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ABSTRACT

Results are reported on hard X-ray and soft gamma-ray observations of Centaurus A during 1991-1994
with the Oriented Scintillation Spectrometer Experiment (OSSE) on NASA’s Compton Gamma Ray Obser-
vatory (CGRO). Long-term intensity changes by a factor of 2-3 were measured over this period. Short-term
variations by as much as 25% on timescales as short as 12 hr were detected in most of the observations. No
evidence for gamma-ray line emission was detected at sensitivities much improved over previous observations.
An intensity-dependent evolution of the 50-1000 keV spectral shape was observed which can be characterized
as an exponentially cut-off power law with an intensity-dependent cutoff energy ranging from ~300 keV at
the highest observed level to ~700 keV at the lowest levels. A broken power-law model with an intensity-
correlated break above ~ 120 keV describes the observed spectral changes equally well. Best-fit spectral breaks
vary from AT’ ~ 0.25 + 0.1 at the lowest levels to AI" ~ 0.7 & 0.15 at the highest observed intensity. Below 120
keV the spectra at all intensities can be fitted with photon spectral index I' ~ 1.70 + 0.08, in agreement with
prevous X-ray measurements. Contemporaneous measurements by the EGRET instrument on CGRO require
additional spectral softening in the MeV region relative to broken power-law extrapolations of the OSSE
measurements. At the maximum observed intensity, the luminosity of Cen A appears to peak at ~200 keV
with L(50-1000 keV) ~ 7 x 10* ergs s™!, implying a minimum black hole mass of only ~5 x 10* solar

masses for Eddington-limited accretion.

Subject headings: galaxies: individual (NGC 5128) — gamma rays: observations — X-rays: galaxies

1. INTRODUCTION

The radio galaxy Centaurus A (NGC 5128) at ~5 Mpc
(z 2 0.0008; a Hubble constant H, = 50 km s~* Mpc™* is
used throughout this work) is among the brightest objects in
the sky at 100 keV and is one of the nearest galaxies with an
active nucleus. Prior to the launch of the Compton Gamma Ray
Observatory (CGRO), Cen A was one of four active galactic
nuclei (AGNs) detected above 100 keV (see, e.g., Bassani &
Dean 1983 for a summary) and was the brightest AGN at these
energies. This peculiar elliptical galaxy has extended outer,
middle, and inner radio lobes and an X-ray, optical, infrared,
and radio jet aligned with the inner lobes. An active compact
core observed at X-ray (Feigelson et al. 1981), infrared (Giles
1986; Joy et al. 1991), submillimeter (Hawarden et al. 1993),
and radio (Burns, Feigelson, & Schreier 1983; Preston et al.
1983; Meier et al. 1989) frequencies is thought to power the jet
and lobe structure (see Ebneter & Balick 1983 for a review of
early work). Although not exceptionally luminous for an AGN
(510%3 ergs s~ 1), it has a high apparent brightness and thus
provides an excellent opportunity to measure the high-energy
characteristics of an AGN. Over the past two decades Cen A
has been observed to vary by an order of magnitude at X-ray
energies (e.g., Jourdain et al. 1993 and references therein). Prior
to the CGRO observations discussed here, a number of
gamma-ray observations of Cen A were performed to extend
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measurements to energies above 100 keV (e.g., Grindlay et al.
1975; Hall et al. 1976, Baity et al. 1981; Pietsch et al. 1981;
Gehrels et al. 1984; von Ballmoos et al. 1987; O’Neill et al.
1989; Bignami et al. 1979; Pollock et al. 1981). Emission was
detected in the soft gamma-ray range, but only upper limits
were obtained in the 100 MeV region.

The relatively weak radio luminosity (~10*° ergs s~ ') and
the twin jet radio structure of Cen A place it in the category of
FR I radio galaxies. Optical observations of fluorescent [O nr]
emission (Morganti et al. 1991, 1992) demonstrate the presence
of intense beamed optical emission directed away from our
viewing direction, in accord with the interpretation that Cen A
is a misaligned blazar (Bailey et al. 1986). Understanding this
source will provide important clues to the spectral behavior of
radio-loud AGNs, which is also important in understanding
the origin of the observed extragalactic gamma-ray back-
ground.

In this paper, we report results of the most sensitive hard
X-ray and soft gamma-ray observations of Cen A to date.
Measurements between 40 keV and 10 MeV by the Oriented
Scintillation Spectrometer Experiment (OSSE) on NASA’s
CGRO were obtained from five observations of 2 weeks or
shorter distributed over a 28 month period between 1991
October and 1994 February. A preliminary report covering a
portion of this data was given by Kinzer et al. (1994). The
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measurement procedures are described in § 2. Observed tem-
poral variability and spectral measurements are presented in
§ 3. Results and comparisons with previous work are discussed
in § 4, where we also discuss implications of the observations
on the emission mechanism of the source. Conclusions are
presented in § 5.

2. OBSERVATIONS AND DATA ANALYSIS

The OSSE instrument comprises four identical and indepen-
dent phoswich spectrometers with a total area of 2620 cm? and
an effective area of ~2000 cm? at 511 keV (see Johnson et al.
1993 for an instrument description). The detectors are sensitive
to gamma rays between about 0.04 and 10 MeV and have a
resolution of ~8.8% at 0.511 MeV. Each detector has an aper-
ture of ~328 by 11?4 full width at half-maximum (FWHM)
defined by a passive tungsten slat collimator and is indepen-
dently orientable in the narrow-angle direction. Cen A obser-
vations were conducted and processed in the manner described
by Johnson et al. (1993).

Table 1 gives several relevant details of the five Cen A mea-
surements made in 1991-1994. In each observation program or
viewing period (VP), all four detectors were operated in a
source/background chopping mode in which each detector
alternately viewed the source for 2 minutes and one of two
background fields for 2 minutes. Variations in the collimator
orientation, the background offset angles, and the source
pointing directions among the four observations were used to
assess contamination of the Cen A measurements by nearby
weak sources in either the source or background fields.

When considering contamination by nearby sources, it
should be remembered that Cen A is the brightest extragalactic
X-ray source, and among the brightest of all X-ray sources;
none of the nearby X-ray sources has an X-ray intensity
greater than 10% of the lowest observed intensity of Cen A at
the same energy. Standard Cen A source observations with
alternating symmetrical 4°5 background-field offset angles
were made in the 1991 (VP 12) and 1992 (VP 43) measurements
at position angles differing by ~73° (Table 1), providing only
partially common source and background fields in the two
observations. Comparison of these two observations provides
limits on contributions of potentially confusing nearby sources.

Preliminary analyses of EGRET observations provided
weak detections of two sources, GRO J1317—44 (Hartman
1992) and GRO J1329—43 (Hartman 1994), near Cen A at
energies above 100 MeV. These sources at 1°8 and 1°1, respec-
tively, from Cen A were judged by the EGRET team to be
inconsistent with the position of Cen A. Possible contributions
from GRO J1317 —44 were assessed during the 1993 (VP 215/
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217) OSSE observation by alternately observing its position
and that of Cen A. An upper limit to contributions from this
source of 10% of the measured Cen A flux was determined in
these interleaved observations. No improvements in the fits
were achieved by including this source in the modeling.
Although GRO J1329 —43 was not reported by EGRET prior
to this observation, its position (as determined by EGRET in
1994) was favorably aligned such that an upper limit to its
contributions of ~20% of the measured Cen A flux was also
set during the VP 215/217 observation. Recent reprocessing of
these EGRET data using an improved background model indi-
cates the presence of a 5 ¢ source which is compatible with the
position of Cen A. Emission from up to three sources still
cannot be ruled out by the data, however (Hartman 1995).

The potentially most serious confusion at high energies is
from the X-ray-selected (0.3-3.5 keV) BL Lac candidate 1E
1312—4221 (Stocke et al. 1990), which is ~2°0 from Cen A
with a 1 keV intensity of 1%—10% of the historically observed
range of Cen A intensities (e.g., Feigelson et al. 1981). It has an
X-ray—to—optical spectral index of G.84. Although it has not
been detected at higher X-ray energies, marginal EGRET
detection of this source above 100 MeV in one viewing period
was reported by Fichtel et al. (1994) (no spectral shape was
reported). If a single power law from soft X-ray to gamma-ray
energies represents this spectrum, then no significant contami-
nation from this source is expected for OSSE observations.
However, based on the possible broken power-law nature of
the spectrum of the two BL Lac objects so far detected at soft
gamma-ray energies (PKS 2155—304 and H1517+656), and
the broken power-law nature of most other blazar spectra
(McNaron-Brown et al. 1995), significant contributions above
the OSSE sensitivity range cannot be ruled out. During VP 12
and VP 215/217 this source was at 75% response in the OSSE
collimator. Because of different position angles (Table 1) and
background field configurations, it was at 28% response in VP
43 and at 45% response in VP 316. These three configurations
provide a means to assess any confusion introduced by this
source.

Comparisons of the four Cen A observations at energies
below 120 keV in the light of these observational differences
show no spectral features which might suggest background or
source field contamination in the observations. At higher ener-
gies, there are no indications of source confusion, but it will
require specially designed observations to be certain that there
is no contribution at higher energies from 1E 1312—4221.
Despite the above reservations, in the current analysis we will
assume that all measured flux above background originated in
Cen A.

TABLE 1
OSSE CENTAURUS A OBSERVATIONS

Simultaneous
Viewing Collimator EGRET/COMPTEL

Dates Period Live Time® Orientation® Observations
1991 October 17-31 ................. 12 5.6 68° Yes
1992 October 29-November 3...... 43 13 151 No
1993 April 1-6....cccevivvininnnnnn.. 215 1.1 60 Yes
1993 April 12-20 ......ccecvinennenn.. 217 1.7 60 Yes
1994 February 23-March 2......... 316 44 145 Yes

® Total livetimes for background-subtracted and screened data in units of 10° s per single-detector equiva-

lent effective area on source.

b Galactic position angle (angle relative to Galactic north) of the long direction of the collimator.
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3. EXPERIMENTAL RESULTS

3.1. Source Intensity

OSSE observed Cen A in five sessions of duration between 5
and 14 days in the period 1991 October through 1994 Feb-
ruary. The 1992, 1993, and 1994 emission levels were at or near
the lowest intensities yet reported in the 50-100 keV energy
band (Maisack et al. 1992; Ubertini et al. 1993). Figure 1 shows
the 40-500 keV integral intensity history of the five obser-
vations at 12 and 24 hr timescales (note that the time axes are
discontinuous). Average intensity levels for each individual
interval are indicated by the dotted lines. Because the 1991
observation appears to have two distinct levels, it has been
treated in the analysis as two separate observations.

One striking feature in Figure 1 is the sudden decrease in
mean intensity level of about 25% on day 297 of 1991. Varia-
tions of equivalent magnitude observed at other times are
more consistent with short-term changes about a nominal
level. We have investigated the timescales for which the OSSE
can detect short-term increases and decreases. Table 2 gives the
x> probabilities that the observed 40-500 keV intensities,
binned over a range of timescales, are consistent with a normal
distribution about the local mean intensities. The most signifi-
cant variability is at timescales of 12 to 36 hr. Evidence for
significant changes at a 6 hr timescale remains in the 1991
high-level data and in the second 1993 interval. Only the
(short) first interval of the 1993 observation is consistent with
no detected variability at any timescale. As a check that the
variations observed from Cen A are not from some systematic
effect in the data analysis, a similar analysis was performed on
OSSE observations of the Crab Nebula, a constant source.
These data were consistent with a constant intensity.

The increasing probabilities of normal statistical behavior at
timescales greater than 36 hr, together with the persistent
intensity level change observed in the 1991 data, are consistent
with a model in which the source undergoes short-term
changes relative to an underlying quiescent intensity level
lasting for roughly 1 week or more. As can be seen by examin-
ing Figure 1, the average magnitudes of the most significant
short-term changes are similar between periods despite the
factor of 2-3 difference in average intensities. To further test
the short-term variation trend, the data from the six intervals
(Fig. 1) were divided into two bands with roughly equivalent
statistical weight (40—-100 keV and 100-500 keV). Linear corre-
lation analyses were performed on the simultaneous intensity
variations relative to the local mean in these bands for the
ensemble of measurements. Correlation probabilities that
intensity changes in each band are from independent distribu-
tions (i.e., are not correlated) were determined at timescales
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from 12 to 48 hr. Resulting probabilities are: 0.002, 0.005,
0.005, and 0.05 at 12, 24, 36, and 48 hr timescales, respectively.
This strong correlation of intensity changes in the two inde-
pendent energy bands indicates a common source region for
the full 40-500 keV radiation band. The change in intensity
level which occurred in about 1 day between contiguous inter-
vals on day 297 of 1991 (Fig. 1) is strongly energy correlated
and thus supports this conclusion. This intensity change is
consistent with an energy-independent timescale, although the
data do not permit an accurate assessment of energy depen-
dence of variations at the 1 day timescale.

3.2. Spectral Analysis

The variations observed with OSSE in Cen A’s emission
level provide an opportunity to study the spectral shape as a
function of intensity. During these observations, Cen A was in
the intermediate to low intensity range relative to previously
observed intensities, with the 1992-1994 observations being at
historically low levels near 50 keV. Because Cen A was at
comparable low intensities during the 1992-1994 observations,
we have combined these lower significance observations to
obtain a single high-statistics spectrum for model comparisons.
Fits to the separate observations in 1992, 1993, and 1994 are
consistent with fits to this composite spectrum. Time-
integrated spectra from the full 1991 observation and the com-
posite 1992-1994 observations are shown in E2®(E) plots in
Figures 2a and 2b, respectively [E is the photon energy and
@(E) is the photon flux density].

We have chosen to fit these data using four spectral forms
that are representative of models commonly used to explain
the emission from AGNSs. These include a single power law, a
broken power law, an exponentially cut-off power law, and a
thermal bremsstrahlung spectrum (see Table 3 for model
descriptions). The single power law spectrum characterizes
simple nonthermal origins for the radiation. The exponentially
cut-off power law can parameterize the shapes of models
having a power law form at low energies but which roll off at
high energies, such as thermal Comptonization in an optically
thin medium (e.g., Zdziarski et al. 1994; Hua & Titarchuk
1995) and off-axis jet emission models at energies below the
sharp high-energy cutoff (Skibo, Dermer, & Kinzer 1994). The
broken power law is not a spectral shape with a strong physical
basis, but it is treated for comparison with previous work and
because it provides a simple characterization of the data. It can
approximate a variety of nonthermal mechanisms such as
inverse Compton scattering. The thermal bremsstrahlung
model is representative of models invoking thermal emission
from hot media. The differences in these four spectral forms are

TABLE 2
x* PROBABILITIES® OF STEADY EMISSION

TIME INTERVAL

OBSERVATION
INTERVAL 6 hr 12 hr 24 hr 36 hr 48 hr 60 hr

1991 (Higher intensity)...... 2.1 x 1074 54x107¢  46x107° 83x10™* 049 0.048

1991 (Lower intensity) ...... 0.049 27x 1073 0023 12x 1073 032 12x 1073
1992 i, 0.025 0.093 0.021 0.075 2.1 x 1073 0.082
1993 (First interval) ......... 0.20 0.21 0.37 0.46 0.36 0.064

1993 (Second interval) ...... 2.6 x 1073 48 x 1073 33x107¢ 22 x 1074 1.0 x 1073 0.10

1994 ..o, 0.015 1.5x 1074 6.0 x 1076 4.5 x 107¢ 94 x 10~ 19 x 1073

* Probability that a greater x> value would be found for intensities normally distributed about the local mean.
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F16. 2—Time-integrated differential photon spectra measured in () the full 1991 observation and (b) in the 1992, 1993, and 1994 observations combined. In each
figure, least-squares best-fit models shown are a broken power law (dotted line), a single power law (solid line), a model incorporating a single power law times an
exponential (dot-dashed line), and a thermal bremsstrahlung spectrum with a Gaunt factor (dashed line). Residuals for each fit are shown in the lower panels in units of
standard deviations of the data from the best-fit curve.

adequate to characterize the spectral information in the OSSE
data; more specific model shapes are not warranted.

The four spectral models were fitted to each spectrum over
the 50 to 1000 keV range using a forward-folding technique;
results are shown for each spectrum in Figure 2. Table 3 pro-
vides fitted parameters and their associated uncertainties. The
x? probabilities that the models describe the data sets are also
given for each fitted spectrum. The broken power law and the
exponentially cutoff power law models provide equally ade-
quate fits to the data for each observation; the precision of the
data is not adequate to distinguish between these models. A
single power law provides a fully acceptable fit to the combined
1992-1993-1994 low-intensity data, but it does not provide an
adequate representation of the higher intensity 1991 data. For
the low-intensity data, a model more complicated than a single
power law is not required. The thermal model cuts off more
sharply than the data at low and high energies and thus does
not well characterize the shape of the full spectrum for either
intensity level. '

The two intensity levels observed in 1991 provide an addi-
tional opportunity to study the intensity dependence of the
spectral shape. Parameters for the best fits of the four models
to these two separate data sets are also given in Table 3.
Examination of the fitting parameters for the three different
OSSE intensity levels (the 1991 higher intensity level, the 1991
intermediate intensity level, and the 1992-1993-1994 lower

intensity level) shows an increasing spectral softening with
increase in intensity. Presence of curvature in the low-intensity
spectral shape is not required in the fits. However, when viewed
in the context of fits to the three intensity levels, the marginally
improved fits using the exponentially cutoff power law or the
broken power law relative to a single power law at the lowest
intensity level may be significant. Figure 3b shows spectra for
the three intensity levels along with the associated fits of an
exponentially cutoff power law. These fits indicate an evolution
to lower cutoff energies with increasing intensity, with values
ranging from ~ 300 keV at the highest observed intensities to
~700 keV at the lowest intensity. Similar results for a broken
power law model are shown in Figure 3a. Below the break
energy (~ 120-170 keV) the three intensity levels are fitted by a
power law with I' ~ 1.7 (see Table 3). An intensity-dependent
spectral break appears to evolve, relative to this intensity-
independent low-energy index, from AT = 0.7 + 0.15 at the
highest intensities to A" = 0.24 + 0.10 at the lowest intensity.
The strong covariance between the break energy and the spec-
tral indices above and below the break causes uncertainty in
interpreting these curved spectra with a broken power law
model, however.

No evidence for gamma-ray line emission was detected from
Cen A in the OSSE observations. This is particularly notable
for the 0.511 MeV annihilation line, where a 2 ¢ upper limit for
a narrow line (3 keV FWHM) of 2.6 x 105 photonscm 25!
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F1G. 2—Continued

is established using the full 1991-1994 data set, assuming a
broken power-law continuum. This is more than an order of
magnitude below previous upper limits set in balloon observ-
ations with a Nal spectrometer (Hall et al. 1976), by the HEAO
A-4 Nal spectrometer (Baity et al. 1981), and by the LEGS
germanium balloon-borne spectrometer (Gehrels et al. 1984).
Hall et al. (1976) reported detections of broad gamma-ray lines
at 1.6 MeV and 4.5 MeV with intensities of 3.4(+1.0) x 1073
and 9.9 (+3.0) x 10~* photons cm ™2 5™, respectively. At 1.6
MeV, OSSE provides a significantly lower 2 o upper limit for a
broad (400 keV FWHM) line of 9 x 10~ 5 photons cm ™2 s %,
A2o upper limit for a line at 4.43 MeV of 3 x 10~ photons
cm ™2 s~ ! is also set. If the Hall et al. (1976) observations were
valid line detections, then the intensity variability in these lines
must be much greater (30—40 times) than that of the continuum
at 100 keV (which decreased by a factor of ~ 3 between the two
epochs).

4. DISCUSSION

4.1. Intensity Variations

OSSE observations have confirmed the long-term variable
nature of Cen A at energies below 100 keV (see, e.g., Baity et al.
1981; Jourdain et al. 1993 for summaries), and extended the
variability energy range to ~ 500 keV. Our finding that Cen A
was at a different average intensity level in each well-separated
observation, with mean intensity levels differing by a factor of
~2-3 in 28 months, is consistent with the previous observ-

ations at hard X-ray energies which have measured intensities
differing by about an order of magnitude over two decades.
However, the average intensity change within the four isolated
intervals observed by OSSE in 1992, 1993, and 1994 was only
+ 13%.

The 12-24 hr timescale for the fastest significant intensity
changes which OSSE observed in the 40-500 keV region is
significantly shorter than previously reported at hard X-ray
energies. Prior to the OSSE observations, the fastest high-
energy (100 keV) intensity change observed was by SIGMA in
two 1 day observations separated by 4 days (Jourdain et al.
1993). Statistical limitations prevented detection of significant
fluctuations within the 1 day SIGMA observations. The OSSE
measurements are also statistics-limited at the lowest variabil-
ity timescales reported. Hints of significant 6 hr variability in
the OSSE data suggest that only instrumental sensitivity limi-
tations have precluded measuring shorter term variability; it is
likely that we have set only an upper limit to the smallest
variability timescale at gamma-ray energies.

The detailed intensity variations in the OSSE observations
from five intervals of 4 to 14 days in length over 28 months
suggest that Cen A varies on short and long timescales at these
energies. Short-term changes appear to have characteristic
times as short as 12 to 36 hr; these amplitude changes about
persistent levels in each several-day interval are independent of
the time-averaged intensity level. The timescale for longer term
variability is estimated to be six or more days. The intensity
change of ~25% between persistent levels which occurred in
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TABLE 3

BEST-FIT MODEL PARAMETER VALUES

GAMMA-RAY EMISSION FROM CENTAURUS A

Year and Model Amplitude® E, or E,® r, AT E, or kT® 12 Probability
1991 (Higher):
BPLe............... 240 + 0.36 0.166 + 0.014 1.68 + 0.03 0.71 £ 0.15 0.40
PLY e 5.51 + 0.06 0.1 1.88 + 0.03 <10°¢
PL-EXP° .......... 5.68 + 0.05 0.1 131 £ 0.07 0.254 + 0.033 0.34
PL-EXP 1.6 ...... 5.62 + 0.05 0.1 1.6 0.487 + 0.036 0.11
TBE....coeveiinnns 5.70 + 0.05 0.1 0.219 + 0.006 021
1991 (Lower):
BPL................ 232 + 048 0.142 + 0.016 1.74 £ 0.05 048 + 0.10 0.86
PL ... 4.18 + 0.05 0.1 1.92 + 0.03 2.5 x 1073
PL-EXP........... 4.27 + 0.05 0.1 1.55 + 0.08 0.386 + 0.086 048
PL-EXP 16....... 425+ 0.04 0.1 1.6 0.440 + 0.036 0.52
) 432 +0.05 0.1 ... 0.204 + 0.007 0.02
1991 (Total):
BPL................ 242 + 029 0.150 + 0.009 1.71 £ 0.03 0.57 + 0.07 0.67
) 3 4.74 £+ 0.04 0.1 1.90 £+ 0.02 <107¢
PL-EXP ........... 4.87 + 0.04 0.1 1.43 + 0.05 0.305 £+ 0.035 0.17
PL-EXP 16....... 4.84 + 0.04 0.1 1.6 0.464 + 0.025 0.17
TB oo 491 + 0.03 0.1 el 0211 + 0.004 0.02
1992 + 1993 + 1994:
BPL................ 1.38 + 0.60 0.140 + 0.034 1.73 £ 0.05 0.24 + 0.10 0.95
PL .........ooiits 244 + 0.03 0.1 1.82 £ 0.03 e ... 0.75
PL-EXP........... 248 + 0.03 0.1 1.63 £+ 0.07 0.765 + 0.285 0.95
PL-EXP 16....... 248 + 0.03 0.1 1.6 e 0.662 + 0.077 095
TB ..o, 2.52 £ 0.03 0.1 . e 0.243 + 0.010 0.19

®* Inunitsof 10"2cm ™25~ ! MeV ™! at E, or E,,.
® Units are MeV.

¢ Double or broken power law (E = energy in MeV; E, = break energy): A(E/E,) " for E < E,; A(E/E,) "**4T for E > E,.

4 Single power law model: A(E/E) ™"

¢ Exponentially cut-off power law model: A(E/E;) " Te~E~EolE:

f Exponentially cut-off power law model with fixed ", = 1.6.

t Thermal bremsstrahlung with Gaunt factor: A(E/E;)” e E*Tg(E, kT), where T is the temperature and g(E, kT) is the

nonrelativistic Gaunt factor.

24 hr or less in the middle of the 14 day 1991 observation
provides the strongest support for this longer term variability
timescale. The SIGMA measurements also support a timescale
of this order. It is principally this longer timescale which has
been measured by previous gamma-ray observations with
lower statistical precision and/or shorter observation intervals.

Variability has been better studied at lower X-ray energies
(2-20 keV) owing to much greater observational coverage and
to better counting statistics at these lower energies. At longer
timescales, the intensity of Cen A was continuously monitored
in this range at low time resolution between 1969 and 1979 by
the Vela 5B satellite (Terrell 1986) and intermittently by a
number of other experiments from 1969 to the present. The
long-term (months to years) variation in the relatively sparse
set of intensity measurements around 100 keV obtained since
1969 is well correlated with these lower energy X-ray intensity
measurements over the past two decades (see Gehrels et al.
1984; Jourdain et al. 1993 for summaries), indicating a
common origin for the long-time-base emission over the 2-100
keV region. OSSE’s observations of both short (~12 hr) and
long (28 month) timescale correlated intensity changes at ener-
gies above and below 100 keV extend this common variability
energy range to 500 keV.

The observational case for short-term variability in Cen A at
these lower X-ray energies is less clear. Winkler & White (1975)
observed a secular increase of 1.8 + 0.2 over 6 days (3—10 keV);
Lawrence, Pye, & Elvis (1977) gave evidence of a flux increase
of 1.8 + 0.4 in about 2 days (2-6 keV). Conflicting observ-
ations have been reported at shorter times. The Einstein

Observatory IPC (Feigelson et al. 1981) detected variations
from the nuclear region of Cen A in the 2—-6 keV band of 30%
in 20 days and a factor of 7 between observations 6 months
apart. However, they found no significant short-term variabil-
ity, setting an upper limit of 3% to variations on 3 hr time-
scales. In a careful analysis of HEAO A-2 data, Tennant &
Mushotzsky (1983) similarly found a 2% upper limit to varia-
bility on timescales shorter than ~90 minutes. In contrast,
EXOSAT (Morini, Anselmo, & Molteni 1989) reported rapid
variability of typically 10% in the 3-20 keV band, both in the
form of linear trends and periodic variations, on timescales of
hundreds to thousands of seconds. The OSSE upper limits of
12 to 24 hr to minimum variability timescales at higher ener-
gies are not in conflict with these Einstein and HEAO lower
limits, but when combined they do provide interesting bounds
to the size of the emitting region, as discussed in § 4.3.

4.2. Spectra

A selected set of historical Cen A X-ray and gamma-ray
observations at energies above 10 keV are displayed in Figure
4. Only observations with well-defined measurements of the
spectrum above 10 keV are included, and we plot only the > 10
keV data. Data points with less than 2 ¢ significance were
generally excluded for clarity, although exceptions to this data-
selection criterion were made in the high-energy region where
few positive detections exist. The recent CGRO measurements
by OSSE, COMPTEL (Steinle et al. 1994), and EGRET
(Fichtel et al. 1994; Hartman 1994) are included. Upper limits
shown for OSSE in the 1-10 MeV range as filled circles are
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FiG. 3—Comparisons of

Energy (MeV)

OSSE spectra from three intensity levels: the 1991 high intensity level, the 1991 intermediate intensity level, and the 1992-1993-1994
low intensity level. (a) Each spectrum is fitted with a broken power-law model. (b) Each spectrum is fitted with an exponentially cut-off power-law model. (c). Each

spectrum is fitted with an exponentially cut-off power-law model, but with the spectral index fixed at 1.6.
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FiG. 3—Continued

composite upper limits from the full 1991 observation. The
COMPTEL measurements and upper limits are from the sum-
mation of a number of observations in two ~ 1 yr long inter-
vals in 1991-1992 and in 1992-1993. The two EGRET upper
limits shown are from observations contemporaneous with the
1991 (VP 12) and the 1994 (VP 316) OSSE observations.

OSSE data support an intensity-dependent evolution in the
average spectral shape of Cen A at energies >100 keV. At
energies <100 keV, no significant changes in the spectral
shape with intensity are found. This is in general agreement
with previous reports of >2 keV observations which conclude
that the hard X-ray spectral shape of Cen A is intensity inde-
pendent, with T between 1.6 and 1.7 after effects of photoelec-
tric absorption associated with a hydrogen column density
~1.0 x 10?3 cm ™2 were removed. Note that the spectral fitting
of these earlier observations is dominated by the more sta-
tistically significant flux of photons below 100 keV. In experi-
ments where Cen A was observed at least twice with the same
instrument at considerably different intensity levels (e.g.,
Mushotzsky et al. 1978 ; Baity et al. 1981; Feigelson et al. 1981,
Morini et al. 1989; Maisack et al. 1992), Cen A also showed
intensity-independent spectral shapes below 100 keV with
1.6 < T" < 1.7. For example, Jourdain et al. (1993) calculated a
weighted mean value of I' = 1.64 for the spectral indices of the
ensemble of previous higher energy measurements, and Morini
et al. (1989) similarly obtained a mean of I' = 1.69 for <20 keV
measurements. If the OSSE 50-120 keV data are fitted separa-
tely, agreement is found with these results, and an intensity-
independent power law with I' = 1.7 + 0.08 represents the
three measurements well (see Table 4). Thus, the intensity-

dependent spectral evolution detected by OSSE occurs prin-
cipally above 120 keV.

Spectral shape changes detected by OSSE can be character-
ized as either increasing spectral curvature with increasing
intensity, which is well represented by an exponentially cut-off
power law (Fig. 3b) with cutoff energies ranging from ~ 700
keV at the lowest intensities to ~ 300 keV at the highest inten-
sities, or as a broken power-law spectrum (Fig. 3a) with AT’
ranging from 0.24 to 0.7 between the lowest and highest inten-
sities. Because these models give statistically equivalent fits to
the OSSE data, measurements at higher and lower energies are
required to determine which of the two quite different spectral
shapes best represents the Cen A spectrum. Because previous
measurements down to 2 keV indicate a power-law spectral
shape below ~ 100 keV with spectral index between 1.6 and
1.7, it is reasonable to fix the power-law index in the exponen-
tially cut-off power law in an attempt to obtain a more physical
fit to the OSSE data at low energies. Figure 3¢ shows such a fit

TABLE 4
Low-ENERGY BAND (0.05-0.12 MeV) POWER-LAW® FIT PARAMETERS

Amplitude 1
Year (1072cm~2s™! MeV™Y) r Probability
1991 (Higher)...... 5.65 + 0.07 1.62 + 0.05 0.20
1991 (Lower) ...... 423 + 0.04 1.76 + 0.04 0.76
1992l 294 + 0.08 1.73 £ 0.10 0.15
1993 c.oviiiiiinne 2.22 + 0.05 1.72 + 0.09 093
1994 ................ 242 + 0.09 1.68 + 0.14 0.06

* Single power-law model: A(E/E,) T, with Ey = 0.1 MeV.
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F1G. 4—Summary plot of selected historical X-ray and gamma-ray spectral measurements for Cen A together with spectra from the three relatively distinct
intensity levels observed by OSSE. Measurements included have accurate spectral measurements above 10 keV; data points below 10 keV have been omitted. For
clarity, less than 2 ¢ data points and upper limits have been left off except in the MeV region where few positive detections exist. In this E* x dN/dE plot, a power law
with I' = 2 would appear as a horizontal line. Best-fit broken power-law spectra for the three OSSE observations are shown by a solid line (1991 higher intensity
level), a dotted line (1991 intermediate intensity level), and a dashed line (1992-1993-1994 lower intensity level).

with a fixed index I" = 1.6. For I" = 1.7 we obtain a signifi-
cantly less satisfactory fit. Fitting parameters are given in
Table 3. The model with I" = 1.6 gives a satisfactory fit to the
data and suggests that the underlying power law has an index
closer to 1.6 than 1.7. Constraining the power-law index
increases the cutoff energy at the higher intensities and pro-
duces a less satisfactory fit to the data above 120 keV.

The measurement of Hall et al. (1976), HEAO A-4 (Baity et
al. 1981), Gehrels et al. (1984), and Takahashi et al. (1993) at
intensities higher than those observed by OSSE (Fig. 4) lend
some support to the broken power-law interpretation of the
spectral behavior above 100 keV. Each of these shows power-
law behavior below 150 keV which is consistent with I" = 1.7
and does not conflict with a break or rollover in the 120-170
keV region, in accord with the OSSE data assuming a broken
power-law model. In fact, Baity et al. (1981) reported marginal
evidence for a spectral break at 140 keV, and Takahashi et al.
(1993) found evidence for a spectral break at 185 keV.

The COMPTEL instrument on CGRO provides observ-
ations of Cen A which overlap the upper part of the OSSE
energy range and extend to 30 MeV. This large field-of-view
instrument has made a number of observations of Cen A since
1991. It did not detect Cen A from those data taken contempo-
raneously with OSSE (Table 1). However, they did detect the
source in a summation of several observations in two 1 yr
epochs during 1991-1992 and 1992-1993 (Steinle et al. 1995).
These data (Fig. 4) cannot be used directly in comparison with
a given OSSE observation because of source variability. As can

be seen in Figure 4, COMPTEL found strikingly different
results in the two sets of measurements. Their findings of both
positive fluxes and nondetections in the same energy band in
the two epochs, but with ~4 ¢ detections in at least one band
in each epoch, suggest spectral shape changes which may be
similar to the intensity-dependent shapes observed by OSSE if
the broken power-law interpretation is correct. More detailed
sensitivity comparisons of the two instruments will be required
to fully understand this.

As discussed in § 2, the X-ray-selected BL Lac object 1E
1312—4122 (Stocke et al. 1990), which is located ~2° from
Cen A, was marginally detected above 100 MeV by EGRET
(Fichtel et al. 1994); in recent reanalyses of the EGRET data,
this source decreased in significance and could not be differen-
tiated from a source at the position of Cen A (Hartman 1995).
Any emission from this source contributes a varying fraction of
its intensity to OSSE’s measured Cen A spectra, depending on
the collimator viewing arrangement as discussed in § 2.
COMPTEL cannot discriminate between Cen A and 1E
1312—4122, so that its emission would contribute fully to their
measured Cen A spectrum. If this source has a soft gamma-ray
spectrum with a larger spectral break in the MeV region, as
would be required by the X-ray observations if it has a soft
gamma-ray spectrum, it could be contaminating both the
OSSE and COMPTEL Cen A spectra at high energies
(probably above 1 MeV). By carefully arranging the OSSE
source and background field position angles and locations, it
would be possible to isolate the contribution of Cen A from
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that of 1E 1312 —4122 in a future observation. A deep simulta-
neous OSSE, COMPTEL, and EGRET observation of Cen A
to be performed in the near future is designed to achieve this
result and to better understand the high-energy behavior of
Cen A.

Even though the COMPTEL measurements are not con-
temporaneous with the OSSE observations, the low flux levels
observed by OSSE in each observation in 1992-1994 suggest
that the source remained in a relatively low state during this
time, so that the 1992-1993 COMPTEL points are probably
from intensity levels similar to the lowest OSSE level. The
positive COMPTEL observations support models with signifi-
cant emission at energies above 1 MeV, such as the broken
power law. The exponentially cut-off power-law model is in
marginal agreement with the 1991-1992 COMPTEL measure-
ment but in disagreement with the single positive 1992-1993
~4 ¢ data point at ~5 MeV.

As discussed above, recent reanalyses of EGRET data found
an ~5 o excess in the vicinity of Cen A. EGRET measure-
ments are currently being treated as upper limits to Cen A
emission (Hartman 1995). Two sigma upper limits of
1.5 x 10~7 and 2.2 x 10”7 photons cm~2 s~ ! above 100 MeV
were obtained from the observations contemporaneous with
those by OSSE in 1991 (VP 12, Fichtel et al. 1994) and 1994
(VP 316, Hartman 1994), respectively. These upper limits, as
well as those of SAS 2 and COS B, are shown in Figure 4 as
differential fluxes assuming an E~3° power-law spectrum.
These limits do not constrain the exponentially cut-off power-
law model. However, if EGRET’s detected flux is actually from
Cen A, this model could be ruled out. The EGRET data points,
whether upper limits or actual observations, do provide strong
constraints on the OSSE broken power-law spectra. Extrapo-
lation of the OSSE broken power-law model fits, shown by
lines in Figure 4, exceed these EGRET upper limits, implying
the need for an additional spectral steepening somewhere
between a few MeV and 100 MeV.

Cen A has long been thought to have its peak in vF, (where v
is the frequency and F, is the differential energy flux) in the
MeV region (see Gehrels & Cheung 1992 for a recent review).
The data in Figure 4 provide new evidence that this peak
occurs at soft gamma-ray energies. The OSSE measurements
at low to moderate intensity levels show that the spectra have
an intensity-dependent break or rollover in the 100-400 keV
region relative to the “canonical” low-energy I' = 1.6-1.7
power law. During the higher intensity 1991 OSSE observ-
ations, the peak energy emission occurs at a spectral “break ”
or rollover in the 100-300 keV region. At the low-intensity
level observed in 1992, 1993, and 1994 the spectrum is con-
siderably harder, and the peak emission moves to higher ener-
gies. The OSSE data alone cannot determine the peak emission
energy in this case. Assuming a distance to Cen A of 5 Mpc, the
luminosities measured with OSSE between 50 and 1000 keV
using the broken power-law fits are 7.2, 5.6, and 3.8 x 10*2
ergs s~ ! for the three spectra represented in Figure 4.

It is useful to compare the intensity-dependent spectral
behavior of Cen A with that of Cygnus X-1, a well-studied
black hole candidate in our Galaxy. Extensive OSSE observ-
ations of Cyg X-1 over a 3 yr period show intensity-dependent
spectral behavior (Phlips et al. 1995). Although some curvature
remains in the Cyg X-1 spectrum at the lowest observed inten-
sities, its spectrum can be approximated by a single power law
in the low-intensity state, in close analogy to the low-intensity
spectral fit of the Cen A spectrum. As the intensity increases,
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the Cyg X-1 spectral curvature increases, and the spectra can
be represented by an exponentially cut-off power law with a
reflection component (e.g., Zdziarski et al. 1994). The intensity-
correlated spectral softening above 150 keV is qualitatively
similar in the two sources, suggesting similar high-energy pro-
cesses in these candidate black-hole sources which differ in
luminosity by a factor of ~10°. However, the intensity-
correlated increase in spectral curvature of Cyg X-1 below 100
keV differs from the low-energy spectral behavior of Cen A,
where the spectrum remains an intensity-independent power
law below ~120 keV.

4.3. Emission Models

Valid models for the high-energy radiation from Cen A must
be in accord with the following observational results from
OSSE and previous experiments: (1) the high-energy radiation
varies on timescales <1 day, implying a size scale of the emit-
ting regions <103 cm from light travel-time arguments for a
stationary source; (2) the hard X-ray/soft gamma-ray spectra
between 2 and ~ 120 keV are characterized by an intensity-
independent power-law shape with photon spectral index
I' ~ 1.7; and (3) a spectral softening occurs at photon energies
between ~120 keV and 700 keV, with the cutoff energy
moving to lower energies with increasing source intensity.
When modeling the spectra by a broken power law, the
difference AT" between the spectral indices of the lower and
upper broken power-law spectrum increases with intensity,
indicating increased spectral curvature in the higher intensity
states.

The most widely accepted model for persistent luminous
emission of AGNss is accretion onto massive black holes. The
50-1000 keV luminosity inferred from the OSSE measure-
ments of Cen A in its high-intensity state is 7 x 102 ergs s~ *,
assuming an isotropically radiating source and a distance of 5
Mpc. The measured 50-1000 keV luminosities in the lower
intensity states are only a factor ~2 lower than in the high-
intensity state because of the observed spectral hardening at
higher energies. Even in the lowest observed intensity level, the
1992/1993 COMPTEL observations shown in Figure 4 suggest
that the peak of the vF, spectrum occurs at < 1 MeV. Multi-
vavelength observations (e.g., Gehrels & Cheung 1992) indicate
that the soft gamma-ray emission dominates the bolometric
luminosity at all wavelength ranges except, possibly, for two
regimes. These are the highly obscured UV/soft X-ray energy
range, where no information is available, and at lower energies
near 10'2 Hz, where there is evidence (Hawarden et al. 1993)
for submillimeter emission from a compact source with lumi-
nosity comparable to that measured with OSSE. Within some
bolometric correction factor ~2, therefore, we find that the
total lulminosity from the nuclear region of Cen A is ~10*3
ergss” .

A luminosity of 10*3 ergs s™! implies a black hole mass
M =~ 8 x 10* M, assuming Eddington-limited accretion in
the Thomson limit. Because photons in the OSSE energy range
have energies approaching 511 keV, Klein-Nishina corrections
must be applied (Pozdnyakov, Sobol, & Sunyaev 1983;
Dermer & Gehrels 1995), which amount to a reduction in the
radiation force by a factor 0.86, 0.62, and 0.40 at photon ener-
gies of 50, 200, and 511 keV, respectively. Thus, the minimum
black hole mass to supply the observed luminosity, if assumed
to be isotropic and produced by Eddington-limited accretion,
is lowered by a factor of ~30%—-50% from the Thomson limit
estimate. The minimum black hole mass for Cen A from OSSE

1
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observations is therefore ~5 x 10* M. If the emission is pro-
duced within & 10 Schwarzschild radii of the black hole, then
the implied minimum timescale of variability is just At = 3
x 108(M/Mg)/c ~ 5 s, which is much shorter than any of the
measured variability timescales discussed in § 4.1. It is never-
theless important to identify the shortest variability timescale,
since this determines the compactness | = Lay/m,c>R, where
R ~ c At is the size scale of the emission region. For Cen A, we
find that | ~ 0.1/At(days) from the OSSE measurements. If the
EXOSAT measurements of rapid variability (Morini et al.
1989) are confirmed, the compactness of Cen A could be as
large 10-100.

Even a value of [ ~ 0.1 can be used to exclude optically thin
thermal bremsstrahlung models, since the bremsstrahlung
compactness I &~ 0.03726/2 (Skibo et al. 1995), where 6 is the
effective color temperature of the radiation in units of m,c?.
Even with 0 = 1, we require the optical depth 7, > 1 to jointly
satisfy the luminosity and time variability constraints, so that
Compton scattering would also be important. The observed
spectrum of Cen A does not, of course, look like an optically
thin thermal bremsstrahlung spectrum unless one considers an
appropriate superposition of emitting regions with a range of
temperatures.

Because of the low measured value of /, it is not possible to
exclude stationary source models in favor of beaming models
on the basis of the Elliot & Shapiro (1974) relation or the
efficiency limits of Fabian (1979; see Dermer & Gehrels 1995
for a discussion of these constraints). The spectral softening of
Cen A at several hundred keV is suggestive of models where
thermal electrons with temperature kT =~ 100 keV Comp-
tonize a soft photon source. The Sunyaev & Titarchuk (1980)
spectral form is only accurate in the low-temperature
(kT/m,c? < 1) diffusion limit (t, > 1) regime, and cannot be
applied directly to the OSSE data from Cen A. The OSSE
results are consistent with thermal Comptonization models
after high temperature and low optical depth corrections are
applied (e.g., Hua & Titarchuk 1995; Skibo et al. 1995). Indeed,
models which can be approximated as a power law times an
exponential give reasonable fits to the OSSE data over the full
OSSE energy range in any intensity state (see Figs. 3b and 3¢
and Tables 3 and 4). However, the COMPTEL detection at
higher energies (Steinle et al. 1995) makes an exponential func-
tion or the sharply truncated thermal Comptonization spectral
shape improbable for Cen A, unless a higher temperature com-
ponent or a pion-production component (Jourdain & Roques
1994) is included.

Models with a strong reflection component (e.g., Lightman
& White 1988; Guilbert & Rees 1988) produce a 20-100 keV
bump in the hard X-ray region which is not observed in Cen A
and can be excluded. The standard nonthermal pair cascade

¢ models (e.g., Lightman & Zdziarski 1987; Done & Fabian

!

1989) can also be excluded by the OSSE data for two reasons.
If ] ~ 0.1, then the cascade is weak, and the spectrum continues
without break to high energy, contrary to the high-energy
COMPTEL and OSSE data. If, on the other hand I > 1, as
suggested by the EXOSAT observations, then we should
observe a pronounced pair annihilation line, which has not
been observed in the OSSE Cen A spectrum. Of course, a
composite thermal/nonthermal model, as proposed by
Zdziarski, Lightman, & Maciolek-Niedzwiecki (1993a) for
NGC 4151, cannot be ruled out on the basis of spectral con-
siderations. Nonthermal Compton models comprising a source
of soft photons and a population of nonthermal electrons
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which scatter the soft photons to the gamma-ray regime (e.g.,
Band & Malkan 1989) can also reproduce the observed spectra
if the electron spectrum is appropriately tailored.

Beaming models can also be considered for Cen A. However,
models where the axis of a jet of relativistically outflowing
material is oriented at small angles with respect to our observ-
ing direction are not supported by the classification of Cen A
as an FR I radio galaxy. High-resolution studies of the nucleus
of Cen A show a self-absorbed core and a one-sided steep-
spectrum jet component which displays subluminal outflows
with transverse velocity =~0.26c (Meier et al. 1989, 1993).
Although the one-sidedness of the jet is somewhat surprising,
its radio properties are in accord with the interpretation that
Cen A is a misaligned blazar (Bailey et al. 1986), where the
radio jet is beamed away from the observer. Skibo et al. (1994)
therefore argue that the high-energy radiation is jet emission
scattered into our line of sight and deduce an angle that the jet
makes to our line of sight of 61° 1 5°, which provides a good fit
to the 1991 OSSE data. If the Cen A emission is direct jet
radiation, then the incomplete Compton cooling models of
Dermer & Schlickeiser (1993) and Sikora, Begelman, & Rees
(1994) predict that AT" < 0.5. This prediction is consistent with
the observations except for the highest observed intensity level
where AT = 0.71 + 0.15, in which case there is a conflict at the
1.5 o level.

4.4. Centaurus A, Gamma-Ray Active Galactic Nuclei, and the
Diffuse Gamma-Ray Background

Cen A is probably the best example of a radio-loud AGN
viewed at large angles with respect to the jet axis. It has a
spectrum unique among AGNs observed at high energies, with
emission detected with OSSE at soft gamma-ray energies and
with COMPTEL at energies > 1 MeV but with no clear detec-
tion above 30 MeV by EGRET. Typical radio-quiet Seyfert
AGNs display spectra that exponentially soften with an
average e-folding energy of ~45 keV (Johnson et al. 1994).
Radio-loud AGNs detected with OSSE, such as 3C 120 and 3C
390.3, have not been reported as COMPTEL sources
although, because of their weaker flux, it is doubtful that they
could be detected with COMPTEL even if they had a spectrum
like Cen A. Gamma-ray AGNs observed with EGRET at
photon energies >30 MeV all have power-law spectra with
1.5 < T < 2.6 which extend into the GeV range (Fichtel et al.
1994). These sources are nearly all associated with blazars,
which include BL Lac objects and flat-spectrum radio-loud
quasars. The combined noncontemporaneous EGRET,
COMPTEL, and OSSE observations of bright gamma-ray
blazars are consistent with most gamma-ray blazars having a
significant spectral steepening in the 1-30 MeV range
(A" = 0.3-1.5 for five well-observed sources; see McNaron-
Brown et al. 1995). The highly variable emission of Cen A, with
a similar spectral break, although at lower energies, suggests
that it is observationally intermediate between gamma-ray
Seyferts and blazars.

The spectra from the FR I galaxy Cen A, with a misaligned
jet, and from the blazar 3C 273 with a nearly aligned jet (see
Johnson et al. 1995) show interesting similarities. Both have
intensity-independent power-law spectra with I' ~ 1.7 at hard
X-ray energies, and both display a spectral break or rollover in
the soft gamma-ray regime. During at least some observations,
both have shown an effective break by as much as AT" ~ 0.7.
The principal difference between the two sources is in the
energy and magnitude of this break. For Cen A, the break
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occurs above ~ 120 keV, and a variable value of AT is mea-
sured. For 3C 273, the break is at ~1 MeV and AT" ~ 0.7 in the
one instance when contemporaneous broadband gamma-ray
observations were made (Lichti et al. 1994; Johnson et al.
1995). Thus, the two AGNs may be fundamentally similar, with
the differences possibly arising from the different jet-viewing
angle, as suggested by spectral calculations of jet emission
models of Dermer & Schlickeiser (1993) and Baring (1994).
These models predict a spectral break at lower energies with
larger viewing angles. The similarities of these two AGNs add
support to the hypothesis that Cen A is a misaligned blazar.

Lower sensitivity hard X-ray and gamma-ray observations
over the past 20 yr have produced snapshot observations of the
spectrum of Cen A, clarifying the importance of this type of
source to the origin of the extragalactic X-ray and gamma-ray
background (EGB). Studies using recent data from OSSE,
Ginga, and ROSAT show that emission from Seyfert galaxies
can explain the EGB spectrum up to ~ 100 keV (e.g., Zdziarski
et al. 1993b, 1995; Madau, Ghisellini, & Fabian 1993). Pado-
vani et al. (1993) and Stecker, Salamon, & Malkan (1993)
suggest that blazars can account for part or all of the EGB
above a few MeV. If the spectrum of Cen A is typical of FR I
radio galaxies, then this class may contribute significantly to
the EGB spectrum in the region between =~ 50 keV and 1
MeV, although there is currently no evidence in the OSSE data
from Cen A for a feature that could explain the origin of the
“MeV bump ” in the EGB (see, e.g., Kinzer, Johnson & Kurfess
1978; Gruber et al. 1985), where neither Seyferts nor blazars
appear to provide significant contributions.

5. CONCLUSIONS

Cen A has been observed with OSSE to emit hard X-ray and
low-energy gamma radiation that is variable on both short (12
hr) and long (>4 day) timescales. These observations imply
that the radiation is produced by a compact source with char-
acteristic dimensions $10'° cm. Flux variations at energies
less than and greater than 100 keV are correlated on both
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timescales. No evidence for gamma-ray line emission is
detected during the OSSE observations, and 2 ¢ upper limits
for narrow or broad line emission of <9 x 10~ photons
cm~2s™! above 500 keV are established. The spectral shape at
E < 120 keV is found to be independent of intensity within the
measurement precision, consistent with many previous hard
X-ray measurements between ~2 and 100 keV of a spectrum
with photon number index I" = 1.6-1.7. The spectral shape
above 120 keV displays intensity-correlated evolution and
hardens with decreasing intensity. Although these properties
significantly constrain emission models, neither isotropic nor
jet emission models can be excluded on the basis of the OSSE
observations.

The current observations provide new insights into the
nature of the active nucleus in Cen A. Many questions are
raised by the present study which, however, can only be
answered by simultaneous multiwavelength observations. In
particular, it is important to determine the bolometric correc-
tions for the different intensity levels observed with OSSE.
Contemporaneous OSSE and high-resolution radio obser-
vations could establish whether the emergence of subluminal
components is correlated with intensity variations. This would
address whether the high-energy radiation from Cen A is
associated with misaligned jet radiation. Further joint searches
with OSSE, COMPTEL, and EGRET on CGRO for intensity
enhancements of Cen A in the MeV range could be crucial to
understanding the origin of the gamma-ray background.
Clearly, more observations of Cen A at a variety of intensity
levels, correlated with measurements at different wavelengths,
will be necessary in order to fully undersiand this interesting
object.

We thank Neil Gehrels, William Paciesas, and Volker
Schonfelder for permission to include the VP 316 observations
from a multiwavelength observation of Cen A. This work was
supported under NASA grant DPR S-10987C.
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