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ABSTRACT

The discovery of y-ray line emission in the 3-7 MeV range from the Orion complex was recently
reported. The observed Compton Telescope (COMPTEL) spectrum suggested that the emission results
from the de-excitation of excited states of '>C and '°0O. We report on a search for these lines using the
Oriented Scintillation Spectroscopy Experiment (OSSE) on the Compton Gamma Ray Observatory
(CGRO) during a 5 week observation in 1995 from April to June. The OSSE detectors were pointed
midway between the Orion A and B radio sources in three different viewing configurations. We find no
compelling evidence for line emission near 4.4 or 6.1 MeV. The sensitivity of the OSSE measurements is
dependent on the widths of the reported C and O lines and on the source location and spatial extent. A
point source at the flux level reported by COMPTEL and located on-axis would have been detected by
OSSE at ~7 ¢ and ~5 o levels of confidence for narrow and broad lines, respectively. A spatially dis-
tributed source of the same strength with a distribution following the intense CO emission localized
around Orion A and Orion B would have been detected by OSSE at ~3.5 ¢ and ~2.5 o, respectively.
Thus, these OSSE observations require that any y-ray line source must be even more extended to be
consistent with the reported COMPTEL intensity.

Subject headings: acceleration of particles — gamma rays: observations — ISM: cosmic rays —

stars: abundances

1. INTRODUCTION

A startling detection of 3—7 MeV y-ray emission from the
Orion complex was reported by Bloemen et al. (1994) from
observations made using the COMPTEL experiment on
the Compton Gamma Ray Observatory (CGRO). The mea-
surements were made over a period of 18 months during
1991-1992 and revealed what appeared to be lines at 4.4
and 6.1 MeV, arising in a region close to the Orion A and B
radio sources. The total observed flux in the 3-7 MeV
energy band was (1.0 + 0.15) x 10”* y cm~2 s~ !, Bloemen
et al. (1994) suggested that the emission could arise from
interactions of ~10 MeV nucleon™! C and O with inter-
stellar hydrogen and helium rather than from interactions
of accelerated protons and a-particles with interstellar C
and O. Although the data do not rule out the latter possi-
bility (Ramaty, Kozlovsky, & Lingenfelter 1995a; Cowsik &
Friedlander 1995), such an origin appears to be inconsistent
with the lack of detection of line emission from 1 to 3 MeV
expected from Ne, Mg, Si, and Fe (Ramaty et al. 1995a). If
the emission is because of accelerated heavy nuclei, this lack
of emission in the 1-3 MeV region requires suppression of
abundances of nuclei heavier than C and O.

Using data from the Solar Maximum Mission (SMM)
spectrometer, Harris, Share, & Messina (1995) have derived
upper limits on broadened line emission at 4.4 and 6.1 MeV
from the direction of the Galactic center in comparison with
Orion. These upper limits indicate that the Galactic dis-
tribution of the emissivity in these lines does not follow the
square of the known ambient Galactic CO distribution.
This requires that the gas and dust in Orion are irradiated
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by an unexpectedly large flux of low-energy cosmic rays.
This intense irradiation, however, cannot extend to higher
energies (Nath & Biermann 1994; Cowsik & Friedlander
1995) because the resultant pion-decay emission would
exceed the high-energy y-ray flux observed from Orion with
EGRET (Digel, Hunter, & Mukherjee 1995). To keep the
power deposited in Coulomb interactions by these acceler-
ated particles from exceeding the IR emission from Orion,
they must have energies in the range of several tens of MeV
nucleon ! (Ramaty, Kozlovsky, & Lingenfelteret al. 1995a,
1995b, 1996). These constraints suggest that Orion is a
unique source and that additional measurements are neces-
sary to understand the COMPTEL observation.

The COMPTEL observation has also generated con-
siderable interest and speculation concerning the origin of
the accelerated particles responsible for the observed y-ray
emission. Suggested sources for particles with enhanced
abundances of C and O are (1) the winds of Wolf-Rayet
stars (Ramaty et al. 1995a), (2) the ejecta of supernovae from
massive-star progenitors (Bykov & Bloemen 1994; Cassé,
Lehoucq, & Vangioni-Flam 1995; Ramaty et al. 1995b,
1996, Cameron et al. 1995), and (3) pickup ions resulting
from the breakup of interstellar dust (Ramaty et al. 1995b,
1996; Ip 1995).

These particles need to be accelerated to higher energy in
order to produce y-rays. Both shock acceleration and sto-
chastic acceleration have been proposed. Shock acceler-
ation can occur in the strong stellar winds from O and B
stars (Nath & Biermann 1994) and from young stars (Ip
1995), or from winds colliding with supernova ejecta (Bykov
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Fi1G. 1.—Map of the Orion complex showing bright stars, the COMPTEL maximum likelihood map (dotted contours), the regions of CO emission (gray
areas), and the most intense CO emission (dark areas) observed by Maddalena et al. (1986).

& Bloemen 1994). The latter may be associated with the
Orion-Eridanus bubble (Cameron et al. 1995; Ramaty et al.
1996), which may have been created by a supernova that
occurred ~ 80,000 years ago (Burrows et al. 1993). Stochas-
tic acceleration, which can occur via gyroresonance with
cascading Alfvén turbulence in the accretion disk of a black
hole, was proposed by Miller & Dermer (1995) and explains
the enhancement of C and O nuclei relative to protons and
a-particles. This mechanism does not, however, explain the
suppression of Ne and heavier elements inferred from the
COMPTEL limits on 1-3 MeV radiation. This suppression
can be accounted for by models with Wolf-Rayet stars of
spectral type WC or those involving interstellar dust (see
Ramaty et al. 1996).

High-energy ions produced by shocks can propagate tens
of parsecs or more (depending on the magnetic fields),

leading to a spatially extended emission region. On the
other hand, y-rays produced in the accretion disk of black
holes would yield a highly localized region of emission.

The Orion observations have also motivated studies rela-
ting to the origin of light elements and the extinct radioiso-
topes existing at the time of the formation of the solar
system (Clayton 1994; Cassé et al. 1995; Ramaty et al.
1995b, 1996; Cameron et al. 1995; Clayton & Jin 1995). It is
interesting that the linear growth of the Be and B abun-
dances observed with time is more naturally explained by a
low-energy accelerated particle population depleted in
protons and a-particles (Cassé et al. 1995) than by the abun-
dances reflected in Galactic cosmic rays (e.g., Reeves 1994).

In order to confirm the COMPTEL result and to learn
more about this unexpected emission from Orion, CGRO
observed this region for 5 weeks in 1995 from April to June.

TABLE 1

SUMMARY OF OSSE OBSERVATIONS OF ORION

SOURCE BACKGROUNDS
BACKGROUND OFFSET Live TiMe?*

VIEEWING PERIOD DATE CONFIGURATION (105 s) RA. Decl. RA. Decl. RA. Decl.
VP 419.1 ............... 1995 Apr 4-11 A 1.0 (1.0 84.8 —3.6 92.8 —-23 71.7 —4.8
VP 4195 .....coenet 1995 May 9-23 B1 1.5 (0.7) 84.6 —36 91.0 —139 78.4 6.6
VP 420, Det. 1, 2...... 1995 May 23—-Jun 6 B2 1.5 (0.5) 84.6 —-36 91.0 —139 78.4 6.6
VP 420, Det. 3, 4...... 1995 May 23-Jun 6 C 1.5 (0.5) 84.6 —-3.6 82.3 0.2 81.0 2.3

2 Primary live times listed are for the 1.5-10 MeV range; times in parentheses are for the 0.05-1.5 MeV range, some of which were limited as

discussed in the text.
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FiG. 2—OSSE detector configurations for the Orion observations.
Light solid lines, COMPTEL maximum likelihood contours; solid-line
ovals, OSSE source aperture (10% response at 50 keV); dotted-line ovals,
OSSE background apertures. Solid heavy lines, source regions accessible to
all four OSSE detectors using standard background subtractions; dashed
heavy lines, regions accessible only to two detectors.

The COMPTEL and OSSE instruments made simulta-
neous measurements during this time period. In this paper
we discuss the results of the analysis of data from OSSE. We
find no convincing evidence for narrow or broad y-ray emis-
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sion at 4.4 and 6.1 MeV from Orion. We discuss constraints
these measurements suggest for either the extension or the
location of the source observed by COMPTEL.

2. OBSERVATIONS

The OSSE instrument consists of four independent large-
area Nal detectors covering the energy range from 0.05-
200 MeV in a well-shielded geometry (Johnson et al. 1993).
The 3°8 x 11°4 (FWHM) aperture of each detector is
defined by a tungsten collimator, and observations consist
of a sequence of alternating 2 minute source and back-
ground pointings. Backgrounds are typically accumulated
by offsetting the detector 4°5 on either side of the source
position. Quadratic interpolation of the rates in time is used
to estimate the background during the source observation.
Each detector has a photopeak area of ~200 cm? near
5 MeV.

Because of constraints on the CGRO viewing plan, the
Orion observations had to be separated into three CGRO
viewing periods (VP 419.1, 419.5, and 420) over a 2 month
time span beginning in 1995 early April. Since the location
of the Orion source is uncertain, the OSSE detectors were
aimed at a point midway between Orion A and B at a right
ascension of ~84°7 and declination of —3°6 (J2000)
throughout all of the observations. This assumed source
direction is close to the centers of the CO and y-ray inten-
sity profiles plotted in Figure 4 of Bloemen et al. (1994). (We
discuss the impact that an off-axis source would have on the
OSSE measurements in § 4.) A map of the Orion region is
shown in Figure 1. Plotted along with the brightest stars in
the complex are lowest level contours of CO emission mea-
sured by Maddalena et al. (1986) and the maximum likeli-
hood contours of the 3-7 MeV emission observed in
1991-1992 by COMPTEL (Bloemen et al. 1994). Bloemen
et al. do not indicate whether there is evidence that the
source is extended.

Three distinct background-pointing configurations were
used during the observations. Because of the possibility of
background contamination by an extended source, the data
from each background-pointing configuration were
analyzed separately. The configurations, designated A, B,
and C, are displayed in Figures 2a, 2b, and 2c, respectively.
The ovals represent the 10% level of response of the OSSE
detectors to 50 keV photons and are plotted superimposed
on the COMPTEL contours. During VP 419.1 (1 week,
April 4-11), all four of the detectors used configuration A
(~ £+ 725 background offsets). There is some evidence in the
COMPTEL maps for emission in the OSSE background
accumulation near Monoceros. If the y-ray emission is
extended significantly in that direction, the OSSE sensitivity
for configuration A would be reduced (see § 4). During VP
419.5 (2 weeks, May 9-23; the most sensitive observation),
all four of the detectors used configuration B (~ + 12° back-
ground offsets) so that no source region was contained in
the background accumulations. During VP 420 (2 weeks,
May 23-June 6), the spacecraft was reoriented to accommo-
date the observation of supernova remnant Cas A. As a
result of this maneuver, detectors 3 and 4 had to use con-
figuration C (one-sided background offsets of +4°5 and
+7°). If the Orion source is extended in this direction, these
relatively close backgrounds would contain source emission
and thus reduce the OSSE sensitivity for configuration C
(see § 4). During this viewing period, detectors 1 and 2 again
used the large ~ +12° background offsets of configuration
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FiG. 3.—OSSE background-subtracted count spectra for the three viewing periods separated by detector pairs and corrected for the background
systematic. For each pair, the spectrum from each detector has been rebinned into 250 keV channels before summing. The dotted line shows the background
systematic which was removed from the count spectrum. The solid curve is the fit of two broad lines at 4.44 and 6.13 MeV. P, is the quality of the fit.

B, but, because of the reorientation, the source angle rela-
tive to the spacecraft was different for VP 420 than for VP
419.5. Since there is a background systematic which is
dependent on this angle (discussed below), the configuration
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FIiG. 4—Summed count spectrum from all data obtained during the
OSSE observations rebinned into 250 keV channels. The solid curve is the
fit of two broad lines at 4.44 and 6.13 MeV.

B data of VP 420 (designated B2) had to be analyzed
separately from the configuration B data of VP 419.5
(designated B1).

Table 1 provides details of the OSSE source and
background-offset configurations for the Orion observa-
tions. The table lists the inclusive dates, the background-
offset configuration, the on-source live times per detector,
and the locations of the detector axes for the source and
background observations. Two live times are provided; the
primary time is for the medium-energy range of the spectro-
meter (1.5-10 MeV), and the time in parentheses is for the
low-energy range (0.05-1.5 MeV). The differences were
caused by the priority assigned to onboard storage of
medium-range spectra. Onboard storage was required
because of the loss of real-time telemetry that occurred
while the Tracking and Data Relay Satellite TDRS 3 satel-
lite was activated to replace TDRS 1.

The background offsets used for all the Orion measure-
ments are larger than the typical 4°5 used for most observ-
ations made by OSSE. These large offsets are known to
produce a systematic effect noticeable in the continuum
emission above 1 MeV. This effect arises because the back-
ground continuum varies nonlinearly with detector point-
ing angle relative to the massive CGRO spacecraft. As a
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TABLE 2

LINE FLUXES* MEASURED BY OSSE FOR A DISCRETE SOURCE ON-AXIS

CONFIG. A ConriG. Bl ConrFiG. B2 ConriG. C

FrrTED LINE Det. 1, 2 Det. 3, 4 Det. 1, 2 Det. 3, 4 Det. 1, 2 Det. 3, 4

4.4 MeV narrow...... —314+32 1.8 +33 00+26 1.6 +2.7 49 +25 47 +2.7
6.1 MeV narrow...... —22+24 1.6 +24 24+19 —1.8+20 —-05+19 01+19
4.4 MeV broad ....... —6.6 +48 0.8 +4.8 —03+38 53+39 6.7 + 3.8 40+ 3.8
6.1 MeV broad ....... —27+32 1.7+ 31 21+26 —28+4+25 —05+25 1.0+25

2 Fluxes are all in units (10 >y cm ™~ 2s™Y)

result, systematic effects are observed in source-free fields
when background offsets have significantly exceeded the
nominal +4°5 value or when they are asymmetric or one-
sided. We use a detailed study of mapping observations at
high Galactic latitudes (Kurfess et al. 1996) to provide
energy-dependent corrections to the count spectra for each
configuration. (These corrections will be made available on
the OSSE home page of the World Wide Web, http://osse-
www.nrl.navy.mil.) As the absolute level of this correction is
dependent on the overall background of a specific obser-
vation, we only use the shape of the predicted correction and
determine its amplitude by a fit to the data. Adjacent detec-
tors 1 and 2 are physically located above adjacent detectors
3 and 4 on the CGRO spacecraft; the corrections for detec-
tors 1 and 2 are therefore similar to one another but are
different from the corrections for detectors 3 and 4. For this
reason, we first analyze the spectra of detectors 1 and 2
separately from those of detectors 3 and 4 for each of the
three background-pointing configurations and then
combine the results for each configuration.

3. RESULTS

Shown in Figure 3 are six count spectra after correction
for the systematic due to large or asymmetric background
offsets. For purposes of display, we have separately summed
spectra from detectors 1 and 2 and from detectors 3 and 4
for each of the three viewing periods and plotted the data in
channels of 250 keV width. The moderate scatters in data
plotted in Figure 3b and 3f are reflected in the lower prob-
abilities, P, that the data come from randomly distributed
sets. The dotted lines show the systematic continua that
were removed from the original spectra. We note that the
magnitude of these continua are on the order of the total
flux measured by COMPTEL in the 3-7 MeV band from
Orion. This highlights the reason why we are not confident
in reporting broadband measurements of the flux from
Orion in the MeV range at this time. We instead focus our
efforts on studying the 4.4 and 6.1 MeV line emission
reported by Bloemen et al. (1994). It is clear from inspection

of Figure 3 that there is no evidence for any feature near 6.1
MeV in any of the observations. There is some structure in
a few of the spectra (e.g., Figs. 3d and 3e) near 4.4 MeV
which suggests the possible presence of a weak line feature
at the threshold for detection by OSSE; however, spectra
accumulated at the same times by the other pairs of detec-
tors do not show such features.

We used a forward-folding technique and the OSSE
response function to fit an incident photon spectrum to the
2-9 MeV data from each pair of detectors simultaneously.
The incident photon models were comprised of either
narrow or broad Gaussian-shaped lines at 4.44 and 6.13
MeV. Narrow lines of widths 95 and 110 keV FWHM,
respectively, are expected at 4.44 and 6.13 MeV from iso-
tropic interactions of ~10 MeV nucleon™! protons and
a-particles. Broad lines of width ~ 700 keV FWHM at these
energies are expected from isotropic interactions of ~ 10
MeV nucleon™! C and O ions. Best fits for the narrow-
and broad-line intensities were obtained using a
y2-minimization algorithm. For clarity, we show only the
broad-line fits to the spectra in Figure 3. The line fluxes
derived from the fits are given in Table 2. The uncertainties
were obtained by mapping the y? statistic to obtain a 68%
confidence level. We have assumed that there is no signifi-
cant correlation between the intensities of the two lines (ie.,
Ay? = 1for a 1 o uncertainty). The typical 1 ¢ uncertainties
for the lines are ~3 x 107° y cm ™2 s~ ! for each pair of
detectors. This is about 60% of the flux expected in each line
based on the COMPTEL observation. These individual
OSSE measurements are therefore at the limit of detect-
ability for such a source. We have studied the distribution of
the narrow- and broad-line intensities listed in Table 2
about their mean values and conclude that they are consis-
tent with a randomly distributed set of data.

Table 2 confirms that there is no evidence for any feature
at 6.1 MeV. The significances of a broad feature near 4.4
MeV in detector 3 and 4 data of configuration B1 and in
detector 1 and 2 data of configuration B2 are each less than
2 0. There is also a suggestion for a narrow feature near 4.4

TABLE 3

LINE FLUXES* MEASURED BY OSSE FOR A DISCRETE SOURCE ON-AXIS

Fitted Line Config. A Config. B Config. C Sum
5 @ 3) (4 s)
4.4 MeV narrow...... —07+23 22+15 47+ 2.7 20+ 1.1
6.1 MeV narrow...... —04 + 1.7 0.1+1.1 0.1+19 00+ 038
Total narrow ......... —114+29 23419 49 + 33 194+ 14
4.4 MeV broad ....... —29+34 39422 40+ 3.8 23+ 17
6.1 MeV broad ....... —04+22 —-04+15 1.0 +25 -01+1.1
Total broad ........... —34+41 35427 50+ 4.6 24+20

2 Fluxes are all in units (10 °y cm~2s™Y).
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Fi1c. 5—OSSE sensitivity factors for offset point sources and for extended sources relative to an on-axis point source. (a), (c), and (e): Sensitivity contours
for point sources located off-axis for configurations A, B, and C (dotted contours represent negative sensitivity). (b), (d), and (f): Plots of the corresponding

sensitivities for extended Gaussian-shaped distributions centered on-axis.

MeV in the data from the last viewing period (VP 420,
configurations B2 and C). However, the combined signifi-
cance of this feature is only 2.6 g, and there is no evidence
for it in data from the two earlier viewing periods. If the VP
420 measurement were to represent an actual change in the
flux level, a variability time scale of less than 2 weeks would
be implied. Of the suggested models for line emission from
Orion, such variability would only be consistent with the

black hole accretion scenario of Miller & Dermer (1995),
but the line would then be expected to be broad and accom-
panied by the 6.1 MeV O line. Such a line at 6.1 MeV is not
detected.

The individual OSSE measurements shown in Table 2
are at the limit of detectability for a source at the level
reported by COMPTEL. We can improve the sensitivity of
the OSSE search for line features by summing the spectra
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accumulated during each of the three background-pointing
configurations. The narrow- and broad-line fluxes derived
from fits to these summed spectra are given in columns
(2)—(4) of Table 3. It is clear once again that there is no
evidence for either broad- or narrow-line emission near 6.1
MeV in any of the viewing configurations. Narrow- and
broad-line features near 4.4 MeV observed in viewing con-
figurations B and C are significant at less than 2 ¢, and no
evidence for a 4.4 MeV line is found in spectra accumulated
during configuration A.

Ramaty et al. (1995a) have predicted a flux of 2 x 1075y
cm~2 s~ ! in the 511 keV positron annihilation line based
on the COMPTEL 3-7 MeV measurement. Because the
OSSE sensitivity for this line has been reduced by the
limited live time available at this energy (see Table 1), we do
not expect to be able to detect this line at this flux level.
Nevertheless, we searched for the line by fitting the spectra
with a model consisting of (1) a narrow (10 keV) line at
0.511 MeV, (2) a positronium continuum, and (3) a flat,
energy-independent continuum. The fitted 511 keV line
fluxes for the three background-pointing configurations are
(1.3 +4.1),(—40+44),and (—151+73) x 1073 ycm™?
s~ 1, respectively. Thus, we see no evidence for line emission
at 0.511 MeV. Because of difficulties distinguishing the posi-
tronium continuum from the flat, energy-independent con-
tinuum, meaningful upper limits could not be obtained for
these components.

4. DISCUSSION

We have divided the OSSE observations of Orion into
three viewing configurations with differing background-
pointing choices. We find no compelling evidence for line
emission near 4.4 or 6.1 MeV in the spectra from any of
these viewing configurations. If the Orion source is point-
like and lies within a few degrees of the center of the OSSE
field of view (R.A. = ~ 8427, decl. = —3°6), the differences
of the background pointings are not important and the data
from the three configurations may be added and fitted.
Under this supposition we see from the summed spectrum
in Figure 4 and the last column of Table 3 that there still is
no evidence for a line near 6.1 MeV and that any line
feature near 4.4 MeV is significant at less than 2 ¢. A point-
like, on-axis source at the 1.0 x 107* y cm ™2 s~ ! level
reported by COMPTEL would have been observed by
OSSE with a significance of 7 or 5 ¢ depending on whether
the lines are narrow or broad, respectively.

Because of its small 3°8 x 11°4 aperture, OSSE would
detect only a fraction of the flux from a pointlike source
located off-axis or a spatially extended source. We have
calculated factors for correcting the derived fluxes at MeV
energies for such sources, and they are plotted in Figure 5
for observing configurations A, B, and C. Figures 5a, 5c,
and Se provide contour plots of relative sensitivity for
sources offset from the detector axis. Figures 5b, 5d, and 5f
display relative sensitivities for Gaussian distributions of
varying FWHM widths co-aligned with the instrument axis.
We have combined Figures 5a, 5c, and Se, weighted by their
appropriate live times, to provide a sensitivity plot for the
total OSSE observation of Orion shown in Figure 6. For
example, if the source is pointlike but located 3° from the
center of the field of view (FOV), Figure 6 shows that the
inferred total narrow- or broad-line fluxes for the sum of the
three configurations (col. [5] of Table 3) increase by a factor
of 1.5-5 depending on its orientation in the FOV;i.e., to as
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F1G. 6.—Sensitivity contours for point sources located off-axis for the
total combined OSSE observation of Orion (dotted contours represent
negative sensitivity).

much as (9.6 + 7.1) or (120 + 10.0) x 1075 y cm ™2 s~ 1,
respectively. If the source is spatially extended by 10°
FWHM, the inferred fluxes increase by a factor of 5 to
(9.5 + 7.0)or (12.1 + 10.0) x 1073 y cm~2 s~ !, respectively.
Thus, the OSSE limits presented here would be consistent
with the existence of a source at the level reported by
COMPTEL if the source is sufficiently off-axis or extended.

Figure 6 can also be used to calculate the relative total
OSSE response to any desired spatial distribution. We first
use a distribution the outline of which (shown in Fig. 1) is
given by the intense CO emission contours of Maddalena et
al. (1986) which are localized around the Orion A and B
radio sources. Within this outline we assume the emission is
uniform. By combining this distribution with the contours
of Figure 6, the inferred OSSE total narrow- and broad-line
fluxes would increase by a factor of 2 to (3.8 + 2.8) or
(4.8 + 4.0) x 107 % y cm~2 s~ 1, respectively. Therefore, such
a source at the COMPTEL-reported level should still have
been detected by OSSE at 3.5 ¢ or 2.5 ¢ for narrow or broad
lines. However, if we assume the very extended distribution
for which the outline (shown in Fig. 1) is given by the least
intense contours of CO emission and is uniform within, the
inferred OSSE fluxes increase by a factor of 5 to (9.6 + 7.1)
or (12.0 + 10.0) x 107° y cm ™2 s~ !, respectively. Thus, the
OSSE limits presented here are consistent with the existence
of a source at the level reported by COMPTEL only if the
source is sufficiently extended. Analysis of the new
COMPTEL data has suggested that the source is extended
(Bloemen et al. 1996, private communication).

Bykov, Bozhikin, & Bloemen (1996) have recently sug-
gested that the line shapes expected from interactions of
accelerated C and O may be more complicated than the
Gaussian shape used in this analysis. Specifically they show
that line splitting is expected. Such structure does not
appear to be reflected in the COMPTEL spectra presented
by Bloemen et al. (1994), but we understand that the new
COMPTEL Orion data may suggest such structure and,
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further, that the emission may be spatially extended. We
expect that results of analysis of the OSSE data using such a
spectrum and spatial distribution will be similar to those
obtained with the broad-line spectrum and extended CO
distribution used in this analysis. However, with such a
weak source, introducing more complicated line shapes in
the analysis does not appear to be a fruitful endeavor, espe-
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cially as there is no compelling evidence for features in the
OSSE spectra from Orion above 2 MeV.

We wish to thank the other members of the OSSE team
for their assistance with this analysis. We also acknowledge

the useful discussions we have had with Hans Bloemen.
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