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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 

The VERITAS Collaboration
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• Array of four 12m IACTs  
• Located at the Fred Lawrence Whipple 

Observatory (FLWO) in southern Arizona (31 40N, 
110 57W,  1.3km a.s.l.) 

• Energy range: 85 GeV - 30 TeV 
• Angular resolution: R68% < 0.1º at 1 TeV 
• Pointing accuracy: < 50”(including systematics) 
• Effective area: ~105 m2  at 1 TeV 
• Field-of-view: 3.5º
• Can detect (5 σ) 1% Crab source in 25 hours
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VERITAS

CAMERA

VERITAS in 2013: New cameras and a trigger upgrade !

Lower energy threshold makes it easier to detect soft spectrum sources!
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• 4 Telescope Operations began in 2007 

• Funding in place to operate through 2019 

• Major upgrades since 2007: 
• 2009: T1 Moved to improve the symmetry of the array (increased sensitivity) 

• 2009: Improved mirror alignment system (reduced instrument PSF by 30%, increased 
sensitivity) 

• 2011: Trigger system upgrade  
(improved sensitivity) 

• 2012: Camera upgrade (reduced energy thresholds) 

• Typical VERITAS seasons (Good-weather): 
• “Dark” ~1000 hours 

• “Bright Moon” (since 2012) + ~300 hours 

VERITAS
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• Early observations focused on the discovery of VHE Blazars (~10% of total VERITAS 
observation time between 2007 and 2012) 

• Discovery candidates chosen based on their MWL properties and VHE extrapolated flux 
• 113 Non-detections published from 2007-2012 as upper limits (Archambault et al., AJ, 151, 142 

(2016)) 
• Stacked analysis shows a 4σ excess with 3σ coming from nearby (z < 0.6) HBLs
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The VERITAS AGN Discovery Program
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The VERITAS AGN Catalog
AGN Type z

M 87 FR-I 0.0044

NGC 1275 FR-I 0.018

Markarian 421 HBL 0.031

Markarian 501 HBL 0.034

1ES 2344+514 HBL 0.044

1ES 1959+650 HBL 0.048

1ES 1727+502 HBL 0.055

BL Lacertae IBL 0.069

1ES 1741+196 HBL 0.083

W Comae IBL 0.102

VER J0521+211 IBL 0.108

RGB J0710+591 HBL 0.125

H 1426+428 HBL 0.129

B2 1215+30 HBL 0.13

S3 1227+25 IBL 0.135

1ES 0806+524 HBL 0.138

1ES 0229+200 HBL 0.139

RX J0648.7+1516 HBL 0.179

1ES 1218+304 HBL 0.182

RBS 0413 HBL 0.19

1ES 1011+496 HBL 0.212

MS 1221.8+2452 HBL 0.218

1ES 0414+009 HBL 0.287

1ES 0502+675 HBL 0.340

PKS 1222+216 FSRQ 0.432

1ES 0647+250 HBL 0.45

PKS 1441+25 FSRQ 0.939

AGN Type z

1ES 1440+122 HBL ?

RGB J2243+203 HBL ?

1ES 0033+595 HBL ?

HESS J1943+213 HBL ?

RGB J2056+496 HBL ?

PKS 1424+240 HBL z > 0.604

3C 66A IBL 0.33 < z < 0.41

PG 1553+113 HBL 0.43 < z < 0.58

VERITAS AGN catalog: 35 VHE AGN: 
• 26 HBL
• 5 IBL
• 2 FR-I
• 2 FSRQ

All VERITAS AGN are Fermi-LAT detected!

Scientific Objectives: 
• Supermassive black holes, jet structure and dynamics 
• Cosmology: EBL & IGMF studies 
• Fundamental Physics: Lorentz Invariance
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The Current VERITAS AGN Long Term Plan
AGN long term plan receives ~300 hrs of ‘dark’ time data per annum (+ TAC awarded time ) 

Focus largely shifted from discovery → monitoring 

Deep multi-year exposures on: 
• Extreme HBLs (Distant hard spectrum Blazars) 
• IBLs (Regular monitoring, low- and flare-state spectra) 
• Iconic Objects (Mrk 421 and Mrk 501) 
• Simultaneous with Swift and FLWO 48’’ BVri observations 

Regular Snapshots taken on all VHE blazars visible to VERITAS 

Discovery Snapshots:
• Candidates selected based on VHE extrapolated MWL properties (e.g. 2FHL, WHSP) 
• 2nd upper limits  paper for non-detections will be produced 

Radio Galaxy monitoring program with MAGIC, HESS and multi-wavelength partners 

Pre-approved Target of Opportunity (ToO) time for follow up on flares (Blazar Activity 
Report(er)highly effective): 
• Daily monitoring of MWL publicly available resources (ATel, FACT, Swift, etc…) 
• Dedicated Fermi-LAT analysis pipelines  
• Quick look analysis allows real time estimation of source flux



Stephan O’Brien
Stephan O’BrienVERITAS Observations of Active Galactic Nuclei

Aim: Obtain deep multi-year exposures on a number of Extreme HBLs 

Long term observations allow for variability studies 

Hard HE spectral indices and relatively high redshift make these sources very interesting for EBL studies

Aim for ~200 hours of exposures on each source 

Many snapshots simultaneous with Swift
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Monitoring Extreme HBLs

1ES0229+200

AGN z Typical Flux
(% Crab)

Spectral Index

1ES 0229+200 0.140 ~1% ~2.9

RGB J0710+591 0.125 ~2% ~2.7

H 1426+426 0.129 ~2% ~2.9

PKS 1424+240 > 0.6 ~3% ~3.7

1ES 1218+304 0.182 ~6% ~3.2
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HBL Variability: Mrk 421
Variability observed on times scales from minutes to years. Flickering common!

• Mrk 421 large flare observed in February 
2010 

• Flux ~10 Crab observed 
• Variability timescales on the order of 5-10 

minutes 
• No MWL data

Finely sampled flare states allow for correlation studies with other 
MWL instruments

April 29 2014 (ApJ accepted) April 29 2014 (ApJ accepted)

XMM

VERITAS

arXiv:1611.04626 arXiv:1611.04626

VHE

X-ray

Optical
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Monitoring of VERITAS IBLs

3C 66a, LC and high/lowstate spectrum 

IBLs generally more difficult to detect a VHE 

• To date 8 IBLs have been detected at VHE, 5 detected by VERITAS 

• W Comae and 3C66A: Originally only detected during flares: Low state detections (1-3% Crab) 
obtained with deep, multi-year exposures: Spectral index Γ ~4 

• BL Lac: Only detected in flaring states, typically rapid decay timescales, regular snapshots to 
search for flares, Spectral index Γ ~ 3.7 

• VER J0521+211: regularly detected, variable flux state ~7 % Crab, Spectral index Γ ~3.4 

• PKS 1424+240: regularly detected, flux ~1-5%, flux variability x5, Spectral index Γ ~3.7, distant 
source (z>0.6035) very interesting for EBL studies!

Preliminary

3C66A
Preliminary
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IBL (z = 0.06). Only detected by VERITAS during flaring periods.

Regular monitoring snapshot on October 5th showed an elevated state of 
Flux ~75% Crab

ToO triggered by observers, monitored for an additional 3 hours 

Flux rose to a peak of ~ 140% Crab 2 hours into observations 

Decay timescale on the order of 1 run (~30 mins) 

Atel (#9599) released on 5th of October

Analysis ongoing, publication being prepared. 
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BL Lac 5th October 2016

2011 2016

Decay Time 13±4 minutes

Preliminary

125% Crab

Preliminary
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Radio Galaxies: NGC 1275

2 Radio galaxies detected by VERITAS: M 87 (z = 0.0044) and NGC 1275 (z = 0.018)  
IC 310 (MAGIC detected, z = 0.0189) also monitored
NGC 1275 Previously detected by VERITAS (~1% Crab, Benbow et al. 2015) and MAGIC (~3% Crab, 
Aleksic et al. 2014) 
Regular Snapshot 30 minute on 30th of October showed a strong excess at the location of NGC 1275 
Follow up ToO of 5 hours of observations taken on the 31st of October 
• 17 σ detection 
• Peak run-wise flux > 250 GeV measured to be (2.7 ± 0.67) x 10-11cm-2s-1 or 15% Crab (Preliminary) 
ATel (#9690) released on the 31st of October and follow-up observations taken on the 1st and 3rd of 
November

MJD57687 MJD57690 MJD57691 MJD57692 MJD57694

Significance = 1.40σ 
Exp. = 25.45 min. 

Rate = 0.14 ± 0.43 γ / min.

Significance = 6.03σ 
Exp. = 26.12 min. 

Rate = 0.69 ± 0.18 γ / min.

Significance = 17.01σ 
Exp. = 286.06 min. 

Rate = 0.59 ± 0.05 γ / min.

Significance = 4.26σ 
Exp. = 51.39 min. 

Rate = 0.29 ± 0.09 γ / min.

Significance = 2.00σ 
Exp. = 25.78 min. 

Rate = 0.20 ± 0.12 γ / min.

MAGIC ATel# 9689 
VERITAS ATel# 9690

NGC 1275
IC 310

NGC 1275

IC 310

NGC 1275
IC 310

NGC 1275
IC 310

NGC 1275
IC 310

Preliminary Preliminary Preliminary Preliminary Preliminary
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TAC proposals allow for beyond LTP observation 

Such proposals range from source monitoring, MWL follow ups and 
campaigns, detection candidates 

Example: PG 1553+113 subject to an intense monitoring program coordinated 
with MAGIC to search for VHE periodicity 

Evidence of HE Periodicity reported by Fermi-LAT (2015, ApJL, 813, L41) 

Periodicity possibly due to variable helical structure, periodic disk instabilities or 
presence of a binary of super-massive black-holes
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Blazar TAC proposals Beyond the LTP

2015, ApJL, 813, L41

E > 1 GeV (45 day bins)

E > 100 MeV (45 day bins)

E > 100 MeV (20 day bins)
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New Detection: RGB J2056+496

Preliminary

Non LTP supplemental TAC proposal

Discovery candidate based on it’s 2FHL spectra, also a 
XMM-Newton and Swift-BAT source. 

Unknown redshift
- TeV observations can, potentially, be used to constrain 

redshift 

Observed for 4.2 hours between October 10th and 
November 6th 2016:
• Excess of 70 events above the background detected 
• Resulting in a 5.2 σ detection 

Preliminary Flux level > 200 GeV: 
• (9.4 ± 2.2) x10-12 cm-2 s-1 
• 4.0 % Crab  

ATel #9721 released on the 6th of November and additional 
observations taken. 

Located 13“ away from micro-quasar candidate:
LS III +49 13 (not disguise between with VERITAS)
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Sharing Blazar Observing Schedule
Motivated by MOJAVE: 
http://www.physics.purdue.edu/MOJAVE/blazarlist.html 

VERITAS will share a list of previous observations (2007-Present) of AGN regularly 
monitored by VERITAS

http://www.physics.purdue.edu/MOJAVE/blazarlist.html
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Sharing Blazar Observing Schedule

Dates of scheduled upcoming coordinated Swift observations 

Subject to changes based on weather and other constraints 

Make up observations generally planned in the even of missed simultaneous snapshots  

Page not currently live (coming soon!) 

Interested collaborators are encouraged to get in contact!
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VERITAS is fully funded to operate until at least 2019 

VERITAS AGN Long Term Plan receives ~300 hours of observations, with non-LTP 
AGN observations making up an additional ~300 hours. 

Shift from discovery orientated observations to deep exposures and monitoring 
programs, however discovery program still providing new detections

Successful monitoring program in place: Pre-approved ToO time allows for follow 
up on alerts

Will continue to monitor all known Northern VHE AGN and follow up on MWL alerts 

Resource for accessing previous and upcoming VERITAS AGN observations dates 
will soon be in place
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Conclusions


