Chapter VII

RESULTS AND DISCUSSION

VII.LA. Summary of the CDG Analysis
Table VII.1 summarizes the optimize@DG data selections used to generate and

subsequently extrapolate the VGC to determine the CDG count rates in each energy bin.

Table VII.1 Summary of the CDG data selections.

Energy Data Data selection for VGC extrapolation
(MeV)
0.8-1.2 P23a 1gToF phi 6-38" —
(24Na+28Al+22Na+40K+1.4Gaus)
1.2-1.8 P23a 1gToF phi 6-38° —
(24Na+28Al+22Na+40K+1.4Gaus)
1.8-2.7 P23a 1gToF phi 22-38° — 24Na
2.7-4.2 P23a 1gToF phi 22-38° — 24Na
4.2-6 P15VSGP 2gToF phi 22-38°
6-9 P15VSGP 2gToF phi 22-38°
9-12 P15VSGP 1gToF phi 6-38°
12-17 P15VSGP 1gToF phi 6-38°
17-30 P15VSGP 1gToF phi 7-22°

Table VII.2 The COMPTEL CDG flux and its statistical and systematic errors.

Energy CDG statistical systematic total
flux error error error
(MeV) (photons/cms-sr-MeV)
0.8-1.2 0.00465 0.0011 0.0039 0.0039
1.2-1.8 0.0020 0.00046 0.00105 0.0010%
1.8-2.7 0.00121 0.00029 0.00034 0.00044
2.7-4.2 0.000245 0.000123 0.000086 0.0001p
4.2-6 6.88e-5 2.43e-5 3.47e-5 4.24e-H
6-9 2.88e-5 1.32e-5 1.34e-5 1.88e-5
9-12 1.88e-5 3.83e-6 2.93e-6 4.82e-6
12-17 11.13e-6 2.11e-6 2.27e-6 3.10e-6
17-30 2.77e-6 1.03e-6 1.20e-6 1.58e-6

Table VII.2 contains the resulting CDG flux values using Ex@ponential-ToF model, its
1o statistical and systematic uncertainties. The total error is the quadratic sumstdtigtecal

and systematic errors. Above 1.8 MeV, the systenwtiors are comparable to tlséatistical
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uncertainties in the measured CDG flux. However, the systematic errors domin&te3-tie?
and 1.2-1.8 MeMmneasurements, in particular those associatigdthe ToF-fit models. We
take the mean value of the flux derived using both ToF-fit models as theepessentation

of the CDG spectrum in the 0.8-1.2 and 1.2-1.8 MeV bins.

VII.B. The Cosmic Diffuse Gamma-Ray Spectrum

The CDG spectrunwith the total uncertainties are plotted in figure VII.1. The best fit
power-law (described below) is also plotted in figure VII.1 togethih the resultsfrom
some of the pre-COMPTEL experiments. The pre-COMPTEL measurements are those of
Trombka et al. (1977) using the gamma-ray spectrometer flown on the Apollo fideied
APOLLQ Schonfelder et al. (1980) using the MPE-balloon Compton telescope |aEIEd
balloon, and White etal. (1977) usingthe UCR-balloon Compton telescope labeld@R-
balloon

The CDG flux measurements in the 1 to 10 MeV range are about 5-10Ildwersghan
the pre-COMPTEL estimates (figure VII.1). The CDG measurements show no evidence of the
MeV bump in the 1 to 10 MeV range. The integrated flux from 0.8 to 9 MeV is+(4.7) x
10° photons/crfrs-sr and that from 9 to 30 MeV is (150.3) x 10* photons/crits-sr. This
represents the first significant detection (statistical significance af) 7o the CDGemission
in the 9 to 30 MeV range. The preliminary COMPTEL CDG estimeg¢psrted earlier are in
good agreement with these results (Kappadath et al. 1995; 1996; 1997) (see figure VII.2).

The COMPTEL CDG spectrum is fit to power-law function xAE/E)* , where A is the
flux normalization, E is the photon energy, IE taken to be 5 MeV (théogarithmic-
midpoint energy between 0.8 and 30 MeV) amdis the spectral index. Theesulting
differential photon spectrum from 800 keV to 30 MeWusll described X, = 0.43) by a
photon spectral index of —2.4 0.2 and a flux normalization of (1.0% 0.2) x 10*

photons/cs-sr-MeV at 5 MeV.
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Figure VII.1 The COMPTEL CDG spectrum with tpewer-lawfit together with the
results from pre-COMPTEL experiments.

It is important to note that although th€DG spectral results ardigh latitude
measurements, they doclude contributions from the diffuse Galactic radiation ag@mma-
ray point sources in the field-of-view. To eliminate the point sources (typically AGNs) one
must determine their intensities during t8®G measurements. Out of the 8 AGHistected
by COMPTEL only two AGNs reside in the Virgo Observations, namely, 3C 273 atl/SC
Assuming a time-averaged spectrum as measured by Hermsen(1%) theircombined
contributions are <1% at 1 MeV to <4% at 15 MeV, a negligible contribution. One could also
use the EGRET AGN detections and estimate their contributions t€i& emission <30

MeV. However, the spectral and temporal behavior of these AGN below 30 MeNcetain.
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Therefore,no correction for gamma-ray point sourceas been included in the COMPTEL
CDG spectrum.

The contributions from the diffuse Galactic emission may also contribute to the CDG
spectrum even at these high latitudes. The high-latitude diffuse emission is primarily from the
bremsstrahlung and inverse-Compton processes. Measurements of the diffuse Galactic
emission between 1 and 30 MeV are uncertain because of large uncertainties in the
instrumentalbackground inimage space and because of uncertainties inldiaeenergy
cosmic-ray electron spectrum and the interstellar radiation field. Thereforediffiuse
Galactic emission is alsoot subtracted from the COMPTEICDG spectrum. Arough
calculation of the diffuse Galactic emission from the Virgo direction using the model of
Strong and Youssefi (1995; Strong 1996) (figure VII.2) predicts a contribution to the CDG
flux of <5% at 1 MeV, <19% at 3 MeV, <22% at 10 Mewid <35% at 22 MeV (A. Strong,
private communication). As a corollary, the CDG measurements place an absolute limit on the
diffuse Galactic emission at high latitudes.

Kinzer et al.(1997) determinedhe cosmic diffuse radiation in thHE00-400 keV band
using the HEAO-1 A4 MED instrument. The spectrum iswith a power-lawgiving a
spectral index of —2.75% 0.08. Their data are labelétEAO-1in the following figuresMore
recent measurements of the CDG spectfuom 300 keV to 7 MeVwith the SMM/GRS
instrument (Watanabe 1996; KvVatanabe, privateommunication) obey power-law with a
spectral index of —2.9@& 0.02. Their data are labelé®lMM in the following figures. The
COMPTEL measurements are compatiklih the continuation of both thesmeeasurements
to higher energies (figure VII.2). The HEAO{iower-law extrapolationfollows the upper
curve of the SMM results.

The diffuse extragalactic spectrum from 30 MeV to 100 GeV energy ramggsured
with the EGRET instrument (Sreekumar et H98) are labeledEGRET Their results also
obey a power-law spectrum with an index of —2840.03. The COMPTEL spectrum is also
compatible with the continuation of the diffuse extragalactic spectrum from hegtergies

(figure VII.2).
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Figure VII.2 The COMPTEL CDG spectruomompared tahe results from SMM and

extrapolation from EGRET.

The COMPTEL CDG spectrum is therefore compatible with the continuation ofcaht

CDG data at lower and higher energies. The COMPTEL @b@on spectral index c6f2.4

in the 0.8-30 MeV energy range is of an intermediate value between the steepdr2I18pe

at lower energies and the harder slope (-2.1) at higher energies. The diffuse spsotuas

from a soft to hard spectrum in the COMPTEL energy range (see figure VIIL.3HEA®-1

reference in figures VII.3 and VIIL.9 include the data of GrufE392) and Kinzer et al.

(1997).
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Figure VI.3 The COMPTEL &Flux spectrum.
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VII.C. The MeV Bump

The MeV bump, we believayas anartifact of the incomplete subtraction of thernal
background.The prompt (veto2-bin650-800) and long-livedbackground“flux” spectra
are plotted in figure VII.4. The prompt background dominates above 2 MeVlohgeived
component dominates the 1.2-1.8 MeV hiith a modest contribution to th6.8-1.2 MeV
bin. The veto2 rates of 650 ar&b00 (the extremealues for the veto ratesprrespond to
cutoff-rigidities of approximately 15.5 and 4.6V, respectively. Adding theCDG flux
reported here to the 4.5 GV (typical balloon environment) rigidity/detpendent(prompt)
background measured with COMPTEL yields flux values labeletC@PTEL flux ~ 4.5
GV” in figure VII.4 that agreewith earlier measurements. Several CDG measurenveaits
performedwith detectors over Palestine (Texas) where ¢heoff-rigidity is ~4.5 GV (e.qg.,
White etal. 1977; Schonfelder et al980). Therefore, scaling the OMPTEL flux to this
~4.5 GV cutoff-rigidity with no long-lived contributions accurately mimics thgalloon

environment used to perform the pre-COMPTELDG measurements. Théalloon
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experiments were short duration flights with no passage through the SAA, therefore we expect

their long-lived background component to be low.
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Figure VIl.4 The COMPTEL flux at ~ 4.5 G\ogether with thepre-COMPTEL
measurements. Also plotted is the COMPTEL flux at ~ 14 GV and the flux contributions
from the prompt and long-lived background components.

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

moving gamma-ray flux measured at different float altitudes to zero *géénatmosphere
above the detector. The goaks toeliminate the downward moving atmospheptoton
componentthat varieswith atmospheric depthHowever theEarth’s albedo neutron flux is

almost constant at the top of the atmosphere (above the Pfotzer max{Pwaszler, Simnett,

and White 1974). Therefore, the extrapolation to zero atmosphere does not remove the effects
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of the constant neutron induced background, although White et al. (1977) and Schonfelder et
al. (1980) attempted to correct for it.

Hence, the ability to extrapolate COMPTEL data to a zero cosmic-ray environment by
extrapolating to zero charged-particle flux, corrects for cosmic-ray reeutron-induced
prompt background andowers the COMPTEL CDGdlux valueswith respect to earlier
measurements. Strictly speaking, the explanation for the MeV bumaplits only for the
previous Compton telescopes. We present only a qualitative explanation, sinexattte
background inthe UCR and MPE balloon experimentsill depend onits massdistribution

and the specific cosmic-ray environment during the measurements.

VIl.D. Homogeneity of the CDG Emission

Time variability

The 9-30 MeV CDG flux was measured during five independent observations. The fluxes
from these observations are listed in table VII.3 and are plotted in the figure (Stttstical
errors only). Totest the hypothesis of a constant CDG emission, the ifidependent
measurements were compared to the average value derived from the coddiseet(6.3 +
0.9) x 10° (1/cnf-s-sr-MeV). The reduced chi-square of the fitLi26. The nullhypothesis
of a constant flux is rejected only at only the 70% confidefeeel. Therefore, the

COMPTEL 9-30 MeV flux measurements are consistent with a constant CDG emission.
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Figure VII.5 Fiveindependentmeasurements of the 9-30 MeV COlax. The mean
value and its G range are also plotted.
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Table VII.3 Five independenimeasurements of thé.2—9 and 9-30 MeV CDG flux

(statistical errors only'2c upper-limit).

Data 4.2-9 MeV CDG Flux 9-30 MeV CDG Flux
x10° x10°
(photons/crirs-sr-MeV) (photons/crirs-sr-MeV)

Virgo+SGP 4.3t 1.2 6.3+ 0.9
Virgo 47+ 15 6.8+ 1.2
SGP 2.5+ 2.2 4.7+ 1.6
P12V 49% 2.6 55+ 2.2
P3V 5.34" 43+ 1.8
P45V 44+ 29 10.0+ 2.2
P1SGP 6.74" 6.2+ 2.6
P45SGP 4.& 2.9 4.3+ 2.1

We performed the same test in the 4.2-9 MeV band. These fluxes are listed iWItable
and are plotted in the figure VIl.@tatistical erroronly). Thefive independent 4.2-9 MeV
measurements were compared to the average value derived from the coddiseet(4.3 +
1.2) x 10° (1/cnf-s-sr-MeV). The reduced chi-square of the fiDi®4. The nullhypothesis
of a constant flux is rejected at only the 5% confidence level. Therefore, the COMPZEL

9 MeV flux measurements are also consistent with a constant CDG emission.
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Figure VII.6 Fiveindependenmeasurements of thé.2—-9 MeV CDG flux. Themean
value and its @ range are also plotted.

Pointing variability

The observed Virgo and SGP regions represent large areas towards the No&buamd
Galactic Poles. The measured CDG emission from these polar directions can be inspected for
any large scale differences. The measured CDG spectrum above 4.2 MeV from the Virgo and

SGP directions are plotted in figure VII.7 (statistical errors only) togetlitr the power-law
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fit to the total COMPTEL CDG spectrum. The spectrénem the Virgo andSGPdirections

are consistent with one another (see table VIl.4).

Table VII.4 The CDG fluxabove 4.2 MeV from the Virgoand SGP directions
(statistical errors only2c upper-limit)

Energy Virgo flux SGP flux
(MeV) (1/cnf-s-sr-MeV) (1/cri-s-sr-MeV)
4.2-6 (7.0+ 3.0)x 10° (48 4.2)x 10°
6-9 (3.2 1.6) x 10° 6.3x 10°"
9-12 (1.8+ 0.5)x 10° (1.7+ 0.6) x 10°
12-17 (1.1+0.3)x 10° (8.0% 3.5)x 10°
17-30 (3.3+ 1.3)x 10° 4.6x 10°"
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Figure VII.7 A comparison of the CDG spectrum for the Viegal SGP observations
together with the 0.8-30 MeV power-law fit.

Isotropy

The X-ray diffuse radiation from 5-100 keV is measured to be isotropic on $aajes
than about 10° (Shafer and Fabian 1983). The degree of isotropy is wetl &sown in the
gamma-ray regime. The SASr2sults showuniformity over largescales (Fichtel, Simpson,
and Thompson 1978). Recent results from the EGRET instrument show thettithgalactic
emission is isotropic to within 20% of the flux measured in 36 separate regions of the sky
(Sreekumar et al. 1998).

The ratio of the CDG fluXrom the SGP direction to that from the Virgo direction are

computed and shown in table VII.5. Although not obvious in figure VII.7, the flux ratios are
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0.53+ 0.45 and 0.6 0.26 for the 4.2-9 and 9-30 MeV ranges, respectively. Ther#tig
for the combined 4.2-30 MeV range is 0.69.23. Although the SGP intensity I®wer in
both energy ranges, the difference is significant at erllyso. Over large scale@/irgo and
the South Galactic Pole), th4.2-30 MeV CDG measurements areompatible with an
isotropic emission to within 50% of the measured flux. A more detailed study of the

granularity of the CDG emission is in progress [see Weidenspointner 1998].

Table VII.5 The4.2-9 and 9-30 MeV CDG flux ratios from the Virgand SGP
directions (statistical errors only).

Data 4.2-9 MeV CDG Flux 9-30 MeV CDG Flux
x10° x10°
(photons/crirs-sr-MeV) (photons/crmhs-sr-MeV)
Virgo 4.7+ 1.5 6.8+ 1.2
SGP 2.5+ 2.15 4.68+ 1.6
ratio 0.53+ 0.45 0.69% 0.26

VII.E. Discussion

A variety of explanations for the origins of the diffuse extragalactic radiation ihewe
proposed over the years. They include contributions femtive galaxiesnormal galaxies,
matter-antimatter annihilation, supernovae emisspyimordial black holes, etc. Many are
relevant to the 1-30 MeV region and have been reviewed by obegsor example, Fichtel
and Trombka 1981; Gehrels and Cheung 198itk 1973). Manyhave fallen out offavor
due to improvements in the measurements or due to closer scrutiny ofptkelictions
(Fichtel, Simpson, andhompson 1978Fichtel andTrombka 1981;Fichtel and Trombka
1997).

Rather than being a single source or mechanismhitjieenergy diffuse radiation may
well be composed of a number of different components, eaith its own origin and
contributions to specific energy ranges. Models discussing the diffuse origitroaelly
classified into two groups: those that have a truly diffuse origin and those that are the
superposition of unresolved sources.

Among the diffuse source models, the integrated emission froatter-antimatter
annihilations in the context of a baryon-symmetric Universe has been proposed to explain the
CDG emission between 1 and 100 MeV (Stecker 1971). Such a model was used to explain the

MeV bump measured in the pre-COMPTEL M&DG spectrum. In the light of thigork,
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the contribution from such process, if any, is significantly lower than previously believed.
This model is further discussed in the following sections.

Active galaxies have long been postulated to be possible contributors lhagthenergy
diffuse radiation (Bignami et al. 1979). The EGRET team has reported the detection of over
60 AGNs (Hartmann et al. 1997), most of which are associatti flat-spectrum radio
guasars or BL Lac objects and are usually referred tblamars They exhibit strong
variability in manywavelengths and often show strong optipalarization or superluminal
motion. However, only eight of the EGRET blazars have been detected by COMPTEL
(Hartmann et al1997). The blazars detected WYOMPTEL are also variable anshow
spectral breaks in the MeV energy range. Presently, active galaxies are considered to be the a
likely source of the diffuse extragalactic radiatiomith Seyferts contributing to the low
energy (2-500 keV) regime ariazars dominating the high energy (>100 Mepime.

Due to the smalhumber ofAGNs detected in the 1 to 30 MeV range, thentribution to

the CDG emission at MeV energies in tentative. The integrated emifsion Type la
Supernovae is another unresolved source model that could contribute to the CDG radiation in
the 300 keV to 2 MeV region (The, Leising, and Clayton 1993).

The multiwavelength spectrum of the CDG emissfomm low-energy X-rays tohigh
energy gamma rays is shown in figure VI1.8. Thigh-energypower-law spectrum areak
around 4 MeV (long-dashed) is the contribution from blazars (Sreeku&tacker, and
Kappadath 1997; McNaron-Brown et 4/995). The SN la contributiorfThe, Leising, and
Clayton 1993) (dotted), Seyfert 1 (dot-dashed) and Seyfert 2 (dashed) (ZdZi8Sk)
contributions and the steep-spectrum quasar contribution (Chen, Fabian, and G48@&e&pnu
(dot-dot-dashed)are also shown. The solid line is the sum of all thesmponents. The
discrete source models involving gamma-ray emission fractive galaxies ardurther

discussed in the following sections.
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Figure courtesy P. Sreekumar.
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VIl.E.1 Matter-Antimatter Annihilation Radiation
Stecker et al. (1971; 1985) proposed a diffuse source model in whidbDiBeradiation

in the 1-100 MeV regiorarisesfrom matter-antimatter annihilations inbaryon-symmetric
Universe. Within the framework of a baryon-symmetric Big-Bang cosmology (On®@&3),

the early Universe separated into regions of matter and antimatter. These regions then evolved
into large regions of matter and antimatter that now contain supercluster size masses. The
matter-antimatter annihilation occurs at the boundaries of these rggiodscing the CDG
radiation. To predict the gamma-ray spectrum it is necessargolte the cosmological
photon-transport equation as a function of redshift taking into account the doesdyom

the pair-production and Compton-scattering processes.

The resulting gamma-ray spectrum is from the decay’ofiesons produced iproton-
antiproton annihilation. The effects of Compton scattering and pair-production bexume
important at high redshiftz ¢100) and result in the flattening of the spectrum below ~1
MeV. The characteristic features of this annihilation spectrum are a peak rida¥,lan
approximate power law in th&-100 MeV regionabove which the spectrum steepevith a
cutoff at ~1 GeV (Stecker 1971).

The 1 MeV feature is essentially the redshift@edecay spectrum, where the résime
m-decay spectrum peaking at ~68 MeV is redshifted to 1 MeVv1Q0). The most
encouraging aspect of this model was the apparent explanation for the MeV bump present in
the pre-COMPTEL CDG spectrum. There is now no evidence for a [devp so the
annihilation spectrum is not required to the expl@BPG emission near 1 MeVAlthough
there may be additional source components (e.g., fintamars), the extragalactispectrum
measured with EGRET indicates a power-law form from 30 MeV to GéU, wellabove the
maximum cutoff at ~1 GeV predicted by the annihilation model. The recent improvements in
the CDG measurement above 1 MeV, the contribution from the matter-antiraattdyilation
model, if any, is significantly lower than previously believed.

More importantly, itwasargued that the presence of the MeV bumgs experimental
evidence for the existence of cosmological antiprotons (Stecker 1985). &therimental
evidence comes from examining the ratio of antiprotons to protons in cosmic raykmtddte

measurements of antiprotons in cosmic rays are satisfactorily explainesecamdary
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products of cosmic-ray interactionwith the interstellar medium (Streitmattet995).
Therefore, at present, there is no compelling experimental evidence for the existence of
cosmological antimatter, at least over large scales.

VII.E.2 Active Galaxies
SeyfertsGalaxies

The average Seyfert galaxy spectrum using data from the OSSE and Ginga experiments is
characterized by an exponentially falling continuueifdlding energy between200-400
keV) together with a Compton-reflection component mainly below ~50 keV (Zdziarski et al.
1995). However no Seyfergalaxy has been detected above 1 MeV (Johnson dt98K;
Maiscak et al.1995). Therefore, although the Seyfert galaxies may explain a substantial
fraction of the X-ray background (Zdziarski et al. 1996; Setti 1990), they are not expected to
contribute to the diffuse radiation above ~500 keV (see figure VI1.8).

Gamma ray emission has been observed from 50 keV to 1 GeV from a mraaliby
galaxy Centaurus A (Steinle et al. 1998). Centaurus A is viewed from the side (~70°) of the jet
axis and has been classified as a Seyfert 2 object. It is the only Seyfert 2 galaxy seen above 1
MeV. If the emission from Centaurus A is typical for all Seyfert galaxies, in that, theynill
broadbandemission inhigh-energy gammaays at large anglewith respect to the jeaxis,
then perhaps the integrated emission from Seyferts could be a substamtinent to the
CDG emission above 1 MeV and perhaps extending to 1 GeV.

Blazars

A simple calculation to illustrate the importance of the integra@chma-ray emission
from the 60 detectedhGNs to the extragalactic diffuse fluxSreekumar et al(1998)
measured an integral flux df.24x10° photons/crits-sr for the CDG emission above 100
MeV. Assuming a mean constant flux (>100 MeV) of 218" photons/crits for all 60
detected blazars, their total intensity in the 10 sr outside the Galactic plane implies a flux of
1.2-2.410° photons/crivs-sr or 10-20% of the extragalactic flux.

Above 100 MeV, the blazar origin is also supported by the similarity betweedifthee
extragalactic spectral index —2.1 0.03 (Sreekumar et all998) and the averagalazar

spectral index —-2.15t 0.04 (Mukherjee et all1997). Since a standarcdcosmological
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integration of a power-law source in energy results in the same spectral slope for its integrated
emission, the similarity between the spectral indices for the blazars andxtregalactic
diffuse emission is important.

Chiang et al. (1995) used the gamma-ray data of 33 blazars to deducgatmeira-ray
luminosity function. By integratinghis luminosity function over redshift, they showetiat
the bulk of the diffuse radiation above 100 MeV can be explained by unresghratha-
ray-emitting AGNs. Byapplying the luminosity evolution obtained from radio data to
gamma-ray blazars, other authors have estimated the contributions from blazarsliftusee
radiation above 100 MeV (e.g., Padovanni et al. 1998fti and V@ltjer 1994; Stecker,
Salamon, and Malkan 1993). These estimates agree with the intensity of the dhffiestéon.

The uncertainties in all these calculation vary from ~25% to a factor ¢foieversome
authors have questioned the degree and nature of the correlation between the radio and
gamma-ray luminosity for these blazars (Micke et al. 1997).

The gamma-ray luminosity evolution function and the gamma-ray duty cycle are two
major uncertainties in the blazar models for the diffuse radiation. The evolution described by
Chiang et al. (1995) is consistenith that seen at radio frequencies making the ambiguities
in the luminosity function less of a problem. Most blazars, however, show strong variability in
their gamma-ray emission. For example, 3C &8 varied by a factor of ~5 over the time
scale of days with no significant change in the spectral index (Kniffen et al. 1993).

Although the blazar origin seems likely above ~18V, the situation idesscertain in
the 1-30 MeV range. To date only eight of the EGRET blakange been detected by
COMPTEL (Hartmann et al. 1997). The blazars detected by COMPTEL are also variable and
show spectral breaks in the MeV energy range. McNaron-Brown €t385) haveanalyzed
the multiwavelength spectra of the six blazars detewiittd OSSE,COMPTEL and EGRET.

Using this limited dataset the “average” blazar spectrum is a pawewith a spectralindex
of —2.15 that breaks at ~4 MeV and has a spectral index of —1.7 below it (Sreekumar, Stecker,
and Kappadath 1997; McNaron-Brown et B995). This average blazar spectrum is not in

conflict with the COMPTEL results (see figure VIl.8However,caution is advised as six
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blazars may not be representative of the overall blazar behavior due to possible selection
effects.

COMPTEL has also detected a separate class of 2 identified blazars (Bloemeh98tal.

Blom et al. 1995) and 3 unidentified sources (Collmar 1996; Iyudin et al. MBi@ms et
al. 1995) with narrow peaks at MeV energies, usually referred tdMa¥-blazars Although
their global properties are natell known, the MeV-blazars could potentially contribute to
the CDG emission (Comastri, Girolamo, and Setti 1996).

If one accepts the hypothesis that the CDG radiation is the sum of all blazar emission,
then the CDG spectrum implies that the average blazar spectrum extenrd9GoGeV
(Sreekumar, Stecker, and Kappadd®97). The measured spectra of the individual blazars
only extends to a few GeV because the intensity is too low to be measured atdrighgies.

In this context, we plot the COMPTEL CDG fluxes in #h-9 MeV and 9-30 MeVange

and compare it to the extrapolation of the EGREDG spectrum (seégure VII.9). The

blazars detected by COMPTEL and OSSE usually have a break in the spectrum around a few
MeV (McNaron-Brown et al.1995). Although notinconsistent, the COMPTEL fluxes are
systematically lower than the blazabmponent ashown in figure VIL.9. If the CDG
spectrum represents the average blazar spectrum, then the COMPTEL data, aldace
suggest that the average blazar spectrum changes smafithkg0(4) with a break between

30 and 100 MeV. A smooth change in the average blazar spectrum is not unexpected since
the integration over redshift will tend to smooth out any breaks.

Stecker and Salamon (1996aveincorporated variability by considering quiescent and
flare statedor blazar emission in their calculation of the blazar contribution todiffese
radiation. The flare-state blazars are taken to be harder than the quiescent-state Tlanars.
calculations show aontinuous hardening in the predicted diffuse spectrum. dieelicted
intensity for the CDG emission by theimodel (in keV/cnv-s-sr-keV) is shown(rough
estimate) in figure VI.9. The measur&DG spectrumshows nosignificant curvature. The

model overpredicts the measurements below 50 MeV and above a few GeV.
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Figure VI.9 The BxFlux spectrum COMPTEL values from 4.2-30 MaNdEGRET
values from 30 MeV to 100 GeV.

The curvature in the integrated spectrum arises from quiescent-state Wiabhaassteeper
spectrum contributing to the lower energies (<500 MeV) and flare-state blaithra harder
or flatter spectrum contributing to the higher energies. There are some indications in the
EGRET observations for a harder spectrum for some blazars in the flare-state (Mukherjee et
al. 1996; Sreekumar et al996). If boththese hypotheses are true, then the COMPTEL
measurements below 30 MeV and the EGRET measurements above a few GeV can serve as an
important constraint for the ratio of quiescent to flatate blazacontribution to the CDG
emission.

Normal Galaxies

Normal Galaxies like our own are known to emit gamma rays oveide range of
energies (from 500 keV to >50 GeV) and could also contribute to the diffusi@tion.
Calculations by several researchers (Bignami et al. 1979; Setti attpgeV¥994) have shown
the intensity above 100 MeV from normal galaxies to be of order ~10% oblikerved

extragalactic emission.
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VII.E.3 Supernovae Contributions
The integrated emission from Type la Supernovae could also contribute significantly to

the CDG radiation in the 300 keV to 2 MeV region (The, Leising, and Clayton 1993; Clayton,
Colgate, and Fishmah969). The reaction chaitiNi - *Co - *Fe producesgamma-ray
lines at 0.847, 1.238, 1.770, 1.030, 2.599 and 3.250 MeV in the SNla emission. There is also
gamma-ray line emission from the decay “&l, “Ti and *Co. Type laSNs aremuch
brighter in gamma rays than Type $Nspartly because thenassive envelopes imype |l
SNs do not allow many of the gamma rays to escape. The Type Il contribution is expected to
be <5% (Watanabe et al. 1997; The, Leising, and Clayton 1993).

The et al.(1993) computedhe cumulative SNla contribution to tHeéDG radiation by
integrating over time (or redshift) the number of continuum and line phgitoduced per
*Fe decay from a standard Type la deflagration model. The important parameheirin
calculation is the evolution function for the rate of nucleosynthesis. Teformed
calculations for a constant and an exponentially decreasing nucleosynttesiwith aturn-
on time around = 2.5. The results of both nucleosynthesis rates show that a large fraction of
the CDG radiation between 0.3-2 MeV may be due to Type la SNs with a maximum cutoff at
~3 MeV. More recent calculations by Watanabe et (&P97) taking into account the
contributions from Type Il SNs and using a damation rate based on chemicalolution
studies agree with the results of The et al. (1995).

The COMPTEL measurements below 3 MeV within errors are consigiigmtthe level
predicted by The et a{1995). Howevermuch finer energy binning is required ¢xamine
spectral features such as edges near the line energies as predicted by this modélthat in

may provide valuable constraints on the gamma-ray emission due to supernovae.
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