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ABSTRACT

The understanding of novae, the thermonuclear eruptions on the surfaces of white dwarf stars in
binaries, has recently undergone a major paradigm shift. Though the bolometric luminosity of novae
was long thought to be solely attributed to runaway nuclear burning, recent GeV gamma-ray observa-
tions have supported the notion that a significant portion of the luminosity could come from radiative
shocks. More recently, observations of novae have lent evidence that these shocks are acceleration sites
for hadrons for at least some types of novae. In this scenario, a flux of neutrinos may accompany the
observed gamma rays. As the gamma rays from most novae have only been observed up to a few GeV,
novae have previously not been considered as targets for neutrino telescopes, which are most sensitive
at and above TeV energies. Here, we present the first search for neutrinos from novae with energies
between a few GeV and 10 TeV using IceCube-DeepCore, a densely instrumented region of the Ice-
Cube Neutrino Observatory with a reduced energy threshold. We search both for a correlation between
gamma-ray and neutrino emission as well as between optical and neutrino emission from novae. We
find no evidence for neutrino emission from the novae considered in this analysis and set upper limits
for all gamma-ray detected novae.

Keywords: Novae, high energy astrophysics, neutrino astronomy, neutrino telescopes

1. INTRODUCTION

Novae are luminous outbursts that occur when a white
dwarf in a binary system rapidly accretes matter from
its companion star, leading to unstable nuclear burn-
ing on the surface of the white dwarf (Gallagher &
Starrfield 1978). Surprisingly, it was recently discov-
ered that these luminous events, typically identified in
optical wavelengths, were often accompanied by GeV
gamma rays (Ackermann et al. 2014a). Now, approx-
imately one decade since the first discovery of gamma
rays from novae with the Large Area Telescope (LAT)
aboard NASA’s Fermi satellite, there have been over a
dozen novae identified in gamma rays, some identified
in archival searches (Franckowiak et al. 2018), and more
recently being announced in real time via channels such

∗ also at Earthquake Research Institute, University of Tokyo,
Bunkyo, Tokyo 113-0032, Japan

as the Astronomer’s Telegram (ATel)1. For a recent re-
view of novae, see (Chomiuk et al. 2021).

The gamma-ray emission from novae was recently
found to be strongly correlated in time with the opti-
cal emission, lending evidence for a common origin in
shocks (Aydi et al. 2020). Novae have apparent efficien-
cies of non-thermal particle acceleration on the order
of 0.3− 1% (Li et al. 2017; Aydi et al. 2020). Although
low compared to efficiencies inferred for adiabatic shocks
in Galactic accelerators like supernova remnants (Mor-
lino & Caprioli 2012), novae still provide us with a rel-
atively nearby class of transients that can be used to
understand more energetic and distant classes of non-
relativistic, shock-powered transients (Fang et al. 2020).
The non-thermal gamma rays could, in principle, be pro-
duced from a variety of mechanisms, depending on the
composition of the relativistic particles accelerated at

1 https://www.astronomerstelegram.org/
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the shocks. In the “leptonic” scenario, relativistic elec-
trons Compton up-scatter the optical light or radiate
via bremsstrahlung. In the “hadronic” scenario, acceler-
ated relativistic ions interact with ambient gas, produc-
ing charged and neutral pions, which in turn decay into
neutrinos and gamma rays, respectively.

For many recent observed novae, several studies fa-
vor the hadronic scenario. For example, large mag-
netic fields are required to accelerate particles to pro-
duce the GeV gamma rays detected from some novae,
which is inconsistent with leptonic models (Li et al. 2017;
Vurm & Metzger 2018). Moreover, recent observations
of the spectrum of nova RS Ophiuchi during its 2021
outburst saw its spectrum extend beyond TeV energies,
with fits to both H.E.S.S. and MAGIC data consistent
with hadronic modeling (Acciari et al. 2022; De Wolf
et al. 2022).

In addition to modeling based on gamma-ray obser-
vations, neutrinos could hold the key to distinguishing
between the leptonic and hadronic models (Razzaque
et al. 2010; Metzger et al. 2016). Furthermore, neutri-
nos could not only validate the hadronic scenario, but
the level of any such neutrino flux would provide valu-
able information for understanding the environments of
these shocks.

However, while there is a guaranteed flux of neutrinos
that would accompany any gamma rays produced in the
hadronic scenario, the energies of the gamma rays place
a limit on the maximum energies of neutrino counter-
parts. On average, hadronic gamma rays carry approxi-
mately 10% of the initial relativistic ion energy, whereas
the neutrinos carry about 5% of the initial energy. Thus
far, with the exception of nova RS Ophiuchi, the gamma-
ray spectra from novae detected by the Fermi-LAT have
been modeled as a power-law with an exponential cut-
off, dN/dE ∝ E−Γ exp(−E/Ecut), where Γ is the pho-
ton spectral index and Ecut is the cutoff energy (Acker-
mann et al. 2014a; Franckowiak et al. 2018). Most indi-
vidual novae have been fit with a cutoff of a few GeV,
and a population analysis finds that the global spectrum
from novae is well described with Γ = 1.71 ± 0.08 and
Ecut = 3.2 ± 0.6 GeV (Franckowiak et al. 2018). While
some novae show no strong evidence for a cutoff with
LAT data alone, observations with MAGIC of an indi-
vidual nova, V339 Del, place a strong upper limit in the
TeV band, necessitating a cutoff in the 100 GeV range,
if not at lower energies (Ahnen et al. 2015).

It is for this reason that novae have not previously
been targeted by neutrino telescopes. Optical Cherenkov
neutrino telescopes, such as the IceCube Neutrino Ob-
servatory, typically have optimal sensitivities & TeV,
which is significantly higher than one could expect from

even the most optimistic models for cosmic-ray ac-
celeration in novae. Some previous searches for sub-
TeV neutrino sources have been performed by Super-
Kamiokande (Thrane et al. 2009; Hayato et al. 2018) as
well as by IceCube (Aartsen et al. 2016; Abbasi et al.
2022a), but these analyses have targeted other classes of
astrophysical transients.

In this work, we describe the first search for neutri-
nos from novae using IceCube-DeepCore, a subarray of
the IceCube Neutrino Observatory, which can be used
to lower the energy threshold for astrophysical neutrino
source searches. Although DeepCore has been used in
past all-sky searches for generic transients (Aartsen et al.
2016; Abbasi et al. 2022a), this is the first time it has
been used in a search for Galactic transients.

We begin in section 2 by describing the sample of
novae used in this work, distinguishing those detected
by the Fermi-LAT from those only detected in optical
wavelengths. In section 3, we describe DeepCore in more
depth, and list the details of the event selection used in
our analyses. Then, in section 4, we describe the maxi-
mum likelihood approaches we implemented, including,
in section 4.1, a search for correlations with individual
gamma-ray lightcurves, and in section 4.2, a search for a
cumulative signal from all optically detected novae. We
summarize our results in section 5, and then discuss the
implications of our results as well as of using DeepCore
for neutrino astronomy in section 6.

2. NOVA SAMPLE

To create our list of novae, we began by using the cat-
alog compiled for a search for gamma-ray emission from
novae (Franckowiak et al. 2018). This catalog spanned
the years 2008-2015, whereas the neutrino data used in
our analysis does not begin until 2012 and extends un-
til 2020. To gather information on more recent novae as
well as to ensure that the catalog of all novae up to 2015
was exhaustive, we cross-referenced our sample against
other compilations2,3. For additional information on
gamma-ray novae, we searched ATels, and included the
recent novae detected by the LAT, as described in detail
in Appendix A.

For all novae, we require a measurement of the optical
peak time. For novae through 2015, this was explicitly
calculated in (Franckowiak et al. 2018). For later novae,
we accessed light curve information through AAVSO4

2 https://asd.gsfc.nasa.gov/Koji.Mukai/novae/novae by Koji
Mukai

3 List of Galactic Novae: http://projectpluto.com/galnovae/
galnovae.txt, by Bill Gray

4 https://www.aavso.org/LCGv2/
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Depending on the energy and type of event morphology,
events in the GRECO Astronomy dataset can have un-
certainties in the angular resolution ranging from a few
degrees to approximately 80◦, as shown in Figure 10
(Appendix B). The events used in this selection have
angular uncertainties that are much larger than those
present in & TeV neutrino analyses, because the track
lengths of outgoing muons (if present) are shorter in
DeepCore and shorter track lengths increase angular un-
certainty.

4. ANALYSIS TECHNIQUES

The analyses performed for this work rely on an un-
binned maximum likelihood approach that is common in
searches for astrophysical neutrino sources (Braun et al.
2008). For this work, we implement an “extended like-
lihood” approach, which splits the entire dataset into
a time period of interest (the “on-time window”) with
duration ∆T and the remainder of the dataset (the “off-
time window”), with ∆T defined by the duration of the
electromagnetic outburst for each nova. This approach
has been used in many other searches for short-timescale
neutrino transients (Aartsen et al. 2017; Aartsen et al.
2020; Aartsen et al. 2020).

For an on-time window with N total neutrino candi-
date events, we define the likelihood, L, which consists of
the sum of a signal probability density function (PDF),
S, and a background PDF, B, as

L(ns,γ) =
(ns + nb)

N
e−(ns+nb)

N !

×

N
∏

i=1

[

ns

ns + nb

S (xi|γ) +
nb

ns + nb

B (xi)

]

,

(1)

where ns and nb are the signal and expected background
event counts, respectively, γ is the spectral index of the
source. The index i iterates over all neutrino candidate
events in the on-time window, and each of these events
has a set of observables xi. The term outside of the
product in the likelihood accounts for possible fluctua-
tions in the rate of events, which is helpful in transient-
style analyses where the expected number of background
events is small (Barlow 1990). We maximize the likeli-
hood with respect to both ns and γ, to characterize the
normalization and spectrum of neutrino emission from
a potential source.

Both the signal and background PDFs consist of terms
describing the energy and the spatial distributions. Be-
ginning with the signal PDF, S, the spatial component
expects neutrinos from novae to be spatially associated
with the nova location observed from photons. We de-
fine the PDF as it is used in (Aartsen et al. 2017a),

which is a function of the opening angle between the
source location and the reconstructed event direction,
∆Ψ, and which can be approximated by the first-order
non-elliptical component of the Kent distribution. The
Kent distribution is an extension of a radially-symmetric
Gaussian that accounts for projection effects onto a
sphere, which is necessary when handling events with
large uncertainties in the reconstructed direction. The
width of this distribution is governed by a per-event an-
gular uncertainty, σi. The energy term of the signal
PDF is a function of each event’s best-fit declination
and energy, and is calculated for a variety of possible
source spectral indices. It is described fully in (Aartsen
et al. 2017b).

For the background PDF, B, both the energy and spa-
tial components are parameterized directly from exper-
imental data. The spatial component depends only on
each reconstructed event’s declination, and the energy
component is a function of the event’s reconstructed dec-
lination and its reconstructed energy. The probability
in right ascension is treated as a uniform distribution.
The number of expected background events, nb, is cal-
culated from off-time data to obtain an estimate on the
all-sky rate of the sample.

The final test statistic (TS) is based on a log likelihood
ratio between the best-fit signal hypothesis (with best-fit
parameters n̂s, γ̂) and the background-only hypothesis
(ns = 0, for which γ is undefined), and simplifies to

T S = −2n̂s + 2

N
∑

i=1

ln

[

n̂sS (xi|γ̂)

nbB (xi)
+ 1

]

. (2)

4.1. Gamma-ray correlation analysis

The first analysis of this work looks for neutrino emis-
sion coincident with gamma-ray emission. For each nova
that has been detected in gamma rays (or was identified
as a gamma-ray candidate in (Franckowiak et al. 2018)),
we use the time-period of gamma-ray observations to
determine the on-time window for the analysis. The
time windows are consistent with what was reported for
gamma-ray activity in (Gordon et al. 2021) and with
the time windows for the candidate emitters in (Franck-
owiak et al. 2018). The time windows range from days to
several weeks in duration. As the GRECO Astronomy
dataset can only be used to search for transient neutrino
sources due to high atmospheric backgrounds at these
energies, we validated that we could search for neutrino
emission on all of these timescales by injecting artificial
signal events into our analysis and making sure that the
analysis could recover an injected signal. One way of
characterizing the analysis performance is by calculat-
ing the sensitivity, which is defined as the median one-
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Name α δ MJDstart MJDstop ∆T T S n̂s γ̂ pre-trial

(days) p-value

V1324 Sco 267.7◦ -32.6◦ 56093.0 56110.0 17.0 0.00 0.0 – 1.000

V959 Mon 99.9◦ +5.9◦ 56097.0 56119.0 22.0 1.14 14.8 2.75 0.197

V339 Del 305.9◦ +20.8◦ 56520.0 56547.0 27.0 0.00 0.0 – 1.000

V1369 Cen 208.7◦ -59.2◦ 56634.0 56672.0 38.0 0.01 3.8 4.00 0.070

V745 Sco 268.8◦ -33.2◦ 56694.0 56695.0 1.0 0.00 0.0 – 1.000

V1535 Sco 255.9◦ -35.1◦ 57064.0 57071.0 7.0 6.95 59.9 3.02 0.002

V5668 Sgr 279.2◦ -28.9◦ 57105.0 57158.0 53.0 1.30 62.0 3.16 0.112

V407 Lup 232.3◦ -44.8◦ 57657.0 57660.0 3.0 0.00 0.0 – 1.000

V5855 Sgr 272.6◦ -27.5◦ 57686.0 57712.0 26.0 0.00 0.0 – 1.000

V5856 Sgr 275.2◦ -28.4◦ 57700.0 57715.0 15.0 5.13 40.3 2.81 0.015

V549 Vel 132.6◦ -47.8◦ 58037.0 58070.0 33.0 0.22 22.4 4.00 0.062

V357 Mus 171.6◦ -65.5◦ 58129.0 58156.0 27.0 0.01 5.0 4.00 0.115

V906 Car 159.1◦ -59.6◦ 58216.0 58239.0 23.0 0.00 0.0 – 1.000

V392 Per 70.8◦ +47.4◦ 58238.0 58246.0 8.0 0.88 15.4 3.64 0.373

V3890 Sgr 277.7◦ -24.0◦ 58718.0 58739.0 21.0 0.00 0.0 – 1.000

V1707 Sco 264.3◦ -35.2◦ 58740.0 58744.0 4.0 0.00 0.0 – 1.000

Table 1. Results from the gamma-ray correlation analysis. MJDstart and MJDstop represent the beginning and end of when a
nova was detected by Fermi-LAT, respectively. This is the same time window used for the neutrino search. The observed test
statistic (T S), best-fit number of signal events (n̂s) and best-fit spectral index (γ̂) for each nova are given here. The p-values
shown in the final column are before accounting for the factor accrued from performing multiple searches.

calculate the effect of systematic uncertainties on our
upper limits, we produced two additional Monte Carlo
datasets for each systematic effect, with a discrete value
of the systematic chosen to bracket the uncertainty of
that systematic effect. We simulate systematics datasets
with ±10% DOM efficiency, ±10% absorption coeffi-
cient, ±10% scattering coefficient, and ±1 sigma vari-
ations in hole ice optical properties, which were chosen
to match those used in (Abbasi et al. 2022a).

We recalculate our sensitivities for each nova at 3 dif-
ferent spectral indices (2.0, 2.5, and 3.0) using each of
these datasets. We find the ratio of the sensitivity with
the systematic included to the sensitivity without the
systematic included, and average this value over all no-
vae for each systematic. We then sum the components
of these uncertainties in quadrature to find a total sys-
tematic uncertainty for each of the 3 spectral indices.
We find the total systematic uncertainty on the flux up-
per limit, averaged over novae, to be within ±21% for
an index of 2.0, ±20% for a spectral index of 2.5 and
±13% for an index of 3.0. We rescale our upper limits
presented in Figure 4 using the upper bound of these
calculated systematic uncertainties for each spectral in-
dex, to provide a conservative upper limit with these
systematics included.

5. RESULTS

After calculating test statistics for each analysis on
true experimental data, no significant signal is detected,
either in the gamma-ray correlation analysis or in either
of the stacked analyses.

In Table 1, we include all of the results from the
gamma-ray correlation analysis. We also show the ob-
served test statistics for each of the gamma-ray detected
novae, as well as the background test statistic distribu-
tion calculated by performing pseudo-experiments as-
suming a background-only hypothesis in Figure 3. In
addition to the time-windows of the analysis, we include
the best-fit parameters and pre-trial p-values, before ac-
counting for the trials correction factor accrued from an-
alyzing multiple sources. The most significant followup
comes from our investigation of the nova V1535 Sco,
which had a pre-trials p-value of 2.4×10−3, which gives a
post-trials p-value of 3.8% after accounting for the num-
ber of novae investigated, which we find to be consistent
with expectations from atmospheric backgrounds. Nova
V1535 Sco was not significantly detected in gamma rays,
and was only identified as a candidate gamma-ray emit-
ter in (Franckowiak et al. 2018).

5.1. Power law upper limits

As no significant signal was detected, we calculate up-
per limits on neutrino fluxes from novae during time pe-
riods of coincident gamma-ray detections. These limits
are displayed in Figure 4. We also include a comparison
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2022), which yields the highest number of events in the
GRECO sample. We show two different maximum pro-
ton energies, Emax, for the limits shown in Figure 4 and
used a nominal B-field value of 108 G, although the in-
terpretation does not change much when varying the
parameters of the model and comparing to our anal-
ysis results. In total, depending on the exact physi-
cal parameters of the nova, the models of (Bednarek &
Śmiałkowski 2022) predict that the GRECO Astronomy
data sample could contain O(0.01) neutrinos from the
weakest novae and O(1) neutrinos from the brightest no-
vae, in the most optimistic scenarios. Our limits, on the
other hand, correspond to higher fluxes that correspond
to a larger number of signal events. These limits are
functions of the source position, time window, as well as
the observed test statistic for each nova. For novae with
shorter gamma-ray detections or with smaller observed
test statistics, such as V1707 Sco, V392 Per, V339 Del,
V745 Sco, or V407 Lup, we find that these limits corre-
spond to an expectation of 10-30 signal events, whereas
for the other novae in the sample, the fluxes must be
large enough to give an expectation of 50-200 signal
events. As these upper limits are above the modeled
fluxes from each nova, we cannot constrain these mod-
els.

6. DISCUSSION & CONCLUSION

We report on the first search for neutrino emission
from novae in the ∼ GeV to ∼ 10 TeV energy range.
Although there is promising evidence that novae are
hadronic particle accelerators, the level of any corre-
sponding neutrino flux must be at the level less than
we are sensitive to with IceCube-DeepCore and current
analysis techniques. Current models predict that, with
current neutrino detectors, the novae that have been de-
tected with photons in the last decade could be emitting
neutrinos at levels that would result in O(0.01− 1) de-
tectable neutrinos in IceCube-DeepCore per nova. This
is below our sensitivity, even when stacking together
contributions from multiple novae.

In Section 2, we discussed that we could only incor-
porate novae from 2012-2020 into our sample, because
newer low-energy data from IceCube-DeepCore were not
yet available. As a result of this, we were not able to
include nova RS Ophiuchi, the first nova detected by
ground-based gamma-ray observatories, into this analy-
sis. It is worth noting that because there was very high-
energy gamma-ray emission detected from this object,
a separate analysis (Pizzuto et al. 2021) was performed
to search for higher energy neutrino emission from nova
RS Ophiuchi by analyzing data available from IceCube
with low latency (Abbasi et al. 2021). That search found

no evidence for neutrino emission from nova RS Ophi-
uchi. If we assume a source at the location of nova
RS Ophiuchi with an unbroken E−2 power-law spec-
trum, 90% of the detected events from such a source
would have true neutrino energies between 2 TeV and
10 PeV, which exceeds the expected energy range ex-
pected for neutrino emission given the detected elec-
tromagnetic emission (Acciari et al. 2022, Figure 12).
Using the neutrino flux predictions from (Acciari et al.
2022), the analysis presented in this work would still not
be sensitive to such a flux, although future analyses that
could incorporate nova RS Ophiuchi could constrain sce-
narios in which the neutrino flux exceeds the observed
gamma-ray flux.

Future improvements to O(GeV) neutrino detectors
could drastically change the prospects for detecting neu-
trinos from novae. One of the chief challenges with
neutrino detection from novae is that many of the pre-
dicted spectra are expected to peak at the lowest ener-
gies to which neutrino detectors are sensitive. However,
planned detectors such as the IceCube-Upgrade (Ishi-
hara 2021) or the ORCA configuration of KM3NeT (As-
sal et al. 2021) will represent a significant improvement
in effective area between 1-10 GeV with respect to the
GRECO Astronomy sample used here. The IceCube-
Upgrade (Ishihara 2021) will also provide improved an-
gular resolution for >10 GeV events. Additionally,
searching for neutrino emission on longer timescales,
especially when stacking, becomes difficult with low
energy events. There are already improvements be-
ing made to low-energy reconstructions with IceCube-
DeepCore (Abbasi et al. 2022b), and reconstructions
with next-generation observatories have the promise of
being even better due to an enhanced understanding
of systematic uncertainties. Combining these improve-
ments – enhanced effective area at the lowest energies to
boost signal and better background discrimination from
better event reconstructions which allow for longer in-
tegration times – have the promise of greatly enhancing
sensitivity to low-energy transients such as novae.

The ability to look at longer timescales is especially
important in light of the recent H.E.S.S. observations of
nova RS Ophiuchi (De Wolf et al. 2022). These observa-
tions suggested that particles which are accelerated to
the highest energies only attain these energies a couple
of days after the peak observed in GeV gamma rays or
in optical bands. While the individual catalog analysis
searched for emission on timescales of multiple days for
most novae, the stacked analysis was limited to a time
window one day in duration because of the overwhelm-
ing atmospheric backgrounds. Future analyses which
feature better spatially reconstructed events could re-
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duce the effective background and have a boosted sen-
sitivity when searching for neutrino emission correlated
with this TeV peak in the gamma-ray spectra.

Even with these improvements, it may be the case
that we will need a particularly nearby or bright nova to
conclusively discriminate between leptonic or hadronic
models of particle acceleration in novae, or to potentially
discriminate between neutrino emission models that sug-
gest neutrino emission internal to the shocks (Bednarek
& Śmiałkowski 2022) or that would predict similar levels
of neutrino and gamma-ray emission (Fang et al. 2020).
There are several nearby recurrent novae, eg. T Coro-
nae Borealis, which has an estimated distance that is
approximately 3 times nearer than the best-fit distance
of ∼ 2.4 kpc for nova RS Ophiuchi. If a future nova
outburst from this system were to occur and have an
emitted energy similar to RS Ophiuichi, the potential
neutrino flux from this object could be detectable, espe-
cially with next generation detectors.
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APPENDIX

A. NOVA CATALOG

Table 2. Catalog of Galactic novae temporally coincident with our neutrino data sample. References indicate

where optical or gamma-ray lightcurves were obtained. References: 1=Franckowiak et al. (2018), 2=Ackermann

et al. (2014b), 3=Cheung et al. (2016), 4=Aydi et al. (2016), 5=SMARTS, 6=AAVSO, 7=Shappee et al. (2014),

8=Gordon et al. (2021), 9=Nelson et al. (2019), 10=Li et al. (2017), 11=Li et al. (2020), 12=Aydi et al. (2020),

13=Page et al. (2020)

Name Peak Date α δ Peak Mag. γ-detected Reference

OGLE-2012-NOVA-01 2012-05-05 269.20◦ -27.23◦ 12.5 (I) – 1

V2677 Oph 2012-05-20 264.99◦ -24.78◦ 9.5 – 1

V1324 Sco 2012-06-20 267.72◦ -32.62◦ 9.8 X 2, 1

V959 Mon 2012-06-24 99.91◦ +5.90◦ 5.0 X 2, 1

V5591 Sgr 2012-06-27 268.10◦ -21.44◦ 8.9 – 1

OGLE-2011-BLG-1444 2012-07-01 267.58◦ -33.65◦ 10.2 (I) – 1

V5592 Sgr 2012-07-07 275.11◦ -27.74◦ 7.7 – 1

V5593 Sgr 2012-07-23 274.90◦ -19.12◦ 11.0 – 1

V1724 Aql 2012-10-20 283.15◦ -0.32◦ 11.2 – 1

V809 Cep 2013-02-02 347.02◦ +60.78◦ 9.8 – 1

OGLE-2013-NOVA-04 2013-04-14 270.34◦ -25.31◦ 13.0 (I) – 1

V1533 Sco 2013-06-03 263.50◦ -36.11◦ 11.0 – 1

V339 Del 2013-08-16 305.88◦ +20.77◦ 4.5 X 2, 1

V1830 Aql 2013-10-28 285.64◦ +3.26◦ 13.5 – 1

V556 Ser 2013-11-24 272.26◦ -11.21◦ 11.7 – 1

V1369 Cen 2013-12-14 208.69◦ -59.15◦ 3.3 X 3, 1

V5666 Sgr 2014-01-26 276.29◦ -22.61◦ 8.7 – 1

V745 Sco 2014-02-06 268.84◦ -33.25◦ 8.7 X 1

OGLE-2014-NOVA-01 2014-02-16 268.83◦ -23.40◦ 15.0 (I) – 1

V962 Cep 2014-03-14 313.59◦ +60.28◦ 11.0 – 1

V1534 Sco 2014-03-26 258.94◦ -31.48◦ 10.1 – 1

V2659 Cyg 2014-04-10 305.43◦ +31.06◦ 9.4 – 1

V1535 Sco 2015-02-11 255.86◦ -35.07◦ 8.2 X 1

V5667 Sgr 2015-02-25 273.60◦ -25.91◦ 9.0 – 1

V5668 Sgr 2015-03-21 279.24◦ -28.93◦ 4.3 X 3, 1

V1658 Sco 2015-04-03 267.05◦ -32.59◦ 12.7 – 4

V2944 Oph 2015-04-14 262.30◦ -18.77◦ 9.0 – 1

V5669 Sgr 2015-09-27 270.89◦ -28.27◦ 8.7 – 1

V2949 Oph 2015-10-12 263.70◦ -24.15◦ 11.7 – 1

V1831 Aql 2015-10-13 290.46◦ +15.15◦ 13.8 – 1

V5850 Sgr 2015-10-31 275.75◦ -19.24◦ 11.3 – 1

Table 2 continued
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Table 2 (continued)

Name Peak Date α δ Peak Mag. γ-detected Reference

V3661 Oph 2016-03-13 263.96◦ -29.57◦ 10.6 – 5

V555 Nor 2016-04-02 235.44◦ -53.14◦ 12.43 – ATel 10740

V1655 Sco 2016-06-12 264.58◦ -37.42◦ 10.4 – 6

V5853 Sgr 2016-08-12 270.28◦ -26.53◦ 10.7 – 5

V1659 Sco 2016-09-07 265.74◦ -33.43◦ 12.3 – 7

V611 Sct 2016-09-07 276.37◦ -9.79◦ 13.4 – 7

V1656 Sco 2016-09-11 260.71◦ -31.98◦ 11.4 – 5

V407 Lup 2016-09-26 232.26◦ -44.83◦ 5.6 X ATel 9594, 8, 5

V5855 Sgr 2016-10-24 272.62◦ -27.50◦ 9.8 X 9

V5856 Sgr 2016-11-08 275.22◦ -28.37◦ 5.4 X 10

V3662 Oph 2017-04-30 264.94◦ -24.97◦ 14.1 – ATel 10367

V1405 Cen 2017-05-17 200.23◦ -63.71◦ 10.9 – ATel 10387

V612 Sct 2017-06-20 277.94◦ -14.32◦ 8.5 – 7

V549 Vel 2017-10-09 132.62◦ -47.76◦ 9.3 X ATel 109677, 7, 13

V1660 Sco 2017-10-14 262.64◦ -31.10◦ 13.0 – ATel 10850

V1661 Sco 2018-01-17 259.53◦ -32.07◦ 10.7 – 5

V357 Mus 2018-01-17 171.55◦ -65.52◦ 6.7 X ATel 11201, 8

V1662 Sco 2018-02-11 252.21◦ -44.95◦ 9.8 – 6

V3664 Oph 2018-02-13 261.17◦ -24.36◦ 12.8 – 6

V1663 Sco 2018-03-01 255.95◦ -38.28◦ 11.4 – 6

V3665 Oph 2018-03-11 258.51◦ -28.82◦ 9.3 – 6

V435 CMa 2018-04-07 108.44◦ -21.21◦ 12.1 – 6

V5857 Sgr 2018-04-10 271.04◦ -18.07◦ 10.8 – 6

V906 Car 2018-04-14 159.06◦ -59.60◦ 6.62 X 8, 12

V392 Per 2018-04-29 70.84◦ +47.36◦ 6.2 X ATel 11590, 11, 6

V408 Lup 2018-06-09 234.68◦ -47.74◦ 8.98 – 5

V613 Sct 2018-07-01 277.35◦ -14.51◦ 10.4 – 6

V3666 Oph 2018-08-11 265.60◦ -20.89◦ 9.0 – 6

V556 Nor 2018-10-14 243.64◦ -53.50◦ 11.0 – 6

V1706 Sco 2019-05-14 256.89◦ -36.14◦ 13.0 – 7

V2860 Ori 2019-08-08 92.49◦ +12.21◦ 9.4 – 6

V569 Vul 2019-08-18 298.03◦ +27.71◦ 16.3 – ATel 13068

V3890 Sgr 2019-08-28 277.68◦ -24.02◦ 6.7 X 13, ATel 13047

V1707 Sco 2019-09-15 264.29◦ -35.17◦ 10.3 X 6

V659 Sct 2019-10-30 280.00◦ -10.43◦ 8.3 – 6

V6566 Sgr 2020-01-30 269.06◦ -20.72◦ 11.03 – 6

V670 Ser 2020-02-22 272.68◦ -15.57◦ 11.8 – 6
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gular uncertainties based on the median opening angle between reconstructed events and their true directions from
simulation (Abbasi et al. 2022a).


