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VERITAS
The Very Energetic Radiation Imaging Telescope Array System

• 4 x 12 m diameter telescopes 
• 4 x 500 pixel PMT cameras 
• 500 MHz FADC readout 
• Sensitivity <1% in 25 h 
• Energy range 85 GeV to 30 TeV 
• typically per year: 

• 850 h dark operation 
• 200 h moonlight operation 
• 250 h very bright moonlight 

conditions 
• in operation since >10 years: 

• >12 000 h observations

3.5 deg 
field of view
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VERITAS DL3 Production - Motivation

• VERITAS is operating since >10 years using software developed 
collaboration-internally for reconstruction and analysis 

• profit community effort (CTA, astropy, …) 
• larger-than FOV sources 
• multi-instrument analysis  
• ideal format for VERITAS legacy products
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Data flow

+ IRF production
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DL3 Exporter – Point-Like
• Point like IRF exporter have been tested and 

stable. 

• VEGAS support point-like IRFs for all VERITAS 
data now. 

• EventDisplay v500 will allow exporting data to DL3.

Full enclosure 
implementation close 

to be finalized
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Questions / Challenges (1)

• question of DL3 format for events and 
IRFs is solved 

• most work is the adaption of the ‘internal’ 
tools to the expected IRF definition 

• dependency on internal tools 

• developers & expertise  

• setup requires almost complete processing 
with internal tools 

• VERITAS legacy - DL3? 

• requires validated IRFs for all observing 
modes / instrument states over the past 
years  

• processing of all VERITAS data from DL0-
DL3 can be done in a few weeks

+ IRF production
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Questions / Challenges (2)

• optimisation of time of validity of IRFs 
(e.g. response changes with elevation,  
moonlight illumination, telescope configuration) 

• full enclose IRF: 

• require Monte Carlo productions for full 
field of view 

• background models  
(on/off observations; matching 
observations; ..) 

• event types (e.g. event quality) vs event 
classes (soft, moderate, ..)
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VERITAS Observations during Moonlight
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40 S. Archambault et al. / Astroparticle Physics 91 (2017) 34–43 
Table 1  
Compilation of the performance values for the different observing modes for the gamma-hadron separation 
cuts used in this analysis. Detection is defined as 5 σ using the ring background method [37] . “Raw” and 
“corrected” sensitivity values correspond to the sensitivity based on the raw exposure (the total length of 
time the array is taking data, excluding periods removed for bad weather) and live time, respectively. 

Time to Detection (min) Energy Raw Crab Corrected Crab Raw Crab Sensitivity 
Mode Crab Flux Fraction Threshold Sensitivity Sensitivity (E >  1 TeV) 

1 0.05 0.01 (GeV) ( σ / √ 
hr ) ( σ / √ 

hr ) ( σ / √ 
hr ) 

NOM 0.78 84.2 1760 158 43.9 47.9 17.2 
RHV 0.78 86.4 1820 158 43.8 45.4 16.3 
UVF 2.11 273 5980 251 26.7 26.9 14.2 

Fig. 5. Typical gamma-ray effective areas for the three observing modes at 20 ° zenith angle and typical observing conditions for that mode. Above 300 GeV, RHV is very 
similar to NOM. Conversely, UVF is less than the NOM configuration at all energies; this is consistent with there being a reduced collection efficiency due to the reduction 
in the number of Cherenkov photons reaching the PMTs due to the filters, reducing the sensitivity to faint showers. 
time of the array, NOM observations are more sensitive than RHV. 
The UVF configuration is significantly less sensitive than the NOM 
mode and has a higher analysis energy threshold and has typical 
trigger rates of about 50 Hz. Examples of the effective area as a 
function of energy used in this analysis are given in Fig. 5 . The 
RHV effective area is comparable to the NOM effective area at all 
energies above about 300 GeV. Furthermore, for the cuts used in 
this work, the analysis-level energy threshold is similar for the two 
modes (about 160 GeV). The UVF energy threshold in this analysis 
is significantly higher (about 250 GeV) with a comparable effective 
area only reached above 1 TeV. 

The angular resolution of each observing mode has also been 
investigated; the angular resolution of the RHV mode is similar 
to that of NOM (0.1 ° 68% containment radius at 1 TeV). Con- 
versely, UVF has systematically poorer angular resolution; this is 
a 15% effect at 1 TeV and a 35% effect at 500 GeV. This is consis- 
tent with there being less light arriving at the PMTs for a given 
shower which results in fewer PMTs contributing to the shower 
image, which increases the uncertainty in the reconstruction of the 
shower’s arrival direction. 
7. Systematic uncertainties associated with new observing 
modes 

The dominant systematic uncertainties for IACTs are: limits in 
the knowledge of the time variability of the atmospheric param- 

eters, the impact of degradation of the mirrors due to aging, and 
PMT-to-PMT variation in the quantum efficiency. None of these fac- 
tors are impacted by the changes associated with these two new 
observing modes. Thus we do not expect a significant change in 
the systematic uncertainties. To estimate any additional impacts, 
we consider each mode in greater detail. 

The PMT pulse shape and width vary as a function of high volt- 
age, with the differences resulting from the voltage change used 
in this observing mode sufficiently small that it does not impact 
upon the telescopes operation and thus does not introduce any 
additional systematic error. The additional PMT-to-PMT variation 
due to the reduction in gain is small, and is corrected for in the 
analysis of the data by using the nightly flasher runs and, when 
combined with other errors, they are not expected to increase the 
overall systematic uncertainty. Comparisons of data to Monte Carlo 
simulations made for RHV show good agreement (comparable to 
those of the NOM data set). The standard estimate of the system- 
atic uncertainty of the VERITAS energy scale is ∼ 15 − 20% (see 
[38] ), resulting in a systematic uncertainty of 20% on the source 
flux and 0.2 on the spectral index for a Crab Nebula-like spectrum. 
Given the agreement between the RHV and NOM data/Monte Carlo 
comparisons, we maintain these systematic uncertainties for the 
RHV mode. 

The impact on the systematic uncertainties is different for the 
UVF mode as the addition of the filters both adds additional ma- 
terial for reflection/absorption (the response of which can change 

normal operation 
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Conclusion

• Accepted that DL3 seems like the most reasonable option for 
producing VERITAS legacy products  

• VERITAS have made good progress on DL3 exporter 

• machinery for exporting VERITAS to both ”point-like” and 
“full-enclosure” DL3 file are working for both VERITAS’ 
analysis packages. 

• progressing towards science worthy full-enclosure DL3 data. 

• joint IACT scientific projects are already possible  
(Crab Nebula demonstrator) 


