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ABSTRACT

This paper presents a first global study of COMPTEL observations of the in-
ner Galaxy in the energy range 0.75-10 MeV. Preliminary findings demonstrate
COMPTEL’s capabilities for mapping the observed gamma radiation and dis-
entangling the contributions from point sources and diffuse emission.

INTRODUCTION

The COMPTEL telescope aboard the Compton Observatory provides for
the first time extensive imaging possibilities at MeV energies with a source-
location accuracy of typically 1°. This imaging capability is of particular value
for studies of the Galactic disk, where a variety of point sources as well as diffuse
emission can be expected to contribute. Strong et al. (this volume) found the
total flux measured by COMPTEL from the central radian of the Galactic disk
to be near the lower bound of a variety of previous flux estimates. This paper
describes our initial attempts to map the observed emission and to disentangle
the contributions from point sources and diffuse emission, using a combination
of ten observations of the first and fourth Galactic quadrants obtained during
the first half of the COMPTEL all-sky survey (Table 1). All analyses presented
here were applied to three energy intervals, 0.75~1 MeV, 1 -3 MeV, and 310
MeV, but the findings for the latter two have been combined.

MAPPING OF SOURCES AND DIFFUSE EMISSION

Each incident photon detected by COMPTEL is first Compton scattered
in the upper layer of detectors and then absorbed in the lower layer!. The energy
deposits in the two layers define the Compton scatter angle (as well as the energy
of the incident photon) and the interaction locations define the scatter direction.
For a selected energy range, the photons can thus be binned in a 3-D dataspace
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Table 1. COMPTEL observations used in present analysis.

Observation Pointing Start End
14 b yy-mm-dd yy-mm-dd

2.0 73.3°  42.6° 91-05-30 91-06-08
5 0.0° -4.0° 91-07-12 91-07-26
7.0 70.4° -8.3° 91-08-08 91-08-15
7.5 25.0° -14.0° 91-08-15 91-08-22
12 310.7° +22.2° 91-10-17 91-10-31
13.0 25.0° -14.0° 91-10-31 91-11-07
14* 285.0° -0.7° 91-11-14 91-11-28
16 0.0° +20.2° 91-12-12 91-12-27
20* 39.7°  +40.8° 92-02-06 92-02-20
23* 322.1° +3.0° 92-03-19 92-04-02

* Only part of the available data included here.

consisting of the scatter direction and the scatter angle. The search for sources,
model fitting, etc., are all carried out in this 3-D dataspace.

Two main imaging methods are applied: a maximum-entropy method for
general imaging purposes? and a likelihood method optimized to search for point
sources® (including determination of statistical significance, flux, error region,
etc.). This paper presents results from both methods.

The likelihood method in particular requires a careful estimate of the in-
strumental background, which is the dominant contributor to the total number
of observed photons. The background models used in the present work are de-
termined by applying a filter technique to the 3-D dataspace, which smooths
the photon distribution and eliminates source signatures in first-order approxi-
mation. The likelihood algorithms for source mapping and model fitting use a
modified instrument response to take this filtering into account. Formally, this
technique is limited to point sources and line sources. It will be discussed in
detail in a forthcoming paper.

MODEL FITTING AND SIMULATIONS OF DIFFUSE EMISSION

In order to illustrate the imaging potential of COMPTEL and to compare
the observations with the results expected from diffuse emission, we also applied
our mapping tools to Monte Carlo simulations of a simple model of the diffuse
(bremsstrahlung) emission (see Strong et al. in this volume). This model is
based on the assumption that the cosmic-ray (CR) electron density is constant
throughout the Galaxy, so the y-ray intensity distribution is approximately given
by I, = e4Nu, where Ny is the column-density distribution of the interstellar
gas (derived from various HI surveys and the CO survey by Dame et al.4, using
a CO-to-H, conversion factor of 2.3 x 102° molecules ecm™2 (K km s™*)™! —
see Fig. 1). First, the value of the y-ray emissivity, €, was determined for
each energy interval by maximum-likelihood fitting of the model to the binned
photons in the 3-D data space. The values are on average ~20% lower than
found by Strong et al., but considered to be in comfortable agreement in view
of the different sets of observations used and the differing treatments of the
background. Using these emissivities, simulated 3-D dataspaces of the diffuse
emission were made, to which background simulations were added.
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Figure 1: Part of the gas-column-density map (and longitude profile) used for
model fitting and simulations of the diffuse y-ray emission. Contour levels: 0.2,
0.5, 1,3, and 6 x1022 cm~2. The CO-to-H; conversion factor for the strong CO
emission from the Galactic centre was assumed to be ten times lower than for
the Galactic disk®. The data were slightly smoothed for pictorial purposes.

RESULTS

Figures 2 and 3 show our mapping results in the energy ranges 1-10 MeV
and 0.75-1 MeV, both for the actual observations (top) and for the simulations
of the diffuse emission (bottom). Only likelihood maps are shown for the 0.75-1
MeV range — the maximum-entropy maps are very similar.

The likelihood maps show the quantity —21n A, where A is the maximum
likelihood ratio L&background) / L(source+background). Formally, in a search
for sources, —21n A has a chi-square distribution with 3 degrees of freedom (for
instance, a 3o detection corresponds to —21n A = 13.8). Simulations have shown,
however, that our method of background modelling requires a somewhat more
stringent criterion for source detection (discussed in a future paper).

Figures 2 and 3 give quite a different impression of the global appearance
of the gamma-ray sky in the two energy bands. Fig. 2 (1-10 MeV) shows a clear
ridge of emission. The likelihood maps and maximum-entropy maps are very
similar, the latter showing more detailed structure because of the deconvolution
inherent in the maximum-entropy method. The global appearance of the obser-
vations is similar to that of the simulated observations of the diffuse emission,
but detailed differences seem to be present.

In Fig. 3 (0.75-1 MeV), only a few excesses are seen in addition to those at
the positions of the black-hole candidate Cyg X-1 and the radio galaxy Cen A
(both at flux levels at least an order of magnitude below some previous detections
— see McConnell et al. and Collmar et al. in this volume). Although one of the
other excesses coincides with the Galactic-centre source 1E1740.7-2942 (with a
flux of ~1 x 10™* cm~2 571, at least an order of magnitude above extrapolations
of all published spectra of this source), it cannot be excluded that this excess
is actually due to a peak in the diffuse emission, visible in the lower map of
Fig. 3. Only a few features due to diffuse emission can apparently be expected
to be seen by COMPTEL in this narrow energy band. The observed excesses
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Figure 2: Top: Likelihood map (left) and maximum-entropy map (right) of
combined COMPTEL observations (Table 1) of the inner Galaxy (1-10 MeV).
Bottom: Same for simulated observations of the diffuse emission, with emissivity
from model fitting. Contour levels: (left) start 15, step 12; (right) start 4 x 1073,

step 3 x 1073 ¢cm™2 s7! sr~!. Contours of effective exposure, at 20% intervals
from the peak value, are superimposed.

only partly coincide with the expected diffuse excesses. This may either hint at
the presence of sources (or local CR-density enhancements), implying that we
overestimated the contribution from diffuse emission in the model fitting, or it
may be attributable to the limitations of our simple diffuse model.

The obvious question is whether the apparent differences between observa-
tions and simulations are indeed significant. This was studied by including the
diffuse model in the likelihood search for sources. Fig. 4 shows the resulting map
of —2In A, where X is now the maximum likelihood ratio L(diffuse+background)
/ L(source+diffuse+background). Two main excesses can be seen. The one near
£ =15° — 20° coincides with a similar extended feature seen in both the COS-B
data® and the EGRET data (Mayer-Hasselwander et al., this volume). There
is no obvious counterpart for the second excess (¢ ~ 345°, b ~ —6°, 95% error
radius of ~ 1.5°%); its position is consistent with that of the LMXRB 1735-44.
The location of these ‘sources’ outside the Galactic disk may indicate that an
ensemble of sources along the plane is hidden because we have overestimated
the contribution from diffuse emission. This issue will be addressed in future
work by fitting a number of sources simultaneously with diffuse emission.

It can be concluded that COMPTEL’s potential to disentangle the MeV
emission from the inner Galaxy is promising. We emphasize, however, that this
paper should mainly be regarded as a summary of our analysis strategy; the
results are preliminary.
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Figure 3: Top: Likelihood map (0.75-1 MeV) of combined COMPTEL observa-
tions of the inner Galaxy (Table 1). Bottom: Same for simulated observations
of the diffuse emission, with emissivity from model fitting. Contour levels: start
at —2ln X\ = 15, step 5. Exposure contours as in Fig. 2.

Figure 4:

Likelihood map (0.75-10 MeV)
showing enhanced emission not
explained by our model of the
diffuse emission (see text). This
map is a sum of the maps for the
three individual energy intervals.
Contours: start 20, step 8.
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