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Strong, Moskalenko & Reimer, ApJ 613, 956
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Origin of EGBR

 Clusters of galaxies?

 Dark matter annihilation?

 Blazars?

 Most of EGRET-detected 

extragalactic sources are 

blazars?!

 Stecker & Salamon (1996)

 Chiang and Mukherjee 

(1998)

 Mücke & Pohl (2000)

 Narumoto & Totani (2006)

 SED not taken into account…

Stecker & Salamon, ApJ 464, 600 (1996)
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Blazar origin model of EGRB

Kneiske & Mannheim, A&A 479, 41 (2008)
Pavlidou & Venters,  ApJ 673, 114 (2008)
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Blazar SED sequence
FSRQ

LBL

HBL

Synchrotron Inverse Compton
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Gamma-ray luminosity function model

 X-ray luminosity function (XLF) of AGN

 LDDE (Luminosity-dependent density evolution) model

 Peak redshift of density evolution increases with AGN luminosity

 Assume (Bolometric luminosity of jet)  (X-ray luminosity):
P = 10qLx

 X-ray bright AGNs used to derive XLF are close to Eddington
limit (low Eddington ratio AGNs contribute less to GLF).

 Blazar gamma-ray luminosity function (GLF)
(L,z) = (dLX/dL) X(LX,z) [: normalization factor]

X(LX,z) = X(LX,0) f(LX,z)

X(LX,0) = (AX/LX ln(10))[(LX/LX
*)1+(LX/LX

*)2]
-1

f(LX,z) =  (1+z)p
1 : z<zc(LX)

f(LX,zc(LX))[(1+z)/(1+zc(LX))]p
2 : z>zc(LX)

zc(LX) =    zc*             : LX > La p1=p1* +1(log10LX-44.0)

zc*(LX/La)
 :  LX< La p2=p2* +2(log10LX-44.0)

6



GLF determined by EGRET blazars
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 Gamma-ray flux

 GLF model prediction

 Likelihood function

where

and Nexp=Nobs=46 ()

 Models

 Ueda et al. (2003),

Hasinger et al.(2005)

 U03(q)

 H05(q)

 U03(q,1)

 H03(q,1)



Comparison with EGRET blazars
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Allowed regions for U03/H05(q,1) model
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Ljet,bol  105 Ldisk,X

AGN selection:

U03: hard X

H05: soft X

Good fit means that

EGRET blazars are high-

accretion rate AGNs.



Diffuse background spectrum (1)
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 Integration of blazar SED 

sequence model in z and L space

 (z,): Totani & Takeuchi (2002)

 Cascading effect:

Pairs produced in e+e- process 

scatter CMB photons

Ref. Kneiske & Mannheim (2008)

Totani & Takeuchi ApJ 570, 470 (2002)



Diffuse background spectrum (2)
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Without cascading



Diffuse background spectrum (3)
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With cascading … does not alter the spectrum significantly



Diffuse background spectrum (4)
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Note: MeV blazars are negligible in MeV background because of low population.



Diffuse background from non-blazars (1)
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Non-thermal electrons in hot coronae around AGN accretion disks

Non-thermal power-law component: X-ray to 1-10 MeV

[Inoue, Totani & Ueda, ApJ 672, L5 (2008)]

>100MeV: blazars are dominant sources

<100MeV: non-blazars



Diffuse background from non-blazars (2)

15

>100 MeV:   30% from blazars

50% from non-blazars

20% ?? – systematics?



Flux distribution of blazars
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Cf. Stecker & Salamon 10,000

Narumoto & Totani 5,400 (PLE)

3,000 (LDDE)

Fermi: 640 (U03(q))

930 (U03(q,1))

470 (H05(q))

1,200 (H05(q,1))

Most of EGRB from blazars should be 

resolved by Fermi!



Flux distribution of blazars+non-blazars
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1-30 non-blazars would be detected 

by Fermi.

Ex. NGC4151… (3-4)10-8cm-2s-1…

marginally detectable

Most of EGRB from non-blazars would 

be unresolved by Fermi.

At 100 MeV: 1048.0erg/s (blazars) & 

1042.5erg/s (non-blazars)

Prediction: at ~100MeV considerable part of EGREB flux is unresolved



Fermi predictions
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Very similar to the case of EGRET…

Different GLF models can be tested by large statistics.



Conclusion
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 Extragalactic background radiation spectrum was calculated by 
taking account of Blazar SED sequence.

 Spectrum below 10 GeV are not much affected by absorption 
with cosmic infrared background.

 Non-blazar contribution is significant in MeV region and 
considerable at 100 MeV.

 Blazars + non-blazars account for 80% of EGRB at 100 MeV
and may be dominant.

 Hard spectrum observed above 1 GeV is not explained.

 600-1200 blazars will be detected by Fermi above 100 MeV, 
which is smaller than previous studies.

 Prediction: above 1GeV most of EGRB flux will be resolved 
into discrete sources, while around 100 MeV significant 
fraction will be unresolved.


