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Extragalactic Background Light

Light from reionization, star formation, galaxy evolution,
emission by active galactic nuclei
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Indirect Measurements of EBL with Gamma-ray Emitters

VEBL
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Photons from distant gamma-ray sources interact with
via , VHE y-ray flux attenuated

DESY 3



TeV Transparency

e Optical depth 1 increases with and
e Depends on yy interaction cross-section and number density of EBL photons
(product integrated over distance, energy and angle)

1.000 F L0*E S
K E z=0.01
10°E
0.100F - 102k
’E i ] :
i e L
5 & 10¢
ol E
q) -
0.010} E 1.0
0.1
0.001 L L MR | N N TR | N N N T 10—2- ) g L ) ) L ) ) L
0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0

E,(TeV) E,(TeV)

Dwek & Krennrich 2013

To probe full EBL spectrum, need gamma-ray sources
emitting to , located out to
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Probing the EBL Spectrum

E
)\EBL:O.E)—S,umX( 2 )x(l—l—z)2

1TeV
Frequency v [GHz]
10° 10° 10* 10° 107 10!
10'6§ ' l T | | T
L Dole 2006
10‘75— E
H CMB
f.*E 10°® -
= )
d & &
10 / 1 10Waveler{gthk[um%o 10 10
Dominated by Dominated by (relatively)

distant sources nearby and “extreme” sources

DESY



Probing the EBL Spectrum
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EBL Measurements with Blazars
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Narrow Line
Region

Broad Line
Region

Accretion
Disk

Gamma-ray emission to > 1 TeV

Detected to high redshifts (e.g. PKS
1424+240 @ z=0.604)

Confounding factors
» Intrinsic spectral curvature/cut-offs

« Extreme flux variability, spectral
variability

 Redshift measurements



VERITAS Instrument

very-high-energy

y-ray FLW Observatory in southern AZ
Energy range: ~85 GeV - 30 TeV
Angular resolution: 0.1° @ 1 TeV
Field of view: 3.5°
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Multiple telescopes
for stereoscopic imaging
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Photomultiplier tube cameras
for faint & fast signal

Credit: J. Holder
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VERITAS source sample
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* High & low states

treated separately
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VERITAS EBL Measurement
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* Generic EBL shapes @ z=0 E

 Redshift evolution tuned to track theoretical models

« Calculated opacities used to correct observed spectra
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VERITAS EBL analysis
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Systematic uncertainties & stability

e
o
n

T T T T T T - - 1
! VERITAS 68% containment, no sys.uncert. SyStematl c u n ce rta I ntles
VERITAS 95% containment, no sys.uncert.
VERITAS 68% containment, with sys.uncert.
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« Energy scale uncertainty
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» Uncertainty in redshift evolution

* Sources with uncertain redshift
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68% containment, all spectra

Robustness check
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 Remove sources one by one
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VERITAS EBL Measurement in Context
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Is the EBL resolved?
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Conclusions

 New VERITAS EBL measurement based on ~10 years of blazar observations

 VERITAS measurement consistent with lower limits on EBL intensity from

« VERITAS measurement consistent with and

What now?
. still loosely constrained

« Bright, nearby sources (Markarians, M87 flares?)
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