
12 September 2005 1

Non-Thermal Cosmic Backgrounds

from Blazars

Non-Thermal Cosmic Backgrounds

from Blazars

Paolo Giommi, Paolo Giommi, 
Agenzia Spaziale Italiana ASIAgenzia Spaziale Italiana ASI

ASI Science Data CenterASI Science Data Center

EmailEmail: paolo.giommi@asi.it

S. ColafrancescoS. Colafrancesco
INAF - INAF - Osservatorio Astronomico Osservatorio Astronomico di Romadi Roma

EmailEmail: Sergio.Colafrancesco@mporzio.astro.it



12 September 2005

This talk is mostly based on 

Astronomy and Astrophysics, in press astro-ph/0508034

..and on more recent developments
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What’s a Blazar?

3C 279 3C 454.3
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AGN : Two main categories

1. Powered by accretion - disk
emission - AP-AGN

2. Powered by Non-Thermal radiation
- jet emission - NT-AGN

Blazars:

NT-AGN viewed at a small angle w.r.t.
jet axis

Radio Galaxies:

NT-AGN viewed at a large angle w.r.t.
jet axis

Broad-line radio galaxies (e.g. 3c120) :

A combination of AP-AGN and
“misdirected” NT-AGN
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Extended radio emission

Host galaxy/blue bump

Radiation from accretion
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•141 FSRQs
•23 BL Lacs
•13 Radio galaxies

•5 Steep Spectrum QSOs
•2 starburst galaxies
•2 planetary nebule

•17 unidentified
•5 without radio counterpart
  (probably spurious) 

208 bright sources

The vast majority (85%-90%) of
bright WMAP foreground sources

are Blazars

WMAP CMB fluctuation map

Blazars & WMAP

http://www.asdc.asi.it/wmap/

WMAP bright foreground

source catalog
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[Giommi & Colafrancesco 2004]

[ O 12 Blazars in WMAP (3 in Boomerang) ]
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[Giommi & Colafrancesco 2004] [ O 54 Blazars  with !T > 50 µK ]
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WMAP sourceWMAP source BOOMERANG sourceBOOMERANG source

WMAP
BOOMERANG

CMB fluctuation
CMB fluctuation

100 µK

50 µK

Blazar SEDs

100 µK

50 µK



12 September 2005

100 µK

50 µK

CMB fluctuation

Nuclear compact radio emission

WMAP Blazar SEDs
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The Blazar radio LogN-LogS
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The Blazar power spectrumThe Blazar power spectrum
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WMAP Q-band WMAP V-band WMAP W-band

Blazar contamination vs. "
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Radio LogN-LogS
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(from Sedentary survey and

a sample of > 2000 Blazar

candidates) Blazar contribution

to soft CXB = 12%

(1/3 from LBLs, 2/3
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#µ$ = %1.07

From µ%wave flux to X-rays and vice-versa
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<#µx> = -1.07

   & = 0.08

Effect of ± 3 variability

f94GHz = f1keV • 106.41<#µx>

f94GHz = 7.1 • 106 f1keV 

Microwave fluxes can be

estimated from X-ray flux

to within a factor ' 3.

A ~10-15 erg/cm2/s all sky

soft X-ray survey would

detect ! 200,000 blazars +

radio galaxies and could

be used to clean WMAP

and Planck CMB maps
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From µ-wave to X-rays

#µ$ = %1.07
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Soft-X-ray band (0.5-10 keV)

~10% at 1 keV

Hard X-ray band

~5-10% at 30 keV

Hard-X/soft ( band

> 50% at ~200 keV

Soft (-ray band

~100% at E >1 MeV
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Radio — (-ray flux ratio & duty cycle

)/log(

)/log(

!µ

!µ

µ!
""

#
FF

$Define a slope/trend:

#µ( 

25.5-0.870BZQ J1256-0547 (3C

279)

14.4-0.892BZB J0538-4405

6.0-0.926BZU J0522-3627

9.6-0.908BZQ J0457-2324

8.3-0.913BZQ J0455-4615

9.7-0.907BZQ J0423-0120

11.2-0.902BZB  J0339-0146

16.6-0.887BZU J0210-5101

14.5-0.892BZQ J0204+1514

f(-source/<(%background>

(#µ(background=-0.994)

#µ(Blazar Name

3.9

6.9

16.7

10.4

12.0

10.3

8.9

6.0

6.9

Duty cycle

(%)



12 September 2005



12 September 2005

Max EGRET

Min EGRET
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#5GHz-1keV
=0.85#5GHz-100keV

=0.80

#5GHz-1MeV
=0.84



12 September 2005

f1keV = f5GHzx10-7.685 #5GHz-1keV = f5GHzx 10-7.685x0.85 

f1keV (µJy) = 0.3 x f5GHz(Jy)

F0.1-2.4keV (erg/cm2/s) = 2.4 x 10-12 x f5GHz(Jy)

1 x 10-121 x 10-13
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f100keV= f5GHzx10-9.685 #5GHz-1keV = f5GHzx 10-9.685x0.80

f100keV (µJy) = 0.017 x f5GHz(Jy)

f50-150keV (erg/cm2/s) = 4.7 10-12 x f5GHz(Jy)

1 x 10-111 x 10-12
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First results from the Swift-BAT High-Latitude

(15-150 KeV) survey
Markwardt et al. 2005, submitted

• Data from the 3 months of the Swift mission

• |bii| > 19 (~25,000 sq deg)

• Limiting sensitivity ) 3x10-11 erg/cm2/s

• 3-4 Blazars

• Radio-loud/non-thermal AGN >) 20% of all
extragalactic sources

• Blazar redshift distribution seems very different than
that of radio quiet (accretion powered) AGN

• Similar results from INTEGRAL



12 September 2005

f1MeV = f5GHzx10-10.685 #5GHz-1MeV = f5GHzx 10-10.685x0.84

f1MeV (nJy) = 1.06 x f5GHz(Jy)

f3-10MeV (ph/cm2/s) = 5. 10-7 x f5GHz(Jy)

1 x 10-61 x 10-7
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The high-energy gamma-ray band,

GeV and beyond: blazar simulations

•Starts from a radio Luminosity function + Cosmological evolution

   - Monte Carlo simulation of redshift and radio luminosity

•Radio luminosity of each source is extrapolated to other energy bands

(micro-wave, optical, X-ray, gamma-ray) based on SSC model + and

randomized based on observed distributions.

•Gamma-ray flux simulated taking into account of duty cycle and

Gamma Ray Background constraints (see Giommi et al. 2005 A&A in press,

astro-ph/0508034)

•Sources are accepted above a set of flux limits (radio, opt , X-ray etc.)
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Predicted distribution of gamma-ray fluxes in a

50 mJy  radio survey

About 4,000 radio sources 

With f_radio > 50 mJy are 

above the GLAST sensitivity 

limit (3.e-9 ph/cm2/s) 

GLAST limiting sensitivity
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Expected distribution of microwave/gamma-ray spectral index (#µ()

in the subsample of EGRET detected (f(>1x10-7 ph/cm2/s > 100 MeV)

in the 50 mJy  simulated radio survey  (110 Blazars)

#µ( observed range

     0.816-1.00 
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Expected distribution of microwave/gamma-ray spectral index (#µ()

in the subsample of GLAST detected (f(>3x10-9 ph/cm2/s > 100 MeV)

in the 50 mJy  simulated radio survey
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