Compton X-ray and Gamma-ray Emission
from “Extended” Radio Sources
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Conventional Wisdom

Blazars will dominate the (extragalactic) gamma-ray sky.

G-ray sources are predominantly “non-thermal”.
Radio (to X-ray) observations traces the relativistic particles
through their synchrotron emission.

See previous GLAST talks: Carson, Coppi, Sikora, Healey, etc.
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Why “"Extended” Radio Sources?

Radio Galaxies (‘ misaligned’ blazars) are dominated by emission
from extended components.

Cygnus A

Spitzer & VLA / B G e

50 kiloparsecs

-_——

VLA red (Perley et al. NRAO)
Spitzer blue (Harris, Stawarz, Ostrowski, Cheung)
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Relevant question: What are relative contributions of a radio
source to integrated g-ray signal detected by GLAST?
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Complication: (unresolved) Compton scattered
Blazar = jet axis pointed g-rays have contributions from accretion disk,

toward Earth: the central clouds, jet (SSC), starlight (galactic scales), etc.
region is dominant
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Anatomy 101

Relevant question: What are relative contributions of a radio
source to integrated g-ray signal detected by GLAST?

What about contribution
from extended components?
(classified as “radio-galaxies”) kpc scale is 3K background

Dominant seed photon source for
Compton process on 10’s-100’s
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Inverse Compton Scattering of 3K
Background is an Obligatory Process
in Cosmic Synchrotron Sources i o




Evidence for Extended IC/CMB

Fornax A =NGC 1316
D=19 Mpc (z=0.006)
Top 5 brightest radio source in sky

a0 3w 40 &0 & Ao 80 90

East Lobe
XMM (Isobe et al. 2006)
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x: ROSAT poi.nt sources

.....................................................

1997 FOV

1994 FOV

3h24m 3h22m

ASCA color (Kaneda et al. 1995)
see also ROSAT detection by Feigelson et al. 1995

Figures from N. Isobe talk




Evidence for Extended IC/CMB

The east lobe of Fornax A
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IC/CMB vs. equipartition constraints on
AYS IN RADIO LDBESB_ﬁeld L151
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from Feigelson et al. 1995
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IC/CMB G-rays from Fornax A?

Spectral Energy Distribution
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Relevant Lorentz Factors

-Electrons that produce synchrotron (radio) emission at frequency

Vv have energies Ys~2*104 (vi1+z/d B)1/2.
-Electrons that Compton scatter CMB photons to energy Ec have
energies Yc~103 (Ec/d G)1/2.

-Electrons with Y<<YKN = 2*108 / (G 1+z) Compton scatter CMB
photons in the Thomson regime. (see Dermer & Atoyan 2002)

Y = electron Lorentz factor, E=Ymc2
vin GHz; Ecin keV

d = Doppler beaming factor

G = jet bulk Lorentz factor

B = magnetic field in microGauss
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In Fornax A Lobes...

Ys~2*10% (v 1+z / d B) 112 = 2*10% (v)1/2
Yc~103 (Ec/d G)1/2 = 103 (E()1/2 (Y<<YKN = 2*108)

1 keV X-ray emission from Yc~103 electrons which emit synch.
rad. at ~2 MHz.

Emission in GLAST bands (~1O1'3 MeV = 104-6 keV) require
Yc~105'6 ; these electrons emit synch. rad. at v ~ 20-2000 GHz

Y = electron Lorentz factor, E=ymc?

vin GHz; Ecin keV

d = Doppler beaming factor = 1

G = jet bulk Lorentz factor = 1 (z~0)

B = magnetic field in microGauss = 1.5 +/- 0.5 (Isobe et al. 2006)
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Fornax A Detectable by GLAST!

Q@ WMAP Measurements!
Spectral Energy Distribution
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Same electrons
Compton

x: ROSAT point sources
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Spectrum from N. Isobe talk




Other Extended Radio Galaxies?

Centaurus A = 3EG J1324-4313

102 H. Steinle et al.: COMPTEL observations of Ce:

Centaurus A Radio Source
Australian ¥V LBI Network

VLBIL (:-'tl-GH.'

Cen A Region : All Phase I+ I + Il + IV/Cycle 4 ; 1 - 30 MeV.
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Fig.2. COMPTEL location contours for 1 - 30 MeV emission, obtaine«
from the combination of all observations of the Centaurus A region WTEA 1.3 GH:
The positions of Cen A and MS 1312.1-4221 are marked by a square an« S )
atriangle, respectively. The 1o, 20, and 3o location-ertor contours ar 5
Steinle et al. 1998 http://outreach.atnf.csiro.au/about/history/doverheights/
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Expectations with Redshift

Monochromatic Compton to synchrotron flux ratio (alpha=1):
fc/fs = ucmb/uB = aT4 / (B2/8*pi) = 4*10°13(1+2)4 / (B2/8*pi)
fc/ts =10 (1 +z)4 / (BuG)? f[ergs/s/cmz] or flJy Hz]

Spectral Energy Distribution
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The Highest-Redshift Radio Galaxies

| 7 z>3.5 Radio Galaxies GLAST/Chandra Predictions

z>»3.5 Radic Galaxies

Spectral index (cross)

1.4 GHz flux (square} z>3.5 Radio Calaxies
B=1uG (square)

B=3uG (cross) _
- B=10uG {diamond)
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Chandra corresponds to 1-10 MHz (B=1 uG) and 10-100 MHz (B=10 uG) radio
GLAST corresponds to 20-2000 GHz (B=1 uG) and 2e11-2e13 Hz (B=10 uG)
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IC/CMB (Jet) Detections at High-z

GBI1508+5714 z=4.3

GB 1508+5714

| 745+624 z=3.9

Chandra/VLA

Relative Declination (arcsec)
4]

" X-ray contours, radio color
T — Cheung, Stawarz, & Siemiginowska 2006

VLA contours, Cheung 2004

X-ray color, Siemiginowska et al. (2003), Yuan et al. (2003)
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IC/CMB Jets at High-Redshift
GB | 508+57|4 Z 4 3 | 745+624 z=3.9
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IC/CMB Jets at High-Redshift

fx/fr for jets depends

also on beaming in
addition to other
parameters (e.g., B)

/ Advantage Radio Galaxy: \

1| emission is negligibly/ not

1| beamed; spectral shapes,
ol 9@ | dimensions better
i I - B/8=30uG] 31 measured than jets (to

' ' K constrain B-field) /

le+03E

le+02E

le+01f

VF, (X-ray) / VF, (Radio)
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Issues of Wider Interest

Recall that radio-loud sources are
a special subset of AGN/Quasars
(~10%) and
Blazars are special subset of these
radio-loud sources...

I considered radio-galaxies (i.e.
“misaligned” blazars) but...
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Perspective: Radio-loudness may be linked with black hole mass (see
e.g., McLure & Jarvis 2004)? BH Spin (e.g., Wilson & Colbert 1995),
Accretion (e.g., Rawlings & Saunders 1991)?
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Issues of Wider Interest

| 3C 279 PSb -,
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Loud/Quiet?
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Perspective: Radio-loudness may be linked with black hole mass (see
e.g., McLure & Jarvis 2004)? BH Spin (e.g., Wilson & Colbert 1995),
Accretion (e.g., Rawlings & Saunders 1991)?
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Other IC/CMB G-ray Sources?

This process is
relevant to any
synchrotron
radiating system

( Other galaxies \

17 h 15 min 17 h 11 min (partiCUIarIy With
RXJ1713 (Aharonian et al. 2005) Iarger SN rateS)
- e should emit X to

g-rays via IC/
\ CMB channel /

E2 dN/dE (erg cni's™!

Starburst galaxy NGC253
SRR NN B RN IR V4 " (D~2.6MPC) .
T I Optical DSS (white contours)

A. Kappes webpage  ppcp s v 40, 65, 80% conf. levels (Ioh+ 02)
HESS collab (Aharonian et al. 2005)
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Summary

| considered g-rays from radio galaxies through IC/CMB process

(thermal extended and point source contribution negligible; cf. issues

in X-ray studies)

GLAST images of nearby large angular size RGs (e.g. Fornax A)

GLAST may detect high-z RGs; as radio galaxies outnumber blazars;

what is their contribution to a (soft) g-ray background?

High-z RGs as “standard lamps” (radio data define e- distribution);

are g-rays absorbed at high-z?

TO DO: Identify more “Fornax A type” and high-z radio galaxies
obtain relevant radio data (define synchrotron spectrum from 10’s
MHz - 100’s GHz)
obtain relevant X-ray data (XMM, Chandra): determines extended/
point source thermal contribution

Other extended sources with relativistic particles (synchrotron
emitters): SNRs, Cluster halos (hard X-ray sources)
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