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VERITAS Status

• VERITAS just started its 17th year of full-
array operations.


• International Collaboration:

• ~100 members

• >20 active Associate Members
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Wystan Benbow, “Highlights from the VERITAS AGN Program”, 34th ICRC, The Hague

The VERITAS Collaboration
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• ~100 members, 20 institutions

• 24 non-affiliated members

• +35 associate members 

• Managing Organization:  Smithsonian 
Astrophysical Observatory

• Adler Planetarium
• Argonne National Lab
• Barnard College / Columbia University

• Bartol Research Institute / University of 
Delaware

• Georgia Institute of Technology
• Iowa State University
• Purdue University
• University of California, Los Angeles
• University of California, Santa Cruz
• University of Chicago
• University of Iowa

• University of Minnesota
• University of Utah
• Washington University in St. Louis
• McGill University, Montreal

• University College Dublin

• Cork Institute of Technology

• Galway-Mayo Institute of Technology

• National University of Ireland, Galway
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Trevor Weekes for his seminal contributions and leadership in the field of VHE gamma-ray astrophysics, which made 
this study possible. 

• VERITAS operations funded through 2025.

• Funded FADC upgrade to extend optical 

transient monitoring to all pixels.

• Funded mirror re-coating to improve 

reflectivity.

VERITAS array 

Fred Lawrence Whipple Observatory 
in southern Arizona @ 1,268 m a.s.l.


Co-located CTA SCT prototype 



VERITAS Performance
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Long-term instrument response well understood: 
Adams et al., A&A 658, A83 (2022)

A&A 658, A83 (2022)
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Fig. 13. Reconstructed flux of the Crab Nebula above 200 GeV, using 1-day bins and IRFs that correctly match the instrument throughput for
each period. Results are obtained applying moderate cuts to runs with mean elevation >50�. Left panel: each color represents an IRF period. The
blue dot-dashed curve represents the reference Crab Nebula spectrum of Meagher (2015) integrated above 200 GeV, horizontal solid black lines
represent the season-average fluxes, while dashed horizontal curves show the standard deviation of the fluxes for each season. Right panel: shown
in gray is the distribution of fluxes for all seasons combined, with a fit to a Gaussian shape as a solid black line. The dashed black curve shows the
equivalent result when throughput changes are not taken into account in the IRFs. The vertical blue dashed line shows the reference Crab Nebula
flux from Meagher (2015).

Fig. 14. Flux dispersion (�/µ) as a function of threshold energy for
light curves similar to the one of Fig. 13, using moderate cuts. Taking
into account the throughput evolution brings down the statistical uncer-
tainties from ⇠15% baseline to ⇠10%.

ignoring possible correlations. As a caveat, some of the men-
tioned sources of systematic uncertainty are energy dependent
and introduce an error on the reconstructed spectral slope, result-
ing in larger uncertainties for the steepest spectra. The total sys-
tematic uncertainty on the absolute flux level is estimated to be
⇠25% for a �-ray source with a spectral index of ⇡2.5. Starting
from ⇠10 TeV, where the calibration of the low- and high-gain
channels and saturation e↵ects begin to be important, an addi-
tional 5�10% would have to be added in quadrature. Similarly,
we estimate the systematic uncertainty on the spectral index to
be ±0.2 for sources with Crab Nebula-like spectra. For sources
with steeper spectra, the corresponding photon flux is domi-
nated by the emission at the lowest energies, where many of the
systematic uncertainty components that we mentioned become
most relevant. In addition, the impact of the energy scale errors
on the absolute flux become significantly larger and their esti-
mation requires a case-by-case study, beyond the scope of this
document.

Additional sources of systematic uncertainties not directly
linked to the telescope performance have not been included in
this work. Nonetheless, some might have relevant implications
in long-lived ground-based astronomical installations, including
VERITAS. A good example of this is the long-term evolution of
NSB (Massey & Foltz 2000) due to an increased human activity

over time and changes in street lamp technology: from sodium
lamps to LED-based illumination, likely brighter at short wave-
lengths Sánchez de Miguel et al. (2017), where IACTs are most
sensitive. Such long-term variations are likely more evident in
the direction of largely populated areas, for example, Tucson (to
the north) and Nogales (to the southwest) areas, and might have
a significant impact during observations at low elevations. Since
VERITAS simulations are produced for di↵erent NSB levels and
IRFs are interpolated to match the NSB level of each data run,
this e↵ect is corrected to first order in the standard analysis.

7. Conclusions

After almost 15 years of operations, VERITAS performance has
changed due to a combination of hardware upgrades (relocation
of T1, camera and camera electronics upgrades), aging of the
di↵erent components, and maintenance duties, such as recoating
of the most degraded mirror facets. With this work, we aim to
document the calibration e↵orts that have been carried out by
the VERITAS Collaboration during this time.

As a first step, we described in Sect. 3 the di↵erent
approaches that are used to monitor the behavior of the instru-
ment, measuring the gains of each pixel, the relative evolution of
the average camera gain over time, and the changes of reflectiv-
ity and optical throughput due to telescope aging. The described
methodology, now well defined, will continue to be used for the
upcoming years of VERITAS operations and we are confident it
will serve for other experiments as well.

In Sect. 4, we detailed the implementation of the proposed
throughput calibration method in our software pipelines. It is
based on correction factors for the optical throughput or reflec-
tivity ri and the average gain of the camera gi, which we com-
bined into a total throughput factor ti. We showed how the
application of the throughput factors to the measured signals
of the simulated events could be used to produce throughput-
calibrated IRFs for VERITAS. These response functions can
be used to analyze real showers and derive the corrected par-
ticle shower energy and source fluxes. Finally, using the time-
dependent response functions obtained, we evaluated the impact
of the throughput changes on the performance of VERITAS
using di↵erent metrics such as the sensitivity and the energy
threshold.

A83, page 14 of 19

VERITAS Crab Nebula flux > 200 GeV

Field of view 3.5º diameter
Energy Range ~85 GeV to ~30 TeV
Effective Area ~105 m2 at 1 TeV
Sensitivity 1% Crab in <25 h 

Angular Resolution (r68) ~0.08º @ 1 TeV
Energy Resolution ~17%
Sys. Errors: Flux ~20%;
Sys. Errors: Spectral 
Index

~ 0.1

https://ui.adsabs.harvard.edu/abs/2022icrc.confE.721N/abstract


VERITAS Observations
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• Season: September to July each year.  

• Good-weather gamma-ray data / yr: 


• ~950 h in “dark time”. 

• ~250 h in “bright moon” (illum. 

30-65%).

• 4-Telescope efficiency: > 97%.


• Stellar Intensity Interferometry 
Observations:

• Utilize very bright and full-moon 

period. 

• 250 hrs+ / year

VERITAS Observations 🦠 COVID impact : 

• Shut down on 17 March 2020

• Resumed in early September 

2020 with remote observing 
capability.


• Back to mostly on-site operations 
in Fall 2022.  



The VERITAS source catalog
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• 65 sources detected, 8 astrophysical source classes.


• 23 Galactic sources: SNR, PWN, Pulsar


• 41 Extragalactic sources: 41 AGN + 1 starburst galaxy



VERITAS Science Program
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ATOMM:  

Astroparticle, Transient, 
Optical, Multi-Messenger

Split of data taken in 2022-23 season by Science Working Group



Galactic: SNR G106.3+2.7
• Updated results with 86h of observations 


• Boomerang PWN: No strong TeV emission is detected.

• Head region: Diffuse emission detected by VERITAS (MAGIC reports significant 

emission).

• Tail region: Strong gamma-ray emission detected. 


• Systematic checks on the full data set (>150h ) ongoing. 

7Park (VERITAS Collaboration), PoS (ICRC’23) 869



Galactic: PSR J2229+6114 and Boomerang PWN

• Detailed study of the Boomerang 
PWN with NuSTAR. 


• No significant TeV emission 
associated with the PWN. 


• Time-evolved SED model prefers 
low B field and d=7.5kpc.
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Massimo Capasso
Columbia U

Jooyun Woo
Columbia U

Pope et al. (NuSTAR+VERITAS), ApJ submitted

SNR G106.3+2.7 region

NuStar 3-10 keV



Galactic: Binary HESS J0632+054 

• More than 450h of data (H.E.S.S.+MAGIC+VERITAS) taken 
over 15 years. 


• Characterized gamma-ray period to be 316±4 days, 
compatible X-ray period. 


• Year-to-year flux variation indicates orbit-to-orbit variability.


• Very high significance correlation between X-ray and TeV 
flux. 

9

Adams et al. (VERITAS+MAGIC+H.E.S.S.), 2021, ApJ, 923, 421



Starburst galaxies: M 82

• Discovery of TeV emission in 2008-09, ~5σ in 137h of data, Γ= 2.5 ± 
0.6; F ~ 0.9% Crab 


• Models: The cosmic-ray density in M82 is 500x Milky Way & If SN 
are the primary source of cosmic rays in the Milky Way, this requires 
10-30x higher supernova rate in M82 (this is observed by others) 


• Update: ~335 h in 2008-22: 6.5σ in 254 h (good data): Γ= 2.3 ± 
0.3stat ± 0.2sys; F(>450 GeV) ~ 0.4% Crab 

10

Lab Saha, SAO

Saha (VERITAS Collaboration), PoS (ICRC’23)



Blazars: VHE Discovery of S3 1227+25 

• Fermi-detected IBL @ z = 0.325: Unlikely VHE source (Γ4FGL ~ 2.10; Γ3FHL ~ 3.3; F(>10 GeV) ~ 
1% Crab) 


• Discovery during LAT-based ToO in May 2015: ~7 h on 5 nights => Detected on only 2 nights 
(~13σ) 


• Soft spectrum (Γ = 3.8 ± 0.4); F(>120 GeV) ~ 9% Crab Nebula flux; Strong correlation between 
optical / gamma-ray fluxes. 


• Data are well described by a single-zone leptonic (SSC) model. 

11

Atreya Acharyya
U Alabama

Acharyya et al, 2023, ApJ, 950, 152



Blazars: The VERITAS HBL sample

• Based on the 3HSP catalog 
(Chan et al. 2019): 
synchrotron peak in the UV 
to X-ray range.


• Good observing conditions 
with VERITAS: 1.7° < decl. < 
61.7°.


• Off the galactic plane: |b|
>10°.


• Estimated synchrotron peak 
luminosity > 6.3⨉10-12 erg 
cm-2 s-1.


• Total of 36 sources (21 
already TeV-detected).

12

The VERITAS HBL sample, in celestial coordinates.

Pazit Rabinowitz
Washington U in St Louis



Blazars: The VERITAS HBL sample
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objects not in TeVCat

Using more than 1,800h of 
archival observations 
obtained since 2007 + 215h 
of dedicated observations 
completed in 2019-22.

• We use all 4-telescope data 
available for sources in the 
VERITAS HBL sample. 


• To minimize bias in flux 
measurements, we remove all 
data runs that were triggered 
by other observations (optical, 
X-ray, Whipple 10-m, MAGIC, 
HAWC, VERITAS self-triggers).


• Minimum source exposure is 
8h, median exposure is 35h.


• Goal of the observing 
campaign is to achieve 3σ-
sensitivity for 1% Crab blazars.



Blazars: Discovery of RBS 1366

• RBS 1366: Extreme high-frequency-peaked (3HSP => 
𝛎synch ~ 1017.6Hz) BL Lac @ z = 0.237 


• Extensive VHE observations (~57 h; 2008-22) with 
VERITAS => VHE discovery (6.5σ, ~360 𝛾) 

14
Deivid Ribeiro
U Minnesota

Pazit Rabinowitz
Washington U in St LouisRibeiro (VERITAS Collaboration), PoS (ICRC’23)



Blazars: X-ray—TeV correlation Mrk 421

• Strictly simultaneous 
observations with Swift.


• 127 coincident data runs, 
26h of strictly simultaneous 
exposure, spanning 15 
years.


• Median VERITAS exposure 
is 12 min. 


• Remarkable correlation 
spanning almost two orders 
in magnitude in X-ray/TeV 
flux.


• 𝜒2/𝑛𝑑𝑓= 956/125 = 7.65 


• Scatter must be scientifically 
significant. Not driven by 
data uncertainty. 

15

Connor Mooney
U Delaware

FTeV ∝ Fx
keV

Mooney (VERITAS Collaboration), PoS (ICRC’23)



M. Santander - Multimessenger and transient astrophysics with VERITAS — ESAC Meeting, September 2021

VERITAS as a multi-messenger / time-domain facility

• Strong scientific motivations for MMA/time-domain 
observations.  

• World-leading sensitivity in the VHE gamma-ray band.
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VERITAS FoV

Adapted from F. Schüssler
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Air-shower arrays

IACTs

• ~10 deg2 field-of-view. Expanded optical capabilities. 

• Unique instantaneous field-of-regard (i.e. available sky) 
compared to other VHE observatories (current or 
planned). Critical for rare or transient event follow-ups.

SNe

Multi-messenger and transients

Extensive follow-up programs:

• Neutrinos

• Gravitational Waves

• Fast Radio Bursts

16

• Gamma-ray Bursts

• Tidal Disruption Events

• Superluminous Supernovae 



Transients: Neutrino follow-up PKS 0735+178

• PKS 0735+178 associated 
with IceCube-211208A in 
December 2021.


• IceCube track event with 
Eν=171 TeV with 50% 
astrophysical origin.


• NuSTAR detects hard X-
ray emission from PKS 
0735+178. 


• Strong GeV detection.


• Upper limits from H.E.S.S. 
and VERITAS indicate 
cutoff at 100 GeV.


• External soft photon field 
is necessary to explain 
SED.

17

PKS 0735+178

VERITAS+H.E.S.S. (2023) ApJ, 954,70

VERITAS+HESS, 2023, ApJ, 950, 70



Gamma-Ray Burst program
• Gamma-ray burst observations have high-priority - interrupt all other 

observations.


• 211 GRBs observed to date


• 127 bursts with a position < VERITAS PSF (Swift [122], INTEGRAL[4], 
MAXI[1])

• No detections, stacked analysis underway


• Observed GRB 221009A with UV filters starting at T0+36h. 

18

Shortest: 64 s

Median: 284 s



VERITAS Optical Science: Transients
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• VERITAS Enhanced Current Monitor: 
measures 2-4 pixels in the camera at a rate 
of 1,200 - 2,400 Hz down to a magnitude 
limit of ~12 mag 


• Applications:


• FRBs

• Direct measurement of stellar 

angular diameters by the VERITAS 
Cherenkov Telescopes


• VERITAS NSF-funded FADC upgrade


• Continuous NSB monitoring of all 
pixels.


• Capability: 


• Full FoV optical transients on 
timescales from μs to 10s of 
seconds (mag. ~10 to ~19) 

VERITAS Collaboration, 2019, Nature Astronomy, 3, 511



Fast Radio Burst program
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• VERITAS can observe FRB candidates 
simultaneously with CHIME. 


• Several FRBs observed with VERITAS 
+ optical monitor in the central pixel. 


Matthew Lundy
Mc Gill



Stellar Intensity Interferometry
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VSII Measurement of Stellar Diameters

VERITAS-SII
Nature Astronomy 2020

Narrabri SII
Observations 1970

• Digital (offline) version of Michelson Stellar 
Interferometer


• Demonstration of stellar intensity 
interferometry with the four VERITAS 
telescopes:


• Sub-milliarcsecond optical resolution 
@ 400 nm 


• Extensive work done since on expanding 
SII working group, improving hardware and 
analysis techniques, science targeting + 
lots of observations.


• Science: survey of stellar diameters, 
Cepheids & fast rotators, Limb darkening 
(post upgrade)  

VERITAS Collaboration, 2020, Nature Astronomy, 4, 1164



Summary
• VERITAS is running and operating well. 

• Operations funded through 2025. Plan to request NSF for continued funding in 

2025-2028. 

22

VERITAS Collaboration meeting

Santa Cruz, CA - July 2023

Congratulations 

MAGIC on 20 years 

of scientific 

success!


