
Twenty-five Years On



Science 
Surprises

The Sun

•Were unprepared for the 
intensity, energy and 
instrumental effects

•0.6 mW of x rays

•Only naïve operating 
mode for solar 
emissions.



Gamma-Ray Bursts

• Intense community 
debate on nature of 
cosmic gamma-ray 
bursts.  Near or far?

• What sort of object was 
responsible?
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Infamous Orion Lines

• “Clear” measurement of 
nuclear gamma-ray emission 
from the Orion Nebula.

• Word to the wise for future 
gamma-ray astronomers on 
the insidious effects of 
background that plague the 
MeV region.

• It took two years to sort it out 
even after being on mission for 
several years!

field of view of 11 sr, with an angular resolution of typically
18–38 and an energy resolution of 5%–10% FWHM (Schön-
felder et al. 1993). The photon-energy deposits and interaction
locations in the two detector layers define for each incident
photon the measured energy Eg, the Compton scatter angle #w,
and the scatter direction (x, c). All results presented here are
based on likelihood analyses in three-dimensional (x, c, #w)
data spaces for selected energy intervals (or folded two-
dimensional equivalents). We apply this technique routinely
(see, e.g., de Boer et al. 1992; Bloemen et al. 1994b), but this
is the first time we use it to generate narrow-bin spectra. We
are developing a spectral analysis tool that includes another
dimension, Eg, which is necessary for full spectral deconvolu-
tion and accurate spectral model fitting. Careful background
modeling is crucial because a source signal is typically present
at the 1% level only. Our most successful method (also applied
here) is an iterative smoothingyfiltering technique of the data
cube itself. The basic principle is described by Bloemen et al.
(1994b), but the method has been optimized.

Throughout, only statistical flux uncertainties are given. We
estimate that an additional systematic uncertainty up to 25%
cannot be excluded. The uncertainties in our narrow-bin
spectral analysis are larger at this stage, as discussed in § 4. We
note that the estimates of COMPTEL flux errors and detec-
tion significances were too optimistic at the time Paper I was
written, so our current values cannot be directly compared; the
numbers of detected source events can be compared and are
fully consistent, as demonstrated below.

3. MAPS

Figure 1a shows the new 3–7 MeV maximum likelihood
ratio map, with CO observations of the OrionyMon R2
molecular clouds superimposed in Figure 1b, demonstrating
that distinct emission is observed from Orion. Clearly more
than one single source is present, and a striking global
correlation with the CO distribution can be seen. Two well-
established COMPTEL sources, the Crab (e.g Much et al.
1995) and the active galactic nucleus (AGN) PKS 05281134
(Collmar et al. 1993), were included in the likelihood study as
separate background components and are thus removed from
the maps. In addition to PKS 05281134, EGRET has detected
4 other AGN candidates in the sky region studied here
(Thompson et al. 1995, 1996), as indicated in Figure 1a, which
may be responsible for the excess we observe at (,, b) 3 (1928,
2288). Evidence is seen at other COMPTEL energies as well.
In contrast, there is no evidence for any significant emission
from Orion at other COMPTEL energies. This is illustrated in
Figure 2, which shows images from maximum entropy decon-
volution (this technique is described by Strong et al. 1992).
The excess near (1928, 2288) needs further study but has no
impact on our findings.

The quantity plotted in Figure 1 is 22 ln l, where l is the
maximum likelihood ratio L(B)yL(B 1 S), B represents the
background model, and S the source model which is moved over
the sky area searched for emission. In such a search, 22 ln
l obeys a x3

2 distribution; in studies of a given source, x1
2 applies.

Using the former (more conservative) interpretation, the lowest
contours in Figures 1a–1b are just above 3 s (22 ln l 5 14.2); a
number of local maxima with 22 ln l 5 30–45 can be seen,
which are thus at the 5–6 s level.

Figure 1c shows the residual likelihood map when a model
that assumes the emission to be distributed like the CO
intensity distribution of OrionyMon R2 is added to the
background model. This distribution appears to be indeed in

FIG. 1.—(a) COMPTEL maximum likelihood map (Galactic coordinates)
of the OrionyMon region (3–7 MeV; observations until 1996 April). Contours:
22 ln l 5 15, 20, 25, . . . . The Crab and PKS 05281134 ( plus signs) were
removed by adding them to the background model in the likelihood analysis.
EGRET has detected 4 other AGN source candidates in this field ( filled
diamonds), which might be responsible for the excess at (,, b) 3 (1928, 2288).
(b) As a but with CO observations of OrionyMon R2 (Dame et al. 1987)
superimposed (not convolved with the COMPTEL PSF). The excess near
(1928, 2288) is removed as well (see § 3). (c) Residual maximum likelihood
map when the g-ray emission distributed like the CO is also modeled out. One
deeper contour at 22 ln l 5 10 is shown. An excess near Mon OB1yOB2
remains (22 ln l 5 25). CO observations of this area are superimposed.

FIG. 2.—Maximum entropy images (Galactic coordinates) for 4 energy
bands. Distinct emission from the OrionyMon region is observed in the 3–7
MeV range only. Adjacent to the Crab, PKS 05281134 is seen in the 3–7 and
7–30 MeV maps ( plus signs). The contour levels are chosen such that sources
with an E22 spectrum should appear similarly in each map.
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Students and their 
surprises

(Georg Weidenspointner and 
Cheenu Kappadath)
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The notorious cosmic 
diffuse bump

195

experiments were short duration flights with no passage through the SAA, therefore we expect

their long-lived background component to be low.

Figure VII.4  The COMPTEL flux at ~ 4.5 GV together with the pre-COMPTEL
measurements. Also plotted is the COMPTEL flux at ~ 14 GV and the flux contributions
from the prompt and long-lived background components.

Measurements of the CDG flux from balloons were made by extrapolating the downward

moving gamma-ray flux measured at different float altitudes to zero g/cm 2 of atmosphere

above the detector. The goal was to eliminate the downward moving atmospheric photon

component that varies with atmospheric depth. However the Earth’s albedo neutron flux is

almost constant at the top of the atmosphere (above the Pfotzer maximum) (Preszler, Simnett,

and White 1974). Therefore, the extrapolation to zero atmosphere does not remove the effects



What were we thinking?

• Four different computing platforms to 
accommodate.  PCs just invented.

• Four-way international collaboration with no 
internet or email.

• Data processing rate challenged by the 
6250 kbs telemetry rate.

• Two-week latency time for data delivery to 
Europe.

• Highest bit rate transfer was by data tape 
and plane ticket.



The Event



Science is Human Endeavor



• Honors the nature of objective inquiry

• Honest

• Considerate

• Respectful

• Good leadership

How did we get it to work?
A: a good team



Good Colleagues
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