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Adviser to VERITAS !

Reshmi Mukherjee

VERITAS External Science Advisory 
Committee (ESAC)!

§  2004 April, Rex Ranch, AZ**
§  2005 September, Esplendor Resort, Rio Rico
§  2007 February, Rex Ranch, Amado
§  2009 April, Argonne National Lab

** “The committee found the progress on the 
prototype telescope particularly encouraging 
and, given the rapid development of the TeV 
field, the prospects for a rich VERITAS 
science program look strong.” (Excerpt from 2004 
ESAC Report)



Supporter of  TeV Astrophysics !

Reshmi Mukherjee

Neil was a supporter of  VERITAS and 
of TeV astronomy particularly in the US. 
He believed in the need and importance 
of multi-wavelength observations and 
joint multi-missions studies of 
astrophysical sources. 

“ …. I do recall that whenever I talked with Neil, he was always a strong supporter of both 
VERITAS and CTA.  He very much recognized the close connection with VHE gamma-ray 
observations from the ground with what he was doing …. ” (David Williams, UCSC, Chair CTA-
US). 

Construction and early days of VERITAS (Fred 
Lawrence Whipple Observatory, AZ)



10-Years VERITAS (2007 – 2017)!
First light,  April 2007 FLWO Basecamp

VERITAS: Status and Latest Results

Gernot Maier for the VERITAS collaboration

A new observatory for ground-based gamma-ray astronomy

VERITAS THE VERY ENERGETIC RADIATION IMAGING TELESCOPE ARRAY SYSTEM
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Reshmi Mukherjee

A successful Collaboration:  VERITAS10-Year Celebration !

VERITAS Collaboration with Friends & Supporters
Westward Look, Tucson, AZ, June 2017
http://veritasj.sao.arizona.edu/10Years/



Observing the TeV Gamma-Ray Sky 
with VERITAS
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Outline !

Reshmi Mukherjee

§  Introduction to VERITAS

§  VERITAS instrument status

§  VERITAS skymap

§  VERITAS & Swift:  Why care about X-rays? 

§  X-ray – TeV joint studies (some results)

§  Blazars

§  Binaries

§  GRBs

§  Outlook for the future

Gehrels Memorial Meeting, Washington D.C., May 21-22, 2018 



Quick Introduction to VERITAS 
and where it fits in……

Reshmi Mukherjee Gehrels Memorial Meeting, Washington D.C., May 21-22, 2018 



Imaging Air Cherenkov Technique 
Reconstructed direction 
of cosmic/gamma-ray

Cherenkov light

Gamma-ray
air shower

300 m



The VERITAS Array

499 PMTs

500 MSps sampling FADCs 
3-level trigger106 m2 tessellated

§  Sensitivity: 1% Crab in ~25 hr  

§  Energy range: 100 GeV to 30 TeV
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(MAGIC & HESS)
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HAWC
(2015 - … )
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Current gamma-ray instruments
From MeV to TeV
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(2018 - … )

VERITAS Complementarity!

FACT
(2011 - … )



VERITAS Science !

Starburst Galaxies
Blazars

VERITAS AGN Highlights Wystan Benbow
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Figure 1: The preliminary sky maps of the significance measured from the direction of S3 1227+25 (left) and PKS
1441+25 (center). Right) The preliminary histogram of integral flux upper limits derived from VERITAS observations
of 93 blazars and all 21 other 2FGL sources in the field of view of those blazars.

4. Highlights from Observations of Known VHE Blazars
Observations of known VHE blazars are the dominant component of the VERITAS AGN

program. These data include various long-term flux monitoring programs, ToO observations and
single-season campaigns. A few recent highlights are given here, as well as some results that have
further guided the development of the VERITAS blazar observing program.

PKS 1441+25 is an FSRQ located at a redshift of z = 0.939. Immediately after the MAGIC
discovery (ATel #7402) of VHE g-ray emission from this object in April 2015, VERITAS initiated
a ToO observation campaign. A total of 15 h of good-quality observations was acquired during a
1-week period, resulting in the detection of a very soft spectrum excess of ⇠400 events (⇠8s ; see
Figure 1). The observed flux was steady at ⇠5% Crab above 80 GeV. A further ⇠4 h of data were
taken in May 2015, after the MeV-GeV (Fermi-LAT) flare that initiated the MAGIC observations
had subsided. No significant excess was observed from the source, unlike the VERITAS detection
(⇠6s in ⇠6 h over 10 nights) of steady emission (⇠3% Crab) from the FSRQ PKS 1222+216
approximately two weeks after a similar MeV-GeV flare had subsided in February 2014.

1ES 0229+200 was observed by VERITAS for 54.3 h from 2009-2012 as part of a MWL mon-
itoring campaign including Swift, RXTE and Fermi-LAT [4]. The blazar was solidly detected by
VERITAS (⇠12s ) and the VHE spectrum well measured (G = 2.59±0.12). A variable VHE flux
was observed presenting challenges to efforts to exploit the VHE spectrum of 1ES 0229+200 to
constrain the strength of the intergalactic magnetic field. In addition, a synchrotron self-Compton
(SSC) model was fit to the SED. Rather than presenting a single, degenerate solution the entire
range of SSC parameters allowed by the data were presented. Although no detection was particu-
larly strong in any given waveband, in many cases the SSC parameters were constrained to a factor
of ⇠2 showing the general promise for VERITAS MWL campaigns on other blazars.

PKS 1424+240 is an IBL discovered at VHE by VERITAS in 2009 [5]. In 2013, archival
HST measurements were used to show it has z > 0.604, making it one of the most distant VHE
blazars [6]. This motivated a deep campaign on this object in 2013 [7]. In total more than 100 h
of observations, including archival data, resulted in a ⇠18s detection above 120 GeV and a VHE
spectrum that is now well measured (G = 4.2±0.3). When EBL effects are removed assuming the
redshift is at the lower limit, the spectrum shows an indication of spectral hardening that is curious
and becomes more so with higher redshift assumptions. Unfortunately the VHE flux was more

5

Radio Galaxies: Close, 
with misaligned jets

Fundamental Physics

Iron Spectrum Henrike Fleischhack

Cause Effect on f0 Effect on “

Absolute calibration (incl. atmosphere, detector model) ±40% ±0.2
‘Dead’ pixels (broken/turned off due to starlight) ±7% ±0.07
Intrinsic energy bias +0%

≠30%
+0.0
≠0.1

Statistical uncertainty on effective area ±10% —
Hadronic interaction model ±12% ±0.1
Remaining background +0%

≠15% —

Total +44%
≠55%

+0.23
≠0.25

Table 2: Systematic uncertainties of the cosmic-ray iron spectral parameters

and index
“ =2.82±0.30

stat

+0.23
≠0.25sys

.

The results agree well with previous measurements by IACTs and direct detection experi-
ments [22–26]. For the first time, the spectrum was extended beyond 200 TeV, with no indication
of a cutoff. Compared to previous measurements by IACTs [22, 23], the analysis presented here
has a slightly higher energy range. However, the template fit was able to compensate for the
truncation of high-energy events, whose images are not fully contained in the IACT cameras,
which increased the energy range of the analysis.

5. Future Outlook

There are several concievable ways in which the results presented here could be extended
and improved upon in future studies. Including the first interaction height in the likelihood fit
is expected to further improve the energy resolution, and would also provide a good cross-check
of hadronic and nuclear interaction models. With improved energy resolution and the increased
energy range promised by the upcoming CTA array [27], we will become sensitive to features
in the iron spectrum, such as spectral hardening.
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Figure 3: Iron spectrum in cosmic rays from the study presented here. Previous measurements by
VERITAS [22], H.E.S.S. [23], TRACER [24, 25] and CREAM [26]. Statistical uncertainties only.
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Galactic sources

VERITAS observations of the Cygnus Region Ralph Bird

J2018+367 and VER J2020+368 using the Point integration region. VER J2018+367 is fit with
a PL of parameters N0 = (5.12± 0.94

stat

± 1.48
sys

)⇥ 10�17 GeV�1cm�2s�1 at E0 = 2710 GeV
and a spectral index of 2.00± 0.21

stat

± 0.2
sys

. VER J2020+368 shows a harder spectrum with
a spectral index of 1.71± 0.26

stat

± 0.2
sys

and a flux normalization of (3.00± 0.56
stat

± 0.60
sys

)

⇥10�17 GeV�1cm�2s�1 at E0 = 3270 GeV (fig. 4c).
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Figure 5: VERITAS significance map of the
MGRO J2019+37 region.

3FGL J2021.1+3651 (PSR J2021+3651)
is a g-ray pulsar that lies 0.11� away from
VER J2020+368. XMM-Newton and Suzaku

observations clearly show a bright point
source spatially coincident with the Fermi-
LAT detected pulsar PSR J2021.1+3651,
with associated extended emission from a
PWN (G75.2+0.1) [6] stretching back to-
wards VER J2020+368. It is likely that VER
J2020+368 is associated with G75.2+0.1.

4.5 VER J2016+371

VER J2016+371 was observed using the
Point integration region at 6.2s

local

. The
location of this fit is (l, b) = (74.94� ±
0.01�

stat

± 0.01�
sys

, 1.16� ± 0.01�
stat

± 0.01�
sys

)
((a

J2000,d
J2000) = 20h15m57s, 37�1203100)

with no evidence of extension. The spectrum is fit with a power law of normalization (2.8±1.2
stat

±0.6
sys

)⇥10�17 GeV�1cm�2s�1 at E0 = 2510 GeV and spectral index 2.1±0.8
stat

±0.2
sys

.
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Figure 6: A section along the major axis of VER
J2019+368 towards VER J2018+367 through the
excess map using the Point integration radius.

To test the relative contributions of
CTB 87 and QSO J2015+371 to the HE g-
ray emission, in addition to a single source
model, a model with two power law sources
at the radio locations was used. The two
sources had test statistics of 102 and 1087 re-
spectively. The spectra of the two sources are
noticeably different, with the CTB 87 source
being weaker and harder. Plotting all three
Fermi-LAT spectra with the VERITAS spec-
trum (fig. 4d), shows good agreement be-
tween the spectrum of the Fermi-LAT CTB
87 source and VER J2016+371, whereas the
QSO J2015+371 source would require a spectral hardening to fit the VERITAS results. Conduct-
ing a joint PL fit to the spectral points from the CTB 87 source and VER J2016+371 gives the
parameters N0 = (6.67±0.60

stat

)⇥10�11 GeV�1cm�2s�1 at E0 = 5.2 GeV and spectral index 2.39
±0.05

stat

. Combined, the location of VER J2016+371 and the spectra of the Fermi-LAT emission,
when fit as two sources, suggests that the Fermi emission from the direction of CTB 87 and VER
J2016+371 are the same source and that they are associated with the PWN CTB 87.
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Unidentifieds

Pulsar
VERITAS observations of the Cygnus Region Ralph Bird

VER J2019+407

VER J2031+415

VER J2019+368

VER J2016+371

PSF
Integration Region

84 80 76 72 68

6

4

2

0

-2

19h45m20h00m15m

28�

30�

l[�]

b[
� ]

↵J2000

�
J
2000

�5

0

5

10

S
ig
ni
fic
an
ce

Figure 1: Significance map of the entire region using the Extended integration region. Overlaid are
the 1s ellipses for extended sources and the location of VER J2016+371 (diamond).

A gated Fermi-LAT analysis on 3FGL J2032.2+4126 showed an extended residual (fig. 2),
with centroid (l, b) = (80.24�± 0.03�

stat

, 1.04�± 0.03�
stat

) ((a
J2000, d

J2000) = (20h32m13s, 41�280

3900). This residual was fit by an symmetric Gaussian source of 68% containment radius 0.15�+0.02�
�0.03�

centered on this location with a TS of 321.1 and a TS of extension of 28.6. We name the source
FGL J2032.2+4128e.

The VERITAS spectrum is well described by a power law with an index of 2.03± 0.37
stat

± 0.40
sys

and a normalization of (2.05± 0.42
stat

± 0.20
sys

)⇥ 10�16 GeV�1cm�2s�1 at 1820 GeV
(fig. 4a). The spectrum of FGL J2032.2+4128e can be described by a power law with index 2.52
±0.07

stat

and a normalization of (1.44±0.09
stat

)⇥10�8 GeV�1cm�2s�1 at 2.27 GeV. Comparing
the spectra of FGL J2032.2+4128e and 3FGL J2032.2+4126 shows that, below 1 GeV, the extrap-
olated flux from FGL J2032.2+4128e would be stronger than 3FGL J2032.2+4126. It is likely,
therefore, that at low energies some of the emission from 3FGL J2032.2+4126 is being included
in the measured flux from FGL J2032.2+4128e. A joint fit to the VERITAS and Fermi-LAT data
points for VER J2031+415/FGL J2032.2+4128e is well fit with a PL of index 2.39± 0.03

stat

and
normalization (3.61±0.21

stat

)⇥10�10 GeV�1cm�2s�1 at 4.04 GeV.
It is likely that both the HE and VHE emission share a common origin. Given the proximity

of the emission from both sources to the pulsar PSR J2032+4127, a PWN origin of this emission is
a strong possibility. It has been suggested that PSR J2032+4127 is in a long-period binary system
and that this is the origin of at least some of the VHE emission and could be confirmed through the
detection of correlated variability across multiple wavelengths [5].

4.3 VER J2019+407

In this analysis, VER J2019+407 was observed by VERITAS at a peak significance of 7.6s
using the Extended integration region. The centroid was (l, b) = (78.30�±0.02�

stat

±0.01�
sys

, 2.55�

3

Cygnus Survey

VERITAS and Fermi-LAT observations for new 2HWC sources Nahee Park

J1852+013⇤ and 2HWC J1902+048⇤. The measurements for these two sources disagree at a con-
fidence level of greater than 95%. To satisfy both the VERITAS upper limit and the measured
HAWC flux, the source extension must be larger than a radius of 0.23�for these.

4.1 SNR G 54.1+0.3 region

Figure 2: (left side) VERITAS gamma-ray counts map of the SNR G 54.1+0.3 region with point source
search cuts. White contours are HAWC’s significance contours of 5, 6, 7, and 8s . A point source detected
by this Fermi analysis is marked with a black circle. Further study finds that the model with two point sources
best describes the gamma-ray distribution of Fermi-LAT data. The locations of the two point sources used in
the model are indicated with black diamond markers. For both skymaps, dark green crosses are the locations
of 3FGL sources and blue x marks indicate the centroids of two HAWC sources in the region. Also, the q
cut used for the study is shown as a white dashed circle for both maps. (right side) VERITAS gamma-ray
counts map of the DA 495 region with extended source search cuts. Light pink contours show the radio
contours around PWN DA 495 measured by the Canadian Galactic Plane Survey in the 1.42 GHz band [9].
White contours are HAWC’s significance contours of 5s . The cyan diamond is the location of an X-ray
compact source. The yellow circle is the centroid of VERITAS. The extension of radio emission from SNR
G65.1+0.6 is marked with a dashed black line.

The first region that we discuss in detail contains a TeV source previously identified by VERI-
TAS, VER J1930+188 [8] and a newly identified HAWC source, 2HWC J1928+177. With 16 hours
of additional data taken in the 2015–2016 observing season, VERITAS has a total of 46 hours of
exposure in this region. The updated VERITAS counts map overlaid with Fermi-LAT and HAWC’s
information is shown in Figure 2. The VERITAS source is associated with the SNR G 54.1+0.3, a
supernova remnant hosting a young, energetic pulsar, PSR J1930+1852.

The HAWC source 2HWC J1930+188, coincident with VER J1930+188, was detected in the
HAWC point source search. The centroid of 2HWC J1930+188 is shown in Figure 2, and it agrees
with the position of VERITAS source.

Fermi-LAT analysis of this region searching for the LAT counterpart of HAWC sources de-
tected a point source coincident with VER J1930+188 with a TS value of 26. The non-detection

4

HAWC Follow-ups

Decadal VERITAS Observation of LS I +61�303 Payel Kar

Figure 2: VERITAS skymaps of LS I +61�303 arranged by orbital phase f . Image locations are hence
approximate and illustrative only, the orbit is unresolved at TeV energies. The time progression is counter-
clockwise. The orbital parameters used are from [3]

conjunction passage [6]. A simple estimation of the hydrogen column density is made using the
attenuation equation I = I0 exp(�µrL) where I0 is an assumed intrinsic flux (integral flux near
apastron passage), I is the attenuated flux (integral flux for phase range f = 0.8 ! 0.2 is used), µ
is the mass attenuation constant which is constant above 100 MeV, r is the density of matter and L
is attenuation length. The obtained hydrogen column density is NH = 4.62⇥ 1020 cm�2 which is
an order of magnitude less than values obtained from X-ray observations [7, 8].

The correlation seen between X-ray and TeV emission from LS I +61�303 favor a single zone
model for the binary where charged particles produce synchrotron X-rays and VHE gamma rays
by synchrotron self-Compton processes [7]. A detailed multiyear correlation study at X-ray, GeV
and TeV energies will will be presented in a forthcoming publication. Yet the theory of astronomi-
cal beats and the observed anti-correlation between X-ray luminosity LX and X-eay spectral index
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VERITAS & Swift: 
Why care about X-rays? 

Reshmi Mukherjee Gehrels Memorial Meeting, Washington D.C., May 21-22, 2018 



X-ray – Gamma-ray !

Reshmi Mukherjee

§  We are at a “Golden Age” of multiwavelength astronomy. 
§  Gamma-ray data from ground-based TeV instruments are being complemented 

by Swift (X-rays) and Fermi-LAT (MeV-GeV). 
§  Unprecedented detailed studies of the dynamics of particle acceleration are 

now possible for: 
§  Blazar jets
§  X-ray/TeV binaries
§  Gamma-ray bursts
§  PWNe, Supernova remnants
§  Unidentified TeV sources
§  Tidal disruption events (TDEs) ………..



The Power of Swift

Reshmi Mukherjee

§  Swift has a flexible observing strategy and the ability to react quickly to target 
of opportunity requests (ToOs).

§  Swift is a great asset in multiwavelength campaigns. 

§  The availability of Swift Legacy observations, particularly for TeV blazars was a 
success story and Neil played a key role in making that instrumental. 

§  Data base useful for long term studies of the variability of objects. (Stroh & Falcone, 
arXiv:1305.4949v1)

Gehrels Memorial Meeting, Washington D.C., May 21-22, 2018 

BAT: 15 keV - 150 keV
XRT: 0.2 keV – 10 keV
UV/Optical: 650 nm - 170 nm



Understanding Blazar SEDs: The X-ray – γ-ray connection 

Reshmi Mukherjee

Blazar SEDs: From low to high-frequency peaked sources. Simultaneous X-ray 
spectrum is crucial in interpretation of  blazars from FSRQs to “Extreme” HBLs. 

Coverage:  VHE (HESS, MAGIC, VERITAS): 100 GeV – 50 TeV
        MeV-GeV (Fermi/AGILE): 30 MeV – 300 GeV all sky 
        UV-Optical-X-ray (Swift/NuSTAR): up to 150 keV

Ghisellini (2016)



Why Study VHE Blazars with X-rays? !

Reshmi Mukherjee

§  Need to understand acceleration mechanisms capable of producing large luminosity at 
very high energies and below:
§  SSC? (Maraschi et al. 92, Tavecchio et al 98, …)
§  External IC? (Dermer & Schlickeiser 2002, …)
§  Proton cascades? (Mannheim 93, …)
§  Proton synchrotron? (Muecke & Protheroe 2000, Aharonian 2000, …)

§  Constrain blazar environment characteristics: Doppler factor, seed populations, 
photon vs. magnetic energy density, accel. and cooling timescales, …

§  Need to understand blazar development and evolution.
§  Potential sources of cosmic ray acceleration.
§  Constrain models of extragalactic infrared background.
§  Potentially enable studies of  Lorentz Invariance and quantum Gravity.

J.Buckley 1998

Jets typically produce variable synchrotron emission in X-ray 
band.  This is a required input for modeling the higher 
energy emission.

Slide from Abe Falcone, 
VERITAS 10-Yr Meeting



Blazars: Where were we before VERITAS & Swift?  !
Mrk501 SED taken from Catanese & Weekes 1999

§  Very few simultaneous multi-wavelength campaigns, 
coupled with difficult observing constraints with 
large slewing overhead for typical space telescopes, 
led to sporadic coverage of the critical spectral 
regions below the peak of the 2nd bump.  

§  Most transient studies involved the use of archival 
data.

§  Whipple: Limited sensitivity at TeV 
energies meant that we were primarily 
detecting only the Crab and handful of 
bright sources/flares.  

§  Needed to execute very long 
integrations over multiple dark runs.

§  (Crab was ~7 σ in 1 hour, in VHE band)

Slide from Abe Falcone, 
VERITAS 10-Yr Meeting



Blazars: Now we have …… !
Simultaneous multi-frequency monitoring of blazars to look for flares and their and relation 
to events in the relativistic jets.

Detection of γ rays (~200 GeV) from PKS 1441+25 (z = 0.939) during April 2015. 
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Blazars: Now we have …… !
SED studies:  An “extreme” HBL, 1ES 1741+196

§  Synchrotron peak-frequency constrained by average Swift–XRT spectrum: best-fit by 
broken-power-law with Γ ~ 1.99, Ebreak ~ 1.20 keV, indicating  synchrotron peak-
frequency located above 10.0 keV. 

§  SED of 1ES 1741+196 suggests VHE blazar may belong to the extreme-HBL class. 
§  VERITAS spectrum corrected for EBL absorption consistent with Γ ~ 2.3, indicating an 

IC peak-frequency above 100 GeV.
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Blazar SED Studies … More Examples!

§  SED of PKS1424+240 with constraints on redshift and emission 
mechanisms from data using Swift, Fermi, VERITAS, and others…. 

§  Simultaneous data from high redshift blazars, during higher emission states, 
are needed to strengthen IR background estimates. Redshift now known 
to be >0.6 (Furniss et al. 2013). 

VERITAS Collaboration 
0912.0730



Blazars at TeV Discoveries: OJ 287 !

§  Blazar OJ 287 (z ~ 0.3) detected by VERITAS during high X-ray activity/low Fermi-band 
activity. 

§  Proposed as a source with a binary supermassive black hole system. 
§  VERITAS triggered by high Swift state, which subsequently triggered Swift 

observations. .

ATEL # 10051



§  HESS J0632+057: variable, unidentified TeV source, located in the Monoceros region.
§  Associated with massive Be star MWC 148.
§  The light curve folded over the 321 day periodicity (Bongiorno et al. 2011).

§  (Different color data points are offset by 321 days, i.e. from different cycles)
§  Swift observations used to discover a new and enigmatic γ-ray binary (Falcone et al. 2010). 

Identification of a Gamma-Ray Binary!

H.E.S.S. Collaboration 2007

Bongiorno et al. 2011
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Fig. 3.— The X-ray light curve of XMMU J063259.3+054801 folded over the proposed period

of 321 days. Zero phase has been arbitrarily defined as the date of first observation (MJD

54857). The three phase cycles that result from this folding are designated with diamond,

X, and square symbols, respectively. The lower panel shows the hardness ratio (2.0-10.0

keV)/(0.3-2.0 keV), folded over the same period and binned at 25 day intervals to improve

the signal to noise ratio. The shown hardness data were fit with a constant (red dashed

line), resulting in �2 = 55.4 for 7 degrees of freedom, thus confirming variability.

HESS J0632+057!



§  VHE & Swift X-ray data indicate that the source is a binary period of 315 
days. 

§  Tight correlation between X-ray and TeV.
§  First binary discovered via γ-rays. 

HESS J0632+057: Correlation of TeV & X-rays!

Maier et al. 2017 



New TeV Binary: TeV J2032+4130  !

 

§  The 50-year orbit of PSR J2032+4127/ MT91-213 binary system. 
Periastron predicted for November 2017.

§  We have been watching the source. Thorough campaign carried 
out, long baseline, including pre-periastron. 

§  Linked with the first unidentified TeV source TeV J2032+4130, dubbed the “dark 
accelerator.” 

Ho et al. 2017



New TeV Binary: TeV J2032+4130  !

 

§  Swift X-ray monitoring during TeV flare.
§  TeV light curve shows steady rise over 2 months up to periastron. Short dip & 

rebound after periastron. 
§  Ongoing studies to understand TeV and X-ray light curves and spectrum. 

ATels #10810

ATels #10810

Periastron



GRB 150323A: Constraints on the Environment !

“A strong limit on the very-high-energy emission from GRB 150323A” !

§  Swift BAT burst at z ~ 0.6. VERITAS 
was on target 270 sec after Swift 
trigger from a precurser burst, and 
~135 s after the start of the main GRB

§  TeV UL at <1% prompt fluence.

§  Weak VHE emission favors explosion 
into the stellar wind of dense 
progenitor (Wolf-Rayet star), or a weak 
blast wave with low electron cooling 
due to a tenuous ISM.

§  EBL attenuation not a significant factor.
VERITAS Collaboration,  ApJ (1803.01266)



Looking to the Future: VERITAS Multi-Messenger 
Program !

§  Cosmic ray sources: Follow up of HAWC sources of TeV γ rays. 

§  Astrophysical Neutrinos: Observation of IceCube neutrino positions. Prompt 
follow-up of neutrino alerts. 

§  Gravitational Waves: Planned follow-up observations of LIGO-VIRGO alerts.

24 
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Thank you!

Reshmi Mukherjee

Neil was always incredibly supportive of VERITAS, and of gamma-ray astronomy in general, 
and his support really came through when Swift gave us the opportunity to obtain a legacy of 
multiwavelength campaign data. 

The VERITAS Collaboration would like to thank the Neil Gehrels Swift Observatory Team 
for enabling excellent collaborative work and successful  scientific studies. The scientific legacy 
from these joint studies will benefit generations of future scientists and will help them take 
our discoveries to higher levels. 

The VERITAS Collaboration!


