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Supernova Remnants - Spatially Resolved

NASA's Fermi telescope resolves supernova remnants at GeV energies

»

W51C W4

Note: LAT does not resolve Cas A
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The Fermi LAT 1FGL
Extragalactic Sky

© AGN

< AGN-Blazar

| AGN-Non Blazar .

7 Starburst Galaxy 697 extragalactic sources among 1451 source (630 uniD)

+ Galaxy mostly AGNs, mostly blazar

Credit: Fermi Large Area Telescope Collaboration




outline

* Blazar
— Fermi view of blazar
— jet structure
— blazar emission model
* radio galaxies (“misaligned” blazar)
— gamma-ray emission from ~pc to ~100 kpc

 UHECR from AGNs?

fCTF M
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Over half the bright sources seen with LAT appear to
be associated with Active Galactic Nuclei (AGN)

 Power comes from
material falling
toward a
supermassive
black hole

« Some of this
energy fuels a jet
of high-energy
particles that
travel at nearly the
speed of light

-

* Fermi LAT sees
primarily blazars,
for which the jet is
pointed toward
Earth.
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serml broad band emission

Mkn 421 (real simultaneous data)
e T W PR S S A LY (.6 LR DN N NS NEE R TNL PE BN F RNE
Ly — e - .
& Es Inverse . bOOStmg
Sk & Gompton - factor : &
o [ = =
a; = l )
?10”5 : — E - 6E
1 E =
strong flux ahd ™" 1 = §38+y)]’
flat spectrum bl
in radio -
’°"z—/ E
- A preliminary
ol o1 o1 o1 o0 o1 o0 o0 o0 o0 o0 o0 o0 of o0 o0 o0 o0 4]
10" 10" 10" 10" 10" 107 10™ 10 10% 10™
v [Hz]
radio > TeV

Nov, 2010 CTA-Japan meeting #MAYFEE (KIPAC/SLAC, Kyoto) 7



/0
A v Blazar sequence

/ Gammaray

photon index
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in the HEAD meeting (in March 2010) by Roger Blandford

Ten Challenges

Locate the sites of radio. v emission

Map jet velocity fields
Verify the emission mechanism

1
2
3
4
0
6
7
8
9
1

4o (Sikoraetal. 1994) - particles (e*/e) are accelerated

esn obs in the collimated jet
(bulk speed: I" > 10)

nf
l ‘,I

e geometry
-> one-zone model is still valid?

—1 far (~pc) ?
' * What is the seed photon for

/ y-ray?
ya

/X; near ( < sub-pc) ?
P
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/i
N — Complex jet structure

Gar*'ma ray

/' Space Tele scope

ration of polarization angle lasts 20 days

20 days - .
e emission zone locates
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Similar behaviors were observed in
*PKS 1510-089 (Marscher et al. 2010, ApJ)
*3C 454 .3 (Sasada et al., 2010, COSPAR)




= — emission zone in blazar

Energy densities as function of

« dominant source of seed distance from BH [CgSikora et al. 2009)
photons can be: 2 01 3 M
1. afew pc: IR photon P e N “
-> hot dust region [HDR] BT T ,@
L gisk L i e e il _ | N ]
rHDR:4 (1046 ergs_1> (10? K) PC ;101 . u yn ..\\ ]
2. a few x 0.01 pc: UV photon ® 102 7-\-\. 1
-> broad line region [BLR] .| N Nl Ty
(or direct accretion disk) [ : R ]
- 1/2 10 : @ R, W @ ey %
T— (1046 : S_l) o 0.01 0.1 1 10
= r [pc]

(model: T'=20, Ly=10% erg/s, Ly, =10%" erg/s,

magnetic flux Lg=10% erg/s, Mg;=10°M,,)
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/O
A The GeV Spectral Break in 3C 454.3

Gamma-ay

/ Space Telescope

208 SR RS vF, for ® MJD=55152-55261
® MJD=55280-55300
Fit : BPL, LogPar, Expcutoff
10° 3 (Abdo et al. 201 0)
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AT" > 0.5 -> should not be
a simple cooling break
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Gamma-ray

/ Space Telescope
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KN effect due to Compton-Scattered |ntrinsic electron spectral break

Ly o Radiation?

-> unlikely,,

MNov, 2010 CTA-Japan meeting

with both disk and broad line region radiation
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AGN are not ali pqi,nt.i_'ng: quard us...

Centaurus A — AGN;*Radie Gal.a'xy
Composite image with Chandra (blue, X-rays),
" APEX (Radio, red), ESO/WFI (true)




A~

= Radio galaxies (RG)

o S T
t'):Rh:Ihl t t ER'(! 3 Ml Unified model:
right hotspo ore dominan _
higher power Lower power Blazar: FSRQ --- BL Lac

RG: FRIl --—-FRI

7 Hotspot
Jet (knots) —

T CONe s

Hotspot

difference only in the relativistic beaming effect ?
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C Radio galaxies as “misaligned” blazar?

' Gamma»ray
Space Telescope
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/

o crmi emission from core

Gamma-ay
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/”
S a— Resolving Giant Lobes with LAT

Gamma ray
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e
Y A— particle acceleration in 100’s kpc scale

Clc]f" ma-Tay

* LAT detected y-ray emission

requires 0.1-1 TeV electron in
100’s kpc-scale lobes.

20.000
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VT Lo}
10,000
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10* [ 1
=
high-energy particle 0-000 IS 3.
acceleration e G.\l.c<:t.:<l:°if:2]H.ud» .:?l(:o-qo)oo
1 I
n very lar we Sca’_ﬁ-- 35°x35° of 408 MHz image with directions
(2nd order “Fermi”?) of Auger UHECR events (E > 57 EeV)

indicated (r=3.2d)
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@S5, ermi

Ultra-high energy cosmic-ray from AGNs ?
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s, ermi L - I" diagram

* Sources with jet Lorentz
factor I' must have jet power
L exceeding heavy solid and
dot-dashed curves to
accelerate p and Fe
respectively, to E = 1020 eV.

 Upper limits to L vs. I
defined by competition
between synchrotron losses
and acceleration time (dashed
lines), and synchrotron losses
and available time (dotted
lines).

(Dermer & Razzaque, airXiv:1004.4249)
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/D
s, ormi LUuminosity Density of y-ray Galaxies from Fermi Data

Gamma-ay

Space Tglesc
v 1LAC AGNs 0 Need adequate
— FSRQs luminosity density andQ Fermi data favors high-Z
— BL Lac number of sources ion acceleration by BL
— Misaligned Radio Galaxies within GZK radius Lacs/FR1 radio galaxies
— Starburst (and Star-formina)
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@, crmi Summary of AGNs

Gamm

amma-ray
/' Space Telescope
]

Fermi-LAT detect 682 AGNs in the 1st catalog
— blazar sequence looks OK!
Location of y-ray emission :
— blazar : not only at sub-pc, but also at pc scale
— Radio Galaxies : not only at core (pc), but also at lobe (Mpc)

Gamma-ray can also be generated far from BH !!
Geometry :

— complex jet structure (bent jet? helical magnetic field?)
— classical one-zone model is too simple!!

— multi-zone? (spine and layer?)
Gamma-ray emission mechanism :

— Inverse-Compton with either UV or IR photons
depending on the location of emission region



Fermi data reveal giant gamma-ray bubbles




Gamma-ray emissions

— 50,000 ightyears

Y o




Galactic disk

Galactic wind?
& &

WMAP haze
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‘@ ermi

Gamma-ay

/ Space Telescope
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