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Blazars are a small fraction of all extragalactic sources imlike other objects, they are strong
emitters across the entire electromagnetic spectrum.riRelega in the microwave region of the
electromagnetic spectrum have become available to allowyfstematic studies of blazars over
large cosmological volumes. This frequency band is indegtiqularly suited for the selection of
blazars since at these frequencies the contamination fadin extended components with steep
spectra is no longer present and the emission from the &mtnetocess is negligible. During
the first 3 months of scientific operations Fermi-LAT detdci®@6 bright, high-galactic latitude
(Ib]> 10 deg) AGNs with high significance. In this study weeistigate the possible relations
between the microwave and the gamma-ray emissionsdiani-LAT detected AGNs belonging
to WMAP 5th year bright source catalog.
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1. Introduction

Blazars are rare extragalactic objects as they are a subssdio loud QSOs, which in turn
are only=10% of radio-quiet QSOs and Seyfert galaxies that are foutetge numbers at optical
and at X-ray frequencies. Despite that, the strong emissiail wavelengths that characterizes
blazars, makes them the dominant type of extragalacticesun those energy windows where the
accretion onto a supermassive black hole, or other therraehemisms, do not produce significant
radiation. For instance, in the microwave band, [Giommi &howed that blazars are the largest
population of extragalactic objects (see also [Toffola®®8]). The same is true in theray band
[Abdo 2009b] and at TeV energies where BL Lac objects are thstifiequent type of sources
found in the high Galactic latitude sky.

Blazars have been known and studied in different energy eissdor over 40 years, however,
many questions still remain open about their physics andbdeaphics, e.g., how are jets made and
how are they accelerated? How are the relativistic pastiatelerated and why is the maximum
acceleration so much higher in BL Lacs [Ghisellini & Maraist®89]? What are the mechanisms
producing blazar variability and what is the blazar dutgtey{Vercellone 2004], [Pittori 2007]?

We investigate these problematics using a multi-wavelemgtproach through WMAPL(
wave) and Fermiy-ray) observations.

Primordial photons are redshifted fpwave frequencies due to the Universe expansion and
we see these photons as cosmic backgroupdwave band. Tiny inhomogeneities in the early uni-
verse left their imprint on the Cosmic Microwave Backgroyhdreafter CMB, [Penzias & Wilson 1965])
in the form of small anisotropies in its temperature. Thessaropies contain information about
basic cosmological parameters (e.g. total energy densityarvature of the universe). The ability
of the present and upcoming CMB experiments to determinedbmological parameters requires
a careful cleaning of the CMB maps from the Galactic and ex#actic foregrounds . This clean-
ing produces bright source catalogs useful to our scopes.

The microwave frequency range is likely the best region efdlectromagnetic spectrum to
pursue statistical studies of blazars since it is leasttdteby the superposition of spectral compo-
nents of different nature like e.g. steep radio emissiomfitee extended part of the jet, non-nuclear
optical emission from the host galaxy or optical/UV and 36fay emission from an accretion disk.

Given a classification based on the synchrotron peak posifiblazars (/psea,), we define low-
synchrotron-peaked, or LSP, blazar a source Wﬁ,gk< 10'* Hz, an intermediate-synchrotron-
peaked, or ISP, blazar whent(Hz < v>__, < 10'° Hz, and a high-synchrotron-peaked, or HSP,

peak
blazar whenv3,, > 10 Hz). High Synchrotron Peaked BL Lac broad band emissionrnisotly

eak

explained wit?1 a simple homogeneous, one-zone, Syncir&etf Compton (SSC) however more
complex models involving External Compton Radiation or tipilé SSC components are required
to reproduce the overall Spectral Energy Distribution dredabserved spectral variability of FSRQ
and Low Synchrotron Peaked BL Lac. We have already studigdhvave selected blazar sample
and its X-ray properties [Giommi 2007] and verified that thevave flux is tightly correlated with
the X-ray one. In this project we would like to investigateasgible relation among-wave and
y-ray fluxes.

Our strategy consists in building a complete and flux limisadnple of blazars selected in

the u-wave band, starting from the WMAP bright source cataloguexsodically released by the
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WMAP Team. We study the properties of thiswave selected sample of jet-dominated AGN
looking for synchrotron peak distribution of the sourcgsay spectral indices, possible relations
betweenu-wave fluxes and X-rayy-ray duty cycle,ay, . As in [Pittori 2007], we take into
account the constraints from the observed extragalactiomggray background on the maximum
duty cycle allowed for the selected sample of WMAP Blazars.

2. Instruments

The Wilkinson Microwave Anisotropic Prope (WMAP) [Benne®(3] satellite provides an
all-sky survey of the millimeter-wave sky. Its catalogué$oveground point-like sources are valu-
able for our study of flat-spectrum radio sources. In thiskwee use the 390 sources in the
five-year catalogue (WMAP5S) [Wright 2009]. We define the ctetg sample as including all
sources in the WMAPS5 catalogue with flux at 41 GHz larger th&nl®. We define a flux limited
sample using the source fluxes as observed in the WMAP 41 Gatmehto have a compromise
between sensitivity, completeness and the need to use driiglency band, to avoid the steep
radio components. High frequency channels in WMAP survdy 98 GHz) have less objects and
are less deep in flux with respect to lower frequencies (234 B&%GHz).

The Fermi Gamma-ray Space Telescope is an international missiorcatedito the study of
y-ray emission in the Universe. The LAT, the primary instrumés an imaging, wide field-of-view
telescope, covering the energy range from below 20 MeV teertttan 300 GeV with a sensitivity
that exceeds EGRET by a factor of 30 or moeermi satellite commonly observes the sky in
scanning mode: on a given orbit, the LAT will sweep the sky 8§rde away from the orbital
plane, covering 75% of the sky. At the end of the orBiéymi will rock to 35 degree on the other
side of the orbital. Therefore the entire sky is coveredetlanee hours providing an uniform sky
coverage within few orbit [Atwood 2009]. Thanks to the imyped instrument performance (point
spread function, effective area, large field of view, broadrgy range) blazar observations with
Fermi LAT are advancing our understanding of blazars and AGN

3. WMAP 5year and Fermi samples

As in [Giommi 2009], we have carried out an extensive seavdbdntify the counterparts of
all the microwave foreground sources listed in the WMAP &ryeatalogue using literature and
archival data. Our results allow us to define a flux limited gnof 254 high Galactic latitude
microwave sourcesf{igrz > 0.9 Jy,|by | > 15°) which is virtually complete. From the analysis of
classification in this complete sample we note that therdasgg dominance ( 83%) of blazars.

Most of the WMAP blazars are Low Synchrotron Peaked bla2z88#(mainly FSRQ, 80%
of the total). This is what we expect from a sample selectethénmicrowave band being High
Synchrotron Peaked Blazars (HSP) fainter than LSP at natlimwavelengths.

We perform a spatial cross-correlation between the WMARBpda and the~ermi Bright
Source List [Abdo 2009a], including also the low-significan(more than 5 sigma) sources. In
this way we obtain 69 objects with known microwave emissiat tire detected in the early phase
of Fermi data acquisition. As expected 95% of this sampldkzars, all objects well known from
literature.
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Figure 1: Photon index distribution for the WMAFermi-LAT sources

We compare the distributions gfray properties such as spectral index and flux: the spectral
index is centered around 2.4 (fig. 1) and for most of the objittd above 2, according to the FSRQ
spectral index distribution as in [Abdo 2009b] and the danite of FSRQs in WMAP5 sample.

As in [Pittori 2007] we define a-wave toy-ray slope as

Log( foagHz/ froovev)
a = — s 31
HY Log(VoacHz/ Vioamev ) S

and a limiting value:ayy; ogcas = 0-994 which is the value of an hypotetical source that would
produce 100% of the Cosmic Gamma-ray Background (CGB) ilesmtative of the class.

Any source withay,, < 0.994 should have a duty cycle lower than 100% in order notéogroduce
the extragalactic diffusg-ray background.

We estimate the blazar duty cycle by defining

Duty Cycle = 100x 10~ 141 (0994-awy) (3.2)

wherelLog(VoagHz/Vioavey ) = 11.41.

Looking at the first 3 months of data, we have found mostlyrftablazars like EGRET and
we did not found strong differences @, for the two blazar classes, FSRQ and BL Lac.

Moreover, relating thg-ray flux (E>100 MeV) with theu-wave flux density at 41GHz, appar-
ently there is not a strong correlation (see fig. 2). Howeéwex,recent paper [Kovalev 2009] found
a correlation between high frequency radio (15 GHz) mmdy fluxes. In this Kovalev’s work the
set of radio observations were quasi simultaneousetoni y-ray fluxes. We are considering the
possibility that they-ray high variability of blazars blurs the correlation witte y-wave band.

If we bin the microwave flux density, we can see that the foactf Fermi-LAT detected
sources increases for brightgstwave emitters (see fig. 3). This is another hint of a relation
between emission processes in microwave janaly band.

4. Conclusions

Fermi is detecting a significant number (although a smadttiva) of powerful microwave
emitters.
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Figure 2: y-ray Flux (>100MeV) vsu-wave flux density at 41GHz. Blue, green and red points arezSR
BLLac and BZU (Blazar of optically unknown type) sourcesspectively, common to both WMAP5 and
Fermi BSL. Magenta triangles are previous EGRET detections,deroto show for variability. The black

and red lines show the,,, mean and limit respectively.
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Figure 3: Fraction of the=ermi-LAT detected sources with respectewave flux.

The u-wave to X-ray correlation is tight while the-wave toy-ray correlation is blurred by
large y-ray variability of blazars, especially with non-simuleus data.

Planck data along witRermi one, being both operated in survey mode, will give us unprece
dented set of real simultaneous data.

The two energy bandu¢waves andy-rays) are indeed best suited to study blazars as their
emission at these frequencies is largely dominated by henvtal radiation. The combined study
of blazars in theu-wave and in thg-ray energy bands will probably offer a unique opportunity t
understand many of the physical details of this class ofkitede-dominated cosmic structures.

An hypothetical~ 10 mJy LSP blazar is at the limit of the Planck sensitivitysitletectable
with a deep Swift exposure (or a less deep XMM-Newton or Cramdbservation) and it is de-
tectable by Fermi during strong flares. Since the radio LdgiiS of [Giommi 2006] predicts a
space density of 5 objects per square degree with flux aboveJyDthe Planck mission should
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detect~ 100,000-200,000 blazars in the 30,000 square degree high galactic latitude sky. A
fraction of these sources will also be detected by Fermi witagimg, exactly how many strongly
depends on the duty cycle.

The simultaneous observations with also Swift and otheioradd optical telescopes will
allow the construction of a very wide balzar database withfieasurements at radio, microwave,
optical and X-ray frequencies. This extremely large sarnpldd be used to study with great detalil
the statistical properties of blazars, to build the simétaus Spectral Energy Distributions of a
large and statistically well-defined sample of blazars twoly the spatial correlation function and
would provide a large number of targets for future instrute@perating in the still poorly explored
MeV spectral region.
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