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Galaxy Evolution and Cosmology

Cosmic microwave background

}7 Extragalactic background light 4|

Inflation e{

Star formation begins

Scientific American, June 2015
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Cosmic Diffuse Extragalactic Backgrounds
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Measuring the Extragalactic Background Light

The COBE Satellite

DIRBE Beam Size

Deployable Sun, Earth,

RF'Thﬂrm?I Shield DMR Antennas

Helium Dewar

Deployable Solar Panels

DIRBE imaged the sky in 10 photometric
bands from 1.25 to 240 microns with a
beam size of 0.7x0.7 sq. degrees




Measuring the Extragalactic Background Light

TABLE 2
DEecoMPOSITION OF THE DIRBE INTENSITY
2.2 pym 3.5 ym
Component (kJy st~ 1) (kJy sr™ 1)
Total i vmeniansnie 1375 + 0.3 105.3 + 0.3
Zodi.......cooviiiinnnnn. 101.8 + 38 804 + 33
ISM oo, 1.1 + 02
Stars, m < 9 mag...... 74 + 22 53+ 18
Stars, m > 9 mag...... 119 + 06 57 + 03
EBL  rerreeeeereneenes 164 + 44 12.8 + 38

EBL is an order of magnitude
lower than foregrounds and subject
to large systematic uncertainties,
e.g. Gorjian+ 00

Zodiacal light, visible under the right conditions: typically
after the sunset in Spring and right before sunrise in Autumn




Measuring the Extragalactic Background Light
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Ma31 view from the UV to the far-IR, Credit: NASA & ESA




Measuring the Extragalactic Background Light
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Galaxy number counts in the
Hubble Deep Field,
e.g. Madau & Pozzetti, 2000




Measuring the Extragalactic Background Light
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Measuring the Extragalactic Background Light

Theoretical

(e.g. Gilmore+ 12; Inoue+ 13) Observational

Direct galaxy observations Indirect observations
(e.g. Stecker+ 06, Franceschini+ 08, (e.g. Kneiske+ 10; Finke+ 10;
Dominguez+ 11; Helgason+ 12; Khaire+ 14, )
Stecker+ 16; )




Extragalactic Background Light (Local)
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Extragalactic Background Light (Evolution)
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New EBL Model Saldana-Lopez+ 21
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New EBL Model Saldana-Lopez+ 21
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New EBL Model Finke+ 22
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Gamma-ray Attenuation

Extragalactic source:

e.g. Blazar

Blazars: AGNs emitting at all wavelength
with energetic jets pointing towards us.

Pair-production interaction

Reverse of most known electron-positron
annhilation process

Telescopes: Fermi-LAT and

B oo Imaging Atmospheric

Cherenkov Telescopes
(TIACTys)

llustration: Nina McCurdy & Joel Primack




Gamma-ray Attenuation

dN d N
= exp |—T7(F, z
dl | obs dl lint ! [ { ' }]
Ta dt 1 d o0
Toy( By 25) = c/ — dz/ (1 —p)—uf 0 (€gBL, €y, L)NEBL(E, 2)deEBL
0o |dz =1 2 2m2ct /e, (1—p)

00
- 3 j(E,Z) dt ’
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Energy [TeV]

Cosmic Gamma-Ray Horizon
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13 9 § 5 4 3 2
Blazars (HEP)
Lt
0.1}
001 L 1 i1e a1 % ) @, ® 7, 4 1 &_© ;819 101 ia1 1.1 11 11 1 i
0 0.5 1 1.0 2 2.0 3




Energy [TeV]

Cosmic Gamma-Ray Horizon
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See also Fazio & Stecker 1970,
Dominguez et al. 2013
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Optical Depths from Gamma-ray Data
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Extragalactic Background Light from Gamma Rays

102 |
This work: GeV+TeV+IGL
GeV only
4l %  Biteau & Williams 2015
il @ Abdalla et al. 2017
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(also see works by the MAGIC, VERITAS, and
H.E.S.S. Collaborations)




Cosmic Star Formation Rate

UV (0.16 microns) to SFR:
Time since Big Bang (Gyr)
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Tension on H0 Measurements
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Gamma-ray Attenuation

dN d N
= exp |—T7(F, z
dl | obs dl lint ! [ { ' }]
Ta dt 1 d o0
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00
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distance

See Dominguez & Prada 13,
Biteau & Williams 15
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Measuring H, with Gamma-ray Attenuation

- This Work, F10
This Work, D11
——  This Work, EBL combined
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Tension on H0 Measurements
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Take Home Messages

The EBL attenuates gamma rays that propagates
through cosmological distances and needs to be
consider for the study of these photons.
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