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Abstract. The Compton Gamma-Ray Observatory (CGRO),
as one of NASA's Great Observatories, provides for the first
time coordinated observations over six decades of energy inthe
gamma-ray range. Four instruments cover, with some overlap,
the energy band from few keV up to 30 GeV. Launched in
April 1991, it is now in it's sixth year (Phase IV / Cycle 6)
of flawless operation and has observed the Centaurus A region
severa timeswith all instruments.

BATSE is monitoring Cen A continuoudly in the low
gamma-ray energies (< 100 keV).

OSSE, covering the gammaray energies from 0.05 to 4
MeV, has observed Cen A fivetimes. All exept one observation
were simultaneouswith COMPTEL and EGRET.

The imaging Compton telescope COMPTEL on board the
Compton Gamma-Ray Observatory measures v-raysin the en-
ergy range 0.75 - 30 MeV. The region on the sky including
theradio galaxy Centaurus A, was in the wide field-of -view of
COMPTEL in 15 pointingsof various duration.

Althoughthe Cen A region wasaso inthe EGRET field-of-
view during the COMPTEL observations, no strong signal can
be associated with Cen A at higher gamma-ray energies (above
100 MeV).

The COMPTEL energy spectra in the energy range 0.75 -
30 MeV fit very well to the published Centaurus A spectrain
the energy range 0.05 - 4 MeV from the OSSE instrument on
board CGRO. Changes in intensity are observed in short and
long term time intervalsin al energy ranges and the spectral
dope differs between the two observed globa emission states.

1. Introduction

Centaurus A (NGC 5128, PKS 1322-427), the nearest activera-
diogalaxy at adistanceof <4 Mpc (Harriset al. 1984; Hui et al.
1993),wasoneof thefew known MeV gamma-ray sourceswhen

the Compton Gamma-Ray Observatory was launched (Gehrels
& Cheung 1992). Sincethen, itisamong the objectswhich have
been observed repeatedly by all CGRO instruments (Kinzer et
al. 1995; Paciesas et al. 1993; Steinle et al. 1993; Thompson et
al. 1995) and has been detected well into the MeV range.

Because of the peculiar appearence in the optical and the
relative closeness, Cen A was and isthe object of many obser-
vationsover thewhol e frequency spectrum. Radio observations
revedled the huge lobes, which extend to an apparent diam-
eter of 10°0n the sky, optica observations showed filaments
related to the jet seen in the radio and X-ray regimes, and X-
ray observationsrevealed flux variations on timescal es of days.
Gamma:ray observations also detected Cen A at very different
flux levels (see eg. Kinzer et al. 1995, Steinleet a. 1993)

In this paper we mainly report the results of the 15 ob-
servations made of the Centaurus A region in the 0.75 - 30
MeV range with the imaging Compton telescope COMPTEL
on board CGRO between October 1991 and July 1995. A com-
parison with simultaneous OSSE observationsis made and the
BATSE long term monitoring dataare used in thisinvestigation.

2. Data

2.1. Observations

In 15 pointings during the CGRO observation phases I, 11, I11,
and 1V, the Centaurus A region was in the wide field-of-view
of COMPTEL. A compilation of these observationsisgivenin
Table 1. Thefirst 5 observations are from Phase | (the sky sur-
vey), the next 4 observationsare from Phase |1, 3 observations
each were made in Phase 111 and Phase IV / Cycle 4.

3. Results

The analysis of the COMPTEL data obtained from the Centau-
rusA region during Phases |, I1, I11, and 1V, givesthefollowing
results.
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Tablel. Observation journa of the Centaurus A region for phases|, 11, 111, and IV of the CGRO observations
Obs.No. date TJD duration  distance  eff. obs. time OSSE group
start end start end from pointing observations
(yy-mm-dd) (JD - 2440000.5) (d) ®) (d)
Phase |
12.0 91-10-17 91-10-31 8546.6 85606 14 3.0 4.4 yes a
14.0 91-11-14 91-11-28 8574.7 85885 14 314 1.2 no a
23.0 92-03-19 92-04-02 8700.6 87145 14 205 15 no b
27.0 92-04-28 92-05-07 8740.6 87496 9 279 0.8 no b
320 92-06-25 92-07-02 8798.6 8805.5 238 0.7 no b
Phase 1
207.0 93-01-12 93-02-02 8999.6 90206 21 12.8 32 no c
208.0 93-02-02 93-02-09 9020.6 9027.7 7 24 15 no c
215.0 93-04-01 93-04-06 90787 90838 5 4.0 1.0 yes d
217.0 93-04-12 93-04-20 9089.6 90976 8 4.0 17 yes d
Phase 11
314.0 94-01-03 94-01-16 9355.7 93686 13 20.6 21 no
315.0 94-01-16 94-01-23 9368.7 93756 7 20.6 1.0 no
316.0 94-01-23 94-02-01 93757 93846 9 0.0 24 yes
Phase IV / Cycle4
402.0 94-10-18 94-10-25 9643.6 96506 7 24.4 0.8 no e
4025 94-10-25 94-11-01 9650.6 96576 7 234 0.8 no e
424.0 95-07-10 95-07-25 9908.6 99236 15 3.0 39 yes

3.1. Detection of a Source

A known source is defined as detected, if at least in one ob-
servation (or a combination of observations) it is seen with a
gtatistical significance >3e. Although may upper limitshad to
be listed in Table 2, there are also many measurements with
more than 3. Following the above definition, Centaurus A isa
well detected source.

3.2. Spectra

Centaurus A is known to be variable on time scales of days to
months in al wavelenght bands (see section 3.3.). Therefore,
to derive meaningful spectra, a compromise had to be found
between the need to add observations to improve statistics and
the danger to average out variations, if observationsare added,
which are separated by atoo large time span. Under thisconsid-
eration, we have added only observationswhich were separated
not morethan few months. The resulting groups of observations
(a- ) are marked in thelast column of Table 1.

An attempt to fit amodel to the spectrum of an observation
(or a combination of observations) has only been made, if at
least three data points >10 have been measured. Thisisonly
the case intheviewing periodslisted in Table 2. A special case
(all observations exept VP 12) for comparison with OSSE was
added as well. Due to the small number of data points, only
single power-law models have been used and the resulting fit-

Table?2. Fit parameter valuesfor asingle power-law model (7x
E~%, FE in MeV) derived from the COMPTEL observations
of the Centaurus A region with more than 2 data points. For
comparison, the high energy part of the broken power-law fit to
the simultaneous OSSE observation in viewing period 12 and
the sum of all other OSSE observationsof Cen A in Phases| to
[l are also listed. The agreement for VP 12 is excellent.

Observation Iy a reduced

(10%cm=2s71) X2

VP 120 375 2318 11

VP 208.0 3034 23139 0.2

group a 4629 46132 12

group b 1538 2283 0.2

all Phase | 3117 3210 03

all exept VP 12 21*9 2608 02

sum of all obs. 1819 2982 12
OSSE VP 12 320+ 14 23+0.1
all other OSSE 329+ 14 20+0.1

parameter values for a model of the form Ip x E~—* are given
in Table 2 for al seven spectratogether with the two OSSE fits
to VP 12 and the sum of all other OSSE observations of Cen A
giveninKinzer at a. (1995).
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Of specia interest are of course the viewing periods, in
which OSSE simultaneously observed Centaurus A, so that
data over amuch wider energy range are available. The longest
published (Kinzer et al. 1995) simultaneous observation oc-
cured in viewing period 12. The spectraare in good agreement
in the overlapping region (Figure 1). The extrapolation of the
broken power-law spectral fit to the OSSE data (0.05 - 1 MeV),
with has a spectral index of o = -2.28 above the break energy
of 150 keV, fits also extremely well to our data.

The combined datadoubl ethe energy range sothat they span
now almost 3 decades. We fitted a broken power-law model of
the form Ip x (E/Ep)”“* for E < B, and I x (E/Ep)~
for £ > FE, (Fy isthe energy in MeV a the break) to the
data. Theresulting parameter are: I = (2.34*38) x 1072 E}, =
0.15:8183 Jaq = 1.74:8182 L, = 2.29:8& . Figure 1 showsthe
combined data and the modd fit, together with the fit to the
OSSE dataaone. Both fitsare in amost perfect agreement.
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Fig. 1. Combined spectrum from the Centaurus A region as measured
by OSSE (0.05 - 4 MeV) and COMPTEL (0.75 - 30 MeV) simultane-
ously during viewing period 12 of Phasel. The solid line isthe broken
power-law fit to the combined data, the dotted line is the fit to the
OSSE data alone as given in Kinzer et al. (1995). Both fits are almost
on top of each other (see also Table 2).

3.3. Variahility

Variability isoneof thewell known features of Centaurus A and
isobserved in all wavel ength regimesfrom radioto gammarays
(Abraham et a. 1982 (radio), Terrell 1986 (X-ray), Jourdain et
al. 1993 (SIGMA), Kinzer et a. 1995 (gammarray)). Variability
isalso present in our data, although dueto thelimited statistics,

only crudestatementscan bemadeand notimeresol utionwithin
an observation ispossible.

On short time scales, the largest flux variation between ad-
jacent observations occured in the energy band 0.75 - 1 MeV
in Phase 111 between VPs 314 and 315 (see Figure 2). Both
observations are separated by ~ 10 days and the drop in the
intensity is morethan 2+ , asignificant change if onetakesinto
accout, that the VP 315 observationis a2¢ upper limit.

Thelargest variation observed, isinthe total energy band 1
- 30 MeV between Phase |1 and Phase 111, where the flux drops
by more than 3.3¢ (see Figure 3).
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Fig. 2. Light curve of Centaurus A in the energy band 0.75 - 1 MeV
asobserved by COMPTEL covering the years 1991 to 1995. The most
significant flux decrease observed is between the adjacent VPs 314 and
315, which are around TJD 9370, separated by ~ 10 days. The flux
decreaseis more than 2.

Variaions are also present in the power-law index of the
derived seven spectra for which a mode fit to the data was
possible (see Table 2). As aready noticed by Kinzer et a.
(1995) for the OSSE observations, based on theintensity at low
gamma-ray energies (below 100 keV) measured by BATSE and
OSSE, our measurements fall into two distinct groups. Only
one COMPTEL measurement (VP 12) was made in the "high
state" at low gammarray energies and al other 14 observations
weremadeinthe"low state". (This"high state" isrelativeto all
our observationsand isonly moderate if compared to historical
high states of CentaurusA.)

Compared to the spectrum of VP 12, we find that the spec-
trameasured in the "low state", are in amost al cases steeper.
Kinzer et a. (1995) present model fits to the combined "low
state" OSSE observations and we used this fit parameters to
make a comparison with our combined "low state” data (all ob-
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Fig. 3. Light curve of CentaurusA in thetotal energy band1 - 30 MeV
asobserved by COMPTEL covering the years 1991 to 1995. The most
significant flux decrease observed is between the Phases|| and |1l and
ismorethan 3.3¢.
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Fig. 4. COMPTEL "low state" data with a power-law fit (solid line),
the high energy part of the OSSE broken power-law model (dotted
line), the OSSE power-law model with an exponential cut-off (dashed
line) and the same with afixed power-law index of « = 1.6 (dash-dot
line). Seetext for more details.

servationsexept VP 12). The OSSE high energy broken power-

law index o = 1.97+0.11ismuch harder than theindex derived
for VP 12 (high state; o = 2.3+ 0.1) and even more than our
derived value of o = 2.6 *3¢ . However, Kinzer et a. note, that
an equally good fit to their data is obtained by using a power-
law with an exponential cut-off. If we plot the extrapolation of
the three possible fit models to the OSSE data in a plot with
our "low state" data and our best fit to those COMPTEL data,
our results are just between and thus again consistent with the
OSSE results (Figure 4), and the intensity matches well in the
overlapping region (around 1 MeV).
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