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1. Some AGN (jets?) emit beamed >TeV gamma rays

2. VHEGRs generate electron/positron pairs on EBL
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1. Some AGN (jets?) emit beamed >TeV gamma rays

2. VHEGRs generate electron/positron pairs on EBL

Extragalactic Background
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* Indirect impact of plasma instabilities on gamma-ray sky

Local statistics

Gamma-ray background

* Direct detection/non-detection of gamma-ray halos

Halos vs. bow ties in the sky

Searching for structure
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WHAT IF GAMMA-RAY HALOS DON'T EXIST?

HINTS FROM THE GAMMA-RAY SKY




Assume:

TeV blazars = Fermi hard gamma-ray blazars
-> Correct for sky coverage, observation duty cycle, galactic occultation

TeV observations have nearly a single flux limit, 4.2x10'2 erg/ecm?/s

Ignore all of the biases in the TeV sample
(e.g., target selection, scheduling, etc.)
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Redshift Distribution
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Neronov & Vovk. 2010, Science, 328, 73
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Neronov & Vovk (2010)

splitting

Jeeman

uolsnyJIp onudel

cluster

l

simulations

MOSEAANNEE

O
%

WA AN L)
0000000000’0’00000

rs

WA X

AN OO0

> OOOOOOO0O00

&
AN

AAAANN N )

& OOOOOOOOOO

WA

OOOOOOOOOOCX

".’.‘.’.’.‘.".‘.‘.".’
SOOI
P00 %000 %0 0 e e e %%
000t 0 %0 %000 %000 0 e %0 %
0000000000200 0 e % et

Neronov & Vovk. 2010, Science, 328, 73

™

i

™r

T

TTTT

1ES 0228+200

T T

.

6
t
10

|
1

A
|

T T T I

rl
4
16

1on

loll?

it
1ES 0347-121

T

109

108

10~

IU 2
10-1

S;W1d /dle
C]

E [eV]

6

7

8

9

lo,x_:(/\]i [Mpe])

Feedback 3-16-16, Perimeter Institute

Page 23/58

Pirsa: 16030107



Fordisnh 3. 1616, Poumeins imstitute

Pirsa: 16030107 Page 24/58




e
- . -
'
'
'
. =

Feedback 3-16-16, Perimeter Institute

Pirsa: 16030107 Page 25/58



Pirsa: 16030107

Feedback 3-16-16, Perimeter Institute

Page 26/58



T T T T T 1 I T T I
‘ Nerenov & Vovk (2010)
YA
b
( g BN ¥,
i y £
é ol ‘.«),q’;:_jﬁ
f v f‘u/}
o
g
& CMB
1~ o
=
m &
v,
7 %, clustil
y i simulations
o n"n/
14 /
l:‘ b ‘/ /
"l
'I
16 X 0550505
b 4 b4
'-‘ 'l b 4 b_4 b & 4
I N FOICAHCACHK WK 21
10 -8 H () ( 1+ 1 1 ) |

log( "‘Il ".H‘c |]

Feedback 3-16-16, Perimeter Institute

Pirsa: 16030107 Page 27/58



Feedback 3-16-16, Perimet

Pirsa: 16030107 Page 28/58



DEC
o

dN/d°r (ph dec_"_:
S

—
B

% o

»

e .

i &

¢
£

Inias O R oy Ml PG

J i« \
10~ g | bt ey =i e e it TR Wiy TR

Feedback 3-16-16, Perimeter Institute

Pirsa: 16030107 Page 29/58



Pirsa: 16030107

DEC

Feedback 3-16-16, Perimeter Institute

10

10*

10

.
. T
Many Single
I [ s ' T
[ T L "
L]
_f‘\t). & AV.A A t\*‘T\A e
I Ta V_V V. WITTV Y
. e
' s
| ret L |
l* L
“ |
1 LI Ll | BRI 1 il 1l il L
5 10 %6 20 25 30 35 40 45 650

Page 30/58



FERMI GAMMA-RAY SPACE TELESCOPE

June 11, 2008 -

Typical AGN has ~3000 photons from 1 GeV = 100 GeV

- Must make quantitative predictions!
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E =I
E—) G ()

P, dNygn .
* VHEGR distribution — = fy
P

dt dE dS)
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. . . dNAGN = ) E _FG 9
VHEGR distribution dt dE da fo E, )
AN+  2dt _ dNygy

* Pair production distribution  ———5— = -mem o

2E
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dNggn (ENT
 VHEGR distribution — =y i G(9)
p

dt dE dQ
p . d . d' 'b . dNei _ 2 dT - dN/I(;'N
air production distribution At dE d3x 12 dre dt dE dQ .
* Pair evolution vVf+ 0 [0+ W] = fing

* Inverse Compton scattering of the CMB

dN]C A(.’ff 3mgC5 E ) E -~
— = . At f+| x,2 [—1¢
dt dE d?«a ~(1+2)*16 )¢ €% | 2¢ 2¢
e_

(Forward scattering, € < E, etc.)
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* Halo’s are marginally harder than background:

r
Thato ~ ?“+ 1~2-25  Tpgna ~ 24

* Energetics:

E, \° D s
E~2y%e ~ 14 (ﬁ) GeV ~ 1.4 (L) GeV

PBR2 SOURCE V6 on-axis effective area

. . < 1 %
L] Efflclency: E ap Front
© *— Back
g 0.8] —e Total
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@ 06
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Waoshk f et teae et J
0.4 M o L o S -\
Y
0.3 o w Y
s hY
0.2 /7 W
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" & 1GeV<E <100 GeV
0 . e e
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Source + Background + Halos
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Photon Flux 1,9278401e-08 Photon Flux 3.4275014e-09

Photon Flux 8.7038003e-09

" Need:

» ¢ Redshifts

~* >2 halo photons!

© D> F >4x107° ph/cm?s
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* Source location: X,

* Redshift: z

* 1-100 GeV Flux: Fjc
* Spectral shape: I}, [,
* Orientation: O, ®

* Jet structure: 0;

* Magnetic field: B

* Stochastic Realizations
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* Source location: X,

* Redshift:

* 1-100 GeV Flux:

* Spectral shape: 1, I},
* Orientation: 0,

* Jet structure: 9,-

—

* Magnetic field: B

* Stochastic Realizations
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| 107 Ny

10"

0.9
* Source location: x, 0.8

F (cm's)

107

0.7
* Redshift: a's
1010 b=y $
= 0.5 F >
e 1-100 GeV Flux: '»f ’ ‘ u?r.“” (dc;) ’

0.4
Viewing angle in units of

. 0.3
* Spectral shape: |, I, pc-scale opening angle

0.2 Pushkai
* Orientation: 0, 0.1,

0.0% -A-.ﬂ - - J
 Jet structure: 9,— o tdag)

pc-scale radio opening angle

—

* Magnetic field: B

t . . 0; ~ 1.6a;
* Stochastic Realizations J int

1
Radio blazars! 2 0 < — = 3a;y,;
jet
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* Source location: X,

* Redshift:

* 1-100 GeV Flux:

* Spectral shape: ', I},
* Orientation: 0,

* Jet structure: 0; Where needed:
o , * Fix magnitude
* Magnstic field: & * Choose random direction

* Stochastic Realizations
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* Source location: X Procedure:

. 1. Draw a set of unknown source

* Redshift:
parameters for the Gold Star
 1-100 GeV F|Ux: Sample
* Spectral shape: |, T}, 2. Draw a set of gamma-rays from
‘ ) halo + src + bkgnd models
* Orientation: O, 3. Construct & stack power spectra:
. e 0. 2
Jet structure: 0; 1 1 '
— P, = — — ezmek
* Magnetic field: B m- N N,
sre PMik=1

* Stochastic Realizations
4. REPEAT!

- Get Confidence Levels
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If no plasma instabilties
Ag > 30 Mpc ruled out!

If plasma instabilities
Ag = ¢/wp generated!
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* IC halos a natural probe of plasma instabilities also!

* In absence of halos, TeV blazars unified with AGN, O-parameter
fits to:
Hard-blazar (I' < 2) flux distribution (1FHL, 2FHL)
Hard-blazar (I' < 2) redshift distribution (2LAC)

Extragalactic Gamma-ray Background

* In presence of halos, searches based on structure

Beaming or Gyration = bipolar structure!
Insensitive to known contaminants (e.g., PSF!)
Fermi Gold Star Sample is consistent with no halos!

No halos with IGMF with B > 1071 G, A5 > 30 Mpc
Developing sample for Ap < 10 Mpc
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