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Cosmic Background Radiation
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Cosmic Gamma-ray Backgroun
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- FSRQs (Ajello+12), BL Lacs (jelio+14), Radio gals. (vr11), & Star-

forming gals. (Ackermann+12)



Extragalactic Background Light (EBL)
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Gamma rays are attenuated by EBL
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Blazars

i + Non-thermal emission from
radio to gamma-ray

|« Two peaks
- Synchrotron

- Inverse Compton

/ 1 « Luminous blazars tend to
gl o1 v o103 have lower peak energies
2 0 5 10 (Fossati+'98, Kubo+'98)
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EBL Constraints from Gamma Rays
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Fermi and H.E.S.S. derived the EBL opacity or intensity using the
combined spectra of blazars (see also Gong & Cooray 13, Dominguez +'13).

Inconsistent with the NIR EBL excess.

They assume simple log-parabola or power-law spectra.
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http://adsabs.harvard.edu/abs/2012Sci...338.1190A
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Dark Energy & Gamma rays?

Gamma ray attenuation (ThIS work) '
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Derive the cosmic expansion rate using gamma-ray horizon.

Future data may allow to constrain cosmological
parameters.



Spectra Assumption

- Log-parabola (+ exp. cutoff)
- Single power-law (+ exp. cutoff)

= 550



>100 GeV Gamma Rays from z=1.1 & z>0.6
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Distant very high energy (VHE) sources show spectral
hardening.



Is VHE Spectral Hardening Universal?
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- Spectra of blazars at z > 0.15 show hardening from a few

hundred GeV.



Secondary Gamma Rays? Stochastic Acceleration?
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- Secondary gamma rays from cosmic rays along line of sight
(Essey & Kusenko 10, Essey+'10, Essey+'11, Murase+'12, Takami+'13)

- Stochastic acceleration can generate hard electron spectra
(Stawarz & Petrosian ‘08, Lefa+'11, Asano+'14).

- Lepto-hadronic scenario (inoue-san’s talk).
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Direct Measurement of EBL
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- Foreground: Zodiacal light, Diffuse galactic light, Star light.



Direct Measurement of EBL
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counts.

- EBL peak at near infrared?
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- Pioneer 10/11 measurements are consistent with galaxy

. Recent AKARI measurements are consistent with IRTS.



NIR Sky Fluctuation
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- AKARI & Spitzer reported NIR background fluctuation at 2.4, 3.2,
3.6,4.1 and 4.5 um (Kashlinsky+'05, ‘07, '12, Matsumoto+'11, Cooray+'12).

. 15-20% of CIB fluctuation is correlated with CXB (cappeliuti+'13).

- The angular power spectrum at large scales is close to the shape
of a Rayleigh-Jeans spectrum, A3 (Matsumoto+11, Cooray+12)
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Can we explain the NIR EBL excess
in spectrum and fluctuation?
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- A component other than galaxies should significantly
contribute to the NIR EBL.
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First stars ?
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- Lyman alpha photons from z~10
will redshifted to ~1 um at z=0.

- We might see the light for first stars.

- But, we need very high first star
formation rate density.

rq: ']~5: """"""""""
o 1.0F ]
% N

_ 0.5F .
| -

> 0.0F :

5 : NIRB
= —0.5F .
E —1.0 f—Gobosch et al. (2004) -
L C 1
2 sk N :
S 20
5 10 15

'+2  Fernandez & Komatsu ‘06



Neutral Fraction xyy;

0.9

0.8

0.7

0.6

0.5

0.4

0.3

Reionization Constraints

| ' —I— - :o‘:"-:" | )
T e .
’ - —
/O
P .
¢ S
/7 —
/
/
p —
/
/
’ -
!

, —

-’ ~ ,, -

’ So ] (X, z)=(1.0, 0.0) =—

Y \ I (50.0,10.0) = =7

! M ! (100.0, 10.0) ++=ses .

! \ ! : Totani et al 06 (GRB) —

! \ ! ! Mesinger & Haiman 07 (Quasar) -
f v Ouchi et al 10 (LAE)
,‘ \\ ' : Mortlock et al "11 (Quasar) — |
! W -

(fose; ©)=(0.2, 3.0)
L bt ffe“cl A

6 8 10 12 14 I8
Redshift z YI +’13a

Neutral Hydrogen Fraction

observed reionization data.

0.11

0.1

0.09

0.08

0.07

0.06

Optical depth 7,

0.05

0.04

0.03

| | | | |
/, ) o
(faser ©)=(0.2, 3.0)
) (X, z.)=(1.0, 0.0) ="
& (50.0, 10.0) ===
& (100.0, 10.0) ssseess |
l 1 l 1 l 1 l A l L
8 10 12 14 16 18
Redshift z YI +'13a

Electron Thomson scattering opacity

- lonizing photon emissivity of first stars can not violate these



Constraints on First Stars
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- Combining reionization and distant gamma-ray data (E<100 GeV).

- The required first star formation rate density is inconsistent with

reionization data (e.g. Madau & Silk '05; Y1+'14)
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Intracluster Halo Stars?

2n/€ (arcmin)

. 100.0 10.0 1.0 0.1
10 ' IHL |
--—--—--—--1-halo
—1 | —
107 2-halo
——q-=-==- Shot noise
—2 |
10 S
10-3 _/ ............... o
104 7
/’/‘
108}~ e .
|27 e 3.6 um
10-6 /f/ [ | Lowéz
i z>
Ve
107 L Ll T | Ll
102 108 104 10°

10-°

106}

1077

102 103 10% 105

Cooray+'12

Stars stripped from host galaxies
by major mergers.

Intrahalo stars may create a
fluctuation peak at I~1000.

s this population already taken

into account in galaxy counts?
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Summary

- Gamma-ray observations constrain EBL with various
techniques.

- But, VHE distant sources show unexpected spectral
hardening.

- It may not be straightforward to constrain EBL further
through gamma-ray observations of blazars.

- Direct EBL measurement is hampered by foreground
emission (x~100 times higher flux).

- Another component appears in angular power spectrum.
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