhat et al. (1994) for a majority of bursts which
were selected to have short rise times (< 4s) and a nearly
exponential decay. Unfortunately, the separation of evolu-
tionary effects is limited by the photon statistics at high
(COMPTEL) and low (Ulysses) energies with the present
detectors and not possible in the combined, broad-band
analysis. In a recent time-resolved spectroscopy investiga-
tion of bright BATSE bursts, which included GB 920622,
Ford et al. (1995) found a correlation between intensity
and the break energy E, of the Band model. For GB
920622 this means that the maximum in E, is increasing
in each of the successive pulses, i.e. in line with the max-
imum intensity of the pulses. It is mentioned again that
there is no evidence at MeV energies (COMPTEL single
instrument analysis) for spectral evolution from pulse to
pulse.

The smoothly curved spectrum of GB 920622 as pre-
sented here as well as detailed analysis of BATSE SD data
for a sample of bursts (Band et al. 1993) show that the
introduction of a broken power law with a characteristic
break energy for GRB spectra might be oversimplified.

Though the spectral model used (Band et al. 1993)
does not imply a direct relation to a physical process, it
describes the GRB spectrum over the entire energy range
measured. It was noted (Band et al. 1993) that fitting the
"GRB model” to the BATSE SD spectra generally leaves
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B very uncertain. The inclusion of COMPTEL data re-
moves this ambiguity (see Table 2) in the cases, where high
signal-to-noise data are available up to 2210 MeV. There-
fore, fits to the combined BATSE/COMPTEL data of se-
lected GRBs are also well suited to constrain the shape
and distribution of GRB high-energy tails (the E# com-
ponent).

The absence of a well defined break can serve as ad-
ditional evidence that the direct relation to a fundamen-
tal emission process (Baring 1992) may not be justified.
Two-photon pair production (Schmidt 1978) is one of the
most popular mechanisms invoked to explain the postu-
lated spectral breaks (Baring 1992). However, a relativistic
treatment of beaming (giving a relation between photon
beaming angle, source distance and spectral break energy)
reveals that the strong beaming required would blue-shift
the y—y attenuation breaks to energies much higher than
1 MeV (Baring 1994). This suggests that a mechanism
other than pair production generates the spectral curva-
ture even if one assumes that a certain parameter range
for the emission conditions (e.g. density, magnetic and/or
field, pressure etc.) is active during the burst or that these
parameters change faster than our ability to measure sig-
nificant spectra.

Current theories of the GRB emission process are not
very constraining, partly because the models are contro-
versial where the distance scale is concerned. Thus only
few models are predictive enough to be testable using the
spectrum of GB 920622. One of these is the blast wave
model of Meszaros & Rees (1993). In short, if GRBs are
at cosmological distances, the luminosity is so high that
the resulting relativistic plasma expands with nearly the
speed of light, producing a blast wave ahead of it and a
reverse shock moving into the ejecta. Theoretical spectra
have been calculated over a wide energy range (Meszaros
& Rees 1993) as a function of magnetic field strength and
particle acceleration mechanisms in the shocks. Though
originally developed for cosmological bursts, a similar
mechanism with scaled-down parameters may also be rel-
evant for short bursts (< 1s) at galactic distances. While
the general form of these basic models (see Fig. 1 in
Meszaros & Rees (1993)) is consistent at the low-energy
end, these models predict a general flatter high-energy
part (> 1 MeV) of the spectrum than observed in GB
920622. As another example out of the predictive models
the original fireball scenario with its high temperature,
modified blackbody spectrum (Goodman 1986) is clearly
ruled out for GB 920622.

As far as the negative result of the search for quiescent
X-ray sources is concerned, it is interesting to note that
these ROSAT observations were performed 1.5 years be-
fore the y-ray burst. It has been argued (Lasota 1992) that
under the assumption of a slowly accreting neutron star
as a 7y-ray burst source, the burst could produce a shock
which would prevent accretion onto the neutron star for
a time span of several years following the burst. Thus,

the above limits for X-ray emission from the GB 920622
source (0.01 cts/sec corresponds to 10713 erg cm~2 s~!
for a 10% K blackbody at Nyz=1020cm~2 - which is the
maximum galactic absorption at the GB 920622 position)

constrains the pre-burst accretion rate of the neutron star

5]

Thus only for distances larger than ~300 pc would the
accretion rate be high enough to trigger a hydrogen flash
(Hameury et al. 1983).

R
(10km)

Mys
My

D
100pc

2
M <15x10"Y7 [ )] Mg /yr.

6. Conclusions

The broad-band spectrum of GB 920622 as measured
by Ulysses/BATSE/COMPTEL over the energy range 20
keV up to 10 MeV shows continuous curvature and is well
fitted with the ”GRB model” (Band et al. 1993). The com-
posite spectrum has a sufficiently broad energy range (3
orders of magnitude) so that sophisticated physical mod-
els are necessary to explain the curvature.

There are no spectral features superimposed on the
broad continuum of this burst. We find evidence for spec-
tral evolution within the first pulse, but not from pulse to
pulse of the burst. Interestingly, the mean hardness ratios
of the three burst pulses are identical within the statistical
errors.

In and around the 2°x1/1 error box of GB 920622 de-
termined by COMPTEL and the BATSE/Ulysses triangu-
lation arc we have investigated the quiescent X-ray sources
found in the ROSAT All-Sky-Survey database. Optical
follow-up observations of these X-ray sources have led to
the identification of most of them. We believe that none

of these X-ray sources is a quiescent X-ray counterpart
candidate for GB 920622.
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