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Compton telescope operating from 0.75 -30 MeV



COMPTEL	
  DescripBon

5

Event locations provide 
a direction vector for the 

scattered photon.

Energy deposits provide 
an estimate of the 

photon scatter angle. 
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Individual D1 Cell Complete Assembly of 7 D1 Cells

Each of the 7 D1 detectors consisted of a cylindrical volume of NE213A liquid 
scintillator, 28 cm in diameter by 8.5 cm deep.  The interaction location of  

each event could be determined to about 1-2 cm.
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Each of the 14 D2 cells consisted of a cylindrical volume of NaI 
scintillator, 28 cm in diameter and 7.5 cm deep.  Event 

interactions could be located with a spatial resolution of ~1-2 cm.

Individual D2 Cell Nearly Complete Assembly of 14 D2 Cells
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Without knowledge 
of the Compton 

scattered electron, 
the direction of the 
incident photon is 

determined to lie on 
an circle.
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Summation of ~100 event circles from the 
gamma-ray burst of 3-May-1991.



COMPTEL	
  EffecBve	
  Area

10

40

30

20

10

0

Ef
fe

ct
iv

e 
Ar

ea
 (c

m
2 )

1 10

Photon Energy (MeV)

θ =  0°

 10°

 20°

 30°

 40°

 50°

Effective area as a function of photon 
energy for various incidence angles.



Angular	
  ResoluBon

11

19
93
Ap
JS
..
.8
6.
.6
57
S Angular resolution reached ~1.5° above 2 MeV.



Energy	
  ResoluBon

12

19
93
Ap
JS
..
.8
6.
.6
57
S



COMPTEL	
  SensiBvity

13

2. History of Compton-telescopes

The very first instrument which is described in
the literature and which makes use of two sub-
sequent Compton scatter processes was a spec-
trometer for accurate energy determination of
incident c-rays, but it was not a telescope. It was
published in 1950 by Hofstadter and McIntyre
(1950). It consisted of two scintillation detectors in
backscatter arrangement. In 1961, Peterson and
Howard (1961) (at that time at the University of
Minnesota) for the first time describe a real double
scatter Compton-telescope, which was designed to
achieve directional collimation by using the kine-
matics of two Compton scatter processes. The di-
rectionality was achieved by postulating low
energy losses in the first of two NaI-detectors, and
high energy losses in the second one. No time-of-
flight measuring technique was used. This instru-
ment was flown on OSO-1 (launch: March 7,
1962), but was not successful. The difficulties with
this instrument were summarised in a review arti-
cle by Greisen (1966) as follows: ‘‘low efficiency for
detection of c-rays (less than 1%) combined with
an increased sensitivity to secondary effects of the
charged particle radiation arriving in all direction,
and producing showers in the nearby vehicle and
instrumental material’’. Similar difficulties were
mentioned for this technique in a review article by
Fichtel (1971). I think, the addition of a time-of-

flight measurement would have improved the
OSO-instrument considerably. In the early 1970s a
re-birth of the Compton-telescope concept took
place. In 1971, I myself had started building the
first Compton-telescope at MPE (Sch€onfelder
et al., 1973). In my PhD thesis in the late 1960s I
had used a double scatter technique to determine
the direction and energy of cosmic ray neutrons in
the atmosphere. It was, therefore, a logical step to
apply this method also to c-rays. The first
Compton telescope was simple: it consisted of 2
plastic scintillator arrays. Downwards and up-
wards scattered events could be identified and
separated by measuring the time-of-flight of the
scattered c-rays. This first telescope was operated
as a directional collimator only. The first bal-
loon flights with this telescope in 1973 were very
successful.

Practically at the same time independent work
on Compton telescopes started also at other pla-
ces: The Riverside group had already an existing
double scatter neutron balloon experiment which
used the time-of-flight technique to measure the
energy of the scattered neutrons. In the first bal-
loon flights with this instrument c-ray events were
rejected as background. But in 1972 the interest in
Riverside changed from neutrons to c-rays (White
et al., 1973). From that time onwards their in-
strument was mainly operated as a Compton
telescope. The Cosmic Ray Working Group at
Leiden had performed independently studies about
the Compton telescope technique at about the
same time, which, however did not result in
hardware developments. Studies were also made at
Berkeley (Dauber and Smith, 1973) about a
Compton camera using liquid xenon wire pro-
portional counters.

In the years after 1973 the main activities with
Compton telescopes took place at Garching and at
Riverside. In 1975 we at Garching started building
a new big balloon telescope which practically had
already the size of COMPTEL. This telescope was
flown three-times on balloons.

The COMPTEL-collaboration between the
Max-Planck-Institute for Extraterrestrial Physics,
the University of New Hampshire, the Space Re-
search Organisation of Netherlands, and the Space
Science Department of ESA was formed in 1977.

Fig. 1. Illustration of the existing sensitivity gap between-say
500 keV and 50 MeV.

194 V. Sch€onfelder / New Astronomy Reviews 48 (2004) 193–198
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The
‚MeV‘ 
gap !

Fermi

Kanbach 2008
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Launch on Space Shuttle Atlantis - April 5, 1991.
De-orbited on June 4, 2000.
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148 V. Schönfelder et al.: The first COMPTEL source catalogue
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1991-1997
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1991-1997
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Source Type In Catalog > 3 sigma > 5 sigma

Pulsars 7 4 2

AGN 10 9 3

Galactic b < 10° 5 5 3

b > 10° 3 3 2

Line Sources 3 3 1

TOTAL 28 24 13

Schönfelder et al. 2000
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PSR B1951+32 
Crab 

Geminga 
PSR B0656+14 

Vela 
PSR B1055-52 
PSR B1509-58

A total of seven pulsars were included in the 
COMPTEL source catalog (Schönfelder et al. 2000).
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L. Kuiper et al.: The MeV characteristics of the Crab pulsar 923

determining the P2/P1 ratio for each observation. This
ratio is derived by measuring the number of excess counts
in the P2 and P1 phase intervals (see Table 2) on top of
the level in the Off Pulse interval. This ratio is shown
in Fig. 4. The χ2

ν value for a fit assuming a constant
P2/P1 ratio is ∼0.8. Therefore, there is no indication
for a time dependency of the pulse shape at medium en-
ergy γ-ray energies consistent with the findings presented
by Carramiñana et al. (1994). For energies above 30 MeV
Fierro (1995) studied the long-term temporal variation of
the P2/P1 ratio and found also no evidence for a (system-
atic) variation over the Cycle 0-III EGRET observations.
Tompkins et al. (1997) came to a similar conclusion using
an extended EGRET data base including also Cycle IV–V.

5. Pulse profiles of PSR B0531+21 from 0.1 keV
up to 10 GeV

The γ-ray pulse profiles in Fig. 2 show that the pulse
morphology changes significantly over the COMPTEL en-
ergy window (0.75–30 MeV), i.e. the emission spectra vary
significantly with phase. Phase-resolved spectral analyses
have earlier been performed at X-ray and γ-ray energies
for different data sets and/or different narrow energy in-
tervals. However, for each study, different phase selections
have been made such that a consistent full high-energy
picture of the Crab pulsar can not be compiled from pub-
lished results. Therefore, we extended our energy window
by analysing consistently not only the CGRO EGRET
(30 MeV–10 GeV) high-energy γ-ray data, but also X-
ray/soft γ-ray data from the ROSAT HRI (0.1–2.4 keV),
BeppoSAX LECS (0.1–10 keV), MECS (1.6–10 keV) and
PDS (15–300 keV), and CGRO BATSE (20 keV–1 MeV).

The (on board folded) data from CGRO BATSE over-
lap in energy with the data from CGRO OSSE for which
results have already been published by Ulmer et al. (1994,
1995). However, due to the enormous exposure in the co-
added BATSE data the statistics are much better than
can be obtained in the combined OSSE Crab observa-
tions. Especially above ∼220 keV (e.g. Ulmer et al. 1994,
Fig. 2) where the OSSE data have low statistical quality,
the BATSE profiles are superior. For the high statistics
OSSE data (below ∼220 keV) we verified that the profiles
are consistent in shape with those obtained by us using
BeppoSAX PDS and CGRO BATSE data.

In the next subsections details are given about the
compilation of Crab pulse profiles over the energy range
0.1 keV to 10 GeV.

5.1. ROSAT HRI 0.1–2.4 keV pulse profile

The soft X-ray ROSAT HRI data were collected during
an observation of the Crab pulsar/nebula performed from
4 March 1995 to 15 March 1995 yielding a net exposure
time of 7.98 ks (HEASARC Online Service; observation
identifier RH400639N00). Because the data are spread
over 115 different orbital intervals over the 11 day ob-
servation period the considerable ROSAT clock drift will

Fig. 5. High-energy pulse profiles of PSR B0531+21 from
0.1 keV up to 10 GeV. Data have been used from the follow-
ing instruments: a) ROSAT HRI (0.1–2.4 keV), b) BeppoSAX
MECS (2.4–10 keV), c) BeppoSAX PDS (20–100 keV), d),
e) CGRO BATSE (100–315 keV & 315–750 keV), f), g) CGRO
COMPTEL (0.75–10 MeV & 10–30 MeV) and h) CGRO
EGRET (>30 MeV). The morphology change of the profiles
as a function of energy is striking.

result in a messy pattern when combining the pulse phases
from the entire observation. We could identify 4 consec-
utive sets of orbital intervals in which the observed pulse
profile is stable. The 0.1–2.4 keV pulse profile shown in
Fig. 5a was obtained cross-correlating 3 of the 4 profiles
with the profile chosen as template, correcting for the ob-
served mutual phase shifts and fixing the zero phase at
the centre of the main peak.

924 L. Kuiper et al.: The MeV characteristics of the Crab pulsar

5.2. BeppoSAX 2.4–100 keV pulse profiles

The BeppoSAX LECS, MECS and PDS data have
been collected during a calibration observation of
the Narrow Field instruments aboard BeppoSAX per-
formed on 25–26 September 1999 yielding (screened)
effective exposure times of 7.75 ks, 32.6 ks and
30.7 ks for the LECS, MECS (unit-2) and PDS clus-
ters A & B, respectively (data retrieved from archive
maintained by BeppoSAX ASI Science Data Center
at http://www.asdc.asi.it/bepposax/; Observation
Codes 20795007 & 207950071). In Figs. 5b and c the Crab
pulse profiles are shown as observed by the MECS in the
2.4–10 keV energy window and by the PDS in the 20–
100 keV energy window, respectively.

5.3. CGRO BATSE 100–745 keV pulse profiles

In the hard X-ray/soft γ-ray band (0.05–1 MeV) we
have used archival data from the CGRO BATSE Large
Area Detectors collected during observations performed
between MJD 48392 and 50273 in the onboard fold-
ing mode (CGRO Archive maintained by HEASARC
at ftp://cossc.gsfc.nasa.gov/compton/data direc-
tory batse/pulsar/onboard folded/crab/). Typical in-
tegration times were 2/3 weeks per included observation
(64 observations have been used in this study). The pro-
files had been produced in 64 bins per cycle in 16 different
energy channels for each individual observation run. We
determined the shifts of the pulse profiles of the individual
observation runs with respect to the profile obtained dur-
ing the observation run 48392–48406 in channel 9 (∼165–
230 keV) by cross-correlation. Applying the shifts in the
combination of the pulse profiles and putting the first peak
at phase 0 yields high quality pulse profiles in the 20 keV–
2 MeV range. In Figs. 5d and e the profiles are shown for
the 100–315 keV (channels 7–10) and 315–745 keV (chan-
nels 11–13) energy windows, respectively.

5.4. CGRO COMPTEL/EGRET pulse profiles

At medium energy γ-rays the CGRO COMPTEL pulse
profiles derived in this work are shown for the 0.75–10
and 10–30 MeV energy windows in Figs. 5f and g,
respectively. Note that the COMPTEL profiles have
a large non-zero offset. Finally, in Fig. 5h the CGRO
EGRET pulse profile is given for energies above 30 MeV
(we used data from Cycle 0–VI observations, retrieved
from the CGRO Archive maintained by HEASARC;
ftp:/ / cossc.gsfc.nasa.gov/ compton/ data/ egret/
high level/).

6. P2/P1 and Bridge/P1 ratios as a function
of energy

From the (high-energy) pulse profile compilation shown
in Fig. 5 we can immediately observe some striking fea-
tures. The second peak (near phase 0.4) becomes more

Fig. 6. P2/P1 ratio as a function of energy from optical wave-
lengths up to high-energy γ-rays. Data from the following in-
struments have been used: optical wavelengths, UCL MIC de-
tector (star symbol), NUV/FUV HST STIS (star symbols);
X-ray energies, ROSAT HRI (open square), BSAX LECS
(filled square), BSAX MECS (open triangle); Hard X-rays/soft
γ-rays, BSAX PDS (open circles), CGRO BATSE (filled cir-
cles); Medium/hard γ-ray energies, CGRO COMPTEL (filled
upwards pointing triangle), CGRO EGRET (filled downwards
pointing triangle). The gradual increase of the P2/P1 ratio up
to ∼1 MeV is striking, a sharp decline in the 1–30 MeV energy
range follows and a recovery to the optical ratio value settles
above ∼30 MeV.

and more pronounced for increasing energies. However,
above ∼10 MeV the first peak becomes dominant again.
The “Bridge” emission seems to show a similar behaviour
as the second peak. In a more quantitative evaluation of
this morphology change of the profile as a function of en-
ergy we determined the intensity ratios for P2/P1 and
Bridge/P1 as a function of energy over the entire range
0.1 keV to 10 GeV, adopting the phase interval defini-
tions of Table 2. The pulsed emission in each interval has
been separated from the underlying nebula/DC emission
by subtracting the (properly scaled) emission from the
OP phase interval. The results are visualized in Figs. 6
and 7 for the P2/P1 and Bridge/P1 ratios, respectively.
In these plots we have also included the ratios derived
from the optical profile in the 3800 to 6500 Å wave-
length interval obtained by Much et al. (2000) using the
UCL MIC detector as well as those in the far-ultraviolet
(1140–1720 Å) and near-ultraviolet (1600–3200 Å), ob-
tained from (time-tagged) data taken by the HST STIS
instrument (Sollerman et al. 2000; Gull et al. 1998). In
all optical ranges we again applied the consistent phase
interval definitions.

(Kuiper et al. 2001)

The pulse shape varies 
dramatically in the COMPTEL 

energy range, with a rapid 
change in the P2/P1 ratio.
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PSR B1509-58

Pilia et al. 2010

PSR B1055-52

Thompson et al. 1999

Fig. 2. from Gamma Radiation from PSR B105552
Thompson et al. 1999 ApJ 516 297 doi:10.1086/307083
http://dx.doi.org/10.1086/307083
© 1999. The
American Astronomical Society. All rights reserved. Printed
in U.S.A.

COMPTEL 0.75-30 MeV

EGRET >240 MeV

OSSE 48-184 keV

ROSAT >0.5 keV

ROSAT <0.5 keV

Radio 1520 MHz
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The spectrum changes dramatically in the 
COMPTEL energy range, but how?
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Collmar (2006)
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Many AGN detections, when compared with higher energy 
data, appear to peak in the COMPTEL energy band.
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GRO J1823-12 
Cyg X-1 

GRO J1227+61 
GT 0236+610 (LSI +61 303) 

GRO J0422+32 

Galactic Sources at |b| < 10°
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COMPTEL	
  showed	
  that	
  there	
  was	
  a	
  dis3nct	
  non-­‐
thermal	
  component	
  to	
  the	
  spectrum	
  that	
  

extended	
  well	
  above	
  1	
  MeV.

(McConnell et al. 2002)
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Nova Persei 1992 was briefly detected at 1-2 
MeV, suggesting a non-thermal spectrum 

similar to that of Cyg X-1.

(van Dijk et al. 1997)
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A	
  very	
  significant	
  source	
  
lying	
  in	
  the	
  Galac3c	
  

Plane	
  at	
  l	
  =	
  18°.	
  	
  May	
  be	
  
associated	
  with	
  LS	
  5039,	
  

a	
  TeV	
  XRB.
A&A 565, A38 (2014)

Table 2. Fluxes, assuming a source at the location of LS 5039 for the
sum of all data (VPs 5.0–907.0).

Period 1−3 3−10 10−30

VPs 5.0 - 907.0 5.65 ± 1.43 3.22 ± 0.60 1.46 ± 0.21

Notes. The flux units are 10−5 ph cm−2 s−1. The energy bands are given
in MeV. The errors bars are 1σ.

depending on orbital altitude) along the mission are small; in
particular, the 10−30 MeV band is unaffected, which makes
these high-energy bands more reliable than the lower-energy
ones. Also, in these bands GRO J1823-12 is more significantly
detected in time-averaged analyses. We plot a flux point if the
source reaches at least a 1σ-detection level. If not, we plot a
2σ upper limit.

The 3−10 MeV light curve is less conlusive. Detections, al-
though on a low significance level, and non-detections occur
along the mission, adding up to a ∼6σ-detection for the sum
of all data. The 10−30 MeV light curve, however, shows al-
ways evidence (at least 1σ) of the source with some hints for
time variability. During CGRO Phase IV/Cycle 5, the flux is
more than three times higher than during the observations in
CGRO Phase I. However, a quantitative analysis by assuming
a constant flux results in a low and insignificant probability
of 0.60 for a time variable flux. At these highest COMPTEL en-
ergies, GRO J1823-12 seems to be a steady MeV-emitter. This
agrees with the observations at GeV- and TeV-energies, where
the longterm light curves over years are also consistent with a
steady source (e.g., Hadasch et al. 2012; Aharonian et al. 2006a).

4.1.3. Energy spectra

To derive the COMPTEL fluxes of GRO J1823-12, we ap-
plied the standard maximum-likelihood method as described in
Sect. 2. Background-subtracted and deconvolved source fluxes
in three standard energy bands were derived by simultaneous fit-
ting of four γ-ray sources, two diffuse models representing the
galactic emission, and an isotropic component describing the
extragalactic diffuse emission. Since there is no obvious time
variability, we concentrate on the most significant time-averaged
data, the sum of all data (i.e., all VPs listed in Table 1). Table 2
gives the corresponding MeV fluxes of GRO J1823-12, assumed
to be the microquasar LS 5039, in three bands. The correspond-
ing spectrum including the best-fit power-law shape is shown in
Fig. 3. In an E2× differential flux respresentation, the fluxes rise
towards higher energies. We fit a simple power-law model,

I(E) = I0(E/E0)−α photons cm−2 s−1 MeV−1, (1)

where the parameter α is the photon index, and I0 the differential
flux at the normalization energy E0, which was set to 5 MeV
throughout all our analyses. We find a well-fitting hard power-
law shape with a photon index on the order of ∼1.6. (Table 3).

4.1.4. Fermi sources in the GRO J1823-12 field

Figure 4 shows the error location contours (1, 2, and 3σ) around
the most significant COMPTEL detection, the 10−30 MeV band
for the sum of all data. There are five Fermi-detected γ-ray
sources located within the 3σ-confidence contour. LS 5039 is
located in the sky pixel next to maximum. The source identifi-
cation is not obvious, so we need other means to decide on the
counterpart of the COMPTEL source.
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Fig. 3. COMPTEL energy spectrum of GRO J1823-12, fitted at the lo-
cation of LS 5039, in an E2× differential flux representation for the sum
of all data. The fluxes are derived in the 3 standard COMPTEL energy
bands (1−3, 3−10, 10−30 MeV). The error bars are 1σ. The solid line
represents the best-fitting power-law shape between 1 and 30 MeV.
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Fig. 4. COMPTEL error location contours for the most significant
COMPTEL detection of GRO J1823-12, obtained in the 10−30 MeV
band for the sum of all data. The contour lines are plotted on a map
in galactic coordinates (l, b) of the LS 5039-region. The error contours
start with 1σ in steps of 1σ. The sky positions (circles) of all γ-ray
sources, listed in the second Fermi catalog and are within a search
radius of 2◦ around the pixel center of the best-fit source location
(l/b:17.5◦/−0.5◦) are shown.

Closest to the significance maximum is the source
HESS J1825-137 (Aharonian et al. 2006b), a pulsar wind neb-
ula that is also detected by Fermi/LAT at energies between 1
and 100 GeV (Grondin et al. 2011). Below 1 GeV the source
is not detected by Fermi/LAT, consistent with the hard spectral
power-law index of ∼1.38 measured above 1 GeV. The SED,
provided by Grondin et al. (2011), suggests an emission mini-
mum in the COMPTEL band, which makes HESS J1825-137 an
unlikely counterpart of the COMPTEL source.

Apart from LS 5039, none of the other sources is discussed
in spectral detail in the literature. To derive some estimates on
their fluxes, we took the relevant values from the Fermi/LAT
2nd Source Catalog (Nolan et al. 2012). In particular we used
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Table 6. Results of the power-law fitting of the COMPTEL spectra
(1−30 MeV) for the two orbital phase intervals INFC and SUPC.

Observations Photon index I0 (at 5 MeV) χ2
min

data (α) (10−6 cm−2 s−1 MeV−1)

INFC 1.44 ± 0.29 6.94 ± 1.61 0.23
SUPC 1.77 ± 0.35 4.47 ± 1.31 0.06

Notes. The errors are 1σ (χ2
min + 2.3 for 2 parameters of interest).

COMPTEL data cover the time period between July 12, 1991
and January 25, 2000. The COMPTEL measurements therefore
started ∼3500 days before and ended ∼375 days before the time
T0 = HJD 2 451 943.09 ± 0.10 (equal to February 2, 2001), for
which Casares et al. (2005) determined the applied ephemeris.
Applying their period uncertainty (∆P) of 0.00017 days, yields
a phase uncertainty ∆Φ (∆Φ = (∆T × ∆P/P)) of ∼0.15 at
CGRO VP 5.0 and 0.017 at CGRO VP 907.0, the first and last
COMPTEL observations of the LS 5039 sky region. On average,
the phase error is ∼0.08 during the COMPTEL mission with re-
spect to the orbital solution of Casares et al. (2005), suggesting a
phase binning of 0.2. Subsequently, we analyzed the COMPTEL
10−30 MeV data in five orbital phase bins according to the de-
scribed analysis procedure (see Sect. 2). This data selection pro-
vides 1) the best source signal in orbit-averaged analyses and 2)
the cleanest and most reliable COMPTEL data due to its low
(compared to the lower COMPTEL energy bands) background,
which was stable along the COMPTEL mission, e.g., unaffected
by satellite reboosts.

We found evidence of an orbital modulation of the
COMPTEL 10−30 MeV emission. The orbital light curve is
shown in Fig. 8 and the derived flux values are given in Table 7.
A fit of the light curve, assuming a constant flux, results in
a mean flux value of (1.52 ± 0.21) × 10−5 ph cm−2 s−1 with a
χ2-value of 8.34 for 4 degrees of freedom. This converts to a
probability of 0.08 for a constant flux or of 0.92 (≡1.75σ) for
a variable flux.

Although, we cannot unambigiously prove an orbital modu-
lation of the COMPTEL 10−30 MeV emission, the evidence is
strong. In addition to this formal 92% variability indication, the
COMPTEL light curve follows the trend in phase and shape ex-
actly as is found in other energy bands. In particular the light
curve is in phase with the modulation in X-ray, hard X-ray,
and TeV energies, i.e., a brighter source near inferior conjunc-
tion (Φ = 0.716) and a weaker one near superior conjunction
(Φ = 0.058). The measured flux ratio of about a factor of 3
is roughly compatible to the flux ratios observed in the X-ray
(e.g., Takahashi et al. 2009) and TeV-bands (Aharonian et al.
2006a). However, the modulation at the MeV band is in anticor-
relation to the γ-ray band at energies above 100 MeV, observed
by Fermi/LAT, where the source is brightest near superior con-
junction and weakest near inferior conjunction by a flux ratio
of 3 to 4 (Abdo et al. 2009). By using just the flux values of the
phase bins including superior (0.0−0.2) and inferior (0.6−0.8)
conjunction of Table 7, we derive a significance of ∼2.5σ for
a change in flux. This behavior provides strong evidence that
GRO J1823-12 is, at least for a significant part, the counterpart
of the microquasar LS 5039.

5. The SED of LS 5039 from X-rays to TeV γ-rays

The peculiar radiation behavior of LS 5039 is studied across the
whole range of the electromagnetic spectrum. At high energies,
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Fig. 8. Orbital light curve of LS 5039 in the 10−30 MeV COMPTEL
band for the sum of all data. The light curve is folded with the orbital
period of ∼3.9 days and given in phase bins of 0.2. The two broader
phase periods, defined as INFC and SUPC, are indicated. A flux in-
crease during the INFC period is obvious. In the phase bin contain-
ing the inferior conjunction, the source is roughly three times brighter
than in the phase bin containing the superior conjunction. In general the
10−30 MeV γ-ray light curve is consistent in phase and amplitude with
the one at TeV γ-rays.

Table 7. Fluxes of a source at the location of LS 5039 for the sum of
all COMPTEL data in the 10−30 MeV band along the binary orbit in
orbital phase bins of 0.2.

Orbital phase 10−30 MeV flux

0.0−0.2 0.83 ± 0.46
0.2−0.4 0.96 ± 0.46
0.4−0.6 1.76 ± 0.48
0.6−0.8 2.55 ± 0.50
0.8−1.0 1.69 ± 0.48

Notes. The flux unit is 10−5 ph cm−2 s−1. The errors are 1σ.

the observational picture is available in the X- and hard X-ray
bands (i.e., ∼1 to 200 keV) and at γ-rays above 100 MeV,
yielding a significant observational gap at the transition range
from the X-rays to the γ-rays. Our analyses of the MeV data
of GRO J1823-12, in particular the orbit-resolved ones, provide
strong evidence of being the counterpart of the high-mass X-ray
binary LS 5039. Figure 9 shows the high-energy – X-rays to TeV
γ-rays – SED of the microquasar. We combine our 1−30 MeV
spectra, collected for the INFC and SUPC parts of the orbit, with
the similarly collected spectra at X-ray, GeV, and TeV energies,
by assuming that the MeV emission is solely due to LS 5039.
This may not be completely true since other γ-ray sources lo-
cated within the COMPTEL error location region may contribute
at a low level.

The COMPTEL measurements fill in a significant part of
a yet unknown region of the SED, providing new and impor-
tant information on the emission pattern of LS 5039. The SED
shows that the emission maximum of LS 5039 occurs at MeV
energies, i.e., between 10 and 100 MeV, and that the domi-
nance in radiation between the INFC and SUPC orbital periods
changes between 30 and 100 MeV, i.e., at the transistion region
between the COMPTEL and Fermi/LAT bands. While for SUPC
the SED suggests a kind of smooth transistion from COMPTEL
to Fermi/LAT, it indicates a kind of complicated transition for
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The	
  emission	
  of	
  26Al	
  as	
  it	
  decays	
  into	
  26Mg	
  with	
  a	
  half-­‐
life	
  of	
  700,000	
  years	
  traces	
  regions	
  of	
  recent	
  star	
  

forma3on	
  in	
  the	
  galaxy.	
  

(Diehl et al.)
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FIGURE 1. (a) Spectrum of events from obs. 3 and 11 
combined, within 20 ~ of SN 1991T. The solid line is the 
fit to the background approximation (1) with the dashed 
line showing the first term in (1) alone. (b) The residuals 
of the fitted spectrum. 

FIGURE 2. Deviations from the background model in a 
fit including the 56Co template ,(dashed line) to events 
within 3 ~ of SN 1991T. 

FIGURE 3. Deviations from the background model in a 
fit to all events within 20 ~ of the pointing direction in 
observations through February 1997. 

ter ium line and hopeful ly  
provides a better background 
fit in the vicinity of  the 56Co 
lines. After fitting to the 
background model alone, an 
emission template,  derived 
from Monte Carlo simulations 
of the telescope response to the 
56Co lines, is included in the 
fit. If  inclusion of the template 
signif icantly improves  the 
goodness  of  the fit, as 
measured by the g 2 statistic 
[5], the presence of  56C o 
emiss ion can be inferred. 
Figure 2 shows deviat ions 
from the background model 
for a fit with the 56Co emis- 
sion template to combined data 
from the two SN 1991T obser- 
va t i on s ,  w i th in  3 ~ o f  
SN 1991T. The dashed line 
shows the fitted 56Co template. 

ASSESSMENT OF 
SYSTEMATIC 

ERRORS 

Two approaches have been 
used to assess systematic er- 
rors in the spectral fitting anal- 
ysis. Persistent deviations of 
the instrumental background 
from the model (1) have been 
sought by fitting spectra for 
large volumes of data. An 
empirical assessment of  the 
significance of the 56Co emis- 
sion has been done by search- 
ing a large n u m b e r  o f  
COMPTEL observations for 
56Co emission. 

Figure 3 shows the residuals 
for a fit with the background 
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Evidence	
  for	
  56Co	
  emission	
  at	
  847	
  keV	
  and	
  1238	
  keV.	
  
(Recently	
  seen	
  also	
  by	
  INTEGRAL	
  in	
  SN	
  2014J.)

(Morris et al. 1997)
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COMPTEL	
  was	
  capable	
  of	
  providing	
  a	
  reliable	
  measurement	
  of	
  
the	
  Cosmic	
  Diffuse	
  Emission	
  and	
  disproving	
  the	
  existence	
  of	
  the	
  
“MeV	
  Bump”	
  that	
  had	
  been	
  observed	
  by	
  Apollo	
  15	
  and	
  others.
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A	
  composite	
  of	
  the	
  
galac3c	
  an3center	
  
region	
  showing	
  

COMPTEL	
  imaging	
  
results	
  for	
  several	
  
different	
  types 
of	
  sources.
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There is a lot happening at these energies, 
much of which we have barely explored. 

COMPTEL just touched the surface. 

We need more sensitivity to fill the MeV gap.


