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BACKGROUND
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GAMMA RAY ASTRONOMY

 Allows us to study energetic objects and 

extreme conditions

 Detect non-thermal emission

 Strong magnetic and gravitational fields

 Cosmological probe

 Dark matter

 Evolution of universe
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GRB 080916C, NASA/Swift/Stefan Immler



AIR SHOWERS

 Earth’s atmosphere opaque to gamma rays

 Collisions with nuclei in upper atmosphere

 Pair production and bremsstrahlung

 Secondary particles produce Cherenkov light

Adapted from 
http://justphysics.gr/files/site/JustPhysics/pdf_files
/Astroparticle_Physics/Papers/Simulation_em_sho
wer.pdf
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IACTs AND VERITAS

 Cherenkov light is in visible band

 Can be detected by optical telescopes

 Arrays reconstruct shower information

 Several major IACTs: HESS, MAGIC, VERITAS, 

CTA (soon)

Holder 2015 (https://arxiv.org/abs/1510.05675) 6



IACTs AND VERITAS

 Very Energetic Radiation 

Imaging Telescope Array System

 Four 12-meter optical telescopes 

in Arizona

 First light in 2007

 Key instrument for very high 

energy observations

Image credit: VERITAS

7



THE CRAB NEBULA

 Pulsar wind nebula within supernova remnant

 ~1000 years old (formed after SN 1054)

 Target of observation at multiple wavelengths

 Key VERITAS calibration source

 No flux variability at high energies

Optical: NASA/HST/ASU/J. Hester et al. X-Ray: 
NASA/CXC/ASU/J. Hester et al.
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THE CRAB NEBULA

 Pulsar loses rotation kinetic energy

 Energy transferred to fast-moving 

particles

 Particles shock after impacting 
surrounding material

 Non-thermal emission: synchrotron 

and inverse Compton scattering
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As seen on Prof. Jules Halpern’s website



THE CRAB NEBULA

 Common fits for gamma ray Crab 

spectra: power law

 Spectral index of -2.46 to -2.49

 No variability at high energies

Hillas et al. 1998 https://iopscience.iop.org/article/10.1086/306005
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BL LACERTAE

 Active galactic nucleus at z = 0.07

 Supermassive black hole accreting 

matter

 Relativistic jets emitted orthogonal 

to disk

 Blazar: jets almost at line of sight

Manel Errando, PhD thesis
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BL LACERTAE

 Blazars help us study

 Supermassive black holes

 Cosmic rays

 Intergalactic magnetic fields

 Cosmological phenomena

12Desai et al, 2019 https://arxiv.org/abs/1903.03126



BL LACERTAE

 Blazar SEDs characterized 

by two peaks

 Low-energy peak: 
synchrotron radiation from 

relativistic electrons

 High-energy peak: IC 

scattering or hadronic 

processes

Gao et al. 2019 https://www.nature.com/articles/s41550-018-0610-1 13



BL LACERTAE

 TeV emission

 TeV flares going back several years

 Major flare in May of 2019

Arlen et al. 2013 https://iopscience.iop.org/article/10.1088/0004-
637X/762/2/92
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MOTIVATION
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VERITAS FLUX DECREASE

 Observed over last seven years of data

 Season-to-season decrease and decreases 

within season

 Affects all four telescopes

 Hypothesis: losses in gain and throughput
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Image credit: Tony Lin



G/T FACTORS

 Current proposed solution: compute 

corrections for each individual run

 Tony Lin and Colin Adams have done the 

computations

 Inserted along with calibrations and other 
corrections
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G/T FACTORS
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METHODS
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DATA ACQUISITION

 Crab data: 18 nights over 2017-2018 

season

 “A” grade weather or above

 All four telescopes nominal

 BL Lac flare May 3 2019

 Also tested other nights in 2018-2019 

season

20



ANALYSIS

 VEGAS software developed specifically 

for VERITAS

 Compute and apply hardware-related 

calibration

 Apply correction factors

 Add cuts, including telescope cuts

 Background estimation and spectral fits

 Light curves
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RESULTS
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CRAB SPECTRA
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CRAB SUBARRAYS
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CRAB SUBARRAYS
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BL LAC SPECTRA
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BL LAC LIGHT CURVES
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DISCUSSION
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G/T FACTORS EFFICACY

 It seems that the G/T factors don’t 

significantly help with spectral fits for the 

Crab

 Increase in flux in subarrays but peculiar 

spectral hardening

 Improvement in detection of BL flare but 

not in characterization
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SPECTRAL HARDENING

 Statistically significant hardening with all 

four telescopes

 Completely disagrees with literature 

results

 One more sign that the correction 
method may be wrong
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FUTURE WORK

 Change analysis method: ITM

 Change when/how correction factors are 

applied

 Test g/t factors on other observing 

seasons
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