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IceCube and the first evidence of high-energy cosmic neutrinos

• IceCube has observed an excess of neutrino events at energies beyond 100 TeV which cannot be accounted for 
by the atmospheric neutrino flux;  

• After correcting for absorption in the Earth, the arrival directions of cosmic neutrinos are: 

• Isotropic and show no significant correlation with the Galactic Plane; 

•  No strong point source has been identified (TXS 0506+056: 3!).

2

Arrival direction of neutrino events. Ahlers, M., & Halzen, F. (2018).

⨀:8-yr upgoing track events 
⨁: HESE cascades (>100 TeV)
⨂: HESE tracks  (>100 TeV)

https://www.sciencedirect.com/science/article/pii/S0146641018300346
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The multi-messenger connection
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• Locate the high-energy astrophysical neutrino source by searching for the VHE gamma-ray 
counterparts. 

• Both neutrinos and pionic photons are produced with roughly equal rates through hadronic processes.  

• VHE gamma-rays attenuated at the source (photon fields) or during propagation (EBL) and cascading to 
lower energies.
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• The Fermi isotropic γ-ray background (IGRB) is well fitted by assuming the same type of point source following E-", then integrated 
over z from 0 to 4 weighting with source density (star-formation rate). 

• The matching flux of Fermi IGRB and IceCube high-energy neutrinos suggests that they originate from the same hadronic processes. 

• Multi-messenger studies of gamma-rays and neutrinos help us understand the main processes in the non-thermal universe and 
constrain the gamma-ray and neutrino point source models.

The multi-messenger connection

For detailed information, please refer to:

K Murase, et al, 2013;  M Ahlers & F 

Halzen, 2018. 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.121301
https://www.sciencedirect.com/science/article/abs/pii/S0146641018300346
https://www.sciencedirect.com/science/article/abs/pii/S0146641018300346
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About VERITAS
• Located near Tucson, Arizona, 

currently operating with:  

• Array of 4 Davies-Cotton Imaging 
Air Cherenkov Telescopes. 

• Energy range: ~ 100 GeV - 30 TeV. 

• 3.5° FOV and  0.1° angular 
resolution > 1 TeV. 

• Detects the Crab Nebula in < 2 
minutes.
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Observation time vs source strength for a 5 sigma 
signal or at least 10 events (elevation: 70 deg)
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• First attempt: neutrino search associated with flares of three known VHE Blazars (Bayer et al. 2007). 

• History of the program:  

• 2009 - observing hotspots in the IceCube point-source map; 

• 2011 - neutrino clusters around known VHE sources; 

• 2014 - observations of IceCube archival neutrino events; 

• 2016 - realtime alert follow-ups (few-min latency from IceCube detection to VERITAS observations); 

• 2018 - VERITAS detection of TXS 0506+056. 

• Pre-approved follow-up observations of potential neutrino counterparts (45 hrs/yr). Part of the VERITAS Long Term Science Plan. 

• Automatic repointing for alerts from IceCube through GCN (GOLD and BRONZE) or private email. Exposures between 3-25 h 
depending on neutrino astrophysical probability, proximity of potential EM counterparts, online analysis results. 

• Counterpart: the searches typically cover the whole region of interest.
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History of the program and current follow-up strategies

https://iopscience.iop.org/article/10.1088/1742-6596/60/1/065/pdf
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VERITAS NuToO program

• 9 follow-up observations of public real-time neutrino alerts since TXS 0506+056, 1 private alert from IceCube when the neutrino passes a pre-
defined significance threshold for known gamma-ray sources:  Gamma-ray Follow-Up (GFU) program. 

• No significant associations have been found since TXS 0506+056 either in the best fit location of IceCube neutrino events or anywhere in the 
VERITAS field of view. 
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Equatorial

Galactic Center
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IACTs NuToO campaign
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PoS(ICRC2021)960

IceCube-IACT neutrino ToOs Konstancja Satalecka

participating IACT. Note that the blazar TXS 0506+056 was not in the catalog of monitored sources
for this program, since prior to IceCube-170922A, its redshift was unknown. Otherwise, the GFU
program would have triggered follow-up observations already in 2014.

GFU alerts are emitted by IceCube when the neutrino flare passes a pre-defined significance
threshold (⇠3.0 - 3.5f for known gamma-ray sources, depending on the choice of each IACT, and
4.2f for all-sky alerts) . Access to the GFU alert stream is subject to a dedicated Memorandum of
Understanding (MoU) between IceCube and the IACT collaborations (currently H.E.S.S., MAGIC
and VERITAS). The distribution of the alerts is handled slightly di�erently for each follow-up
instrument. MAGIC and VERITAS receive the information via an automated e-mail message.
H.E.S.S. is informed via a dedicated VOEvent based alert stream allowing for fully automated
follow-up observations. The final decision to perform follow-up observations is taken by each
IACT independently and relies typically on a combination of several factors like the intrinsic
parameters of the neutrino flares (e.g., false alarm rate (FAR), duration of the flare, etc.), the
available visibility window, weather condition, etc. The aim of these observations is di�erent from
the ones outlined above for single-event alerts in that the associated source of the alert is known
and already identified as a GeV and/or TeV emitter. The IACT observations are therefore tailored
to determine the changes to the state of the source (e.g., quiescence vs. flaring or spectral changes).

An overview of neutrino follow-ups is shown in Figure 1, which displays the delay and IACT
exposure for all single-event alerts observed by IACTs since October 2017 (i.e. after IceCube-
170922A) and GFU alerts from 2019-2020. The delay is calculated from the neutrino event arrival
time (single events) or flares threshold crossing time (multiplets) up to the start of the IACT
observation.

Figure 1: Delay vs exposure times for IACT follow-up of neutrino alerts from October 2017 until March
2021. The delay is calculated from the neutrino event arrival time (single events) or flare threshold crossing
time (multiplets) up to the start of the IACT observation. Highlighted are observations performed with a start
delay less than 100 s or with a total exposure longer than 4 h. Marker color represents the IACT observing
while the marker type represents the alert type.
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MAGIC, IceCube, FACT, H.E.S.S. and VERITAS collaborations 

PoS ICRC2021 960

• From October 2017 to December 2020, IceCube sent 62 
single event public alerts, 11 were observed by at least one 
IACT. 

• In total, each collaboration spent ~20 h of observation 
time on public IceCube alert follow-up. 

• Preliminary results presented in ICRC2021.

Air-shower arrays
IACTs

Field-of-regard

https://pos.sissa.it/395/960/pdf
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IceCube-170922A (TXS 0506+056)

• Part of our Long Term Plan of observations. Collected >100 hrs so far.  

• MWL campaigns including NuSTAR+Swift to characterize long-term behavior. Low-flux state since 2018 (0.5% Crab in 61 hrs).  

• Archival search found ~0.3 hr data during 2014/2015 (no detection). Analysis is ongoing. Paper in preparation. 
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PoS(ICRC2021)945

VERITAS follow-up observation of the blazar TXS 0506+056 Weidong Jin

above an energy threshold of 190 GeV is (1.34 ± 0.40) ⇥ 10�12 cm�2 s�1, which corresponds to
(0.52 ± 0.16)% of the Crab Nebula flux (C.U.) under the same energy threshold [15, 16]. Fig.
1 shows a significance sky map with TXS 0506+056 in the center. A light curve of the integral
flux above an energy threshold of 190 GeV is shown in Fig. 2. Each point represents the average
flux level of the source with one month per bin. The vertical gray lines represent individual
observations. A 95% confidence level upper limit is calculated when significance is less than 2f.
For the upper limit calculation, this analysis used the best fitting spectral index (�=4.8) obtained
from VERITAS’s follow-up observation of TXS 0506+056 from year 2017 to 2018 [4]. A relatively
quiet VHE gamma-ray emission state was observed.

Figure 1: VERITAS significance sky map with TXS 0506+056 in the center.

3. Multiwavelength observations

The multiwavelength light curves are composed of high energy gamma-ray data from the
Fermi-LAT light curve repository (LCR)1, X-ray data from the Neil Gehrels Swift Observatory
X-ray telescope (XRT)2 and Nuclear Spectroscopic Telescope Array (NuSTAR), as well as optical
data from the All-Sky Automated Survey for Supernovae (ASAS-SN) Sky Patrol3 (Fig. 2). The
LCR is a public library of light curves for sources in the 10 year Fermi LAT point source (4FGL)
catalog [17]. The data are presented on time scales of weeks and photon energy between 100 MeV
and 100 GeV. The observation made by ASAS-SN Sky Patrol are available in two optical band:
the V (original two stations) or g (three new stations) band filters and three dithered 90s exposures
[18, 19].

NuSTAR and Swift observations were collected during a monitoring campaign of TXS 0506+056
to support the VERITAS observations in search for evidence of hadronic emission. The campaign,

1https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/
2https://www.swift.ac.uk/user_objects/
3https://asas-sn.osu.edu/

3

Continued monitoring (2018-21) 
Jin, W., & Sharpe, R. (2021) arXiv/2108.05463 - PoS 

ICRC2021 945 

Preliminary

Multiwavelength lightcurves of TXS 0506+056.  
Red:         archival neutrino excess during 2014/2015. 

Orange:    VERITAS initial follow-up.

Lavender: long term follow-up studied in this investigation.

https://pos.sissa.it/395/945/pdf
https://pos.sissa.it/395/945/pdf
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IceCube-191001A (AT2019dsg, GCN 25913)

• A tidal disruption event (TDE) AT2019dsg (z=0.05) was found within 90% localization region of IC191001A. 
Chance of coincidence (~0.2%). 

• VERITAS had 1 hr observation (~7 hrs after the alert),  no detection. In agreement with the optically thick p-γ 
scenario.  

• Integral upper limit: F(E > 250 GeV, 95% C.L. ) = 4.37x10-12 [cm^-2 s^-1] (Rolke et al. 2005).
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Preliminary

Stein, Robert, et al. Nature astronomy 5.5 (2021): 510-518.

Data from Stein, Robert, et al. Nature astronomy 5.5 (2021): 510-518.

https://gcn.gsfc.nasa.gov/gcn/gcn3/25913.gcn3
https://www.nature.com/articles/s42254-022-00485-9
https://www.nature.com/articles/s42254-022-00485-9
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IceCube-201114A

• On Nov 14, 2020, IceCube reported the detection of a high-energy neutrino (∼214 TeV) 
event of likely astrophysical origin.  

• 4FGL J0658.6+0636 (HSP blazar NVSS J065844+06371) 0.8° away from IceCube best fit 
location. 

• Broadband MWL campaign. 

• VERITAS exposure offers the most constraining ULs on VHE emission. Paper in 
preparation (led by Fermi-LAT).
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Pre
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ina
ry

Fermi-LAT, H.E.S.S., MAGIC, VERITAS, ZTF, TELAMON 
PoS ICRC2021 955

PoS(ICRC2021)955

IceCube neutrino consistent with 4FGL J0658.6+0636 Raniere de Menezes

Figure 3: The spectral energy distribution of NVSS J065844+063711. Archival observations collected from
the ASDC SED Builder are shown in gray and illustrate the historical flux level of this blazar. The colored
data points indicate quasi-simultaneous observations collected with VHE telescopes. For more details on the
data collection and analysis, we refer the reader to [22].

this blazar [13]. This VHE photon was accompanied by three other high-energy (i.e., > 10 GeV)
photons within a ⇠ 1-year period. However, observations by the H.E.S.S., MAGIC and VERITAS
telescopes did not lead to the detection of significant VHE emission from NVSS J065844+063711.

Previously, the only VHE W-ray blazar found within the 90% confidence region of a well-
reconstructed IceCube high-energy neutrino event is TXS 0506+056. NVSS J065844+063711,
the second only candidate VHE emitter potentially associated with an astrophysical neutrino, may
provide crucial information about the hadronic processes at work in the jets of active galactic nuclei
and clues on the origin of cosmic neutrinos. To check if this neutrino-blazar association is by
chance, a complete statistical analysis will be undertaken in [22].
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https://pos.sissa.it/395/955/pdf
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IC211208A (PKS 0735+178, GCN 31191)

• Multiple high-energy neutrino events observed: IceCube track-like event (~172 TeV, 2021-12-08), Baikal-GVD (~43 TeV) and 
KM3NeT neutrino detectors (~18 TeV). 

• A BL Lac object PKS 0735+178 (Z=0.45) is located 2.2 deg away from the IceCube neutrino best-fit position. Strong activity 
observed in radio (ATel 15105), optical (ATel 15098), X-rays (ATel 15102, 15109) and gamma-rays (ATel 15099). 

• VERITAS collected ~20 hours data between Dec 09, 2021 and Jan 7, 2022. No detection made.  

• Good SED dataset and working on modeling.

12

NuSTAR ToO triggered on 2021 
Dec 11 and 13. ATel 15113

Preliminary

https://gcn.gsfc.nasa.gov/gcn/gcn3/31191.gcn3
https://gcn.gsfc.nasa.gov/gcn/gcn3/31191.gcn3
https://www.astronomerstelegram.org/?read=15112
https://www.astronomerstelegram.org/?read=15290
https://www.astronomerstelegram.org/?read=15105
https://www.astronomerstelegram.org/?read=15098
https://www.astronomerstelegram.org/?read=15102
https://www.astronomerstelegram.org/?read=15109
https://www.astronomerstelegram.org/?read=15099
https://www.astronomerstelegram.org/?read=15113
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Gravitational-wave (GW) follow-up program

13

• LIGO/Virgo O3 run (2019-2020): Development of 
automated tiling algorithm for GW error regions.  

• 12 GWs followed-up in O3. Highlight: follow-up of the 
BNS merger GW190425. No VHE detection.

6 VERITAS et al.

UTC. The first VERITAS observation, a North255

wobble, was performed from 02:29:05 until256

02:44:05 UTC and had a probability of en-257

compassing the LIGO candidate of 0.13%.258

The second, a South wobble, was performed259

from 03:17:07 until 03:32:07 UTC and had a260

probability of encompassing the LIGO261

candidate of 0.17%. Here, we not only see262

observations that pass our temporal and spatial263

cuts, but also one that overlaps the t0 of the264

candidate: a fortuity made possible by our use265

of archival data.266

This algorithm was cross-checked using the in-267

tentional VERITAS follow up of the G330561268

BNS merger event in 2019 (Singer et al. 2019),269

shown in Figure 2. In addition to the 10270

triggered pointings chosen to observe at the271

points of highest LIGO localization prob-272

ability, the coincidence algorithm also identi-273

fied 4 additional spatially-coincident serendip-274

itous pointings taken within the time window275

defined above.276

Figure 2. The localization probability map, with
90% localization contours shown in black,
for 2019 BNS merger event G330561 presented in
equatorial coordinates. Ten VERITAS observations
(blue circles) trace the highest localization prob-
ability region of the LIGO skymap. Four serendip-
itous VERITAS observations (black circles) also
passed the spatial and temporal cuts of the algo-
rithm and were taken prior to initial VERITAS
follow-up.

3. VERITAS ANALYSIS277

VERITAS (Holder et al. 2006) is a VHE278

gamma-ray telescope array located at the Fred279

Lawrence Whipple Observatory in southern Ari-280

zona, USA. It consists of four imaging atmo-281

spheric Cherenkov telescopes which use tesse-282

lated, 12-meter diameter reflectors to collect283

Cherenkov light created by particle cascades,284

or air showers, initiated by gamma rays and285

cosmic rays in the Earth’s atmosphere. Each286

telescope records images of these showers287

using a focal-plane camera covering a 3.5°288

FoV. These images are then used to re-289

construct the direction and energy of the290

initiating gamma rays. The array is sensitive291

to gamma rays in the 80 GeV to 30 TeV energy292

range and is able to make a 5� detection of the293

Crab Nebula in under a minute6. VERITAS294

has long had a program to follow up on tran-295

sient events from multimessenger observatories296

such as IceCube and LIGO (Aartsen et al. 2017,297

2018a; Santander 2019).298

For each VERITAS observation pointing pass-299

ing the search algorithm described in the previ-300

ous section, we perform a point-source analysis301

using the standard analysis pipeline for VERI-302

TAS data (Acciari et al. 2008) to search for de-303

tection. After the data has been calibrated and304

cleaned (Daniel 2008; Cogan 2006), air shower305

images are parameterized using the Hillas mo-306

ment analysis (Hillas 1985). The scaled param-307

eters, used for event selection, are calculated308

from the moment analysis (Aharonian et al.309

1997; Krawczynski et al. 2006). Event selection310

cuts are chosen a priori. Given the uncertainty311

of the spectral features of short-duration GRBs312

at VHEs and the extragalactic nature of such313

events, we opt in this analysis for “soft cuts,”314

which have the best sensitivity at lower ener-315

gies, around a few hundred GeV, and are opti-316

6 See https://veritas.sao.arizona.
edu/about-veritas-mainmenu-81/
veritas-specifications-mainmenu-111

Vi
sib

le
 h

ou
rs

GW170104: 50-M̥ BBH merger @ z = 0.2.

GW ID Delay [h] Binary type VERITAS obs
S190412m 24.1 BBH > 99% 3.1
S190425z 1.3 BNS > 99% 0.9
S190426c 17.6 NSBH 60% 2.5
S190707q 20.3 BBH > 99% 3.0
S190930s 12.4 MassGap 95% 3.0
S191215w 3.1 BBH > 99% 1.5
S191216ap 4.25 BBH > 99% 4.5
S200213t 20 BNS 63% Terr 37% 1.5

S200219ac 18.5 BBH 96% 1.0 
S200224ca 7.5 BBH > 99% 0.5
S200225q 0.7 BBH 96% 2.5
S200316bj 5.0 MassGap > 99% 2.0

GW190425

• VHE gamma-ray observations probe the electromagnetic energetics of GW emitters, 
potential nearby short gamma ray bursts (GRB).  

• On Jan 5, 2017 VERITAS made follow-up observation of a GW event GW170104 
(GCN #21153).  First systematic follow-up of a GW event by VERITAS. Unfortunately, 
the majority of the exposures were affected by the presence of clouds.

https://ui.adsabs.harvard.edu/abs/2017GCN.21153....1M/abstract
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Figure 7. Spatial and temporal coincidence of VERITAS observations (blue circles) with 90% localization
(black countours) of LIGO BNS candidate C3 (2015-11-17T06_34_02).

Figure 8. Spatial and temporal coincidence of VERITAS observations (blue circles) with 90% localization
(black countours) of LIGO BNS candidate C4 (2015-12-04T01_53_39).

8 VERITAS et al.

(a) (b)

Figure 3. Results from VERITAS observations of the target SN 2014c (marked with a star), made in
coincidence with the LIGO BNS candidate C4. Panel (a) shows a skymap of upper limits on the integral
flux over [0.24 TeV, 30 TeV] for the two East/West wobbled observations, with the 50% and 90% localization
contours of the GW candidate overlaid. The distribution of the upper limits from (a) are shown in (b). The
geometric mean of this distribution is indicated by the vertical line.

(Ghirlanda et al. 2010). We choose this num-401

ber to account for the delay in the peak of402

GeV emission from the neutron star coales-403

cence, motivated by the 1.74 s delay between404

t0 of GW170817 and the GBM trigger for GRB405

170817A (Abbott et al. 2017c) and the 0.82 s406

delay between the GBM trigger and the peak407

of GeV emission for GRB 090510 (Ghirlanda408

et al. 2010). These �ts are then redshift-409

corrected to the model’s placement at 75410

Mpc, yielding 1.75 s and 0.44 s respec-411

tively.412

It should be noted that the physics of gener-413

ating photons of the order 100 GeV may dif-414

fer from that of generating high-MeV / low-415

GeV photons. In particular, if this simple syn-416

chrotron model is assumed, it requires excep-417

tionally high bulk Lorentz factors (� > 1500)418

to produce photons at the multi-GeV/TeV level419

(Inoue et al. 2013; Bartos et al. 2014; Ajello420

et al. 2020), likely suggesting a cutoff at these421

energies. However, as this cutoff remains uncer-422

tain (Wood 2016), it is worthwhile to consider423

the prospects in the speculative case where this424

emission continues out to TeV energies. It is425

also worth mentioning that the inverse Comp-426

ton process dominates TeV emission observed in427

long GRBs (Veres et al. 2019). As it is not clear428

how comparable the emission processes of long429

and short GRBs are, this places an additional430

caveat on the model considered in this paper.431

We show the results of the model compari-432

son in Figure 4. For each VERITAS skymap,433

we plot the geometric mean of the bounded434

Rolke et al. (2005) 99% upper limits on the live-435

time fluence from the observed region of sky.436

All VERITAS upper limits fall orders of mag-437

nitude below the estimated fluence from the438

GRB 090510 placed at a distance of 75 Mpc.439

Consequently, we constrain any VHE counter-440

parts in the VERITAS FoV at the time of ob-441

servation with emission similar to that predicted442

for GRB 090510 by the model. As mentioned in443

Section 1, it is unlikely that any of these over-444

• Search archival VERITAS data for VHE emission coincident 
with low signal-to-noise ratio GW events. 

• No VHE detection. ULs compared to GRB emission model.  

• Pathfinder study for CTA and future GW detectors. 
• Published in ApJ (2021)C.B. Adams et al (VERITAS), ApJ (2021)


arXiv/2106.01386

Serendipitous searches involving GW events

10 VERITAS et al.

Figure 4. The curves in this plot depict the estimated fluence evolution of the Bartos et al. (2014, 2019)
GRB model placed at 75 Mpc over the [0.24 TeV, 30 TeV] energy band. Each point of the curve is the
energy flux integrated from that point in time to n minutes later, where n is determined by the legend. Also
shown with dashed lines are fluence estimates from a source 3 orders of magnitude weaker. The geometric
means (µgeom) of the VERITAS upper limits on the fluence in each skymap (calculated from the common
Emin upper limits on the integral flux shown in Table 2) are plotted at the start time of each VERITAS
observation with respect to t0. Each observation is tagged with the label of its corresponding BNS candidate
(see Table 1). The colors of the µgeom points are coded by their observation livetime on the same color scale
as the model curve for easy comparison.

coincidence algorithm was a real BNS merger
event to be 26%. We further estimate, using the
VERITAS coverage of each candidate, that the
probability that at least one truly astrophysical
merger was observed by VERITAS with exact
spatial coincidence in the search time window
to be 0.04%. Despite the low probability of au-
thentic GW signals in these O1 candidates, and
the limited GW localization probability area
covered by their coincident VERITAS observa-
tions, it is important to bear in mind that future
data comes at no additional cost and minimal
to no burden on observing programs. Addition-
ally, the situation will only improve with the on-
set of new and upgraded instruments, and just
one positive result would be very high impact.
In the second and third observing runs from

Advanced LIGO, we will continue to identify
new sub-threshold BNS merger candidates all
while probing greater distances with enhanced
localization. If we scale our O1 performance
to O2 and O3, accounting for instrumental im-
provements and changing duty cycles, we pre-
dict the accumulation of ⇠ 70 or more addi-
tional LIGO sub-threshold BNS merger candi-
dates that VERITAS will coincidentally observe
some fraction of as a part of its routine obser-
vation, a factor of 10 improvement on our cur-
rent number. It is straightforward to general-
ize this method to the other currently operating
IACTs, H.E.S.S. and MAGIC, and with their in-
clusion we could also expect an additional 2-to-3
fold increase. While these improvements alone
may not be enough to place meaningful con-

https://arxiv.org/abs/2106.01386
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 CTA tiling pattern suggested by the ’greedy’ method (left) and ’honeycomb’ method (right).

 I. Bartos, et al, MNRAS, (2019). ArXiv:1908.09832.

pSCT
VERITAS

Tiling of the GW event GW170817 using VERITAS and the pSCT.

• VERITAS will keep optimizing our GW tiling 
algorithm and analysis pipeline. 

• Synergies with the pSCT: 
• Large FoV (~8°) compared to VERITAS (~3.5°) 

provides improved coverage of poorly-
localized transients/multimessenger events.

The 9.7 m prototype Schwarzschild-
Couder telescope (pSCT) installed at the 

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

Plans for LIGO/Virgo/Kagra O4 (March 2023)

https://arxiv.org/abs/1908.09832
https://arxiv.org/abs/2012.08448


W. Jin - Recent updates on VERITAS multimessenger program - TeVPA 2022 

• The matching flux of Fermi IGRB and IceCube high-energy neutrinos suggest that a large fraction of energy 
in the nonthermal universe originates in hadronic processes. 

• VERITAS will continue to follow-up IceCube alerts and to search for potential counterparts:  

• NuToO campaign: MAGIC, IceCube, FACT, H.E.S.S. and VERITAS.  

• TXS 0506+056: MWL campaigns including NuSTAR+Swift to characterize long-term behavior. Low-flux state since 
2018.  

• IceCube-201114A: VERITAS exposure offers the most constraining ULs on VHE emission. Paper in preparation led by 
Fermi-LAT; 

• PKS 0735+178: Good SED dataset and working on modeling.  

• VERITAS serendipitous searches of low signal-to-noise ratio GW events - pathfinder study for CTA and future GW detectors. 

• Plans for LIGO/Virgo/Kagra O4: VERITAS will optimize our GW tiling algorithm and analysis pipeline. Also synergies with 
the pSCT.
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Conclusions


