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Imaging Atmospheric Cherenkov Techniques
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VERITAS Status

• Facility and Collaboration: 
• Located at the Fred Lawrence Whipple Observatory in southern 

Arizona @ 1,268 m a.s.l. 
• Array of 4 Davies-Cotton Imaging Air Cherenkov Telescopes. CTAO 

prototype SCT telescope co-located. 
• Marking  two decades of full-array operations. 
• International Collaboration: 
• ~80 members incl. 23 graduate students and 9 Postdocs. 
• +10 active Associate Members.

• Funding Sources: 
• USA: National Science Foundation, Smithsonian Astrophysical 

Observatory 
• Canada: Natural Sciences and Engineering Research Council 
• Germany: Helmholtz Association 
• News: 
• Plans to apply for operations support from NSF for 2025-2028 window.
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VERITAS Performance
Observation time vs source strength for a 5 sigma 

signal or at least 10 events (elevation: 70 deg)

Angular Resolution (r68) ~0.08º @ 1 TeV

Energy Resolution ~17%

Sys. Errors: Flux ~20%

Sys. Errors: Spectral Index ~ 0.1

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

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

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

Reconstructed flux of the Crab Nebula above 200 GeV, using 1-day bins and 
IRFs that correctly match the instrument throughput for each period.
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Recent VERITAS Announcements on Atel

VERITAS Detection of Very-High-Energy Gamma-Ray Flaring 
Activity from OP 313: Atel #16993 (Jan 2025) 
• z = 0.997. 
• 1.7 hours of data with a 15σ detection and a flux of (7.8 ± 1.0) 
× 10⁻⁷ m⁻² s⁻¹ (>150 GeV), ~(21 ± 3)% Crab.  

• The detection follows two weeks of GeV and optical flaring. 
activity reported by Fermi-LAT and multiple ATels, confirming 
OP 313’s ongoing high state across energy bands.

VERITAS Follow-up of a Report of Enhanced Emission 
from 1ES 1727+502: Atel #17099 (March 2025) 
• Following an LHAASO detection. 
• Exposure: ~2.2 hours. 
• Significant VHE detection, flux above 350 GeV: (9 

± 2) × 10⁻⁸ m⁻² s⁻¹.

https://www.astronomerstelegram.org/?findmsg
https://www.astronomerstelegram.org/?findmsg
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Indirect Search for Dark Matter 
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A Joint Gamma-ray Search for Dark Matter in Dwarf Spheroidal 
Galaxies with Fermi-LAT, HAWC, H.E.S.S., MAGIC and VERITAS

7

• Wide WIMP mass range (5 GeV to 100 TeV), 
improve <𝜎v> by a factor of 2–3 at multi-TeV 
domain.  

• Set some of the most stringent constraints on DM 
annihilation in dSphs to date, showcasing the 
power of multi-instrument synergy.  

• The work is a tour de force — JCAP editor report.

Javier Rico et al, ICRC 2025.

• A search for dark matter annihilation within 20 dSphs  
from a joint analysis of the combined datasets of five 
gamma-ray telescopes (VERITAS, H.E.S.S., MAGIC, 
HAWC and Fermi-LAT).  

• Two different J-factor parameterizations (GS & B set).  

• No positive signal for any dSph individually or 
altogether.

VERITAS corresponding author Elisa Pueschel, Chiara Giuri. JCAP accepted. 

https://indico.cern.ch/event/1258933/contributions/6475971/
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Search for Dark Matter at the Galactic Center

8

• The strongest γ-ray DM signal is expected towards 
the GC. 

• VERITAS conducted 177.8 hr of GC observations 
between 2010 and 2022. 

• Limits are placed on the dark matter annihilation 
cross section and compared with H.E.S.S. GC 
results and Fermi DSph results. 

PRELIMINARY

PRELIMINARY

• Einasto profile used. 
• DM-induced gamma-ray fluxes from “PPPC4” (Cirelli 

et al. 2011). 
• Same signal bins as HESS analyses. 
• Template background method applied to a blank 

field.

VERITAS corresponding author Jamie Ryan

Observed events (smoothed) Background estimate



W. Jin - Recent Scientific Results from VERITAS

Multimessenger Transients Follow-Up

9

msec minutes days years

ar
cs

ec
2

Lo
ca

liz
at

io
n 

Un
ce

rta
in

ty
de

g2
10

0 
de

g2

FRBs

Gravitational Waves

GRBs

AGN

Novae

Binaries

SNRs

PWNe

High-Energy 
Neutrino

VERITAS FOV

No 5 sigma 
Associations

• ~10 deg2 FoV, + high sensitivity allow VERITAS to observe a wide variety of VHE 
sources and candidate emitters.
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Multimessenger Transients Follow-Up
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• Collaborations with other imaging atmospheric Cherenkov telescopes and air-
shower arrays enable coordinated target-of-opportunity observations.

Air-shower arrays
IACTs

Field-of-regard

• ~10 deg2 FoV, + high sensitivity allow VERITAS to observe a wide variety of VHE 
sources and candidate emitters.
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Prompt Searches for Very-High-Energy γ-Ray Counterparts to 
IceCube Astrophysical Neutrino Alerts
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See Mauricio Bustamante’s plenary talk.
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Prompt Searches for Very-High-Energy γ-Ray Counterparts to 
IceCube Astrophysical Neutrino Alerts
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Skymap in equatorial coordinates showing IceCube alert positions in the period from September 2017 to January 2021. 
Letters indicate which IACTs participated in the observations (F - FACT, H - H.E.S.S., M - MAGIC, V - VERITAS). The 
latitude band between two dashed orange lines and two dashed red lines indicate regions of the sky that are potentially 
observable at zenith angles less than 45° from the northern (FACT, MAGIC, VERITAS) and southern (H.E.S.S.) IACTs, 
respectively. The light cyan band represents the overlapping visibility window for instruments in both hemispheres 
around the celestial equator, where the IceCube sensitivity to neutrinos in the ~100$ TeV energy range is at its best.

-60°

-30°

0°

30°

60°

Equatorial coordinatesSingle HE neutrino
GFU cluster

Preliminary Preliminary

Preliminary Preliminary

• A comprehensive analysis of follow-up observations of high-energy neutrino events observed by the four IACTs between September 2017 and 
January 2021.  

• Our study found no associations between γ-ray sources and the observed neutrino events. We provide a detailed overview of each neutrino 
event and its potential counterparts.  

• A joint analysis of all IACT data is included, yielding combined upper limits on the VHE γ-ray flux.
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Probing for Gamma-Ray Emission near KM3-230213A Neutrino 
Event with VERITAS
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Preliminary Preliminary

• Detected on Feb. 13, 2023 by KM3NeT/ARCA.  

• The Most Energetic Neutrino Detected: 

• Triggered 3,672 PMTs (~35%).  

• Parent neutrino energy: 220 PeV +570 / -150 PeV (90% C.L). 

• Angular uncertainty 2.2° radius (90% C.L.) 

• IceCube has no reported events above 10 PeV. 

• See Piera Sapienza’s plenary talk.

• VERITAS observations were 
conducted for two weeks beginning 
Feb. 18, 2025 (17.62 hours).  

• Region spans 4.4° diameter, 
contains 8 cataloged blazar 
candidates.

Preliminary

Credit: KM3NeT Collaboration.  Nature, 638, 376. 

• MRC 0614-083 is one of the most 
promising candidate: 

• Closest (0.6°) to best-fit position 

• Soft X-ray flare buildup around time of 
neutrino detection. 

• Standard point-source analysis yield 
integral flux U.L (E > 550 GeV):  

• At best-fit position:  1.2 × 10⁻¹² erg 
cm⁻² s⁻¹ = 1.8% C.U.

Connor Mooney, ICRC 2025.
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Fast Radio Bursts Counterpart Searches with VERITAS
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• FRB is characterized by bright, coherent, millisecond-duration radio pulses of as-yet-unidentified origin(s).  

• The baseband localization error is below our point-spread function (~0.1 deg). 

• The dispersion measure is suggestive of a redshift of ~0.9, assuming a negligible host contribution. 

• VERITAS present the first simultaneous TeV observations with a known non-repeating FRB 20240509A (4 
minutes before the FRB was detected by CHIME). This places constraints on many cataclysmic models of 
non-repeater emission (ηrγ>3.3×10-10).

CHIME

• CHIME is a low frequency, large 
FoV radio telescope located in 
Penticton, BC, Canada. 

• 400-800 MHz 

• FoV ~ 2° x 120°

Preliminary

Preliminary

VERITAS corresponding author Matthew Lundy 
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Galactic Science 
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• An extended TeV gamma-ray source in the Galactic 
plane, was originally discovered by the Milagro detector 
(~20 TeV). 

• First application of a newly-developed VERITAS data 
analysis method for extended sources. 

• Energy-dependent morphology. 

• Observations support scenario that inverse-Compton 
emission of an evolved pulsar wind nebula (PWN) 
undergoing an interaction with the SNR reverse shock.  

• At lower γ-ray energies (cooling break Eγ <1.5 TeV), the 
emission comes from older, cooled electrons left behind 
in the relic PWN. This produces asymmetric, extended γ-
ray emission offset from the PSR J1907+0602’s position. 

• Best-fit true age of 22 ± 9 kyr and magnetic field of 5.4 ± 
0.8 μG

Multiwavelength Investigation of γ-ray Source MGRO J1908+06 
Emission Using Fermi-LAT, VERITAS and HAWC

Adams, C. B., et al. The Astrophysical Journal 985.1 (2025): 90.

(a) Fermi–LAT γ-ray residual map in the energy range [30,300] GeV. (b) VERITAS γ-ray residual map in the energy range 
[0.5, 2.0] TeV (c) VERITAS γ-ray residual map in the energy range [2.0, 7.9] TeV.
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Starburst Galaxy  
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An in-depth study of Gamma rays from the Starburst Galaxy M82 
with VERITAS

Acharyya, Atreya, et al. The Astrophysical Journal 981.2 (2025): 189.

• Starburst galaxies are emerging as a prominent class of 𝛾-ray emitters — massive stars (via supernovae and 
winds) drive exceptionally high CR densities. 

• More good-quality data (254 h from 2008-2023) with 6.5 σ compared to previous VERITAS results from 
2008-2009. 

• More sensitive, lower-threshold analysis methodology. 

• Improved spectrum: Γ = 2.31 ± 0.26  

• Norm @ 1.4 TeV = (7.17 ± 1.23) x 10-10 TeV-1 m-2 s-1. 

• c.f. Γ = 2.5 ± 0.6 originally. 

• Revised flux: F(>450 GeV) = (3.2 ± 0.6stat ± 0.6sys) × 10−13 cm−2 s−1 (~0.4% Crab).

• A purely leptonic scenario for the SED of M82 is very unlikely. 

• A lepto-hadronic scenario with a power-law spectrum & significant 
bremsstrahlung below 1 GeV, provides a good match to the 
observed SED. 

• Spectral index s ≃ 2.25 in line with results for individual supernova 
remnants.
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Active Galactic Nuclei (AGNs) 
Results Highlights
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• In 2018, VERITAS, together with more than two dozen multi-wavelength (MWL) facilities (from radio to gamma-ray energies) took part 
in the 2nd M87 EHT campaign. 

• A short (∼ 3-days) VHE γ-ray flare was detected by IACTs from M87 since 2010. 

• One-zone model is not able to model the broadband SED. Potential scenarios: magnetic reconnection in magnetized plasma, a 
structured, multi-zone scenario. 

• We have acquired a full set of complementary, contemporaneous MWL observations for M87*, both to support the modeling and 
interpretation, as well as to provide a legacy dataset for the community.

Broadband Multi-wavelength Properties of M87 during the 2018 EHT 
Campaign including a Very High Energy Flaring Episode 

Algaba, Juan Carlos, et al.,Astronomy & Astrophysics 692 (2024): A140.
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Discovery of 3C 273 in the Very-high-energy Regime

• Located in the direction of Virgo at a distance 
of 1.9 billion light years (z = 0.159).  

• Data set: ~231 hours from 2008-2025 (Energy 
threshold ~ 350 GeV). 

•  Post trials probability of detection => 4.9σ; 
Confirmed by independent analyses. 

•  Constant flux; F(>350 GeV) = (2.3 ± 0.5) x 10-13 
cm-2 s-1; 

• SSC: Using typical parameters for 3C 273 is reasonable match for much of SED, but 
does not match VHE. 

• SSC + EC: better match to much of SED, but VHE data are still problematic.

• Strong Possibility: IC/CMB from 
extended jet naturally explains 
the VERITAS excess. 

•  Parameters are reasonable; 
“small” size is to agree with 
year-scale variability constraints.

VERITAS corresponding author Wystan Benbow
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VERITAS Discovery and Multi-wavelength Observations of 
1ES 1028+511

• Report on 48.5 hours of quality selected data with 6.4 σ. 

• Flux(>200GeV): (2.50±0.45)x10-8m-2s-1 (~1% Crab). 

• f0 = (9.2 ± 2.0 (stat) ± 1.8 (sys))×10-8/(𝑇𝑒𝑉 𝑚2𝑠) 
• Γ=−3.7±0.5 (stat) ±0.1(sys)

• Single-zone SSC model fits MWL fluxes well (Bjet_MCMC, Hervet et al. 
2024, ApJ). 

• 1ES 1028+511 is typical of EHBL with log10(synchrotron peak) =  Hz. 

• Out of equipartition: UB/Ue < 0.1. 

• High Doppler factor > 70. 

• High  > 2500. 

• MWL fluxes shown are archival.

17.4+0.3
−0.4

γmin

VERITAS corresponding author Jodi Christiansen

Preliminary

Preliminary
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Looking Forward with VERITAS
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The 9.7 m prototype Schwarzschild-
Couder telescope (pSCT) installed at the 

VERITAS site. Adams, C. B., et al.  
Astroparticle Physics 128 (2021): 102562.

• Uninterrupted monitoring of variable galactic and extragalactic sources. 

• Provide decade-scale light curves to connect smoothly with CTAO. 

• Spectrally and spatially resolve large scale emission and energy-dependent morphology studies. 

• Prompt follow-up on extraordinary transient events. 

• Unique geographical location: 

•  MMA: O4 and O5 GW events, IceCube neutrino alerts 

• Timely opportunities: TCrB, GRBs, flaring z > 1 blazars 

• New instrument triggered ToOs (LHAASO, Einstein Probe, SVOM, Glowbug, BurstCube, LSST, …) 

• Synergies with the pSCT: 

•  Compact wide 8° FoV provides improved coverage of poorly-localized transients/multimessenger 
events. 

• Improved angular resolution for morphology studies. 

• Continue coordinated efforts to understand particle acceleration in extreme conditions (e.g. EHT, 
IXPE, NuSTAR, Fermi, Swift, CHIME, IceCube, HAWC, …)

https://arxiv.org/abs/2012.08448
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Thank You!

VERITAS Summer 2025 Collaboration Meeting - Utah, USA


