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The Problem...

Intergalactic B-field
(IGMF)?

Pierre Auger (concept)

weak deflection

strong deflection
halafB?

Milky Way




osmic-ray propagation

Propagation model
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Plausible Sources (officially)
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[nteractions behind Propagation
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Searching for the Anisotropy...
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UHECR Propagation in Action
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osmic-ray propagation
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osmic-ray propagation
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Components of the EGEB

Known players:

+ Star-forming galaxies

+ Active galaxies (blazars, and
maybe some from other types
of radio galaxies)

L oRAcadetss Suspected contributors:
. et e Tryly diffuse emission -

Bremsstrahlung

Galactic diffuse emission gamma rays produced in EM
(CR interactions with the interstellar medium) . .
cascades of highly energetic
particles

Players about which we like
to speculate:

Isogrzgliriaﬁi‘f;f;;ﬁci;;ion * Exotic thSiCS (e. g., dark
matter annihilation?)




One cannot live ofl’ of spectra alone...
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b. 1. Gaussian kernel (o = 0.57) smoothed counts maps of the region of interest (ROI) in a true local projection before (left) and after subtraction
he background model (right) for the energy range 200 MeV-20 GeV and for a pixel size of 0.05° x 0.05°. Overlaid are IRIS 100 um contours
ENISI convolved with the LAT point spread function to indicate the extent and shape of the galaxy. The boxes show the locations of the 4 point

Nah... It's more
like this...
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Fig. 1. Gaussian kernel (o = 0.5%) smoothed counts maps of the region of interest (ROI) in a true local projection before (left) and after subtraction
of the background model (right) for the energy range 200 MeV-20 GeV and for a pixel size of 0.05° x 0.05°. Overlaid are IRIS 100 um contours
of M 31 convolved with the LAT point spread function to indicate the extent and shape of the galaxy. The boxes show the locations of the 4 point
sources that have been included in the background model.
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of the background model (right) for the energy range 200 MeV-20 GeV and for a pixel size of 0.05° x 0.05°. Overlaid are IRIS 100 um contours
of M 31 convolved with the LAT point spread function to indicate the extent and shape of the galaxy. The boxes show the locations of the 4 point

sources that have been included in the background model.

Hey!!!

about this...

You [orgot

HiRes 1&I1
Fermi LAT

p (best fit)

v, 0 (99% C.L.)
~ (99% C.L.)

10710

i L T T TTTT ‘ T T T TTTT l T T T TTTIT ‘ T LI i

107 —_ -
10° E —
= I E
2 : ]
= > =

"n @
« 104 Z_ —— : —=
E = | m =
0 39 — i -
> - NP—i —
IV E -
— b . p—

s -
z 10° = ==
}LE I:IU]IUIU]] 8 Lot 1 M\ =
10 xwuu_ Z Lo LN ]
7 > 10" 10" 10' 10* 5
— — Energy [GeV] —
10.6 : Ll l 1 1 1 {1a] B K & l 1 1 1 L1 L 11 ! _1-
m 1‘2 -—-_ 10_5 T T T T T T T T T T _:
['4 — =
[T 1B Erin = 10183 eV =
S o8|/ _ 23
< = 1076 1 I =
S o8/ . I ) =
g = n maximal cascade =
e =
0.2 — | -
L+ 1 wm —_—
B

10—11
01 1 10 10% 10°

10* 10° 10% 107 10% 10° 100 10"

1012







Hey guys... We DO

have more than just a

spectrum...




Anisotropy of a Multi-component EGIB

® Determine (([), the angular power of fluctuations in intensity at a given
angular scale, /, as a function of energy.

® [n a two component background, the anisotropy energy spectrum 1s given
by
Cl*'= A2CH + £7CI? + cross terms,
where fy 1s the fractional contribution of component n to the background

(ﬂl — [n(E)/[tot<E)>.

® [f the relative contributions of the components of the background change
as a function of energy, the result 1s a modulation 1n the spectrum of the
anisotropy as a function of energy.




Anisotropy Studies

Cuoco, Komatsu & Siegal-Gaskins 2012
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Fig. 1. Gaussian kernel (o = 0.5%) smoothed counts maps of the region of interest (ROI) in a true local projection before (left) and after subtraction
of the background model (right) for the energy range 200 MeV-20 GeV and for a pixel size of 0.05° x 0.05°. Overlaid are IRIS 100 um contours
of M 31 convolved with the LAT point spread function to indicate the extent and shape of the galaxy. The boxes show the locations of the 4 point
sources that have been included in the background model.
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Anisotropy as a Function of Energy
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VHE Gamma Rays in the EBIL

100 —— T

Extragalactic background light (EBL) | H -

consists of:

+ Emission from starlight at NIR/Opt./UV o

wavelengths E ot ]
+ Reradiated thermal dust emission at FIR c)

wavelengths <

—— Fiducial model
——— Lowmaodsl
— — Kneiske et al. {2004)
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Gilmore et al. 2009

Cascades -

+e*e pair production

+1inverse CGompton scattering of
cascade electrons

Venters 2009
=> For a cosmological population - spectrum should exhibit a suppression at the high

energy part of the EGRB and an enhancement at the lower energy part resulting from

cascades




Magnetic Deflection ol Cascades

® (harged particles of

cascades deflected by
IGMF.
CaEslc?:de /
_____________________ / L.
Tevy o —_ ® (Gamma-rays nitially
/ emitted off observer’s
GeV y line-of-sight 1nitiate

cascades that are
deflected 1n direction of
observer.

Ando 2009

® Deflected emission
makes a halo around
source.




Search for Gamma-ray Halos
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The Impact of Cascades

® (lascades impact the anisotropy energy spectrum of the EGB in three
different ways:

- For a population of emitters of VHE gamma-rays, cascades can comprise a
significant fraction of the contribution of the parent population to the EGB
(Tpu ).

- (ascade radiation could be a significant contribution to the EGB at higher
energies (lio( )

- Gamma-ray halos resulting from cascade development in the IGMF could
impact the anisotropy of the parent population (C/™).

® lor our particular model, we considered IGMF field strengths that result in
two limiting cases:

- “Isotropization” of cascade radiation (strong IGMF - deflection of cascades
1s large enough that cascades from one source would be confused with
another).

- No magnetic deflection of cascades (zero IGMF).
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The Impact of Cascades (non-zero B)
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The Impact of Cascades (non-zero B)
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Future W ork

® '|'he cases presented here assume that the cascades would not
have appreciable amisotropy, either because there are no halos
(zero IGMF case) or the density of halos 1s large compared to
the source density. For intermediate field strengths, cascades
could have appreciable anisotropy, and their fluctuations
would correlate with the parent population.

® [0 assess the impact of cascades and their corresponding
halos on the observed gamma-ray sky, we will explore field
configurations that more closely resemble those expected 1n
large scale structure.
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Conclusions

+As TeV gamma rays propagate through the extragalactic
background light (EBL) and the CMB, they initiate

electromagnetic cascades.

+ Charged particles are deflected in the IGMF — halo of
lower energy gamma rays around a 'IeV source —

modulation in the anisotropy wn energy bands with significant
cascade emission.

Amnisotropy studies of the gamma-ray sky could provide insight into
the IGME
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Maximum Ba@kgmund from EM Cascades due
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PP Laboratory open questions

Connection with Accretion Disk
and Black Hole?

Effect on host galaxy? Galaxy

Population properties?
Evolution?

< Relativistic jet

s radio e
1n the same location as the
gamma-ray emission?

(e o] ay

Where “
in the jet? |

| o

< Small angle between jet axis and
line-of-sight

< Broadband emission from jet

< Gamma-ray emission: IC
of soft photons
from energetic electrons—

Are p* efficiently accelerated?
Is energetic e population
directly accelerated or 1is it
Where do the produced in p* induced cascades?

. . energetic electrons_|_=—_
< Very luminous, variable come from? :

What is the duty cycle Overlap of bursts? Or
of blazars? continuous emission + variability?




