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ABSTRACT

We present radio observations (1–40 GHz) for 36 classical novae, representing data from over five
decades compiled from the literature, telescope archives, and our own programs. Our targets display
a striking diversity in their optical parameters (e.g., spanning optical fading timescales, t2 = 1–263
days), and we find a similar diversity in the radio light curves. Using a brightness temperature
analysis, we find that radio emission from novae is a mixture of thermal and synchrotron emission,
with non-thermal emission observed at earlier times. We identify high brightness temperature emission
(TB > 5× 104 K) as an indication of synchrotron emission in at least 9 (25%) of the novae. We find a
class of synchrotron-dominated novae with mildly evolved companions, exemplified by V5589 Sgr and
V392 Per, that appear to be a bridge between classical novae with dwarf companions and symbiotic
binaries with giant companions. Four of the novae in our sample have two distinct radio maxima
(the first dominated by synchrotron and the later by thermal emission), and in four cases the early
synchrotron peak is temporally coincident with a dramatic dip in the optical light curve, hinting at
a common site for particle acceleration and dust formation. We publish the light curves as tables
and encourage use of these data by the broader community in multi-wavelength studies and modeling
efforts.
Subject headings: Cataclysmic variable stars (203), Novae (1127), White dwarf stars (1799), Galactic

radio sources (571), Radio transient sources (2008)
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1. INTRODUCTION

Classical novae are thermonuclear eruptions on the sur-
faces of white dwarf stars, occurring in a layer of ma-
terial accreted from a binary companion (Gallagher &
Starrfield 1978; Bode & Evans 2008). Novae are typi-
cally discovered and primarily observed as optical tran-
sient events, but novae emit detectable radiation across
the entire electromagnetic spectrum, from radio to γ-
ray wavelengths. The long-standing canonical picture is
that the bolometric luminosity of a nova is determined
by the central white dwarf, which can continue nuclear
fusion in residual material on its surface for days to years
after eruption, maintaining near-Eddington luminosities
(∼ 1038 erg s−1). This bolometric luminosity originally
emerges at optical wavelengths, but as the ejecta expand,
the peak of the spectral energy distribution shifts blue-
ward before settling in the extreme UV/super-soft X-ray
regime (Gallagher & Code 1974; Schwarz et al. 2011).

The recent discovery of GeV γ-rays from classical novae
has led to a growing appreciation for the role of shocks
and non-thermal radiation in shaping the emission sig-
natures of novae (Ackermann et al. 2014; Chomiuk et al.
2021). The relatively high γ-ray luminosities observed
from novae (∼ 1035 − 1036 erg s−1) imply shock lumi-
nosities that rival the Eddington luminosity of a white
dwarf (Metzger et al. 2015). Signatures of shocks are also
increasingly appreciated at wavelengths including (i) X-
ray, where we observe relatively hard emission from hot
shocked gas (Mukai et al. 2008; Gordon et al. 2021); (ii)
optical, where light curve features occur simultaneously
with γ-ray features (Li et al. 2017; Aydi et al. 2020a); and
(iii) infrared, where shocks might lead to dust formation
(Derdzinski et al. 2017).

Our understanding of radio emission from novae has
also been undergoing a recent, dramatic shift. Radio
observations of novae date back to the 1970s (Figure
1), when the radio signatures were interpreted as ther-
mal free-free emission from the warm, ionized, expand-
ing ejecta (Seaquist & Palimaka 1977; Hjellming et al.
1979). Much as at optical wavelengths—but more sim-
ply, because line absorption/emission should not be a sig-
nificant issue—the radio luminosity at a given frequency
increases until the optical depth declines to τ ≈ 1 within
the ejecta, at which point the light curve turns over and
begins to fade as the ejecta continue to drop in density.
Radio light curves evolve slowly, over years, and most
of these first radio observations did not commence until
months after explosion. The thermal radio light curves
of novae hold great promise as tracers of the ejecta mass
and kinetic energy, as they should relatively directly and
simply trace the ionized ejecta (Bode & Evans 2008).

As time went on, observations of novae pushed to ear-
lier times in the eruption, over a larger radio frequency
range, and sampled more diverse eruptions. Hints that
radio emission from novae may be more complex than
purely thermal came with V1370 Aql and QU Vul (Fig-
ure 4; Snijders et al. 1987; Taylor et al. 1987). The high
brightness temperatures (> 105 K) of early emission ob-
served in these novae indicated a role for non-thermal
emission. Since 2010 and the advent of the upgraded
Karl G. Jansky Very Large Array (VLA), more examples
of novae with high-brightness-temperature radio emis-
sion and other evidence of synchrotron emission arrived

with V1723 Aql (Krauss et al. 2011; Weston et al. 2016a;
Figure 2), V5589 Sgr (Weston et al. 2016b; Figure 2),
and V1324 Sco (Finzell et al. 2018; Figure 3). Hints
also emerged that even the thermal emission from no-
vae is complex, sometimes showing multiple, aspherical
components (as in V959 Mon; Chomiuk et al. 2014a; Fig-
ure 3), or prolonged/delayed ejection of material (as in
T Pyx; Nelson et al. 2014; Figure 2).

It is now clear that radio emission from novae is di-
verse and complex, but we still do not fully understand
how radio properties map to other properties of the nova
eruption and host binary. Do all novae show some syn-
chrotron emission? What determines the synchrotron
luminosity and timing? Can we use thermal radio light
curves to derive ejecta masses with unprecedented accu-
racy? How do aspherical ejecta morphology and incli-
nation effects impact the radio light curve? These are
just some of the questions we can work to answer, if we
study the radio properties of novae for a large, diverse
population.

Here, we compile radio observations of Galactic classi-
cal novae, foregrounding observations obtained with the
VLA (both before and after its 2010 upgrade), but also
including data from other telescopes like the Australia
Telescope Compact Array (ATCA) and the Westerbork
Synthesis Radio Telescope (WSRT). The dataset repre-
sents the work of five decades, with eruptions spanning
1968–2020 and radio observations spanning 1970–2020
(Tables 1 and 2). By collecting published data, reduc-
ing archival data, and acquiring new data, we present
radio light curves for 36 novae (24 with new data pre-
sented here), and include poorer-quality data for 7 more
objects in the Appendix (mostly non-detections). In §2,
we describe the nova sample and the data acquisition and
reduction. In §3, we analyze these light curves by consid-
ering not only radio flux density, but also luminosity and
brightness temperature. We consider the relative roles
of thermal and non-thermal emission in the radio light
curves, and conclude in §4.

2. DATA

2.1. Sample

We worked to collect all radio light curves for novae,
including both published data sets and archival unpub-
lished VLA data. We searched the VLA archive for all
novae that erupted since 1980, using the Galactic nova
catalogs curated by the Central Bureau for Astronomical
Telegrams21 and K. Mukai22. Most of the recent VLA
observations (after ∼2006) were obtained by our ENova
collaboration, and we also include a few novae that our
collaboration targeted with ATCA. The sample of novae
with sufficient radio data to enable light curve construc-
tion, including those already published, is listed in Tables
1 and 2. Their diverse multi-wavelength properties are
cataloged and discussed in Table 1 and §2.4. Novae are
selected for radio campaigns for a multitude of reasons,
including high optical brightness, GeV γ-ray detection,
or recurrent nova status.

We do not consider recurrent novae (those observed in
human history to have more than one nova explosion)
as a unique subclass, but instead consider them as the

21 http://www.cbat.eps.harvard.edu/nova_list.html
22 https://asd.gsfc.nasa.gov/Koji.Mukai/novae/novae.html

http://www.cbat.eps.harvard.edu/nova_list.html
https://asd.gsfc.nasa.gov/Koji.Mukai/novae/novae.html
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Figure 1. Previously published radio light curves, accompanied by optical light curves, for four novae (clockwise from top left): HR Del
(1967), FH Ser (1970), V351 Pup (1991), and V1500 Cyg (1975). Radio epochs with non-detections are plotted with arrows. There are
sporadic additional high-frequency (&15 GHz) points not plotted here. The visual-band light curves are binned AAVSO data published by
Strope et al. (2010).

extreme end of a continuum of recurrence times; all no-
vae should recur if one waits long enough. We there-
fore include all novae with main sequence or sub-giant
companions, whether they are “recurrent” or “classical”
(only one outburst observed thus far). We exclude V445
Pup, as it is the only known helium nova and has a dis-
tinct synchrotron-dominated radio light curve (Nyamai
et al. 2021). We also exclude novae suspected to have
more evolved red giant companions, but encourage a fu-
ture study of embedded novae like RS Oph, V745 Sco,
V407 Cyg, V1534 Sco, V1535 Sco, and V3890 Sgr, keep-
ing in mind that in some of these systems the orbital
period is not yet known. We do include V392 Per here,

which has a binary orbital period of 3.4 days indicative
of a companion that has just begun its ascent up the
red giant branch and has luminosity class III/IV (Mu-
nari et al. 2020). As Munari et al. point out, V392 Per
therefore serves as a useful touchstone bridging novae
in cataclysmic variables and novae in symbiotic systems,
and we include it here for this reason.

Radio observation campaigns often last years for a sin-
gle nova, and over half a century, observation campaigns
start and terminate for a range of reasons. The ideal
case is where observations begin early in the eruption,
bridge the rise from non-detections to luminous emis-
sion, and then continue as the nova fades back to non-
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Figure 2. Previously published radio light curves, accompanied by optical light curves, for four novae (clockwise from top left): V723 Cas
(1995), V1723 Aql (2010), V5589 Sgr (2012), and T Pyx (2011). Epochs with non-detections are plotted with downward-facing arrows.
Optical light curves are made using AAVSO data (black points; Kafka 2020) and the Stony Brook/SMARTS Atlas of Southern Novae (grey
points; Walter et al. 2012). While most are plotted at V -band, V1723 Aql is plotted in R-band, as it suffered heavy foreground extinction
and observations of its V -band light curve are limited.

detections. The number of such thorough campaigns has
been increasing, but many of the radio observations pre-
sented in this paper fall short of this ideal. Campaigns
may start too late and miss interesting early structure
in the radio light curve. Campaigns may terminate too
early—because of scheduling difficulties on telescopes or
even changes in employment or telescope technology—
and miss the evolution of the thermal maximum.

There are also novae that have a few radio observa-
tions, but the data are not sufficient to really constrain
the light curve evolution. For completeness, we have
sought to collect these observations in the Appendix, but

for clarity do not include them in the main discussions of
this paper. The observation campaigns relegated to the
Appendix tend to be a) only non-detections; b) only one
or two epochs featuring detections that are consistent
with thermal expansion.

In Figures 1–3, we plot the previously published radio
light curves and place them in context of each nova’s opti-
cal light curve. Figures 4–9 plot light curves for 24 novae
with new radio observations. This sample is a mix of
older archival data collected by diverse nova researchers
and newer data collected by our team.
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Figure 3. Previously published radio light curves, accompanied by optical light curves, for four novae (clockwise from top left): V1324 Sco
(2012), V959 Mon (2012), V339 Del (2013), and V809 Cep (2013). Epochs with non-detections are plotted with downward-facing arrows.
Optical light curves are made using AAVSO data (black points; Kafka 2020) and the Stony Brook/SMARTS data (grey points; Walter et al.
2012). V959 Mon lacks optical data for the first ∼2 months of its eruption, as it was discovered by Fermi-LAT during solar conjunction.

2.2. Radio Data Reduction

For data obtained with the historic VLA (1980–2009),
all data were obtained in continuum mode, with two in-
termediate frequencies each 50 MHz wide. Detailed in-
formation about the observations, including calibrators
observed, is available in the NRAO archive23. Data were
typically obtained at C (4.9 GHz), X (8.4 GHz), U (14.9
GHz), and K (22.4 GHz) bands, with occasional obser-
vations at L band (1.4 GHz; novae are usually faintest at
low frequencies because their emission is predominantly
thermal). Data were edited, calibrated, and imaged us-

23 https://archive.nrao.edu/archive/advquery.jsp

ing standard routines in AIPS (Greisen 2003). When
possible, we estimated the flux density of the complex
gain calibrator by a bootstrapping comparison with a
standard absolute flux calibrator (e.g., 3C286). How-
ever, many observations did not include an observation
of an absolute flux calibrator, and in these cases we are
forced to assume a value for the complex gain calibrator,
taking the flux estimates determined in adjacent epochs
with full calibration.

Observations with the Karl G. Jansky VLA (2010–
present) yield data with substantially larger bandwidths
and volumes. Observations were typically obtained in the
C (4–8 GHz), Ku (12–18 GHz), and Ka (26.5–40 GHz)
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bands, and sometimes at L band (1–2 GHz). During the
first few years of the Jansky VLA (i.e., ∼2010–2013),
data were obtained with 8-bit samplers, which yielded
two chunks of 1 GHz bandwidth which can be flexibly
placed and sampled with 2 MHz-wide channels. Later,
we transitioned to using 3-bit samplers, which can yield
up to 8 GHz of bandwidth. All observations were ob-
tained in full Stokes mode, although polarization cali-
bration was not typically carried out. As can be seen in
Tables 18–26, sometimes observing frequencies drift over
a monitoring campaign, due to efforts to avoid RFI or
changes in instrumental capabilities. Jansky VLA data
were edited, calibrated, and imaged using standard rou-
tines in AIPS, CASA, and Difmap (Greisen 2003; Mc-
Mullin et al. 2007; Shepherd 1997). A bright absolute
flux calibrator doubled as the bandpass calibrator. As
with historic VLA data, details of calibrators and ob-
servations are available in the NRAO archive. The flux
density of the complex gain calibrator is determined by
a bootstrapping comparison with the absolute flux cali-
brator.

VLA monitoring observations tend to be short (∼5–
15 minute) snapshot observations at any particular fre-
quency. However, thanks to the many VLA baselines,
uv-coverage is typically sufficient to yield high-quality
images. Imaging was performed with a Briggs robust
value of 0 or 1, and all images of novae resulted in
point-like emission unless otherwise noted. Due to the
monitoring nature of the observations, data were col-
lected in all VLA configurations and in a range of condi-
tions. Poor weather can decorrelate the signal in inter-
ferometric imaging, and thereby lead to underestimates
of flux—especially at higher frequencies and in more ex-
tended configurations. A single iteration of phase-only
self-calibration was often carried out if there was enough
flux in the image (≥ 10 mJy), in an attempt to correct
for this decorrelation.

Observations with the ATCA made use of the 2 GHz
(2048× 1 MHz channels) bandwidth CABB system (Wil-
son et al. 2011), with central frequencies of 34.0, 19.0,
17.0, 9.0, 5.5, and 2.1 GHz. Due to the east–west na-
ture of the ATCA configurations, observations spanned
typically 3–6 hours to yield sufficient uv-coverage. A
combination of online, automated, and manual flagging
of the data was used to excise RFI, then the data were
processed and analyzed using tasks within the Miriad
package as outlined in the ATCA Users Guide24. The
primary flux density and bandpass calibrator was PKS
B1934–638, and no self-calibration was applied. Due to
the change in beamsize across the 2 GHz band, the data
spanning 1.1–3.1 GHz were divided into 4 sub-bands cen-
tered on 1.33, 1.84, 2.35, and 2.87 GHz prior to imag-
ing. For the imaging, a robust weighting scheme with
robustness parameter = 0.5 was used, and the image was
cleaned down to a level approaching the theoretical noise.

For lower frequency observations (<10 GHz), we as-
sumed a calibration error of 5%, while for higher fre-
quency observations (>10 GHz) we assumed 10% calibra-
tion errors. In addition, there were some epochs where
no flux calibrator was observed, and we used estimates of
the phase calibrator’s flux density from adjacent epochs.

24 https://www.narrabri.atnf.csiro.au/observing/users_
guide/html/atug.html

In these cases, we imposed an additional 5% calibration
error. These calibration errors were ignored in determin-
ing which measurements were detections (significant at
> 3σ level), but are quoted in Tables 3–26 as part of
the uncertainty in flux density measurements. In cases
of non-detection, upper limits on the flux density are es-
timated by adding three times the rms background noise
to the measured flux at the nova position (if it is posi-
tive; if a negatively valued noise trough is observed at the
nova position, then we just take three times the image
noise).

2.3. Notes on Radio Observations of Individual Sources

2.3.1. V1370 Aql

V1370 Aql was discovered on 1982 Jan 27 and was ob-
served in the year following its outburst with the WSRT,
primarily at 1.4 GHz (Snijders et al. 1987). The source
was revisited on 1984 May 12 by Bode et al. (1987),
who observed it with the VLA at 4.9 GHz and reported
a non-detection of <0.16 mJy. VLA observations were
also obtained on 1985 Jun 14 (VLA program AT59; PI
K. Turner) and 1987 Jan 24 (VLA program AH254;
PI R. Hjellming). These observations also yield non-
detections. We note a nearby uncatalogued radio source
at RA =19h23m22.44s, Dec = +2◦29′04.3′′ (2000; 28′′

from the position of V1370 Aql), which is present in all
three VLA epochs with a 4.9 GHz flux density of 1–2 mJy
and which could cause some confusion if not treated care-
fully. The WSRT observations and VLA upper limits are
plotted in Figure 4 and are listed in Table 3.

2.3.2. PW Vul

PW Vul was observed with the VLA under program
IDs AH179, AH195, AH227, AH254, AH279 (PI R.
Hjellming), AH185 (PI G. Hennessy), AH199 (PI E.
Hummel), AT60, AT69, and AT76 (PI A. R. Taylor). It
was observed during 1984 Aug 17–1987 Nov 28, encom-
passing 20–1218 days after discovery. PW Vul is consis-
tent with a point source in all epochs and frequencies, al-
though it may be marginally resolved in A-configuration
observations from 1987 Jul/Oct. Flux measurements can
be found in Table 4, and the light curve is plotted in Fig-
ure 4.

https://www.narrabri.atnf.csiro.au/observing/users_guide/html/atug.html
https://www.narrabri.atnf.csiro.au/observing/users_guide/html/atug.html
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Table 1
Properties of Radio-Observed Novae (in Chronological Order of Discovery)

Name RA (J2000) Dec (J2000) Discovery Date Vpeak t2 E(B − V ) v1 v2 Distance† Porb
b

(h:m:s) (d:′:′′) (UT) (mag) (days) (mag) (km s−1) (km s−1) (kpc) (hr)

HR Del 20 42 20.344 +19 09 39.16 1967 Jul 8g 3.6d 167a 0.17 ± 0.02e 800h 1300h 0.87 ± 0.02 5.1f

FH Ser 18 30 47.042 +02 36 51.98 1970 Feb 13i 4.5d 49d 0.6 ± 0.1e 800j 1750j 1.00+0.07
−0.06 MSk

V1500 Cyg 21 11 36.571 +48 09 01.86 1975 Aug 29l 1.9d 2d 0.45 ± 0.07e ? 4000m 1.71+0.40
−0.28 3.4f

V1370 Aql 19 23 21.241 +02 29 26.20 1982 Jan 27n 7.7d 15d 0.35 ± 0.05e ? 2200o 2.8+1.7
−0.8 MSp

PW Vul 19 26 05.050 +27 21 58.10 1984 Jul 28q 6.4d 44d 0.6 ± 0.1e 800r 1650r 2.16+0.45
−0.32 5.1f

QU Vul 20 26 46.021 +27 50 43.11 1984 Dec 22s 5.3d 20d 0.55 ± 0.05e 700t 1400t 1.41.1−0.4 2.7f

V1819 Cyg 19 54 37.545 +35 42 15.40 1986 Aug 4u 9.3d 95d 0.35 ± 0.15e 650v 1450v 7.4 ± 1.4e ?

V827 Her 18 43 42.506 +15 19 18.22 1987 Jan 25w 7.5d 21d 0.1e ? 2000x 2.1+1.4
−0.7 ?

V838 Her 18 46 31.468 +12 14 02.00 1991 Mar 24y 5.3d 1d 0.5 ± 0.1e ? 4500z 3.2+2.5
−1.6 7.1f

V351 Pup 08 11 38.391 −35 07 30.27 1991 Dec 27aa 6.4d 9d 0.5 ± 0.1e ? 3000ab 5 ± 1.5ac 2.8f

V1974 Cyg 20 30 31.651 +52 37 50.74 1992 Feb 19ad 4.3d 19d 0.26 ± 0.03e 1350ae 2300ae 1.58+0.14
−0.13 2.0f

V705 Cas 23 41 47.230 +57 31 00.79 1993 Dec 7af 5.7d 33d 0.41 ± 0.06e ? 1700ag 2.44+0.44
−0.33 5.5f

V1419 Aql 19 13 06.791 +01 34 23.23 1993 May 14ah 7.6d 25d 0.50 ± 0.05e 900ai 1400ai 5.0+4.0
−2.6 ?

V723 Cas 01 05 05.354 +54 00 40.23 1995 Aug 24aj 7.1d 263d 0.45e ? 1750ak 4.6+0.8
−0.6 16.6f

U Sco 16 22 30.779 −17 52 43.29 1999 Feb 24al 7.5d 1d 0.14 ± 0.12e ? 5000am 12 ± 2an 29.5f

V4743 Sgr 19 01 09.339 −22 00 06.12 2002 Sep 20ao 5.0d 6d 0.25e ? 2700ap 3.7+0.9
−0.7 6.7f

V598 Pup 07 05 42.501 −38 14 39.32 2007 Jun 5aq 4aq 9aq 0.09 ± 0.08e ? 2100aq 1.7 ± 0.1 ?

V2491 Cyg 19 43 01.973 +32 19 13.46 2008 Apr 10ar 7.5d 4d 0.23 ± 0.01e ? 4500as 7.8+3.5
−2.3 2.6f

V2672 Oph 17 38 19.710 −26 44 13.58 2009 Aug 16at 11.4at 2au 1.6 ± 0.1e ? 5000au 9.4+6.7
−4.2 MS or SGau

V1723 Aql 18 47 38.38a −03 47 14.1 2010 Sep 11av 16.0aw 12aw 4.3c ? 1500av 5.7 ± 0.4ax ?

T Pyx 09 04 41.503 −32 22 47.50 2011 Apr 14ay 6.4d 32d 0.25 ± 0.02d ? 2000az 2.60+0.20
−0.18 1.8ba

V5589 Sgr 17 45 28.033 −23 05 22.80 2012 Apr 21bz 8.8e 4.5e 0.8 ± 0.2e ? 4800bc 7.7+5.2
−3.2 38.2bb

V1324 Sco 17 50 53.94a −32 37 20.5 2012 Jun 1bd 10.1e 25e 1.2 ± 0.1e 1300 3200 >6.5be 3.2f

V959 Mon 06 39 38.600 +05 53 52.84 2012 Jun 19bf ? ? 0.4 ± 0.1e 2100 ? 1.4 ± 0.4bg 7.1bh

V809 Cep 23 08 04.722 +60 46 51.75 2013 Feb 2ac 11.2bi 16bi 1.7bi 800 1600 >6.0bi MS or SGbi

V339 Del 20 23 30.682 +20 46 03.64 2013 Aug 14 4.4bj 10bj 0.18 ± 0.04bj 1000 2600 4.9 ± 1.0bk 3.1bl

V1369 Cen 13 54 45.323 −59 09 04.30 2013 Dec 2 3.3bk 40bk 0.06 ± 0.01bk 1150 1700 1.0 ± 0.1bk 3.8bm

V5666 Sgr 18 25 08.769 −22 36 03.12 2014 Jan 26bn 8.7c 90c ? 700 1200 6.1+2.4
−1.5 ?

V2659 Cyg 20 21 42.321 +31 03 29.29 2014 Mar 30bo 10.9c 115c 0.63bp 700 1300 6.8+2.7
−1.7 ?

V5667 Sgr 18 14 25.159 −25 54 34.57 2015 Feb 12bq 9.0c 55c ? 1500 ? 5.6+1.5
−1.0 ?

V5668 Sgr 18 36 56.84a −28 55 40.1 2015 Mar 15br 4.3bs 100bs 0.7 ± 0.1bk 1100 1600 2.8 ± 0.5bk ?

V5855 Sgr 18 10 28.29a −27 29 59.4 2016 Oct 20bt 7.5e 18e 0.5e 800 2700 3.9 ± 0.5 ?

V5856 Sgr 18 20 52.25a −28 22 12.2 2016 Oct 25bu 5.9e 11e 1.02e 900 2800 2.5 ± 0.5bk ?

V357 Mus 11 26 15.003 −65 31 24.21 2018 Jan 14bv 7.0bk 40bk 0.5 ± 0.1bk 750 2500 3.3+1.2
−0.7 ?

V906 Car 10 36 15.413 −59 35 53.64 2018 Mar 16bw 5.9bw 44bw 0.35 ± 0.05bw 350 2500 4 ± 1.5bw 1.6/3.3bw

V392 Per 04 53 21.370 +47 21 25.84 2018 Apr 29bx 5.6bk 3bk 0.40 ± 0.05bk 2800 4100 3.5+0.7
−0.5 81.9by

a Position was measured using VLA radio data presented here.
† Distances are determined from Gaia EDR3 parallaxes, unless otherwise noted.
b In some cases, the orbital period is not known, but the nature of the companion can be determined as main sequence (MS), sub-giant (SG), or red
giant (RG).

References: cthis work; dStrope et al. (2010); eÖzdönmez et al. (2018); fRitter & Kolb (2003); gCandy et al. (1967); hHutchings (1970); iSeki et al.
(1970); jRosino et al. (1986); kDarnley et al. (2012); lHonda et al. (1975); mHutchings et al. (1978); nKosai et al. (1982); oRosino et al. (1983);
pTappert et al. (2014); qKosai et al. (1984); rRosino & Iijima (1987); sCollins et al. (1984); tRosino et al. (1992); uWakuda & Huruhata (1986);
vAndrillat & Houziaux (1989); wKosai et al. (1987); xAndrillat & Houziaux (1987); ySugano et al. (1991); zIijima & Cassatella (2010); aaCamilleri
et al. (1992); abdella Valle et al. (1992); acWendeln et al. (2017); adCollins et al. (1992); aeChochol et al. (1993); afNakano et al. (1993); agHauschildt
et al. (1994); ahHirayama et al. (1993); aiArkhipova et al. (1994); ajHirosawa et al. (1995); akIijima (2006); alSchmeer et al. (1999); amAnupama
et al. (2013); anSchaefer (2010); aoKato et al. (2002); apMorgan et al. (2003); aqRead et al. (2008); arNakano et al. (2008); asMunari et al. (2011b);
atNakano et al. (2009); auMunari et al. (2011a); avYamanaka et al. (2010) and Balam et al. (2010); awNagashima et al. (2013); axWeston et al.
(2016a); ayWaagan et al. (2011); azPavana et al. (2019); baUthas et al. (2010); bbMróz et al. (2015); bcWeston et al. (2016b); bdFinzell et al. (2018);
beFinzell et al. (2015); bfAckermann et al. (2014); bgLinford et al. (2015); bhPage et al. (2013); biMunari et al. (2014); bjChochol et al. (2014);
bkGordon et al. (2021); blChochol et al. (2015); bmMason et al. (2021); bnFuruyama & Pearce (2014); boNishiyama & Kabashima (2014); bpRaj et al.
(2014); bqNishiyama et al. (2015); brSeach (2015); bsBanerjee et al. (2016); btNakano et al. (2016); buStanek et al. (2016); bvKaufman et al. (2018);
bwAydi et al. (2020a); bxEndoh et al. (2018); byMunari et al. (2020); ; bzKorotkiy et al. (2012)
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Table 2
Overview of Radio Observations of Novae

Name Telescope Date Range tmax
e Smax

e Reference

(days) (mJy)

HR Del Combinationa 1970 Jun 22–1978 Dec 12 1208f 73f Hjellming et al. (1979)

FH Ser Combinationb 1970 Jun 22–1978 Dec 12 460f 53f Hjellming et al. (1979)

V1500 Cyg Combinationd 1975 Aug 31–1978 Dec 12 105f 36f Hjellming et al. (1979) & Seaquist et al. (1980)

V1370 Aql WSRT/VLA 1982 Mar 27–1987 Jan 24 ≤142g ≥14.2g Snijders et al. (1987), Bode et al. (1987) & This work

PW Vul VLA 1984 Aug 17–1987 Nov 28 600.6 2.85 This work

QU Vul VLA 1985 Jul 16–1988 Oct 24 690.0 14.35 Taylor et al. (1987, 1988) & This work

V1819 Cyg VLA 1987 Jan 17–1991 May 31 556.5 0.88 This work

V827 Her VLA 1987 Jul 2–1989 Feb 14 307.1 2.02 This work

V838 Her VLA 1991 Mar 28–1991 Oct 31 25.5 4.8 This work

V351 Pup VLA 1992 Mar 7–1995 Jan 7 391.0 16.6 Wendeln et al. (2017)

V1974 Cyg VLA 1992 Feb 25–1996 Feb 6 344.6 24.59 Hjellming (1996) & This work

V705 Cas VLA/Merlin 1993 Dec 24–1998 Dec 8 108.5 3.37 Eyres et al. (2000) & This work

V1419 Aql VLA 1993 Jun 19–1995 Jul 5 214.8 0.83 This work

V723 Cas Merlin 1996 Dec 13–2001 Oct 26 1697.5 13.5 Heywood et al. (2005)

U Sco (1987) VLA 1987 Jun 2–1987 Jul 5 This work

U Sco (1999) VLA 1999 Mar 4–1999 Apr 25 33.4f 0.14f This work

U Sco (2010) GMRT 2010 Jan 29–2010 Mar 2 Anupama et al. (2013)

V4743 Sgr VLA 2002 Oct 11–2003 Feb 21 ≥154.6f ≥ 5.10f This work

V598 Pup VLA 2007 Nov 18–2008 Aug 3 205.0f 11.1f This work

V2491 Cyg VLA 2008 Apr 28–2008 Sep 19 41.4f 1.46f This work

V2672 Oph VLA 2009 Sep 1 –2009 Nov 7 ≤16.1f ≥0.55f This work

V1723 Aql Jansky VLA 2010 Sep 25–2014 Mar 15 57.3 4.08 Krauss et al. (2011) & Weston et al. (2016a)

T Pyx Jansky VLA 2011 Apr 22–2012 Sep 23 265.9 4.35 Nelson et al. (2014)

V5589 Sgr Jansky VLA 2012 Apr 23–2013 Aug 26 62.3 3.42 Weston et al. (2016b)

V1324 Sco Jansky VLA 2012 Jun 26–2014 Dec 18 72.2 1.39 Finzell et al. (2018)

V959 Mon Jansky VLA 2012 Jun 30–2014 Feb 25 157.3 25.94 Chomiuk et al. (2014a)

V809 Cep Jansky VLA 2013 Feb 14–2016 Jan 28 581.2 0.53 Babul et al. in prep

V339 Del Jansky VLA 2013 Aug 16–2017 Jul 8 612.7 1.93 Nyamai et al. in prep

V1369 Cen ATCA 2013 Dec 5–2014 Apr 1 ≥ 176.0f ≥ 29.9f This work

V5666 Sgr Jansky VLA 2014 Feb 19–2017 Aug 22 929.6 0.34 This work

V2659 Cyg Jansky VLA 2014 Apr 5–2018 Sep 27 1024.6 0.97 This work

V5667 Sgr Jansky VLA 2015 Feb 19–2019 Dec 22 1307.0 1.62 This work

V5668 Sgr Jansky VLA 2015 Mar 17–2019 Dec 22 385.5 15.51 This work

V5855 Sgr Jansky VLA 2016 Nov 4–2021 Feb 9 692.0 0.62 This work

V5856 Sgr Jansky VLA 2016 Nov 11–2021 Feb 9 1148.8 2.36 This work

V357 Mus ATCA 2018 Jan 18–2020 Sep 12 64.0 31.0 This work

V906 Car ATCA 2018 Apr 3–2020 Sep 12 911.0 11.5 This work

V392 Per Jansky VLA 2018 Apr 30–2020 May 15 32.6 5.23 This work

a NRAO Interferometer/NRAO 11m/NRAO 140ft/Bonn 100m/VLA
b NRAO Interferometer/NRAO 11m/NRAO 140ft/VLA
c NRAO Interferometer/NRAO 11m
d WSRT/NRAO Interferometer/ARO 46m/NRAO 11m/VLA
e Measured at C band (4–6 GHz) unless it is not available and otherwise noted in this column
f Measured at X band (8–9 GHz)
g Measured at 1.5 GHz
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2.3.3. QU Vul

Radio data covering the first 500 days of outburst were
published by Taylor et al. (1987). Multi-frequency light
curves reveal a double-peaked structure, with the first
radio maximum taking place before day 206 (and only
sampled on the decline), and the second radio maximum
sampled only on the rise (out to day 497). Radio moni-
toring of this nova continued for several more years after
the publications of Taylor et al. (1987, 1988), and these
archival data are reduced and published for the first time
as part of this work in Table 5 and Figure 4. Overall, the
light curve spans 206–1400 days after outburst, and was
obtained using VLA programs AT64 (PI A. R. Taylor),
AH185 (PI G. Hennessy), AH254, AH301, AH573 (PI R.
Hjellming), and AJ154 (PI K. Johnston). Flux measure-
ments can be found in Table 5, and the light curve is
plotted in Figure 4.

During the VLA’s 1986 and 1987 A configurations,
QU Vul was spatially resolved as discussed in Taylor et al.
(1988). The next time the VLA was in A configuration,
in 1988 Oct, QU Vul was again resolved. In fact, the nova
remnant is so extended in the 14.9 GHz image from this
time that it starts to be “resolved out” (i.e., the image
is very low S/N).

2.3.4. V1819 Cyg

V1819 Cyg was observed with the VLA under program
IDs AH185 (PI G. Hennessy), AH254, AH279, AH301,
AH316, AH366, AH390 (PI R. Hjellming) and AH385
(PI X. Han). It was observed over 1987–1991, encom-
passing 166–1761 days after discovery. Flux measure-
ments can be found in Table 6, and the light curve of
V1819 Cyg is plotted in Figure 4. The X-band receivers
(8.4 GHz) were commissioned partway through the evo-
lution of V1819 Cyg’s light curve, so there are no 8.4
GHz measurements of the early evolution. V1819 Cyg
appears as a point source in all epochs and frequencies.

2.3.5. V827 Her

VLA observations of V827 Her were obtained under
program codes AH254, AH301, AH316 (PI R. Hjellm-
ing) and AJ154 (PI K. Johnston). Observations took
place during 1987–1989, or 158–752 days after discovery.
Flux measurements can be found in Table 7, and the
light curve is plotted in Figure 5. The X-band receivers
(8.4 GHz) were commissioned partway through the evo-
lution of V827 Her’s light curve, so there are no 8.4 GHz
measurements of the early evolution. V827 Her appears
as a point source in all epochs and frequencies.

2.3.6. V838 Her

VLA observations of V838 Her were obtained under
program codes AB601 (PI D. A. Brown), AH390, AH428,
AH444 (PI R. Hjellming), and AH424 (PI X. H. Han).
Observations took place during 1991, covering 4–222
days after discovery. Flux measurements can be found
in Table 8, and the light curve is plotted in Figure 5.
V838 Her appears as a point source in all epochs and
frequencies.

2.3.7. V1974 Cyg

VLA observations of V1974 Cyg were tentatively pre-
sented in Hjellming (1996), but never fully catalogued

in the literature, so we present them in full detail here.
High-resolution MERLIN observations were presented in
Pavelin et al. (1993) and Eyres et al. (1996), while mon-
itoring at millimeter wavelengths is presented in Ivison
et al. (1993).

The VLA observations were obtained under program
codes AF211 (PI R. L. Fiedler), AH390, AH492, AH573
(PI R. Hjellming), and AL314 (PI E. P. Liang). Obser-
vations took place during 1992 Feb 25 to 1996 Feb 6, or
6–1448 days after discovery. Flux measurements can be
found in Table 9, and the light curve is plotted in Figure
5.

During the 1992 A configuration, V1974 Cyg was al-
ready strongly resolved at U- and K-bands. Images were
broadly consistent with a circularly symmetric ring, and
total flux densities were estimated by integrating over
the emitting region with AIPS/tvstat. Meanwhile, at
the lower frequencies in A configuration, fluxes were
determined with Gaussian fitting, but we allowed the
width to vary. By the time of the 2014 A configura-
tion, V1974 Cyg’s 22.4 GHz emission was resolved out
and went non-detected. Total fluxes in X and U bands
were integrated with tvstat, while Gaussian fits were
performed at L and C bands.

2.3.8. V705 Cas

VLA and MERLIN observations of the eruption of
V705 Cas were presented by Eyres et al. (2000) start-
ing on 1994 Jul 23 (day 228), which they claim is the
first radio detection of the nova. There are several ear-
lier epochs of VLA observations, obtained under pro-
gram AH492 (PI R. Hjelliming) 17–108 days after dis-
covery, which Eyres et al. present as non-detections. We
re-reduce these data here, and find detections at lower
frequencies (≤8.4 GHz) on 1994 Feb 16 (day 71) and
1994 Mar 25 (day 108). The flux measurements derived
from these early epochs should be considered skeptically
as they are afflicted by several issues, including very dis-
tant (� 10◦) phase calibrators that may lead to data be-
ing decorrelated and flux densities being underestimated.
The AH492 epoch from 1994 Jul 16 is unsalvageable and
is omitted here, but luckily observations were obtained
just seven days later under a different program; this 1994
Jul 23 epoch is presented by Eyres et al. (2000). While
our analysis of the ≥4.9 GHz data is consistent with
theirs, Eyres et al. report a non-detection at 1.4 GHz
while we detect the nova. Flux measurements can be
found in Table 10, and the light curve is plotted in Fig-
ure 5.

V705 Cas was resolved by MERLIN on days 592–1548.
Here we use Eyres et al.’s “visibilities” method to esti-
mate the integrated flux densities; note that Eyres et al.
(2000) warn caution in interpreting these measurements,
as some flux may be resolved out by MERLIN baselines.
Flux measurements from these later epochs (listed in Ta-
ble 10) should be treated as lower limits.

2.3.9. V1419 Aql

VLA observations of V1419 Aql were obtained under
program codes AH492 (PI R. Hjellming) and AL314 (PI
E. P. Liang). Observations took place during 1991, cov-
ering 4–222 days after discovery. Flux measurements can
be found in Table 11, and the light curve is plotted in
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Figure 4. Optical and radio light curves for four novae (clockwise from top left): V1370 Aql (1982), PW Vul (1984), V1819 Cyg (1986),
and QU Vul (1984). For radio epochs with non-detections, 3σ upper limits are plotted with arrows; there are additional non-detections not
plotted here, for clarity. The visual-band light curves are binned AAVSO data published by Strope et al. (2010).

Figure 6. V1419 Aql appears as a point source in all
epochs and frequencies.

2.3.10. U Sco

There are archival VLA data covering the 1987 and
1999 outbursts of the recurrent nova U Sco. The 1987
outburst was discovered on May 15, after light curve
maximum (Overbeek et al. 1987; Schaefer 2010). Radio
observations of the 1987 eruption were obtained under
programs AF138 (PI E. Fomalont) and AH185 (PI G.
Hennessy), and covered 18 and 51 days after discovery.
Both VLA observations from this outburst yielded non-
detections (Table 12).

The 1999 outburst was discovered on Feb 24, and

peaked on 1999 Feb 25 (Schmeer et al. 1999; Schaefer
2010). VLA data for this outburst were obtained by PI
S. Eyres as part of VLA program AE124, and covered 8–
60 days after discovery. These data are published for the
first time here, and remarkably, U Sco was detected at
8.4 GHz in two VLA epochs during the 1999 outburst, on
days 33 and 39 (Table 12). These two detections are sur-
rounded by a substantial number of non-detections, so it
is clear that radio emission from U Sco is faint and fleet-
ing. U Sco appears as a point source in the few epochs
when it was detected. The 1999 light curve is plotted in
Figure 6.

The 2010 outburst of U Sco was was discovered and
peaked on Jan 28. It was observed at longer radio wave-
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Figure 5. Optical and radio light curves for four novae (clockwise from top left): V827 Her (1987), V838 Her (1991), V705 Cas (1993),
and V1974 Cyg (1992). For radio epochs with non-detections, 3σ upper limits are plotted with arrows; there are additional non-detections
not plotted here, for clarity.. The visual-band light curves are binned AAVSO data published by Strope et al. (2010).

lengths by Anupama et al. (2013), using the GMRT.
They report three non-detections spanning days 1–33,
as listed in Table 12.

2.3.11. V4743 Sgr

VLA observations of V4743 Sgr were obtained under
program codes AE134 (PI S. Eyres) and AI104 (PI R. Ivi-
son) during Oct 2002–Feb 2003, covering 21–154 days af-
ter discovery. Flux measurements can be found in Table
13, and the light curve is plotted in Figure 6. V4743 Sgr
appears as a point source in all epochs and frequencies.

2.3.12. V598 Pup

VLA observations of V598 Pup were obtained under
program code AR642 (PI M. Rupen) during 2007–2008,
covering 166-425 days after discovery. In many epochs,
no standard absolute gain calibrator was observed. In-
stead, 0713+438 was observed as the flux calibrator,
which had ongoing NRAO flux monitoring on a fort-
nightly basis as part of their polarization calibration
strategy. We do not include the Q-band observations
here, as many of these are severely decorrelated (pre-
sumably due to atmospheric conditions), and they do
not have sufficient S/N for self calibration. Flux mea-
surements can be found in Table 14, and the light curve
is plotted in Figure 6. V598 Pup appears as a point
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Figure 6. Optical and radio light curves for four novae (clockwise from top left): V1419 Aql (1993), U Sco (1999), V598 Pup (2007), and
V4743 Sgr (2002). For epochs with non-detections, 3σ upper limits are plotted with arrows. For the recurrent nova U Sco, we only plot
data from its 1999 eruption and the first radio detections ever reported for this source; only two of its radio points are > 3σ detections,
both at 8.4 GHz. The visual-band light curves for V1419 Aql, U Sco, and V4743 Sgr are binned AAVSO data published by Strope et al.
(2010), while the V598 Pup V -band light curve is from Pojmanski et al. (2007).

source in all epochs and frequencies.

2.3.13. V2491 Cyg

VLA observations of V2491 Cyg were obtained under
program code AS946 (PI J. Sokoloski) during 2008, cov-
ering 18–162 days after discovery. Flux measurements
can be found in Table 15, and the light curve is plotted
in Figure 7. V2491 Cyg appears as a point source in all
epochs and frequencies.

2.3.14. V2672 Oph

VLA observations of V2672 Oph were obtained under
program codes AK720 and AK722 (PI M. Krauss) during
2009, covering 16–83 days after discovery. Flux measure-
ments can be found in Table 16, and the light curve is
plotted in Figure 7. V2672 Oph appears as a point source
in all epochs and frequencies.

2.3.15. V1369 Cen

We obtained ATCA observations of the southern nova
V1369 Cen under programs CX282 and VX21 (PI K.
Bannister). Observations took place during the first
seven months of outburst, while the nova dramatically



13

Figure 7. Optical and radio light curves for four novae (clockwise from top left): V2491 Cyg (2008), V2672 Oph (2009), V5666 Sgr
(2014), and V1369 Cen (2013). For radio epochs with non-detections, 3σ upper limits are plotted with arrows, and some non-detections
are omitted for clarity. The visual-band light curve for V2491 Cyg is binned AAVSO data published by Strope et al. (2010), while we plot
individual V -band AAVSO measurements (black points) and SMARTS/Stonybrook photometry (grey points) for the other three novae.

brightened at radio wavelengths. Unfortunately, due to
scheduling difficulties, monitoring efforts did not con-
tinue past May 2014 for this nova. Flux measurements
can be found in Table 17, and the light curve is plotted
in Figure 7. V1369 Cen appears as a point source in all
epochs and frequencies.

2.3.16. V5666 Sgr

Jansky VLA observations of V5666 Sgr were obtained
under program codes 13B-057, 16A-258 (PI L. Chomiuk),
15B-343, and 17A-335 (PI J. Linford). Observations took
place during Feb 2014–Aug 2017, covering 24–1304 days
after discovery. Flux measurements can be found in Ta-

ble 18, and the light curve is plotted in Figure 7. Dur-
ing the 2016–2017 A configuration, V5666 Sgr appears
marginally resolved in our Ka-band observations; in these
cases we let the width of the gaussian vary and fit for the
integrated flux density.

2.3.17. V2659 Cyg

Jansky VLA observations of V2659 Cyg were obtained
under program codes 13B-057, 16A-258 (PI L. Chomiuk),
15B-343, 16B-330, 17A-335 (PI J. Linford), and 18A-
415 (PI J. Sokoloski). Observations took place during
Apr 2014–Sep 2018, covering 6–1642 days after discovery.
Flux measurements can be found in Table 19, and the
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Figure 8. Optical and radio light curves for four novae (clockwise from top left): V2659 Cyg (2014), V5667 Sgr (2015), V5855 Sgr (2016)
and V5668 Sgr (2015). For epochs with non-detections, 3σ upper limits are plotted with arrows. Optical light curves are made using
V -band or “Vis.” AAVSO measurements (black points; Kafka 2020) and Stony Brook/SMARTS data (grey points; Walter et al. 2012).
Note that V5668 Sgr has an early 35 GHz detection on day 37, but then faded to a non-detection on day 62; these points are connected
with lighter dotted lines. We also do not plot 1.7 GHz upper limits, as their large quantity and relatively high fluxes lead to confusion with
other frequencies.

light curve is plotted in Figure 8.
During the 2015 A configuration, V2659 Cyg appears

marginally resolved in our Ka-band observations, and
we let the width of the gaussian vary in JMFIT and fit
for the integrated flux density. In the 2016–2017 and
2018 A configurations, V2659 Cyg was resolved at ≥16.5
GHz, and we estimated integrated flux densities by fit-
ting gaussian components in the uv-plane with Difmap.

2.3.18. V5667 Sgr

Jansky VLA observations of V5667 Sgr were obtained
under program codes S61420, 13B-057, 16A-258 (PI L.
Chomiuk), 15B-343, 17A-335, 17B-313, 18B-273, 19A-
298 (PI J. Linford), 18A-415 (PI J. Sokoloski), and 19B-
244 (PI K. Sokolovsky). Observations took place during
Feb 2015–Dec 2019, covering 7–1774 days after discovery.
Flux measurements can be found in Table 20, and the
light curve is plotted in Figure 8. During the 2016 and
2018 A configurations, V5667 Sgr appears marginally re-
solved in our Ka-band observations, and we let the width
of the gaussian vary and fit for the integrated flux den-
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Figure 9. Optical and radio light curves for four novae (clockwise from top left): V5856 Sgr (2016), V357 Mus (2018), V392 Per (2018),
and V906 Car (2018). For epochs with non-detections, 3σ upper limits are plotted with arrows. Optical light curves are made using V -band
or “Vis.” AAVSO measurements (black points; Kafka 2020) and Stony Brook/SMARTS data (grey points; Walter et al. 2012). For V5856
Sgr, we do not plot 1.7 GHz upper limits, as their large quantity and relatively high fluxes lead to confusion with other frequencies.

sity.

2.3.19. V5668 Sgr

Jansky VLA observations of V5668 Sgr were obtained
under program codes S61420, SA1159, 13B-057, 16A-258
(PI L. Chomiuk), 15B-343, 16B-330, 17A-335, 17B-313,
18A-365, 18B-273, 19A-298 (PI J. Linford), and 19B-
244 (PI K. Sokolovsky). Observations took place during
Mar 2015–Dec 2019, covering 2–1744 days after discov-
ery. Flux measurements can be found in Table 21, and
the light curve is plotted in Figure 8.

As reported in Diaz et al. (2018), V5668 Sgr is an ex-
cellent target for interferometric imaging. It was resolved

in the A configurations of 2016, 2018, and 2019. For our
purposes here, integrated flux densities were estimated
by intergrating over the emission area in Difmap. The
images will be the subject of Takeda et al. 2021, in prepa-
ration.

2.3.20. V5855 Sgr

Jansky VLA observations of V5855 Sgr were obtained
under program codes SA1159, 16A-318, 17B-313, 18A-
365, 18B-273, 19A-298, 20B-302 (PI J. Linford),19B-244,
and 20A-395, (PI K. Sokolovsky). Observations took
place during Nov 2016–Feb 2021, covering 15–1573 days
after discovery. Flux measurements can be found in Ta-
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ble 22, and the light curve is plotted in Figure 8. During
the 2018 A configuration, V5855 Sgr appears marginally
resolved in our Ka-band observations, and we let the
width of the gaussian vary and fit for the integrated flux
density.

2.3.21. V5856 Sgr

Jansky VLA observations of V5856 Sgr were obtained
under program codes SA1159, 16A-318, 17B-313, 18A-
365, 18B-273, 19A-298, 20B-302 (PI J. Linford), 19B-
244, and 20A-395, (PI K. Sokolovsky). Observations
took place during Nov 2016–Feb 2021, covering 18–1568
days after discovery. Flux measurements can be found
in Table 23, and the light curve is plotted in Figure
9. During the 2018 A configuration, V5855 Sgr appears
marginally resolved in our Ka-band observations, and we
let the width of the gaussian vary and fit for the inte-
grated flux density.

2.3.22. V357 Mus

We obtained ATCA observations of V357 Mus under
programs CX371 and C3279 during Jan 2018–Sep 2020,
covering 4–972 days after discovery. Most epochs in the
first few months of eruption only covered C band (5.5
and 9 GHz), with the exception of the epoch on 2018
Mar 19.0, when we also obtain data at 1–3 GHz, and
which also just happens to be the peak of the first radio
maximum. Flux measurements can be found in Table
24, and the light curve is plotted in Figure 9. V357 Mus
appears as a point source in all epochs and frequencies.

2.3.23. V906 Car

ATCA radio observations of V906 Car are published by
Aydi et al. (2020a). However, that publication occurred
while the radio light curve was still evolving, and we
publish three additional, later epochs here (in fact, the
radio light curve continues to rise up until present day).
These ATCA observations were obtained under program
codes CX371 and C3279. ATCA monitoring took place
during Apr 2018–Sep 2020, covering 18–911 days after
discovery, although observations continue to the present
day. Flux measurements can be found in Table 25, and
the light curve is plotted in Figure 9. V906 Car appears
as a point source in all ATCA images.

2.3.24. V392 Per

Jansky VLA observations of V392 Per were obtained
under program codes 17B-352, 19A-298 (PI J. Linford),
19B-244, and 20A-395 (PI K. Sokolovsky). Observations
took place during Apr 2018–May 2020, covering 1–748
days after discovery. Flux measurements can be found
in Table 26, and the light curve is plotted in Figure 9.
During the 2018 A configuration, V392 Per is unresolved.
During the 2019 A configuration, V392 Per was unde-
tected at higher frequencies, and consistent with a low
S/N point source at lower frequencies.

We note that radio observations of the eruption of
V392 Per were also obtained with the Arcminute Mi-
crokelvin Imager Large Array (AMI-LA), at higher ca-
dence than the VLA observations but only at a single
frequency (15.5 GHz; Linford et al. 2018). These obser-
vations will be the subject of a future paper exploring
the source in more detail.

2.4. Multi-wavelength nova properties

Some basic properties of the novae in our sample are
listed in Table 1. Sources were investigated using Gaia
EDR3 (Gaia Collaboration et al. 2016, 2021). If there
was an unambiguous Gaia match to the nova, we took
the Gaia equatorial coordinates and list them in Table
1. In cases with more than one potential Gaia match
to the nova position, we used radio observations to hone
the position and determine the Gaia counterpart. Sev-
eral novae have no Gaia counterpart, and in these cases
we report a position measured from radio observations
(these cases are noted in Table 1).

In cases where Gaia parallaxes are measured at ≥ 2.5σ
significance in EDR3, distances are estimated taking the
prior suggested by Schaefer (2018): 150 pc /sin(l), where
l is Galactic latitude (the prior is set to zero beyond a
maximum distance of 8 kpc). Lower significance Gaia
measurements were carefully considered; in some cases
there is essentially no useful information in Gaia EDR3,
as the nova was in outburst and highly variable during
Gaia data acquisition. In these cases, we take distances
from Gordon et al. (2021) or other sources in the liter-
ature. In other cases, where there is some, albeit low
significance, Gaia constraint, we consider both the lit-
erature and Gaia estimates and take whichever is most
constraining and reliable. If no superscript is listed in the
Distance column of Table 1, this implies that the distance
is from a Gaia parallax measurement, which should be
revisited after future Gaia data releases. Uncertainties
correspond to roughly 1σ (68%) confidence intervals.

The date of discovery is taken as t0, the time of start of
eruption (in all cases, this is bound to be after the time
of the true eruption start). All novae were discovered
with optical surveys except V598 Pup and V959 Mon.
V598 Pup was discovered months into eruption at X-ray
wavelengths by the XMM-Newton slew survey (Saxton
et al. 2008). The discovery date listed in Table 1 is actu-
ally the time V598 Pup brightened in archival optical ob-
servations obtained with the All Sky Automated Survey
(Pojmanski 2002), and is remarkably well constrained to
within three days (Read et al. 2008). V959 Mon was dis-
covered at GeV γ-ray wavelengths with the Large Area
Telescope on the Fermi Gamma Ray Space Telescope
while the source was in solar conjunction, and was not
optically identified as a nova until months later (Acker-
mann et al. 2014). Here we take the first γ-ray detection
of V959 Mon as its time of discovery.

The optical light curves are measured in the V band,
and the peak observed magnitude is listed as Vpeak in
Table 1 (also Figure 10). We parameterize how rapidly
the optical light curve of a nova evolves with t2, the time
for the light curve to decline by two magnitudes from
visual peak (Figure 11). In cases where the optical light
curve shows variations and “jitters”, we measure t2 as
the last time the light curve crossed the Vpeak − 2 mag
threshold, as performed by Strope et al. (2010).

Ejecta expansion velocities are estimated and inter-
preted within the framework put forward by Aydi et al.
(2020b). v1 is the velocity of the “intermediate compo-
nent/principal component” in the H Balmer lines, mea-
sured from the absorption trough of the P Cygni profiles
(on top of the broad emission) a few days after optical
peak. v2 is the FWZI/2 of the broad H Balmer emission
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Figure 10. The flux density at radio light curve maximum (Smax) compared with the observed peak optical apparent magnitude (Vpeak;
left panel) and the extinction-corrected peak optical apparent magnitude (right panel). The dotted line in the right panel represents a
linear fit to the data (see §3.1 for details). Radio flux densities are measured at 5 GHz, or when 5 GHz is not available, 8.5 GHz; optical
brightnesses are measured in the V band.

measured several days after optical peak. When spectra
were available, we self-consistently measure these quanti-
ties (if no reference is provided in Table 1, velocities are
measured in this current work using spectra published
by e.g., Aydi et al. 2020b). However, for older novae we
are forced to estimate v1 and v2 from figures or values
quoted in the literature. In cases where only a FWHM
is available, we quote this value as v2, as we have empiri-
cally estimated that FWZI/2≈ FWHM for typical novae
around light curve maximum.

We obtained other parameters in Table 1 from the com-
pilations of Ritter & Kolb (2003), Strope et al. (2010),

Özdönmez et al. (2018), and Gordon et al. (2021). In
some cases, we made measurements for the first time.
Light curve parameters for V5666 Sgr, V5667 Sgr, and
V2659 Cyg were determined from the light curves pre-
sented in Figure 6. The reddening for V1723 Aql is esti-
mated from the photometry of Nagashima et al. (2013),
who present a color index V −R ≈ 2.5 around light curve
maximum. Assuming an intrinsic color of (V − R)0 = 0
around maximum (e.g., Della Valle et al. 2002) yields
reddening values of E(V −R) = 2.5 and E(B−V ) = 4.3
mag.

To constrain the emission mechanism powering nova
radio luminosity (i.e., thermal or non-thermal), the
brightness temperature (a measure of the radio surface
brightness) is a valuable diagnostic. Brightness temper-
ature is calculated assuming a circular disk-like emitter
of diameter θ using the equation:

TB = 1765.8 K
( ν

GHz

)−2 Sν
mJy

(
θ

arcsec

)−2
(1)

The most reliable measurements of brightness temper-
ature use high resolution imaging to directly constrain

the size of the emitting region, and thereby the surface
brightness. Unfortunately, the resolution of ATCA/VLA
is not usually high enough for this to be true, but in-
stead we can approximate the angular size of the source
if we know its distance, expansion velocity, and expan-
sion time. For each nova, we use the uncertainty on dis-
tance listed in Table 1 and the range of velocities span-
ning v1 to v2 to estimate a plausible range of angular
diameters (θ) at a given observation epoch. We then
use this range in sizes to estimate a plausible range of
brightness temperature, plotted as polygons in Figures
12–17. We note that the brightness temperatures esti-
mated in this way are likely to be lower limits on the
true brightness temperature of any non-thermal emis-
sion, as high-resolution imaging reveals that synchrotron
emission is often arranged as compact knots within the
more diffuse thermal ejecta (e.g., Chomiuk et al. 2014a).
The brightness temperatures plotted in Figures 12–17
are for the frequency that yields the most constraining
(highest) brightness temperature estimates and has rea-
sonable temporal coverage. In most cases, this will be
a relatively low frequency, often C band (∼5 GHz) or,
when available, L/S bands (1–3 GHz).

Radio luminosities are calculated assuming the dis-
tances in Table 1. The luminosities plotted in Figures
12–17 correspond to observing frequency ∼5 GHz, or
when that is not available, ∼8.5 GHz. In the case of
V1370 Aql, neither of these frequencies are available,
and we instead use the 1.5 GHz light curve. The plot-
ted polygons denote the uncertainty band in luminosity,
given measurement uncertainties on flux density and the
uncertainties on distance listed in Table 1.

3. DISCUSSION
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Figure 11. The time to radio light curve maximum (tmax) is compared, in the left panel, with the time for the optical light curve to
decline by two magnitudes from peak (t2). In the right panel, tmax is compared with the expansion velocity of the ejecta v2. The dotted
lines represent linear correlations fit to the data (see §3.1 for details). As in Figure 10, tmax is measured at 5 GHz or 8.5 GHz. The plotted
uncertainties on tmax show the time interval between the last observation before tmax and the first observation after tmax.

The radio light curves of novae are strikingly diverse.
Some remain undetected (see the Appendix), while oth-
ers become some of the brightest transients in the radio
sky (at least at high frequencies; e.g., V1974 Cyg). Some
remain bright for a few weeks (e.g., U Sco), while oth-
ers are bright for years (e.g., V723 Cas). Many show a
single peak in their radio light curves, while others show
two distinct peaks (e.g., V1723 Aql). We investigate this
diversity in more detail below.

The radio spectra of novae are complex, and often re-
quire more than a single power law to describe. Even
when the emission mechanism is purely thermal, the ra-
dio spectrum turns over first at high frequencies, and
then the turn-over proceeds to lower frequencies; inter-
mediate times can require >2 power laws to fully describe
the spectral shape (see Nelson et al. 2014 and Weston
et al. 2016a for some examples). For these reasons, it is
difficult to talk about nova spectra in terms of a single
spectral index, and discussion of the radio spectral evo-
lution for 36 novae would rapidly become ungainly and
long. We postpone discussion of radio spectral evolution
to future papers, where we will investigate the thermal
and synchrotron properties of these novae in more detail.

3.1. Comparison of basic radio and optical properties

Perhaps the diversity in radio light curves is not sur-
prising given the range of optical light curves of novae,
which show amplitudes spanning a factor of &10 magni-
tudes (factor of ∼ 104) and t2 spanning >two orders of
magnitude (Kawash et al. 2021). Both radio and optical
light curves start out optically thick and transition to an
optically thin state. If both optical and radio emission
are thermal, powered by the warm expanding ejecta or a
wind, we might expect the radio and optical light curves
to track one another.

Very roughly, the peak of each light curve is set by
the maximum size of the photosphere. In Figure 10, we
compare the peak radio flux density (Smax; also listed in
Table 2) with the peak optical magnitude. The left panel
plots peak V -band magnitudes as observed, while the
right panel corrects for foreground reddening using the
E(B−V ) values tabulated in Table 1. We plot peak radio
flux densities as measured at 5 GHz, or when that is not
available, as measured at 8.5 GHz (limits are estimated if
the radio light curve maximum is not observed). We see
that, indeed, the peak brightnesses at optical and radio
wavelengths are correlated. V1723 Aql is a strong outlier
in the left panel of Figure 10 because of the high Galactic
extinction along its line of sight, but it falls in line with
the rest of the sample in the extinction-corrected right
panel.

The correlation between radio and optical peak bright-
ness holds over three orders of magnitude in radio flux
density. Fitting a linear relation to the data in the right
panel of Figure 10, log(Smax) = β(Vpeak,0 − 4.88) + α,
we find α = 0.69 ± 0.09 and β = −0.24 ± 0.05, with
a substantial scatter of ∼0.5 dex around the relation
(σ = 0.48 ± 0.07, to be precise). We also see that the
variation in optical peak brightness is larger than in ra-
dio peak brightness (factor of ∼ 104 compared with 103),
even after correcting for dust extinction. In Figures 12–
17, we see that peak radio luminosities for the majority
of novae span a relatively narrow range of ∼ 1019 − 1020

erg s−1 Hz−1, so much of the spread in peak radio flux
density is due to distance.

We might similarly expect the timescales of the radio
and optical light curves to be correlated. For example,
a low-mass ejection should thin out and fade quickly at
both optical and radio wavelengths. In the left panel
of Figure 11, we plot the time to radio maximum tmax,
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Figure 12. Radio luminosity and brightness temperature for seven of the fastest-evolving radio novae. In the left panel, spectral luminosity
is plotted as observed at ∼5 GHz or ∼8.4 GHz; the width of shaded polygons denotes uncertainty on distance and flux density. In the
right panel, brightness temperature is plotted as measured at the most constraining frequency. The width of shaded polygons denotes
uncertainty in distance, expansion velocity, and flux density. A dashed line is plotted at TB = 5 × 104 K to denote the conservative
maximum temperature expected for thermal emission.

and compare it with optical t2 (time to optical maxi-
mum usually occurs quickly after eruption and is there-
fore only measured for a few novae; t2 is a more avail-
able diagnostic of light curve speed). The novae in our
sample span a factor of ∼300 in optical t2 and a factor
of &1000 in radio tmax. We see that radio and optical
timescales are indeed positively correlated. A linear fit
of the form log(tmax) = β(log(t2) − 1.263) + α returns
α = 2.40± 0.07 and β = 0.68± 0.11, and is plotted as a
dotted line in Figure 11. There is a scatter around this
line of σ = 0.38± 0.05.

The right panel of Figure 11 plots the time to ra-
dio maximum against the expansion velocity v2 (this is
expected to be the speed of the faster, more spherical
flow as hypothesized by Aydi et al. 2020b). Unsurpris-
ingly, novae with faster expansion velocities also show
radio light curves that evolve more quickly. We fit a
line as log(tmax) = β(v2/1000 − 2.51) + α, and found
α = 2.40 ± 0.07 and β = −0.35 ± 0.06. The scatter
around this relation is σ = 0.40± 0.05.

3.2. The fastest radio novae: synchrotron flares and
thermal blips

While most novae have radio light curves that peak >1
year after eruption, about a quarter show much faster ra-
dio light curves with time to radio maximum .100 days
(Figure 11). These fast radio novae can, in turn, be
divided into two classes—those that show a later, sec-
ond radio maximum (which are the subject of §3.3), and
those that rapidly rise to maximum and then simply fade.
This second class—novae that show a single rapid radio
maximum—is represented here by V1500 Cyg, V838 Her,
U Sco, V2491 Cyg, V2672 Oph, V5589 Sgr, and V392
Per, and is plotted in Figure 12. Note that the tempo-

ral coverage on these novae varies greatly, and while in
some cases like V5589 Sgr we can exclude the possibility
that the nova rose to a second radio maximum, in other
cases like V2491 Cyg and V2672 Oph we cannot. In fact,
higher cadence observations of V392 Per with AMI-LA
imply that it may serve as a bridge between the sources
discussed here and the double-peaked sources of §3.3, as
a second bump is apparent in the 15.5 GHz light curve
between days 41 and 131, when the VLA was down for an
electrical infrastructure upgrade (Williams et al. 2021).

The right panel of Figure 12 shows that many of these
fastest novae reach brightness temperatures substantially
> 104 K at early times. In novae, brightness tempera-
tures in excess of 5× 104 K are evidence of non-thermal
synchrotron emission for two reasons. The first reason is
that the photo-ionized nova ejecta should quickly relax
to electron temperatures of Te ≈ (1−5)×104 K, with the
value primarily determined by the white dwarf’s temper-
ature in the supersoft X-ray phase, and therefore by the
white dwarf mass. The temperature should remain near
this value for a time set by the ejecta mass and expan-
sion velocity before cooling (Cunningham et al. 2015). If
the gas is optically thick at a given frequency, it should
show a brightness temperature equivalent to the electron
temperature of the gas; as it transitions to optically thin
at that frequency, the corresponding brightness temper-
ature will drop. The implication is that, if photoioniza-
tion is the only heating source in novae, radio brightness
temperatures should not be > 5 × 104 K. The second
reason that brightness temperatures significantly > 104

K imply non-thermal emission is that free-free optical
depth ∝ T−1.35e (Seaquist & Bode 2008), so it becomes
harder for hotter gas to be optically thick at radio wave-
lengths. Therefore, while X-ray observations often im-
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ply the presence of shock-heated gas with Te � 106 K
(e.g., Mukai et al. 2008; Gordon et al. 2021), the hot
gas would need to have very large emission measures and
masses in order to be optically thick at radio wavelengths
and show high radio brightness temperatures. Such high
emission measures would be inconsistent with observed
X-ray luminosities (Vlasov et al. 2016; see also discus-
sions in Chomiuk et al. 2014b, Weston et al. 2016a, and
Linford et al. 2017).

By this criterion, three of the novae plotted in Fig-
ure 12—V838 Her, V5589 Sgr, and V392 Per—show
strong evidence for synchrotron emission, with bright-
ness temperatures > 105 K measured in early observa-
tions. V2672 Oph is also probably dominated by non-
thermal emission, although constraints on its brightness
temperature are not quite strong enough to conclusively
discern. V1500 Cyg, V2491 Cyg, and U Sco show bright-
ness temperatures which could be explained with thermal
emission, but cannot exclude synchrotron emission.

These fastest radio novae have the highest expansion
velocities in our sample, all with v2 & 4000 km s−1 (Fig-
ure 11). Such high velocities will naturally lead to more
rapid radio evolution, regardless of whether the emission
is thermal or non-thermal. We also expect higher velocity
shocks to transfer more energy to relativistic electrons, as
the energy in relativistic particles is usually parameter-
ized as a fraction of the post-shock energy ∼ ρv2sh, where
vsh is the velocity of the shock and ρ is the density of gas
being shocked. We might therefore expect synchrotron
luminosities to be higher in novae with faster ejecta.

Evolved companions are over-represented amongst this
class of fastest radio novae. Of the four novae in our
sample known to have orbital periods >16 hr and com-
panions evolving off the main sequence (see Table 1),
three of them have radio light curves that fall into this
fastest category. These three novae (U Sco, V5589 Sgr,
and V392 Per) are also some of the optically fastest no-
vae in our sample (i.e., shortest t2), while the fourth
nova V723 Cas is one of the slowest in our sample and
is included in §3.4. It is not surprising that novae with
sub-giant companions tend to have fast novae, as the
evolved companion should power a high mass transfer
rate which will trigger novae with relatively low ejecta
masses (Yaron et al. 2005; Kalomeni et al. 2016). But
notably, in at least the case of V5589 Sgr, the high bright-
ness temperature is indicative of synchrotron emission
with no evidence for a second thermal peak (contrary
to what is observed for the novae in §3.3). This lack
of a thermal peak may be attributable to low ejecta
mass (Mej . 10−6 M�). As for the origin of the syn-
chrotron emission, while we cannot exclude the possibil-
ity of shocks internal to the nova ejecta (as may be in
V838 Her), such rapidly evolving non-thermal emission
has primarily been seen in novae with red giant compan-
ions like V745 Sco, where the nova ejecta shock the red
giant wind, accelerate particles to relativistic speeds, and
create synchrotron emission (e.g., Kantharia et al. 2016).
The synchrotron emission in V5589 Sgr and V392 Per
may therefore be an indication of circumstellar material
(CSM), presumably expelled by the evolved companion.

Naively, we do not expect significant wind CSM from
a sub-giant donor, which should be transferring mass via
Roche lob overflow (Webbink et al. 1983; Kalomeni et al.
2016). Still, a sub-giant companion should have a higher

mass transfer rate than a dwarf companion, and therefore
may pose more opportunity for non-conservative mass
transfer and the creation of detectable CSM around the
binary (intermediate between the low-density environs of
cataclysmic variables and the dense CSM around sym-
biotic stars). To date, there is very little evidence for
CSM around sub-giants. As the Galactic recurrent nova
with the fastest recurrence time, U Sco is one of the best
studied novae and has a sub-giant companion, and yet it
shows X-ray non-detections which place an upper limit
on the density of the CSM (Drake & Orlando 2010; the
data presented here also do not require synchrotron emis-
sion or shocks). It is notable that V5589 Sgr and V392
Per have longer orbital periods than U Sco or V723 Cas,
and therefore the companions are more evolved. The
data presented here may be evidence of CSM density in-
creasing as companion stars evolve across the sub-giant
phase, and perhaps also evidence for diversity in CSM
properties at a given orbital period. Clearly, radio ob-
servations of fast novae offer a unique and valuable win-
dow into the circumstellar environments of binary sys-
tems with mildly evolved donors.

Finally, we make a note of V838 Her, which shares
rapid radio evolution and high brightness temperatures
with V5589 Sgr and V392 Per (Figure 12), but has a
dwarf donor with an orbital period of 7.1 hr (Ingram et al.
1992; Szkody & Ingram 1994). While we cannot rule out
the possibility that V838 Her has unusually dense CSM
compared to its cataclysmic variable brethren, this seems
unlikely and instead may point toward internal shocks
shaping its radio light curve. As typical in nova stud-
ies, V838 Her serves as a reminder for any hypothesis
we present to not get too tidy! We note that the ex-
pansion velocities in V838 Her are unusually high (Table
1), which might be expected to produce more energetic
shocks, regardless of whether they are internal (within
the ejecta) or external (with CSM). The relative roles
of internal and external shocks may be illuminated by
folding in observations at other wavelengths like X-ray,
which can constrain the absorbing column (e.g., Gordon
et al. 2021).

3.3. Double-peaked radio novae: combination
synchrotron+thermal radio transients

Three novae—V1723 Aql, V1324 Sco, and V357 Mus—
show clearly double-peaked radio light curves, with the
first peak occurring 50–80 days into eruption, and the
second peak several hundred days after eruption (Figure
13). QU Vul also shows clear indication of a similar early
peak, although radio monitoring did not begin until day
206 and only the very end of the first peak was captured
at 14.9/22.4 GHz; despite these limitations, Taylor et al.
(1987) carried out an insightful analysis into the possible
origins of the early radio maximum in QU Vul. V705 Cas
is a more ambiguous case borne of poorer observation
quality, but it appears to show a 4.9 GHz maximum on
day 108 before plateauing at a near constant flux value
for the next 1000 days (Figure 5. V809 Cep is another
case which could be considered as a double-peaked radio
light curve (Babul et al. 2021, in prep), but its early peak
is only seen at lower frequencies (4.6/7.4 GHz; Figures
3 and 14), and the first peak is fainter than the later
maximum.

V357 Mus is a never-before-published double-peaked
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Figure 13. As in Figure 12, but here we plot five novae that show double-peaked radio light curves.

radio nova, and by many criteria, the most dramatic. It
reached a flux of 46 mJy at 9 GHz on day 64, which is an
order of magnitude brighter than the later thermal max-
imum. This early peak reaches brightness temperatures
> 3× 105 K, which is an indication that it is dominated
by non-thermal emission. This first peak strikingly coin-
cides with the timing of the dust dip in the optical light
curve (Figure 9), which may be an indication of a com-
mon origin for synchrotron-emitting relativistic electrons
and dust (Derdzinski et al. 2017).

The other novae in this class also show temporal co-
incidence between dust formation and the early non-
thermal radio maximum. V1324 Sco shares many traits
with V357 Mus, reaching similar brightness tempera-
tures (Figure 13) and showing simultaneity between the
first radio maximum and an optical dust dip (Figure 3).
V1723 Aql was unfortunately very poorly observed in the
optical, but the data that do exist imply that the fading
of the optical light curve is likely due to dust production
(Nagashima et al. 2013), and therefore it too may show
a temporal coincidence between an optical dust dip and
an early radio maximum. The brightness temperature of
V1723 Aql’s early radio maximum is > 9 × 105 K, and
therefore one of the more clear-cut cases for non-thermal
emission (see Weston et al. 2016a for more discussion).
V705 Cas shows temporal coincidence between the 4.9
GHz maximum and the optical dust dip, but the case
for a double-peaked radio light curve is more ambiguous.
We note that not all novae with dust dips in their optical
light curves show double radio peaks: V5668 Sgr (Fig-
ure 8) can be described with a single radio maximum.
Still, dramatic optical dust dips appear to be correlated
with double-peaked radio light curves and in particular,
an early synchrotron maximum. We note that asymme-
try and inclination effects could be important in shaping
both the optical and radio synchrotron light curves, if
dust preferentially forms in e.g., the orbital plane, or if

synchrotron-emitting shocks peek out from the optically-
thick thermal ejecta preferentially in some directions.

As discussed in Weston et al. (2016a) and Finzell et al.
(2018), the second radio maxima generally have bright-
ness temperatures TB . 104 K and are consistent with
thermal emission from the warm expanding ejecta. In fu-
ture work, we plan to fit thermal light curves to all novae
presented here (where possible); in cases like V357 Mus
and QU Vul, this will be particularly valuable for de-
composing the thermal and non-thermal contributions so
that we may determine the energetics of the synchrotron
emission and estimate the ejecta mass.

3.4. Slower radio novae: mostly thermal but deceptively
complex

The largest group of radio light curves evolve more
slowly (tmax & 150 days). A handful of these slower
novae also show evidence for early synchrotron emission
and are collected in Figure 14, while most are consistent
with pure thermal emission and are plotted in Figure
15–17.

The novae plotted in Figure 14 further highlight the
diversity of nova light curves, and in particular, how
signatures of synchrotron emission can be diverse. Of
the novae with evidence for non-thermal emission plot-
ted in Figure 14, we have already discussed V809 Cep as
a “bridge” object showing some evidence for two distinct
radio maxima (§3.3). V1370 Aql has poor early-time
and high-frequency coverage, but it becomes surprisingly
bright at 1.5 GHz, which translates to TB > 105 K.
V959 Mon shows an early-time excess that implies high
brightness temperature; this early-time emission also
shows a spectral index indicative of synchrotron emis-
sion, and even higher brightness temperatures in high-
resolution VLBI imaging presented by Chomiuk et al.
(2014a). V5668 Sgr’s radio light curve evolves relatively
rapidly and shows brightness temperatures > 5× 104 K;
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Figure 14. As in Figure 12, but here we plot five novae that show relatively slow radio light curves but also exhibit high brightness
temperatures that are evidence for synchrotron emission.
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Figure 15. As in Figure 12, but here we plot seven novae that show slower evolution at radio wavelengths.

a likely possibility is that its primary radio maximum
is a mixture of synchrotron and thermal emission (and
the relative proportions change with time). It is notable
that V5668 Sgr is the one remaining “dust-dipper” nova
in our sample that does not have a double-peaked ra-
dio light curve (§3.3), and it too shows significant evi-
dence for non-thermal emission. V5855 Sgr has a pecu-
liar radio light curve which rises quickly over ∼40 days,
and then plateaus at a remarkably constant level (Fig-

ure 8); the rapid rise to relatively bright levels translates
to TB > 3 × 104 K, which is a marginal indication of
non-thermal contributions.

The remaining light curves, plotted in Figure 15–17
(grouped in order of increasing tmax), are consistent
with purely thermal emission from the ionized expanding
ejecta, as their brightness temperatures are . 104 K. In
some cases, the temporal and frequency coverage are of
sufficient quality to exclude non-thermal signatures like
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Figure 16. As in Figure 12, but here we plot six more novae that show slower evolution at radio wavelengths.
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Figure 17. As in Figure 12, but here we plot six novae that show the slowest evolution at radio wavelengths.

those seen in Figures 13–14, while in other cases observa-
tions are not sufficient to constrain the presence of e.g.,
an early time excess. We note that we cannot exclude
non-thermal emission in these cases, and encourage fur-
ther studies of the radio spectrum and/or high-resolution
imaging to test for its presence—but given our limited
analysis here, they seem to be explained with pure ther-
mal emission.

However, even in these cases with a single radio peak

and TB . 104 K, many novae show subtle complexity in
their radio light curves. Take for example, V339 Del (Fig-
ure 3). The 4.6 GHz light curve rises relatively quickly
(∼100 days), and then flattens out for nearly two years;
during this “plateau” time, the slope/concavity of the
light curve changes at least once. The overall impression
from the light curve is that multiple emission compo-
nents are contributing. Even if all emission is thermal,
there is still the likely possibility of multiple components
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with different densities and expansion velocities, perhaps
from an equatorial torus and a bipolar wind (Chomiuk
et al. 2014a; Aydi et al. 2020b). Another example of
potential thermal complexity is revealed by a compari-
son of V2659 Cyg and V5667 Sgr side by side (Figure
8). Although these light curves have similar tmax and
Smax, the shape of their radio peaks is quite different,
with V5667 Sgr remaining bright at 35 GHz out to ∼800
days, and V2659 Cyg fading much faster. A potential
explanation for these different light curve morphologies
is nonspherical thermal ejecta (Ribeiro et al. 2014).

We again note that the 5/8.5 GHz light curves of most
novae appear to peak with radio spectral luminosities
of 1019 − 1020 erg s−1 Hz−1. Roughly, assuming 104

K ejecta emitting free-free emission, Lmax ∝ M0.8
ej with

weak dependence on the density distribution of the ejecta
(Seaquist & Bode 2008; Nelson et al. 2014). The implica-
tion is that most of these slow novae have ejecta masses in
the range, ∼ 10−5 M� to few ×10−4 M�. One exception
is V351 Pup, which shows an unusually high luminosity
in Figure 15; a potential explanation is that the distance
derived from expansion parallax by Wendeln et al. (2017)
and used here may be erroneously large. Similarly, the
radio luminosity of V5856 Sgr appears unusually low in
Figure 17, which could be an indication of an erroneously
small distance estimate (the one used here is estimated
from three-dimensional reddening maps). As Gaia ge-
ometric distances become available for more and more
novae, such distance ambiguities will be largely clarified,
enabling study of absolute nova energetics.

4. CONCLUSIONS

We present multi-frequency radio light curves for 36
novae with dwarf or sub-giant companions, intentionally
excluding novae with giant companions (but encouraging
future study of their radio properties). The novae studied
here span 50 years, a range of speed classes (t2 = 1−263
days), optical brightnesses (Vpeak ≈ 16 − 2 mag), and
optical light curve morphologies (see Table 1 and Figures
1–9).

The large sample and high-quality modern data pre-
sented here demonstrate that novae are far from simple
thermal transients; synchrotron emission and multiple
emitting components prove common. Using Gaia dis-
tances and spectroscopically-measured velocities, we con-
strain the angular size of the nova and thereby estimate
brightness temperatures from our flux density measure-
ments. Of the 36 novae presented here, nine (25%) show
evidence for non-thermal emission in the form of bright-
ness temperatures > 5×104 K (§3.2-3.4). We also expect
that, on a deeper look which includes spectral analysis
and/or high-resolution imaging, even more novae will ex-
hibit definitive signatures of synchrotron emission (e.g.,
V959 Mon; Chomiuk et al. 2014a).

We compare radio and optical properties, and find that
the peak optical brightness and the peak radio bright-
ness are positively correlated. We also find that novae
with faster t2 values and expansion speeds show shorter
time to radio maximum. The time elapsed between nova
eruption and radio maximum varies greatly across our
targets, from .16 days to 1697 days.

In a few cases, the radio emission is consistent with
pure synchrotron emission (V838 Her, V5589 Sgr, and
V392 Per; Figure 12); these are very rapidly evolving

novae with high expansion velocities. V5589 Sgr and
V392 Per also have mildly evolved companions, which
may hint at a role for external shocks (between the nova
ejecta and pre-existing CSM) in shaping shock signatures
in these systems.

Several novae show two distinct peaks in their radio
light curves, with the first occurring .100 days after
eruption and showing TB > 5 × 104 K, and the second
maximum occurring ∼few years after eruption and dis-
playing TB . 104 K (Figure 13). Building on Metzger
et al. (2014), Weston et al. (2016a), and Vlasov et al.
(2016), we identify the first maximum with synchrotron
emission and the second with thermal emission from the
bulk of the ejecta. Novae with strong dust formation
episodes are concentrated amongst this class of double-
peaked radio novae, and there is also striking tempo-
ral coincidence between the dust dip in the optical light
curve and the early synchrotron maximum. These no-
vae therefore provide evidence for a common site of dust
production and relativistic particle acceleration in novae:
shocks.

Our basic analysis shows that radio emission from
about half of our novae can be explained with pure ther-
mal emission—that is, non-thermal components can be
accommodated within the data, but are not required
by a brightness temperature analysis (Figures 15–17).
But even in these pure-thermal cases, high-quality light
curves display clear complexity in their shapes, some-
times showing several changes in slope/concavity (e.g.,
V339 Del; Figure 3) and showing a range of durations
around radio maximum (e.g., compare the light curves
plotted in Figure 8). It is possible that multiple, dis-
tinct thermal components are contributing to the ra-
dio light curves. Take for example, the popular sce-
nario of a slowly-expanding equatorial disk or torus and
a faster, more symmetric wind. Depending on their rela-
tive masses, velocities, and durations, the radio emission
from the two thermal components can peak at distinct
times/luminosities, and might explain the complex light
curve shapes observed in e.g., V339 Del.

We hypothesize that the radio emission from all novae
has both thermal free-free and non-thermal synchrotron
components. However, the relative luminosity, timing,
and duration of the emission can vary dramatically be-
tween novae, resulting in startling diversity of radio light
curves. In some novae, the thermal and synchrotron com-
ponents are well-spaced in time and comparable in flux
(e.g., V1723 Aql, V1324 Sco; Figure 13), while in oth-
ers the thermal and synchrotron contributions appear to
blur together into a single radio maximum (e.g., V5668
Sgr, V5855 Sgr; Figure 14). Some novae appear dom-
inated by synchrotron emission with little evidence for
a thermal component (e.g., V838 Her, V392 Per; Figure
12), while others are consistent with pure thermal emis-
sion (Figures 15–17). In the future, we plan to study this
diversity in the context of multi-wavelength data in order
to understand what determines the shock energetics and
non-thermal luminosity of nova explosions. In particular,
it remains unclear what sets the GeV γ-ray luminosity
of novae, which varies across at least two orders of mag-
nitude (Franckowiak et al. 2018; Chomiuk et al. 2021),
and the radio properties of novae in the Fermi era may
shed light on this diversity.

The thermal properties of the radio light curves pre-
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sented here should also be systematically analyzed in
light of constraints on velocity, filling factor, and geome-
try derived from multi-wavelength observations. We are
embarking on such a study, which will produce the high-
est quality estimates of ejecta mass for a large and diverse
sample of novae, which in turn will serve as an important
test of nova theory (e.g., Yaron et al. 2005).
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Table 3
Radio Observations of V1370 Aql

UT Obs Date MJD t− t0a 0.6 GHz Sν 1.5 GHz Sν 4.9 GHz Sν 14.9 GHz Sν Telescope
(Days) (mJy) (mJy) (mJy) (mJy)

1982 Mar 28 45055 59 8.4 ± 2.0 WSRTb

1982 Apr 10 45069.5 73 20.2 ± 2.0 WSRTb

1982 Jun 18 45138.5 142 14.2 ± 2.0 WSRTb

1982 Jun 20 45140.5 144 12.2 ± 2.0 WSRTb

1982 Jun 21 45141.5 145 11.5 ± 2.0 WSRTb

1982 Jun 23 45143.5 147 13.4 ± 2.0 WSRTb

1982 Jun 28 45148.5 152 10.9 ± 2.0 WSRTb

1982 Aug 9 45190.5 194 3.0 ± 2.0 WSRTb

1982 Sep 3 45215.5 219 < 2.0 WSRTb

1982 Sep 15 45227.5 231 4.5 ± 2.0 WSRTb

1982 Sep 21 45233.5 237 < 2.0 WSRTb

1982 Sep 27 45239.5 243 < 2.0 WSRTb

1982 Oct 2 45244.5 248 < 2.0 WSRTb

1982 Oct 10 45252.5 256 < 2.0 WSRTb

1982 Oct 18 45260.5 264 < 2.0 WSRTb

1982 Oct 21 45263.5 267 2.0 ± 2.0 WSRTb

1982 Nov 7 45280.5 284 5.4 ± 2.0 WSRTb

1982 Nov 11 45284.5 288 < 2.0 WSRTb

1982 Nov 13 45286.5 290 < 2.0 WSRTb

1982 Nov 21 45294.5 298 < 2.0 WSRTb

1984 May 12 45832.5 836 <0.4 VLA/Cc

1985 Jun 14 46230.5 1234 < 1.6 ± 0.5 < 0.4 ± 0.1 VLA/BC
1987 Jan 24 46819.5 1823 < 1.9 ± 0.5 < 0.3 ± 0.1 < 0.7 ± 0.2 VLA/CD

a We take the time of discovery, 1982 Jan 27, as t0.
b Data published by Snijders et al. (1987) at 1.41 GHz.
c Data also published by Bode et al. (1987).

Table 4
VLA Observations of PW Vul

UT Obs Date MJD t− t0a 1.5 GHz Sν 4.9 GHz Sν 14.9 GHz Sν 22.4 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

1984 Aug 17.3 45929.3 20.3 < 1.14 ± 0.31 < 0.33 ± 0.11 < 0.82 ± 0.25 < 5.06 ± 1.65 D
1984 Aug 22.3 45934.3 25.3 < 19.42 ± 5.56 < 0.40 ± 0.12 < 0.79 ± 0.26 < 4.91 ± 1.64 D
1984 Aug 30.1 45942.1 33.1 < 0.44 ± 0.15 < 1.32 ± 0.35 D
1984 Nov 5.0 46009.0 100.0 < 0.46 ± 0.14 1.12 ± 0.24 AD
1985 Jan 13.7 46078.7 169.7 < 4.31 ± 0.78 A
1986 Mar 20.5 46509.6 600.6 2.85 ± 0.17 A
1986 Sep 21.2 46694.2 785.2 1.84 ± 0.12 BC
1986 Oct 14.8 46717.8 808.8 1.69 ± 0.12 BC
1986 Oct 20.9 46723.9 814.9 1.40 ± 0.31 BC
1986 Nov 11.8 46745.8 836.8 1.71 ± 0.29 C
1987 Jan 24.6 46819.7 910.7 < 1.29 ± 0.22 1.23 ± 0.09 1.06 ± 0.19 CD
1987 Jul 17.0 46993.0 1084.0 0.49 ± 0.13 0.45 ± 0.07 < 0.56 ± 0.19 A
1987 Oct 18.0 47086.0 1177.0 0.61 ± 0.08 < 0.36 ± 0.12 AB
1987 Nov 28.0 47127.0 1218.0 0.82 ± 0.14 < 0.97 ± 0.27 B

a We take the time of discovery, 1984 Jul 28, as t0.
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Table 5
VLA Observations of QU Vul

UT Obs Date MJD t− t0a 1.5 GHz Sν 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν 22.4 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy) (mJy)

1985 Jul 16.3 46262.3 206.3 4.10 ± 0.29 63.40 ± 6.59 Cb

1985 Aug 21.0 46298.1 242.1 1.43 ± 0.09 9.20 ± 0.50 36.40 ± 3.75 58.60 ± 5.87 Cb

1985 Sep 18.0 46326.1 270.1 2.38 ± 0.14 10.10 ± 0.59 32.80 ± 3.43 49.50 ± 5.74 Cb

1985 Oct 8.0 46346.0 290.0 9.00 ± 0.54 35.80 ± 3.75 ADb

1985 Nov 2.9 46372.0 316.0 2.24 ± 0.13 10.20 ± 0.59 34.30 ± 3.55 52.10 ± 6.33 CDb

1985 Nov 27.9 46397.0 341.0 2.21 ± 0.30 10.68 ± 0.54 39.05 ± 3.91 63.32 ± 6.39 D
1985 Dec 18.8 46417.8 361.8 3.00 ± 0.17 11.10 ± 0.63 41.70 ± 4.34 70.60 ± 8.02 Db

1986 Feb 4.7 46465.7 409.7 2.60 ± 0.16 12.00 ± 1.08 45.60 ± 5.15 102.30 ± 14.88 ADb

1986 Mar 25.5 46514.5 458.5 11.69 ± 0.65 A
1986 May 3.4 46553.5 497.5 2.81 ± 0.16 11.90 ± 0.72 42.00 ± 4.46 Ab,c

1986 Jul 5.3 46616.4 560.4 3.49 ± 0.32 13.35 ± 0.69 50.75 ± 5.16 83.44 ± 9.38 AB
1986 Sep 18.9 46692.0 636.0 3.02 ± 0.19 14.19 ± 0.71 40.37 ± 4.12 69.11 ± 7.32 BC
1986 Nov 12.0 46746.0 690.0 3.21 ± 0.19 14.35 ± 0.72 46.84 ± 4.69 69.67 ± 7.00 C
1987 Jul 5.2 46981.2 925.2 1.90 ± 0.22 11.00 ± 0.74 23.80 ± 2.58 Ac

1987 Oct 5.1 47073.2 1017.2 2.20 ± 0.23 9.00 ± 1.10 15.90 ± 1.68 Ac

1987 Oct 18.0 47086.0 1030.0 1.45 ± 0.25 8.84 ± 0.47 15.29 ± 1.81 15.76 ± 2.37 AB
1988 Jan 9.6 47169.6 1113.6 7.90 ± 0.40 10.80 ± 1.18 B

1988 Mar 12.5 47232.5 1176.5 1.76 ± 0.19 7.04 ± 0.36 7.91 ± 0.45 8.35 ± 0.88 CD
1988 Oct 24.8 47458.9 1402.9 1.89 ± 0.20 5.22 ± 0.43 5.81 ± 0.34 A

a We take the time of discovery, 1984 Dec 22, as t0.
b Data published by Taylor et al. (1987).
b Data published by Taylor et al. (1988).

Table 6
VLA Observations of V1819 Cyg

UT Obs Date MJD t− t0a 1.5 GHz Sν 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

1987 Jan 17.8 46812.8 166.8 < 2.81 ± 0.94 C
1987 Jan 24.6 46819.7 173.7 < 0.27 ± 0.07 0.81 ± 0.21 CD
1987 Jul 5.3 46981.3 335.3 0.55 ± 0.09 A
1987 Jul 18.4 46994.4 348.4 1.24 ± 0.20 A
1987 Oct 18.0 47086.0 440.0 0.66 ± 0.08 3.19 ± 0.50 AB
1987 Nov 28.0 47127.1 481.1 0.73 ± 0.12 B
1988 Jan 9.6 47169.6 523.6 0.51 ± 0.08 B
1988 Jan 24.6 47184.6 538.6 < 0.96 ± 0.32 0.73 ± 0.11 3.48 ± 0.44 B
1988 Feb 11.5 47202.5 556.5 < 5.26 ± 0.95 0.88 ± 0.09 3.14 ± 0.36 BD
1988 Apr 24.0 47275.0 629.0 0.86 ± 0.09 1.70 ± 0.11 2.89 ± 0.37 CD
1988 May 26.3 47307.3 661.3 < 5.63 ± 1.52 0.86 ± 0.10 1.42 ± 0.12 3.05 ± 0.46 CD
1988 Jun 24.4 47336.5 690.5 < 3.49 ± 0.93 0.62 ± 0.14 1.67 ± 0.11 2.58 ± 0.45 CD
1988 Oct 24.8 47458.9 812.9 < 0.49 ± 0.15 0.78 ± 0.07 1.53 ± 0.09 2.62 ± 0.31 A
1989 Feb 14.6 47571.6 925.6 < 1.85 ± 0.35 0.66 ± 0.06 0.99 ± 0.07 0.89 ± 0.18 AB
1989 Aug 8.4 47746.4 1100.4 0.92 ± 0.06 1.25 ± 0.17 BC
1989 Aug 18.3 47756.3 1110.3 0.69 ± 0.05 BC
1989 Nov 1.0 47831.0 1185.0 0.79 ± 0.05 CD
1990 Feb 15.5 47937.5 1291.5 0.55 ± 0.05 0.61 ± 0.05 < 0.52 ± 0.17 A
1990 Sep 20.9 48154.9 1508.9 0.23 ± 0.05 0.31 ± 0.04 BC
1991 Jan 31.6 48287.6 1641.6 0.27 ± 0.02 CD
1991 May 31.2 48407.2 1761.2 0.17 ± 0.04 AD

a We take the time of discovery, 1986 Aug 4, as t0.
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Table 7
VLA Observations of V827 Her

UT Obs Date MJD t− t0a 1.5 GHz Sν 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

1987 Jul 2.3 46978.3 158.3 1.25 ± 0.08 3.41 ± 0.38 A
1987 Jul 7.3 46983.3 163.3 < 0.58 ± 0.11 A

1987 Oct 18.0 47086.0 266.0 1.93 ± 0.20 6.73 ± 1.03 AB
1987 Nov 28.0 47127.1 307.1 2.02 ± 0.22 6.14 ± 0.96 B
1988 Jan 9.6 47169.6 349.6 2.00 ± 0.12 4.49 ± 0.50 B
1988 Jan 24.6 47184.6 364.6 < 0.75 ± 0.18 1.95 ± 0.16 4.03 ± 0.49 B
1988 Feb 11.5 47202.5 382.5 < 1.01 ± 0.19 1.80 ± 0.11 2.85 ± 0.32 BD
1988 Mar 12.5 47232.5 412.5 < 1.01 ± 0.21 1.65 ± 0.10 2.57 ± 0.15 2.48 ± 0.31 CD
1988 Apr 26.4 47277.5 457.5 < 0.74 ± 0.25 1.36 ± 0.10 1.81 ± 0.13 1.77 ± 0.27 CD
1988 May 26.3 47307.3 487.3 < 1.69 ± 0.31 1.34 ± 0.11 1.63 ± 0.11 1.55 ± 0.29 CD
1988 Jun 24.4 47336.4 516.4 < 1.01 ± 0.29 1.21 ± 0.10 1.42 ± 0.09 CD
1988 Oct 24.8 47458.9 638.9 0.37 ± 0.12 0.64 ± 0.08 0.64 ± 0.05 < 0.65 ± 0.22 A
1989 Feb 14.6 47571.6 751.6 0.45 ± 0.04 AB

a We take the time of discovery, 1987 Jan 25, as t0.

Table 8
VLA Observations of V838 Her

UT Obs Date MJD t− t0a 1.5 GHz Sν 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

1991 Mar 28.6 48343.5 4.5 < 0.18 ± 0.06 < 0.16 ± 0.05 < 0.82 ± 0.18 D
1991 Apr 5.4 48351.5 12.5 1.17 ± 0.10 1.48 ± 0.11 2.08 ± 0.29 D
1991 Apr 10.5 48356.5 17.5 3.69 ± 0.23 4.54 ± 0.24 5.79 ± 0.65 D
1991 Apr 18.3 48364.5 25.5 3.34 ± 0.42 4.79 ± 0.25 5.62 ± 0.29 7.48 ± 0.78 D
1991 Apr 27.6 48373.5 34.5 1.18 ± 0.19 1.72 ± 0.18 1.75 ± 0.18 2.89 ± 0.46 D
1991 May 31.2 48407.5 68.5 0.72 ± 0.05 0.86 ± 0.08 1.43 ± 0.09 2.71 ± 0.39 AD
1991 Jun 4.2 48411.5 72.5 2.40 ± 0.27 AD
1991 Jul 7.2 48444.5 105.5 < 0.37 ± 0.07 0.65 ± 0.06 0.54 ± 0.06 0.39 ± 0.10 AD

1991 Aug 14.3 48482.5 143.5 0.41 ± 0.06 0.25 ± 0.05 < 0.55 ± 0.12 A
1991 Sep 8.9 48507.5 168.5 0.22 ± 0.04 0.17 ± 0.02 A
1991 Sep 26.0 48524.5 185.5 0.12 ± 0.01 AB
1991 Oct 31.8 48560.5 221.5 < 0.07 ± 0.02 AB

a We take the time of discovery, 1991 Mar 24, as t0.
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Table 9
VLA Observations of V1974 Cyg

UT Obs Date MJD t− t0a 1.5 GHz Sν 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν 22.4 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy) (mJy)

1992 Feb 25.8 48677.8 6.8 < 0.30 ± 0.07 < 0.18 ± 0.06 C
1992 Mar 6.4 48687.4 16.4 < 0.44 ± 0.15 < 0.39 ± 0.08 < 2.10 ± 0.37 < 2.95 ± 0.63 C
1992 Mar 12.8 48693.8 22.8 0.22 ± 0.07 0.49 ± 0.07 < 1.06 ± 0.33 < 2.67 ± 0.45 C
1992 Mar 30.7 48711.7 40.7 0.38 ± 0.06 1.42 ± 0.33 2.02 ± 0.47 C
1992 Apr 18.5 48730.5 59.5 0.55 ± 0.05 1.43 ± 0.08 8.04 ± 0.87 C
1992 May 2.5 48744.5 73.5 0.85 ± 0.07 2.30 ± 0.13 6.74 ± 0.72 14.57 ± 1.49 C
1992 May 28.5 48770.5 99.5 1.51 ± 0.09 4.29 ± 0.22 12.79 ± 1.30 26.30 ± 2.66 CD
1992 May 29.5 48771.5 100.5 1.59 ± 0.10 4.75 ± 0.25 14.45 ± 1.48 30.19 ± 3.05 CD
1992 Jul 2.4 48805.4 134.4 4.46 ± 0.24 12.56 ± 0.63 39.00 ± 3.92 90.62 ± 9.10 CD
1992 Jul 19.2 48822.2 151.2 < 2.44 ± 0.61 7.60 ± 0.39 19.55 ± 0.98 54.88 ± 5.56 103.52 ± 10.55 D
1992 Jul 26.3 48829.3 158.3 < 1.57 ± 0.45 8.59 ± 0.44 21.59 ± 1.09 50.66 ± 5.13 101.01 ± 10.25 D
1992 Aug 6.2 48840.2 169.2 1.90 ± 0.48 9.78 ± 0.50 22.52 ± 1.13 120.75 ± 2.15 D
1992 Sep 10.2 48875.2 204.2 2.17 ± 0.48 16.46 ± 0.83 33.33 ± 1.67 69.37 ± 6.99 151.6 ± 15.2 D
1992 Oct 30.9 48925.9 254.9 4.87 ± 0.33 21.07 ± 1.07 39.04 ± 1.96 74.28 ± 7.44 193.7 ± 19.4 A
1992 Dec 27.7 48983.7 312.7 5.30 ± 0.34 23.37 ± 1.18 45.61 ± 2.29 80.43 ± 8.05 119.3 ± 12.0 A
1993 Jan 16.1 49003.1 332.1 5.50 ± 0.38 23.46 ± 1.18 45.57 ± 2.29 82.98 ± 8.31 119.8 ± 12.0 A
1993 Jan 28.6 49015.6 344.6 3.70 ± 0.31 24.59 ± 1.24 44.98 ± 2.26 72.49 ± 7.26 99.58 ± 9.99 AB
1993 Apr 4.7 49081.7 410.7 5.50 ± 0.31 23.60 ± 1.18 36.85 ± 1.86 46.55 ± 4.67 54.75 ± 5.50 B
1993 Jul 27.2 49195.2 524.2 6.14 ± 0.35 14.77 ± 0.74 15.47 ± 0.78 18.57 ± 1.87 25.45 ± 2.59 C
1993 Sep 29.1 49259.1 588.1 5.26 ± 0.35 10.46 ± 0.53 11.71 ± 0.59 11.71 ± 1.20 15.66 ± 1.62 CD
1993 Dec 14.8 49335.8 664.8 7.26 ± 0.37 8.08 ± 0.41 7.26 ± 0.79 7.75 ± 0.98 D
1994 Feb 14.7 49397.7 726.7 5.36 ± 0.38 6.60 ± 0.38 7.34 ± 0.98 8.64 ± 1.50 AD
1994 Mar 28.5 49439.5 768.5 2.74 ± 0.18 4.95 ± 0.29 4.82 ± 0.29 4.18 ± 0.56 A
1994 Sep 5.1 49600.1 929.1 1.71 ± 0.11 B
1994 Sep 11.0 49606.0 935.0 1.90 ± 0.12 1.15 ± 0.26 B
1995 Jan 8.9 49725.9 1054.9 1.14 ± 0.21 1.62 ± 0.09 1.84 ± 0.10 1.68 ± 0.28 1.59 ± 0.41 CD

1995 May 18.3 49855.3 1184.3 1.37 ± 0.11 1.23 ± 0.09 0.81 ± 0.20 D
1995 Dec 29.7 50080.7 1409.7 1.02 ± 0.12 0.67 ± 0.06 < 0.49 ± 0.16 B
1996 Feb 6.5 50119.5 1448.5 0.65 ± 0.05 BC

a We take the time of discovery, 1992 Feb 19, as t0.

Table 10
VLA Observations of V705 Cas

UT Obs Date MJD t− t0a 1.4 GHz Sν 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν 22.4 GHz Sν Telescope
(Days) (mJy) (mJy) (mJy) (mJy) (mJy)

1993 Dec 24.3 49345.5 17.5 < 0.50 ± 0.13 < 0.29 ± 0.10 < 1.00 ± 0.33 VLA/D
1994 Feb 16.2 49399.5 71.5 < 0.44 ± 0.15 0.46 ± 0.12 < 1.48 ± 0.49 < 3.73 ± 1.24 VLA/AD
1994 Mar 25.0 49436.5 108.5 0.75 ± 0.15 3.37 ± 0.35 2.55 ± 0.27 < 1.12 ± 0.31 < 2.13 ± 0.71 VLA/A
1994 Jul 23.7 49556.5 228.5 0.66 ± 0.09 1.92 ± 0.12 3.87 ± 0.21 4.74 ± 0.61 < 12.40 ± 4.13 VLA/B
1994 Sep 11.6 49606.5 278.5 < 0.80 ± 0.27 2.19 ± 0.14 4.40 ± 0.24 4.70 ± 0.56 < 3.00 ± 1.00 VLA/Bb

1995 Jul 22.5 49920.5 592.5 1.5 ± 0.3 MERLINb

1996 Jan 24.0 50106.5 778.5 0.6 ± 0.1 MERLINb

1996 Dec 4.5 50421.5 1093.5 2.0 ± 0.3 MERLINb

1997 Jan 27.0 50475.5 1147.5 1.9 ± 0.5 MERLINb

1998 Mar 4.5 50876.5 1548.5 0.7 ± 0.2 MERLINb

1998 Apr 10.5 50913.5 1585.5 < 0.12 MERLINb

1998 Dec 8.0 51155.5 1827.5 < 0.30 MERLINb

a We take the time of discovery, 1993 Dec 7, as t0.
b Data published by Eyres et al. (2000).
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Table 11
VLA Observations of V1419 Aql

UT Obs Date MJD t− t0a 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν 22.4 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

1993 Jun 19.3 49157.3 36.3 < 0.32 ± 0.10 < 0.28 ± 0.08 < 1.23 ± 0.31 C
1993 Sep 29.1 49259.1 138.1 0.39 ± 0.11 0.80 ± 0.09 1.71 ± 0.35 2.91 ± 0.65 CD
1993 Dec 14.8 49335.8 214.8 0.83 ± 0.12 0.86 ± 0.10 2.13 ± 0.43 5.40 ± 0.54 D
1993 Feb 14.7 49397.7 276.7 < 1.08 ± 0.29 D
1994 Mar 27.5 49438.5 317.5 0.34 ± 0.10 0.41 ± 0.09 A
1994 Jul 17.3 49550.3 429.3 0.65 ± 0.07 0.95 ± 0.07 2.46 ± 0.35 4.48 ± 1.05 B
1994 Sep 11.0 49606.0 485.0 0.63 ± 0.09 1.61 ± 0.11 2.90 ± 0.45 B
1995 Jul 5.2 49903.2 782.2 0.97 ± 0.11 1.29 ± 0.10 1.33 ± 0.31 A

a We take the time of discovery, 1993 May 14, as t0.

Table 12
VLA Observations of U Sco

UT Obs Date MJD t− t0a 0.6 GHz Sν 1.5 GHz Sν 4.9 GHz Sν 8.4 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

1987 outburst:
1987 Jun 2.2 46948.2 18.3 < 0.48 ± 0.16 D
1987 Jul 5.2 46981.2 51.2 < 0.31 ± 0.10 A

1999 outburst:
1999 Mar 4.6 51241.6 8.6 < 0.19 ± 0.06 D
1999 Mar 5.4 51242.4 9.4 < 0.35 ± 0.10 < 0.10 ± 0.03 < 0.08 ± 0.03 D
1999 Mar 6.4 51243.4 10.4 < 0.19 ± 0.05 < 0.10 ± 0.02 < 0.07 ± 0.02 D
1999 Mar 8.5 51245.6 12.6 < 0.13 ± 0.04 < 0.15 ± 0.03 D
1999 Mar 10.5 51247.5 14.5 < 0.15 ± 0.04 < 0.16 ± 0.03 D
1999 Mar 18.5 51255.5 22.5 < 0.31 ± 0.07 D
1999 Mar 29.4 51266.4 33.4 0.14 ± 0.03 D
1999 Apr 4.3 51272.3 39.3 0.10 ± 0.03 D
1999 Apr 14.4 51282.4 49.4 < 0.10 ± 0.03 D
1999 Apr 25.4 51293.4 60.4 < 0.08 ± 0.03 D

2010 outburst:
2010 Jan 29 55225.3 0.8 < 0.27b GMRTc

2010 Feb 11 55238.0 13.5 < 0.27 GMRTc

2010 Mar 2 55257.1 32.9 < 0.60 GMRTc

a We take the times of discovery—1987 May 15, 1999 Feb 24, and 2010 Jan 28—as t0 for the 1987, 1999, and
2010 outbursts respectively.
b Central frequency of this observation is 1.28 GHz.
c Data published by Anupama et al. (2013).

Table 13
VLA Observations of V4743 Sgr

UT Obs Date MJD t− t0a 4.9 GHz Sν 8.5 GHz Sν 22.5 GHz Sν Config
(Days) (mJy) (mJy) (mJy)

2002 Oct 11.9 52558.9 21.9 < 0.24 ± 0.05 < 0.21 ± 0.04 < 0.91 ± 0.18 C
2002 Oct 27.0 52574.0 37.0 0.21 ± 0.04 C
2002 Nov 14.9 52592.9 55.9 1.01 ± 0.06 C
2002 Dec 24.6 52632.6 95.6 1.94 ± 0.12 3.31 ± 0.18 11.68 ± 1.19 C
2003 Feb 21.6 52691.6 154.6 3.05 ± 0.19 5.10 ± 0.32 12.85 ± 1.30 D

a We take the time of discovery, 2002 Sep 20, as t0.
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Table 14
VLA Observations of V598 Pup

UT Obs Date MJD t− t0a 8.5 GHz Sν 22.5 GHz Sν Config
(Days) (mJy) (mJy)

2007 Nov 18.3 54422.3 166.3 9.96 ± 0.50 B
2007 Dec 1.4 54435.4 179.4 8.72 ± 0.46 15.39 ± 1.56 B
2007 Dec 27.0 54461.0 205.0 11.13 ± 0.56 18.27 ± 1.86 B
2008 Jan 17.2 54482.2 226.2 10.38 ± 0.52 19.15 ± 1.93 B
2008 Feb 23.1 54519.1 263.1 9.06 ± 0.48 BC
2008 Feb 29.1 54525.1 269.1 9.28 ± 0.47 12.26 ± 1.25 BC
2008 Mar 29.0 54554.0 298.0 8.01 ± 0.41 C
2008 May 2.9 54588.9 332.9 7.01 ± 0.36 7.65 ± 0.79 C
2008 May 31.7 54617.7 361.7 5.62 ± 0.29 6.57 ± 0.70 C
2008 Aug 3.7 54681.7 425.7 3.66 ± 0.22 < 3.52 ± 1.17 D

a We take the time of discovery, 2007 Jun 5, as t0.

Table 15
VLA Observations of V2491 Cyg

UT Obs Date MJD t− t0a 4.9 GHz Sν 8.5 GHz Sν 43.3 GHz Sν Config
(Days) (mJy) (mJy) (mJy)

2008 Apr 28.6 54584.6 18.6 < 0.22 ± 0.05 0.92 ± 0.26 C
2008 May 21.4 54607.4 41.4 1.46 ± 0.09 C
2008 May 29.3 54615.3 49.3 1.19 ± 0.08 5.08 ± 0.60 C
2008 Jun 6.6 54623.6 57.6 0.74 ± 0.11 CD
2008 Jul 9.4 54656.4 90.4 0.79 ± 0.06 1.52 ± 0.34 D

2008 Aug 23.0 54701.0 135.0 0.42 ± 0.05 < 0.83 ± 0.22 D
2008 Aug 24.0 54702.0 136.0 0.35 ± 0.06 D
2008 Sep 19.2 54728.2 162.2 < 0.64 ± 0.11 0.33 ± 0.06 < 1.25 ± 0.42 D

a We take the time of discovery, 2008 Apr 10, as t0.

Table 16
VLA Observations of V2672 Oph

UT Obs Date MJD t− t0a 8.5 GHz Sν 22.4 GHz Sν Config
(Days) (mJy) (mJy)

2009 Sep 1.1 55075.1 16.1 0.55 ± 0.04 C
2009 Sep 3.2 55077.2 18.2 < 3.20 ± 0.81 C
2009 Sep 13.2 55087.2 28.2 0.32 ± 0.06 < 4.33 ± 1.36 C
2009 Sep 29.1 55103.1 44.1 0.12 ± 0.04 CD
2009 Nov 7.9 55142.9 83.9 < 0.38 ± 0.13 D

a We take the time of discovery, 2009 Aug 16, as t0.

Table 17
ATCA Observations of V1369 Cen

UT Obs Date MJD t− t0a 5.5 GHz Sν 9 GHz Sν 17 GHz Sν 19 GHz Sν 34 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy) (mJy)

2013 Dec 05.8 56631.8 3.8 0.10 ± 0.03 750B
2013 Dec 16.8 56642.8 14.8 0.38 ± 0.04 750Bb

2014 Jan 7.8 56664.8 36.8 0.55 ± 0.04 0.73 ± 0.05 3.5 ± 0.2 750B
2014 Apr 1.4 56748.4 120.4 6.5 ± 0.3 16.7 ± 0.8 152 ± 15 H168c

2014 May 27.3 56804.3 176.3 16.5 ± 0.8 29.9 ± 1.5 76.7 ± 3.8 95.0 ± 4.8 1.5D

a We take the time of discovery, 2013 Dec 2, as t0.
b Published in Bannister et al. (2013). cPublished in Bannister et al. (2014).
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Table 18
VLA Observations of V5666 Sgr

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2014 Feb 19.5 56707.5 24.5 AB 4.55 < 0.03 ± 0.01 7.38 < 0.04 ± 0.01 28.20 < 0.09 ± 0.03
36.50 < 0.13 ± 0.04

2014 Mar 6.4 56722.4 39.4 A 4.55 < 0.06 ± 0.01 7.38 < 0.04 ± 0.01 28.20 < 0.11 ± 0.04
36.50 < 0.21 ± 0.05

2014 Mar 23.6 56739.6 56.6 A 4.55 < 0.06 ± 0.01 7.38 < 0.04 ± 0.01 29.50 0.17 ± 0.03
35.00 0.34 ± 0.05

2014 Apr 12.5 56759.5 76.5 A 4.55 < 0.05 ± 0.01 7.38 < 0.06 ± 0.01 29.50 0.30 ± 0.04
35.00 0.32 ± 0.04

2014 Apr 29.5 56776.5 93.5 A 4.55 0.05 ± 0.01 7.38 < 0.08 ± 0.02 29.50 0.38 ± 0.04
35.00 0.49 ± 0.05

2014 May 13.4 56790.4 107.4 A 4.55 < 0.04 ± 0.01 7.38 0.05 ± 0.01 13.60 0.06 ± 0.02
17.50 0.14 ± 0.02 29.50 0.32 ± 0.04 35.00 0.43 ± 0.05

2014 Jun 22.2 56830.2 147.2 AD 4.55 < 0.13 ± 0.04 7.38 0.09 ± 0.02 13.60 0.29 ± 0.06
17.50 0.32 ± 0.06 29.50 0.52 ± 0.09 35.00 0.99 ± 0.12

2014 Jul 30.2 56868.2 185.2 D 4.55 < 0.16 ± 0.04 7.38 0.16 ± 0.02 13.60 0.36 ± 0.04
17.50 0.71 ± 0.08 28.20 1.48 ± 0.16 36.50 1.93 ± 0.20

2014 Aug 30.1 56899.1 216.1 D 4.55 0.20 ± 0.06 7.38 0.20 ± 0.03 13.60 0.61 ± 0.08
17.50 0.86 ± 0.11 28.20 1.30 ± 0.14 36.50 1.48 ± 0.16

2014 Oct 1.1 56931.1 248.1 CD 4.55 < 0.20 ± 0.04 7.38 0.26 ± 0.02 13.60 0.64 ± 0.07
17.50 0.97 ± 0.10 28.20 1.36 ± 0.14 36.50 1.63 ± 0.17

2014 Oct 31.9 56961.9 278.9 C 4.55 0.13 ± 0.02 7.38 0.28 ± 0.02
2014 Dec 6.8 56997.8 314.8 C 1.26 < 0.45 ± 0.15 1.76 < 0.32 ± 0.11 4.55 0.14 ± 0.02

7.38 0.35 ± 0.02
2014 Dec 12.7 57003.7 320.7 C 13.60 0.93 ± 0.09 17.50 1.29 ± 0.13 28.20 2.26 ± 0.23

36.50 2.60 ± 0.27
2015 Jan 17.6 57039.6 356.6 BC 1.26 < 0.59 ± 0.18 1.76 < 0.42 ± 0.07 4.55 0.19 ± 0.02

7.38 0.34 ± 0.02 13.50 1.06 ± 0.11 17.40 1.55 ± 0.16
28.20 2.60 ± 0.26 36.50 3.54 ± 0.36

2015 Mar 1.6 57082.6 399.6 B 1.26 < 0.39 ± 0.13 1.80 < 0.32 ± 0.07 4.55 0.22 ± 0.02
7.38 0.46 ± 0.03

2015 Mar 4.5 57085.5 402.5 B 13.50 1.08 ± 0.11 17.40 1.53 ± 0.15 28.20 2.75 ± 0.28
36.50 3.12 ± 0.32

2015 Apr 24.4 57136.4 453.4 B 1.26 < 0.35 ± 0.12 1.80 < 0.22 ± 0.07 4.55 0.19 ± 0.02
7.38 0.46 ± 0.03

2015 Apr 28.4 57140.4 457.4 B 13.50 1.16 ± 0.12 17.40 1.63 ± 0.16 28.20 2.49 ± 0.25
36.50 2.63 ± 0.27

2015 Aug 15.1 57249.1 566.1 A 1.26 < 0.72 ± 0.14 1.74 < 0.26 ± 0.08 5.00 0.33 ± 0.02
7.00 0.49 ± 0.03 13.50 1.15 ± 0.12 16.50 1.36 ± 0.14

2015 Dec 19.8 57375.8 692.8 D 5.00 0.33 ± 0.04 7.00 0.59 ± 0.04 13.50 0.85 ± 0.09
16.50 0.94 ± 0.10 29.50 1.00 ± 0.11 35.00 1.03 ± 0.11

2016 Feb 25.6 57443.6 760.6 C 1.26 < 0.92 ± 0.30 1.74 < 0.59 ± 0.15 5.00 0.28 ± 0.03
7.00 0.50 ± 0.03 13.50 0.74 ± 0.08 16.50 0.80 ± 0.08
29.50 0.79 ± 0.08 35.00 0.77 ± 0.08

2016 Apr 3.5 57481.5 798.5 C 1.26 < 0.83 ± 0.28 1.74 < 0.53 ± 0.14 5.00 0.33 ± 0.03
7.00 0.49 ± 0.03 13.50 0.65 ± 0.07 16.50 0.72 ± 0.07
29.50 0.65 ± 0.07 35.00 0.65 ± 0.07

2016 Jun 5.3 57544.3 861.3 B 1.26 < 0.61 ± 0.17 1.74 < 0.39 ± 0.08 5.00 0.31 ± 0.02
7.00 0.42 ± 0.03 13.50 0.53 ± 0.06 16.50 0.53 ± 0.06
29.50 0.43 ± 0.06 35.00 0.38 ± 0.06

2016 Aug 12.6 57612.6 929.6 B 1.26 < 0.43 ± 0.14 1.74 < 0.32 ± 0.08 5.00 0.34 ± 0.03
7.00 0.42 ± 0.03 13.50 0.43 ± 0.05 16.50 0.42 ± 0.05
29.50 < 0.18 ± 0.06 35.00 < 0.24 ± 0.06

2016 Oct 21.0 57682.0 999.0 A 1.26 < 0.35 ± 0.08 1.74 < 0.21 ± 0.04 5.00 0.31 ± 0.02
7.00 0.33 ± 0.02 13.50 0.37 ± 0.04 16.50 0.35 ± 0.04
29.50 0.37 ± 0.07 35.00 0.49 ± 0.08

2017 Jan 13.7 57766.7 1083.7 A 1.26 < 0.20 ± 0.06 1.74 < 0.12 ± 0.04 5.00 0.26 ± 0.02
7.00 0.31 ± 0.02 13.50 0.26 ± 0.03 16.50 0.25 ± 0.03
29.50 0.32 ± 0.07 35.00 0.29 ± 0.10

2017 May 4.4 57877.4 1194.4 D 1.26 < 0.36 ± 0.12 1.74 0.33 ± 0.09 5.00 0.22 ± 0.02
7.00 0.27 ± 0.02 13.50 0.23 ± 0.03 16.50 0.25 ± 0.03
29.50 0.24 ± 0.03 35.00 0.27 ± 0.05

2017 Jul 9.3 57943.3 1260.3 C 1.26 < 0.27 ± 0.09 1.74 0.22 ± 0.06 5.00 0.17 ± 0.02
7.00 0.19 ± 0.02

2017 Jul 30.2 57964.2 1281.2 C 13.50 0.12 ± 0.02 16.50 0.14 ± 0.02 29.50 < 0.14 ± 0.05
35.00 < 0.12 ± 0.04

2017 Aug 22.2 57987.2 1304.2 C 1.26 < 0.22 ± 0.07 1.74 0.14 ± 0.04 5.00 0.19 ± 0.02
7.00 0.19 ± 0.02

a We take the time of discovery, 2014 Jan 26, as t0.
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Table 19
VLA Observations of V2659 Cyg

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2014 Apr 5.4 56752.4 6.4 A 4.55 < 0.03 ± 0.01 7.38 < 0.04 ± 0.01 29.50 < 0.12 ± 0.03 35.00 < 0.12 ± 0.04
2015 Apr 22.4 56769.4 23.4 A 4.55 < 0.04 ± 0.01 7.38 < 0.04 ± 0.01 29.50 < 0.06 ± 0.02 35.00 < 0.07 ± 0.02
2015 May 10.4 56787.4 41.4 A 4.55 < 0.06 ± 0.01 7.38 < 0.03 ± 0.01 29.50 < 0.07 ± 0.02 35.00 < 0.08 ± 0.02
2014 May 18.3 56795.3 49.3 A 4.55 < 0.05 ± 0.01 7.38 < 0.06 ± 0.01 29.50 0.07 ± 0.02 35.00 0.08 ± 0.02
2015 May 24.4 56801.4 55.4 A 4.55 < 0.03 ± 0.01 7.38 0.05 ± 0.01 29.50 0.13 ± 0.02 35.00 0.15 ± 0.02
2014 Jun 15.2 56823.2 77.2 AD 4.55 < 0.12 ± 0.02 7.38 0.08 ± 0.01 13.50 0.13 ± 0.01 17.40 0.13 ± 0.02

29.50 0.25 ± 0.03 35.00 0.34 ± 0.04
2014 Jul 2.2 56840.2 94.2 D 4.55 0.10 ± 0.03 7.38 0.09 ± 0.01 13.50 0.16 ± 0.02 17.40 0.22 ± 0.02

28.20 0.40 ± 0.08 36.50 0.52 ± 0.06
2014 Jul 19.6 56857.6 111.6 D 4.55 0.10 ± 0.02 7.38 0.12 ± 0.01 13.50 0.16 ± 0.02 17.40 0.27 ± 0.03

28.20 0.58 ± 0.07 36.50 0.82 ± 0.09
2014 Jul 24.4 56862.4 116.4 D 4.55 < 0.19 ± 0.03 7.38 0.13 ± 0.01 13.50 0.23 ± 0.03 17.40 0.28 ± 0.03

28.20 0.57 ± 0.06 36.50 0.92 ± 0.10
2014 Aug 8.3 56877.3 131.3 D 4.55 0.09 ± 0.03 7.38 0.12 ± 0.01 13.50 0.21 ± 0.02 17.40 0.34 ± 0.04

28.20 0.84 ± 0.09 36.50 1.29 ± 0.13
2014 Aug 21.3 56890.3 144.3 D 4.55 0.12 ± 0.04 7.38 0.09 ± 0.01 13.50 0.25 ± 0.03 17.40 0.39 ± 0.12

28.20 0.81 ± 0.09 36.50 1.27 ± 0.13
2014 Sep 6.2 56906.2 160.2 D 4.55 0.15 ± 0.03 7.38 0.14 ± 0.01 13.50 0.39 ± 0.04 17.40 0.64 ± 0.07

28.20 1.59 ± 0.16 36.50 2.42 ± 0.24
2014 Sep 23.9 56923.9 177.9 CD 1.26 < 1.51 ± 0.34 1.84 < 2.37 ± 0.59 4.55 0.22 ± 0.04 7.38 0.21 ± 0.02
2014 Sep 25.2 56925.2 179.2 CD 13.50 0.55 ± 0.06 17.40 0.83 ± 0.08 28.20 2.27 ± 0.23 36.50 3.21 ± 0.32
2014 Oct 9.9 56939.9 193.9 C 1.26 < 0.75 ± 0.25 1.84 < 0.71 ± 0.15 4.55 0.14 ± 0.02 7.38 0.16 ± 0.01
2014 Oct 10.1 56940.1 194.1 C 13.50 0.71 ± 0.07 17.40 1.15 ± 0.18 28.20 2.94 ± 0.30 36.50 4.37 ± 0.44
2014 Nov 7.1 56968.1 222.1 C 13.50 1.95 ± 0.20 17.40 1.94 ± 0.19 28.20 4.64 ± 0.47 36.50 6.99 ± 0.70
2014 Nov 8.1 56969.1 223.1 C 1.26 < 0.92 ± 0.24 1.84 0.35 ± 0.10 4.55 0.16 ± 0.02 7.38 0.39 ± 0.02
2014 Dec 6.0 56997.0 251.0 C 1.26 < 0.80 ± 0.15 1.80 < 0.40 ± 0.10 4.55 0.31 ± 0.02 7.38 0.58 ± 0.03
2014 Dec 13.0 57004.0 258.0 C 13.50 1.88 ± 0.19 17.40 2.86 ± 0.29 28.20 6.21 ± 0.62 36.50 9.08 ± 0.91
2015 Jan 16.9 57038.9 292.9 BC 1.26 < 0.46 ± 0.15 1.80 < 0.43 ± 0.11 4.55 0.39 ± 0.02 7.38 0.87 ± 0.04

13.50 2.54 ± 0.25 17.40 3.93 ± 0.39 28.20 8.80 ± 0.88 36.50 13.20 ± 1.32
2015 Feb 14.6 57067.6 321.6 B 13.50 2.75 ± 0.28 17.40 4.16 ± 0.42 28.20 8.56 ± 0.86 36.50 12.10 ± 1.21
2015 Feb 14.8 57067.8 321.8 B 1.26 < 0.25 ± 0.08 1.74 < 0.18 ± 0.04 4.55 0.46 ± 0.03 7.38 1.03 ± 0.05
2015 Mar 14.5 57095.5 349.5 B 13.50 3.09 ± 0.31 17.40 4.56 ± 0.46 28.20 9.41 ± 0.94 36.50 13.60 ± 1.36
2015 Mar 14.7 57095.7 349.7 B 1.26 < 0.29 ± 0.08 1.74 < 0.20 ± 0.04 4.55 0.52 ± 0.03 7.38 1.14 ± 0.06
2015 Apr 17.6 57129.6 383.6 B 13.50 3.29 ± 0.33 17.40 4.79 ± 0.48 28.20 9.49 ± 0.95 36.50 13.20 ± 1.32
2015 Apr 18.7 57130.7 384.7 B 1.26 < 0.29 ± 0.08 1.74 0.15 ± 0.05 4.55 0.60 ± 0.03 7.38 1.31 ± 0.07
2015 Jul 26.3 57229.3 483.3 A 1.26 < 0.28 ± 0.05 1.74 0.15 ± 0.04 5.00 0.73 ± 0.04 7.00 1.18 ± 0.06

13.50 3.25 ± 0.33 16.50 4.15 ± 0.42 29.50 8.95 ± 0.90 35.00 10.10 ± 1.01
2015 Nov 20.0 57346.0 600.0 D 5.00 0.95 ± 0.06 7.00 1.40 ± 0.07 13.50 3.18 ± 0.32 16.50 3.90 ± 0.39

29.50 6.22 ± 0.62 35.00 6.58 ± 0.66
2016 Jan 10.9 57397.9 651.9 CD 5.00 0.96 ± 0.05 7.00 1.47 ± 0.07 13.50 3.11 ± 0.31 16.50 3.65 ± 0.37

29.50 5.46 ± 0.55 35.00 5.46 ± 0.55
2016 Apr 2.7 57480.7 734.7 C 1.26 < 0.83 ± 0.27 1.74 < 0.57 ± 0.11 5.00 0.90 ± 0.05 7.00 1.46 ± 0.07

13.50 2.94 ± 0.29 16.50 3.32 ± 0.33 29.50 4.32 ± 0.43 35.00 4.51 ± 0.45
2016 Jul 12.4 57581.4 835.4 B 1.26 < 0.35 ± 0.10 1.74 0.43 ± 0.08 5.00 0.89 ± 0.05 7.00 1.34 ± 0.07

13.50 2.17 ± 0.22 16.50 2.38 ± 0.24 29.50 3.04 ± 0.31 35.00 3.18 ± 0.32
2016 Oct 19.1 57680.1 934.1 A 1.26 < 0.17 ± 0.03 1.74 0.32 ± 0.04 5.00 0.96 ± 0.05 7.00 1.12 ± 0.06

13.50 1.57 ± 0.16 16.50 2.00 ± 0.20 29.50 2.09 ± 0.21 35.00 2.04 ± 0.21
2016 Dec 5.0 57727.0 981.0 A 1.26 0.15 ± 0.04 1.74 0.24 ± 0.03 5.00 0.90 ± 0.05 7.00 1.05 ± 0.05

13.50 1.36 ± 0.14 16.50 1.43 ± 0.14 29.50 1.69 ± 0.17 35.00 1.72 ± 0.17
2017 Jan 17.6 57770.6 1024.6 A 1.26 0.16 ± 0.04 1.74 0.26 ± 0.04 5.00 0.97 ± 0.05 7.00 1.05 ± 0.05

13.50 1.21 ± 0.12 16.50 1.34 ± 0.13 29.50 1.70 ± 0.17 35.00 1.83 ± 0.19
2017 Apr 22.6 57865.6 1119.6 D 1.26 < 2.49 ± 0.80 1.74 < 1.28 ± 0.29 5.00 0.85 ± 0.05 7.00 1.02 ± 0.05

13.50 1.24 ± 0.12 16.50 1.27 ± 0.13 29.50 1.28 ± 0.13 35.00 1.36 ± 0.14
2017 Jul 8.2 57942.2 1196.2 C 1.26 < 1.27 ± 0.29 1.74 0.54 ± 0.13 5.00 0.72 ± 0.04 7.00 0.84 ± 0.04

13.50 0.91 ± 0.09 16.50 0.83 ± 0.08 29.50 0.73 ± 0.08 35.00 0.72 ± 0.08
2018 Apr 25.3 58233.3 1487.3 A 1.26 0.19 ± 0.05 1.74 0.21 ± 0.04 5.00 0.51 ± 0.05 7.00 0.50 ± 0.05

13.50 0.47 ± 0.06 16.50 0.45 ± 0.06 29.50 0.46 ± 0.14 35.00 0.50 ± 0.17
2018 Sep 27.9 58388.9 1642.9 D 1.26 < 0.85 ± 0.16 1.74 < 0.45 ± 0.08 5.00 0.34 ± 0.03 7.00 0.35 ± 0.03

13.50 0.34 ± 0.04 16.50 0.33 ± 0.04 29.50 0.33 ± 0.06 35.00 0.26 ± 0.07

a We take the time of discovery, 2014 Mar 30, as t0.
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Table 20
VLA Observations of V5667 Sgr

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2015 Feb 19.6 57072.6 7.6 B 5.00 < 0.03 ± 0.01 7.00 < 0.03 ± 0.01 29.50 < 0.06 ± 0.02 35.00 < 0.07 ± 0.02
2015 Mar 4.6 57085.6 20.6 B 5.00 < 0.03 ± 0.01 7.00 < 0.03 ± 0.01 29.50 < 0.09 ± 0.02 35.00 < 0.08 ± 0.03
2015 Mar 26.5 57107.5 42.5 B 1.26 < 0.43 ± 0.09 1.80 < 0.15 ± 0.04 5.00 < 0.03 ± 0.01 7.00 < 0.03 ± 0.01

29.50 < 0.07 ± 0.02 35.00 < 0.07 ± 0.02
2015 Apr 21.4 57133.4 68.4 B 1.26 < 0.34 ± 0.11 1.80 < 0.19 ± 0.05 5.00 < 0.03 ± 0.01 7.00 < 0.05 ± 0.01

29.50 0.13 ± 0.03 35.00 0.11 ± 0.03
2015 May 16.3 57158.3 93.3 AB 4.55 < 0.06 ± 0.02 7.38 < 0.07 ± 0.02 13.50 < 0.08 ± 0.01 16.50 < 0.09 ± 0.02

29.50 < 0.10 ± 0.03 35.00 < 0.11 ± 0.04
2015 Jun 14.2 57187.2 122.2 AB 5.00 < 0.05 ± 0.02 7.00 < 0.08 ± 0.02 13.50 0.10 ± 0.02 16.50 0.19 ± 0.03

29.50 0.36 ± 0.06 35.00 0.40 ± 0.07
2015 Aug 15.1 57249.1 184.1 A 5.00 0.09 ± 0.02 7.00 0.13 ± 0.02 13.50 0.44 ± 0.05 16.50 0.59 ± 0.06
2015 Sep 28.6 57292.6 227.6 AD 1.26 < 0.44 ± 0.13 1.80 < 0.83 ± 0.17 5.00 0.08 ± 0.01 7.00 0.25 ± 0.02

13.50 0.70 ± 0.07 16.50 0.97 ± 0.10 29.50 2.46 ± 0.25 35.00 2.98 ± 0.32
2015 Nov 7.8 57333.8 268.8 D 1.42 < 1.47 ± 0.49 1.80 < 0.56 ± 0.17 5.00 0.21 ± 0.03 7.00 0.38 ± 0.02

13.50 1.03 ± 0.10 16.50 1.32 ± 0.13 29.50 3.63 ± 0.37 35.00 4.82 ± 0.48
2015 Dec 19.8 57375.8 310.8 D 5.00 0.25 ± 0.05 7.00 0.45 ± 0.04 13.50 1.27 ± 0.13 16.50 1.73 ± 0.17

29.50 4.29 ± 0.43 35.00 5.64 ± 0.57
2016 Jan 23.7 57410.7 345.7 CD 5.00 0.33 ± 0.02 7.00 0.53 ± 0.03 13.50 1.45 ± 0.15 16.50 1.93 ± 0.19

29.50 4.93 ± 0.49 35.00 6.34 ± 0.64
2016 Feb 25.6 57443.6 378.6 C 1.26 < 1.08 ± 0.33 1.74 < 0.53 ± 0.11 5.00 0.37 ± 0.03 7.00 0.60 ± 0.03

13.50 1.70 ± 0.17 16.50 2.27 ± 0.23 29.50 5.80 ± 0.58 35.00 7.49 ± 0.75
2016 Apr 3.5 57481.5 416.5 C 1.26 < 0.73 ± 0.23 1.74 < 0.54 ± 0.12 5.00 0.45 ± 0.03 7.00 0.70 ± 0.04

13.50 1.98 ± 0.20 16.50 2.60 ± 0.26 29.50 6.45 ± 0.65 35.00 8.30 ± 0.83
2016 Jun 5.3 57544.3 479.3 B 1.26 < 0.62 ± 0.16 1.74 < 0.37 ± 0.07 5.00 0.51 ± 0.03 7.00 0.82 ± 0.04

13.50 2.38 ± 0.24 16.50 3.14 ± 0.31 29.50 7.07 ± 0.71 35.00 8.41 ± 0.84
2016 Aug 12.3 57612.6 547.6 B 1.26 < 0.55 ± 0.15 1.74 < 0.34 ± 0.06 5.00 0.60 ± 0.04 7.00 1.02 ± 0.05

13.50 2.88 ± 0.29 16.50 3.82 ± 0.38 29.50 6.79 ± 0.68 35.00 6.93 ± 0.70
2016 Dec 4.8 57726.8 661.8 A 1.26 < 0.57 ± 0.10 1.74 0.21 ± 0.04 5.00 1.13 ± 0.06 7.00 1.26 ± 0.06

13.50 3.21 ± 0.32 16.50 4.16 ± 0.42 29.50 8.57 ± 0.86 35.00 10.25 ± 1.03
2017 Jan 27.6 57780.6 715.6 AD 1.26 < 0.31 ± 0.05 1.74 0.18 ± 0.05 5.00 1.22 ± 0.06 7.00 1.44 ± 0.07

13.50 3.59 ± 0.36 16.50 4.51 ± 0.45 29.50 8.93 ± 0.89 35.00 9.97 ± 1.00
2017 Apr 26.4 57869.4 804.4 D 1.26 < 1.64 ± 0.55 1.74 < 0.46 ± 0.15 5.00 0.93 ± 0.05 7.00 1.57 ± 0.08
2017 May 2.5 57875.5 810.5 D 13.50 4.23 ± 0.42 16.50 5.25 ± 0.52 29.50 9.18 ± 0.92 35.00 10.37 ± 1.04
2017 Jul 6.2 57940.2 875.2 C 1.26 < 0.92 ± 0.31 1.74 < 0.48 ± 0.09 5.00 1.08 ± 0.06 7.00 1.81 ± 0.09

13.50 4.21 ± 0.42 16.50 5.08 ± 0.51 29.50 8.04 ± 0.80 35.00 8.30 ± 0.83
2017 Aug 17.2 57982.2 917.2 C 13.50 4.35 ± 0.44 16.50 5.25 ± 0.53 29.50 7.89 ± 0.79 35.00 8.23 ± 0.82
2017 Nov 4.9 58061.9 996.9 B 1.26 < 0.56 ± 0.14 1.74 0.35 ± 0.06 5.00 1.23 ± 0.06 7.00 2.08 ± 0.11
2017 Nov 19.9 58076.9 1011.9 B 13.50 4.14 ± 0.41 16.50 4.88 ± 0.49 29.50 6.57 ± 0.66 35.00 6.90 ± 0.69
2018 Jan 21.6 58139.6 1074.6 B 1.26 < 0.41 ± 0.13 1.74 < 0.32 ± 0.06 5.00 1.29 ± 0.07 7.00 2.11 ± 0.11
2018 Jan 22.6 58140.6 1075.6 B 13.50 3.80 ± 0.38 16.50 4.34 ± 0.43 29.50 5.87 ± 0.59 35.00 6.17 ± 0.62
2018 Apr 26.3 58234.3 1169.3 A 1.26 0.20 ± 0.05 1.74 0.35 ± 0.03 5.00 1.30 ± 0.07 7.00 2.08 ± 0.10

13.50 3.62 ± 0.36 16.50 4.04 ± 0.40 29.50 5.58 ± 0.56 35.00 5.83 ± 0.59
2018 Sep 11.0 58372.0 1307.0 D 1.26 < 1.41 ± 0.47 1.74 < 0.70 ± 0.16 5.00 1.62 ± 0.08 7.00 2.36 ± 0.12

13.50 3.56 ± 0.36 16.50 3.84 ± 0.38 29.50 3.95 ± 0.40 35.00 3.85 ± 0.39
2018 Nov 15.8 58437.8 1372.8 CD 1.26 < 1.08 ± 0.36 1.74 < 0.64 ± 0.13 5.00 1.59 ± 0.30 7.00 2.05 ± 0.10

13.50 3.22 ± 0.32 16.50 3.45 ± 0.35 29.50 4.25 ± 0.43 35.00 4.32 ± 0.43
2019 Jan 17.6 58500.6 1435.6 C 1.26 0.37 ± 0.12 1.74 < 0.34 ± 0.08 5.00 1.57 ± 0.08 7.00 2.15 ± 0.11

13.50 2.91 ± 0.29 16.50 3.13 ± 0.31 29.50 3.69 ± 0.37 35.00 3.74 ± 0.38
2019 Apr 16.4 58589.4 1524.4 B 13.50 2.79 ± 0.28 16.50 2.77 ± 0.28 29.50 2.74 ± 0.28 35.00 2.73 ± 0.28
2019 Apr 23.0 58596.5 1531.5 B 1.26 < 0.26 ± 0.09 1.74 0.49 ± 0.06 5.00 1.59 ± 0.08 7.00 2.18 ± 0.11
2019 Oct 2.5 58758.0 1693.0 A 1.26 < 0.41 ± 0.13 1.74 0.41 ± 0.11 5.00 1.30 ± 0.07 7.00 1.38 ± 0.07
2019 Dec 15.5 58832.5 1767.5 D 1.26 < 0.60 ± 0.20 1.74 < 0.53 ± 0.11 5.00 1.24 ± 0.07 7.00 1.91 ± 0.10
2019 Dec 22.8 58839.8 1774.8 D 13.50 1.78 ± 0.18 16.50 1.82 ± 0.18 29.50 1.49 ± 0.16 35.00 1.50 ± 0.16

a We take the time of discovery, 2015 Feb 12, as t0.
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Table 21
VLA Observations of V5668 Sgr

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2015 Mar 17.5 57098.5 2.5 B 1.26 < 1.05 ± 0.23 1.74 < 0.33 ± 0.11 5.00 < 0.04 ± 0.01 7.00 < 0.03 ± 0.01
29.50 < 0.25 ± 0.08 35.00 < 0.13 ± 0.04

2015 Mar 26.5 57107.5 11.5 B 1.26 < 0.52 ± 0.16 1.80 < 0.33 ± 0.07 5.00 < 0.04 ± 0.01 7.00 < 0.04 ± 0.01
29.50 < 0.08 ± 0.03 35.00 < 0.09 ± 0.03

2015 Apr 7.4 57119.4 23.4 B 1.26 < 0.79 ± 0.26 1.74 < 0.24 ± 0.08 5.00 < 0.07 ± 0.01 7.00 < 0.06 ± 0.01
29.50 0.12 ± 0.03 35.00 < 0.14 ± 0.04

2015 Apr 21.4 57133.4 37.4 B 1.26 < 1.02 ± 0.25 1.77 < 0.23 ± 0.07 5.00 < 0.06 ± 0.01 7.00 0.06 ± 0.01
29.50 0.52 ± 0.06 35.00 0.57 ± 0.07

2015 May 16.3 57158.3 62.3 AB 4.55 0.22 ± 0.03 7.38 0.40 ± 0.03 13.50 0.61 ± 0.06 16.50 0.70 ± 0.07
29.50 < 0.17 ± 0.04 35.00 < 0.20 ± 0.05

2015 Jun 14.2 57187.2 91.2 AB 1.26 < 0.65 ± 0.20 1.80 < 0.31 ± 0.08 5.00 0.57 ± 0.03 7.00 0.84 ± 0.05
13.50 2.24 ± 0.22 16.50 3.05 ± 0.31 29.50 2.99 ± 0.32 35.00 2.87 ± 0.32

2015 Aug 15.1 57249.1 153.1 A 1.26 < 0.66 ± 0.19 1.80 0.55 ± 0.10 5.00 1.75 ± 0.09 7.00 2.74 ± 0.14
13.50 7.46 ± 0.75 16.50 9.21 ± 0.92

2015 Sep 28.6 57292.6 196.6 AD 1.26 1.24 ± 0.21 1.80 1.64 ± 0.13 5.00 5.11 ± 0.26 7.00 8.27 ± 0.41
13.50 22.09 ± 2.21 16.50 33.92 ± 3.39 29.50 103.6 ± 10.4 35.00 145.0 ± 14.5

2015 Nov 7.8 57333.8 237.8 D 1.42 < 2.87 ± 0.63 1.80 2.17 ± 0.36 5.00 7.43 ± 0.37 7.00 12.08 ± 0.60
13.50 36.19 ± 3.62 16.50 48.25 ± 4.83 29.50 135.6 ± 13.6 35.00 181.0 ± 18.1

2015 Dec 19.8 57375.8 279.8 D 5.00 8.79 ± 0.44 7.00 14.63 ± 0.73 13.50 43.65 ± 4.37 16.50 59.46 ± 5.95
29.50 152.7 ± 15.3 35.00 191.7 ± 19.2

2016 Jan 23.7 57410.7 314.7 CD 5.00 10.10 ± 0.51 7.00 16.80 ± 0.84 13.50 49.30 ± 4.93 16.50 65.60 ± 6.56
29.50 154.0 ± 15.4 35.00 187.1 ± 18.7

2016 Feb 25.6 57443.6 347.6 C 1.26 < 3.33 ± 0.59 1.74 2.24 ± 0.20 5.00 10.57 ± 0.53 7.00 17.61 ± 0.88
13.50 51.88 ± 5.19 16.50 68.12 ± 6.81 29.50 145.8 ± 14.6 35.00 167.7 ± 16.8

2016 Apr 3.5 57481.5 385.5 C 1.26 2.07 ± 0.57 1.74 2.45 ± 0.19 5.00 15.51 ± 0.78 7.00 19.13 ± 0.96
13.50 52.42 ± 5.24 16.50 67.42 ± 6.74 29.50 126.0 ± 12.6 35.00 138.6 ± 13.9

2016 Jun 5.3 57544.3 448.3 B 1.26 2.01 ± 0.27 1.74 2.37 ± 0.15 5.00 12.65 ± 0.63 7.00 20.20 ± 1.01
13.50 48.94 ± 4.89 16.50 58.07 ± 5.81 29.50 91.94 ± 9.20 35.00 95.49 ± 9.55

2016 Aug 12.6 57612.6 516.6 B 1.26 2.33 ± 0.33 1.74 3.10 ± 0.19 5.00 13.89 ± 0.70 7.00 21.80 ± 1.09
13.50 44.92 ± 4.49 16.50 49.70 ± 4.97 29.50 65.21 ± 6.53 35.00 64.01 ± 6.41

2016 Dec 9.8 57731.8 635.8 A 1.26 1.79 ± 0.13 1.74 3.10 ± 0.17 5.00 11.18 ± 0.56 7.00 15.40 ± 0.77
13.50 28.34 ± 2.83 16.50 29.38 ± 2.94 29.50 32.38 ± 3.24 35.00 32.14 ± 3.21

2017 Jan 12.7 57765.7 669.7 A 1.26 1.90 ± 0.15 1.74 3.35 ± 0.18 5.00 9.95 ± 0.50 7.00 15.53 ± 0.78
13.50 26.23 ± 2.62 16.50 23.44 ± 2.34 29.50 25.73 ± 2.57 35.00 23.82 ± 2.38

2017 Apr 12.5 57855.5 759.5 D 1.74 3.62 ± 0.35 5.00 12.56 ± 0.63 7.00 15.10 ± 0.76
2017 Apr 24.5 57867.5 771.5 D 13.50 17.56 ± 1.76 16.50 17.73 ± 1.77 29.50 17.07 ± 1.71 35.00 16.80 ± 1.68
2017 Jul 5.2 57939.2 843.2 C 1.26 1.86 ± 0.58 1.74 4.11 ± 0.27 5.00 11.03 ± 0.55 7.00 12.73 ± 0.64

13.50 13.31 ± 1.33 16.50 12.78 ± 1.28 29.50 11.21 ± 1.12 35.00 10.46 ± 1.05
2017 Nov 4.9 58061.9 965.9 B 1.26 2.95 ± 0.33 1.74 3.56 ± 0.20 5.00 8.20 ± 0.41 7.00 8.82 ± 0.44

13.50 8.51 ± 0.85 16.50 8.50 ± 0.85 29.50 8.40 ± 0.84 35.00 8.63 ± 0.87
2018 Jan 21.6 58139.6 1043.6 B 1.26 2.65 ± 0.34 1.74 3.75 ± 0.20 5.00 6.48 ± 0.32 7.00 6.89 ± 0.34
2018 Jan 22.6 58140.6 1044.6 B 13.50 6.63 ± 0.66 16.50 6.45 ± 0.65 29.50 6.66 ± 0.67 35.00 7.12 ± 0.72
2018 Feb 26.5 58175.5 1079.5 AB 13.50 6.47 ± 0.65 16.50 6.39 ± 0.64 29.50 7.41 ± 0.74 35.00 7.73 ± 0.77
2018 Mar 20.5 58197.5 1101.5 A 1.26 2.86 ± 0.20 1.74 3.44 ± 0.18 5.00 5.78 ± 0.29 7.00 5.52 ± 0.28
2018 Apr 2.5 58210.5 1114.5 A 13.50 5.72 ± 0.57 16.50 5.65 ± 0.56 29.50 5.17 ± 0.52 35.00 4.70 ± 0.47

2018 May 23.4 58261.4 1165.4 A 13.50 5.39 ± 0.54 16.50 5.23 ± 0.52 29.50 7.46 ± 0.75 35.00 7.85 ± 0.79
2018 May 24.4 58262.4 1166.4 A 1.26 2.04 ± 0.15 1.74 3.53 ± 0.18 5.00 5.43 ± 0.27 7.00 5.96 ± 0.30
2018 Sep 9.1 58370.1 1274.1 D 13.50 4.06 ± 0.41 16.50 3.97 ± 0.40 29.50 3.77 ± 0.39 35.00 3.60 ± 0.38
2018 Sep 11.0 58371.0 1275.0 D 1.74 3.17 ± 0.36 5.00 3.84 ± 0.20 7.00 3.75 ± 0.19
2018 Nov 4.9 58426.9 1330.9 D 1.74 3.72 ± 0.40 5.00 3.77 ± 0.19 7.00 3.61 ± 0.18
2018 Nov 16.9 58438.9 1342.9 CD 13.50 3.26 ± 0.33 16.50 3.20 ± 0.32 29.50 2.88 ± 0.30 35.00 2.52 ± 0.27
2019 Jan 20.7 58503.7 1407.7 C 1.26 1.65 ± 0.45 1.74 2.66 ± 0.25 5.00 3.32 ± 0.17 7.00 3.07 ± 0.15

13.50 2.59 ± 0.26 16.50 2.56 ± 0.26 29.50 2.77 ± 0.29 35.00 2.49 ± 0.25
2019 Apr 16.4 58589.4 1493.4 B 13.50 2.50 ± 0.25 16.50 2.41 ± 0.25 29.50 2.25 ± 0.26 35.00 2.52 ± 0.32
2019 Apr 23.5 58596.5 1500.5 B 1.26 1.48 ± 0.26 1.74 2.52 ± 0.15 5.00 2.73 ± 0.14 7.00 2.79 ± 0.14
2019 Oct 2.0 58758.0 1662.0 A 1.26 2.10 ± 0.18 1.74 1.71 ± 0.12 5.00 1.45 ± 0.08 7.00 0.92 ± 0.05
2019 Dec 15.8 58832.8 1736.8 D 1.26 1.15 ± 0.26 1.74 1.99 ± 0.18 5.00 1.90 ± 0.10 7.00 1.98 ± 0.10
2019 Dec 22.8 58839.8 1743.8 D 13.50 1.52 ± 0.15 16.50 1.42 ± 0.14 29.50 1.14 ± 0.13 35.00 0.99 ± 0.12

a We take the time of discovery, 2015 Mar 15, as t0.
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Table 22
VLA Observations of V5855 Sgr

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2016 Nov 4.8 57696.8 15.8 A 1.26 < 0.20 ± 0.07 1.74 < 0.18 ± 0.06 5.00 < 0.07 ± 0.02 7.00 < 0.08 ± 0.02
2016 Nov 8.0 57700.0 19.0 A 1.26 < 0.21 ± 0.05 1.74 < 0.15 ± 0.05 5.00 0.14 ± 0.02 7.00 0.11 ± 0.02
2016 Nov 26.9 57718.9 37.9 A 1.26 < 0.24 ± 0.06 1.74 < 0.32 ± 0.07 5.00 0.25 ± 0.02 7.00 0.32 ± 0.02
2017 Feb 7.6 57791.6 110.6 AD 1.26 < 3.13 ± 0.70 1.74 < 0.96 ± 0.21 5.00 0.32 ± 0.03 7.00 0.53 ± 0.04

13.50 1.27 ± 0.13 16.50 1.45 ± 0.15 29.50 3.07 ± 0.31 35.00 3.57 ± 0.36
2017 Mar 4.6 57816.6 135.6 D 1.26 < 2.27 ± 0.61 1.74 < 0.74 ± 0.21 5.00 0.44 ± 0.03 7.00 0.73 ± 0.04

13.50 1.34 ± 0.13 16.50 1.77 ± 0.18 29.50 3.65 ± 0.37 35.00 4.30 ± 0.43
2017 Apr 11.5 57854.5 173.5 D 1.26 < 2.85 ± 0.85 1.74 < 0.85 ± 0.23 5.00 0.46 ± 0.03 7.00 0.70 ± 0.04

13.50 1.47 ± 0.15 16.50 1.83 ± 0.18 29.50 4.13 ± 0.41 35.00 5.14 ± 0.52
2017 May 13.3 57886.3 205.3 D 1.26 < 3.04 ± 1.01 1.74 < 1.26 ± 0.31 5.00 0.41 ± 0.03 7.00 0.74 ± 0.04

13.50 1.49 ± 0.15 16.50 1.91 ± 0.19 29.50 4.00 ± 0.40 35.00 4.71 ± 0.47
2017 Jun 11.1 57915.3 234.3 D 1.26 < 0.74 ± 0.25 1.74 < 0.38 ± 0.12 5.00 0.38 ± 0.02 7.00 0.68 ± 0.04

13.50 1.48 ± 0.15 16.50 1.94 ± 0.19 29.50 4.20 ± 0.42 35.00 5.18 ± 0.52
2017 Aug 4.1 57969.1 288.1 C 1.26 < 0.55 ± 0.18 1.74 0.09 ± 0.01 5.00 0.40 ± 0.03 7.00 0.67 ± 0.04

13.50 1.53 ± 0.15 16.50 1.87 ± 0.19 29.50 3.30 ± 0.33 35.00 3.33 ± 0.34
2017 Aug 21.1 57986.1 305.1 C 1.26 < 0.80 ± 0.20 1.74 < 0.47 ± 0.11 5.00 0.49 ± 0.03 7.00 0.67 ± 0.04

13.50 1.52 ± 0.15 16.50 1.91 ± 0.19 29.50 3.81 ± 0.38 35.00 4.52 ± 0.46
2017 Nov 13.8 58070.8 389.8 B 1.26 < 0.28 ± 0.09 1.74 < 0.15 ± 0.04 5.00 0.44 ± 0.03 7.00 0.73 ± 0.04
2017 Nov 25.8 58082.8 401.8 B 13.50 1.53 ± 0.15 16.50 1.94 ± 0.19 29.50 3.21 ± 0.32 35.00 3.41 ± 0.34
2017 Dec 17.8 58104.8 423.8 B 13.50 1.64 ± 0.16 16.50 2.00 ± 0.20 29.50 3.49 ± 0.35 35.00 3.70 ± 0.37
2017 Dec 18.7 58105.7 424.7 B 1.26 < 0.36 ± 0.12 1.74 < 0.25 ± 0.08 5.00 0.49 ± 0.03 7.00 0.69 ± 0.04
2018 Jan 18.6 58136.6 455.6 B 1.26 < 0.67 ± 0.13 1.74 < 0.40 ± 0.09 5.00 0.46 ± 0.03 7.00 0.80 ± 0.04
2018 Jan 19.6 58137.6 456.6 B 13.50 1.59 ± 0.16 16.50 1.86 ± 0.19 29.50 2.92 ± 0.29 35.00 3.25 ± 0.33
2018 Apr 25.5 58233.5 552.5 A 1.26 < 0.18 ± 0.04 1.74 < 0.28 ± 0.06 5.00 0.54 ± 0.03 7.00 0.80 ± 0.04
2018 Apr 26.5 58234.5 553.5 A 13.50 1.55 ± 0.16 16.50 1.78 ± 0.18 29.50 2.23 ± 0.22 35.00 2.30 ± 0.23
2018 May 24.3 58262.3 581.3 A 13.50 1.53 ± 0.15 16.50 1.69 ± 0.17 29.50 2.11 ± 0.21 35.00 2.23 ± 0.22
2018 May 25.4 58263.4 582.4 A 1.26 < 0.21 ± 0.05 1.74 < 0.25 ± 0.04 5.00 0.52 ± 0.03 7.00 0.87 ± 0.04
2018 Sep 12.0 58373.0 692.0 D 1.26 < 2.11 ± 0.48 1.74 < 0.65 ± 0.19 5.00 0.62 ± 0.05 7.00 0.77 ± 0.04
2018 Nov 9.9 58431.9 750.9 D 1.26 < 1.95 ± 0.37 1.74 < 1.19 ± 0.28 5.00 0.61 ± 0.04 7.00 0.81 ± 0.04
2018 Dec 8.7 58460.7 779.7 C 13.50 0.70 ± 0.07 16.50 0.65 ± 0.07 29.50 0.23 ± 0.04
2018 Dec 9.8 58461.8 780.8 C 1.26 < 0.32 ± 0.11 1.74 < 0.33 ± 0.07 5.00 0.48 ± 0.03 7.00 0.64 ± 0.04
2019 Jan 18.7 58501.7 820.7 C 1.26 < 0.81 ± 0.14 1.74 < 0.38 ± 0.08 5.00 0.48 ± 0.04 7.00 0.55 ± 0.04
2019 Jan 20.7 58503.7 822.7 C 13.50 0.98 ± 0.10 16.50 0.98 ± 0.10 29.50 1.01 ± 0.11 35.00 0.97 ± 0.10
2019 Mar 28.6 58570.6 889.6 B 13.50 0.81 ± 0.08 16.50 0.82 ± 0.08 29.50 1.08 ± 0.11 35.00 1.11 ± 0.12
2019 Mar 29.5 58571.5 890.5 B 1.26 0.24 ± 0.07 1.74 < 0.19 ± 0.04 5.00 0.53 ± 0.03 7.00 0.69 ± 0.04
2019 May 25.3 58628.3 947.3 B 13.50 0.78 ± 0.08 16.50 0.78 ± 0.08 29.50 0.64 ± 0.07 35.00 0.57 ± 0.07
2019 Jun 1.3 58635.3 954.3 B 1.26 < 0.24 ± 0.06 1.78 < 0.19 ± 0.04 5.00 0.47 ± 0.03 7.00 0.59 ± 0.03

2019 Aug 26.0 58721.0 1040.0 A 1.26 < 0.35 ± 0.12 1.78 < 0.39 ± 0.09 5.00 0.45 ± 0.03 7.00 0.51 ± 0.03
2019 Dec 17.8 58834.8 1153.8 D 5.00 0.48 ± 0.03 7.00 0.53 ± 0.04
2019 Dec 21.8 58838.8 1157.8 D 13.50 0.51 ± 0.06 16.50 0.50 ± 0.06 29.50 0.35 ± 0.07 35.00 0.35 ± 0.09
2020 Jan 18.6 58866.6 1185.6 D 5.00 0.36 ± 0.03 7.00 0.41 ± 0.03
2020 Mar 29.5 58937.5 1256.5 C 13.50 0.41 ± 0.05 16.50 0.39 ± 0.04 29.50 0.38 ± 0.06 35.00 0.46 ± 0.08
2020 Mar 30.5 58938.5 1257.5 C 5.00 0.37 ± 0.03 7.00 0.39 ± 0.03
2020 Jul 3.3 59033.3 1352.3 B 13.50 0.34 ± 0.04 16.50 0.31 ± 0.04 29.50 0.35 ± 0.08 35.00 0.20 ± 0.04
2020 Jul 6.2 59036.2 1355.2 B 5.00 0.30 ± 0.03 7.00 0.30 ± 0.03
2021 Feb 9.6 59254.6 1573.6 A 5.00 0.26 ± 0.02 7.00 0.28 ± 0.02

a We take the time of discovery, 2015 Oct 20, as t0.
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Table 23
VLA Observations of V5856 Sgr

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2016 Nov 11.9 57703.9 17.9 A 1.26 < 0.56 ± 0.13 1.74 < 0.25 ± 0.08 5.00 < 0.04 ± 0.01 7.00 < 0.04 ± 0.01
2016 Nov 25.8 57717.8 31.8 A 13.50 < 0.04 ± 0.01 16.50 < 0.05 ± 0.01 29.50 < 0.08 ± 0.03 35.00 < 0.16 ± 0.03
2016 Nov 25.9 57718.9 32.9 A 1.26 < 0.40 ± 0.13 1.74 < 0.25 ± 0.08 5.00 < 0.06 ± 0.02 7.00 < 0.05 ± 0.02
2016 Dec 23.7 57745.7 59.7 A 1.26 < 0.40 ± 0.13 1.74 < 0.28 ± 0.09 5.00 < 0.06 ± 0.02 7.00 < 0.04 ± 0.01
2017 Jan 29.6 57780.6 94.6 AD 5.00 < 0.10 ± 0.02 7.00 0.07 ± 0.02 13.50 0.17 ± 0.02 16.50 0.23 ± 0.03

29.50 0.53 ± 0.06 35.00 0.70 ± 0.08
2017 Mar 4.6 57816.6 130.6 D 1.26 < 0.93 ± 0.31 1.74 < 0.77 ± 0.14 5.00 < 0.06 ± 0.02 7.00 0.07 ± 0.02

13.50 0.32 ± 0.03 16.50 0.38 ± 0.04 29.50 0.99 ± 0.10 35.00 1.21 ± 0.13
2017 Apr 11.5 57854.5 168.5 D 1.26 < 0.83 ± 0.28 1.74 < 0.42 ± 0.14 5.00 0.09 ± 0.02 7.00 0.15 ± 0.02

13.50 0.48 ± 0.05 16.50 0.69 ± 0.07 29.50 1.71 ± 0.17 35.00 2.33 ± 0.03
2017 May 13.3 57886.3 200.3 D 1.26 < 1.86 ± 0.62 1.74 < 0.44 ± 0.15 5.00 < 0.12 ± 0.02 7.00 0.21 ± 0.02

13.50 0.70 ± 0.07 16.50 0.92 ± 0.09 29.50 2.10 ± 0.21 35.00 2.35 ± 0.24
2017 Jun 11.3 57915.3 229.3 C 1.26 < 1.42 ± 0.47 1.74 < 0.44 ± 0.15 5.00 0.14 ± 0.02 7.00 0.40 ± 0.02

13.50 0.91 ± 0.09 16.50 1.20 ± 0.12 29.50 3.23 ± 0.32 35.00 4.10 ± 0.41
2017 Aug 4.1 57969.1 283.1 C 1.26 < 0.46 ± 0.15 1.74 < 0.76 ± 0.18 5.00 0.21 ± 0.02 7.00 0.41 ± 0.02

13.50 1.29 ± 0.13 16.50 1.79 ± 0.18 29.50 3.33 ± 0.34 35.00 3.88 ± 0.39
2017 Aug 21.1 57986.1 300.1 C 1.26 < 0.60 ± 0.20 1.74 < 0.23 ± 0.08 5.00 0.30 ± 0.03 7.00 0.51 ± 0.03

13.50 1.49 ± 0.15 16.50 2.08 ± 0.21 29.50 5.46 ± 0.55 35.00 6.72 ± 0.68
2017 Nov 13.8 58070.8 384.8 B 1.26 < 0.70 ± 0.20 1.74 < 0.28 ± 0.06 5.00 0.51 ± 0.03 7.00 0.93 ± 0.05
2017 Nov 25.8 58082.8 396.8 B 13.50 2.87 ± 0.29 16.50 3.97 ± 0.40 29.50 9.68 ± 0.97 35.00 11.04 ± 1.11
2017 Dec 17.8 58104.8 418.8 B 13.50 3.45 ± 0.35 16.50 4.79 ± 0.48 29.50 12.85 ± 1.29 35.00 16.32 ± 1.63
2018 Dec 18.7 58105.7 419.7 B 1.26 < 1.30 ± 0.25 1.74 < 0.29 ± 0.06 5.00 0.66 ± 0.04 7.00 1.05 ± 0.06
2018 Jan 18.6 58136.6 450.6 B 1.26 < 1.12 ± 0.21 1.74 < 0.29 ± 0.07 5.00 0.72 ± 0.04 7.00 1.37 ± 0.07
2018 Jan 19.6 58137.6 451.6 B 13.50 3.75 ± 0.37 16.50 4.84 ± 0.48 29.50 11.27 ± 1.13 35.00 13.90 ± 1.39
2018 Apr 24.4 58232.4 546.4 A 13.50 5.28 ± 0.53 16.50 6.88 ± 0.69 29.50 15.60 ± 1.56 35.00 19.07 ± 1.91
2018 Apr 25.4 58235.4 549.4 A 1.26 < 0.30 ± 0.10 1.74 < 0.72 ± 0.14 5.00 1.25 ± 0.06 7.00 2.05 ± 0.10
2018 May 23.3 58261.3 575.3 A 13.50 5.21 ± 0.52 16.50 6.35 ± 0.64 29.50 13.10 ± 1.31 35.00 14.67 ± 1.47
2018 May 25.3 58263.3 577.3 A 1.26 < 0.53 ± 0.18 1.74 0.28 ± 0.05 5.00 1.30 ± 0.07 7.00 2.27 ± 0.11
2018 Sep 10.0 58371.0 685.0 D 1.26 < 1.95 ± 0.46 1.74 < 1.33 ± 0.31 5.00 1.83 ± 0.10 7.00 2.79 ± 0.14
2018 Nov 9.9 58431.9 745.9 D 1.26 < 1.77 ± 0.37 1.74 1.03 ± 0.06 5.00 2.03 ± 0.10 7.00 3.09 ± 0.16
2018 Dec 8.7 58460.7 774.7 C 13.50 4.16 ± 0.42 16.50 4.33 ± 0.43
2018 Dec 9.8 58461.8 775.8 C 1.26 < 1.23 ± 0.25 1.74 1.08 ± 0.06 5.00 1.90 ± 0.10 7.00 2.85 ± 0.14
2019 Jan 18.7 58501.7 815.7 C 1.26 < 0.92 ± 0.27 1.74 0.41 ± 0.13 5.00 1.84 ± 0.10 7.00 2.73 ± 0.14
2019 Jan 20.7 58503.7 817.7 C 13.50 6.64 ± 0.66 16.50 7.73 ± 0.77 29.50 11.38 ± 1.14 35.00 12.21 ± 1.22
2019 Mar 28.6 58570.6 884.6 B 13.50 4.67 ± 0.47 16.50 4.90 ± 0.49 29.50 5.73 ± 0.57 35.00 5.56 ± 0.56
2019 Mar 29.5 58571.5 885.5 B 1.26 < 1.07 ± 0.22 1.74 0.50 ± 0.07 5.00 1.94 ± 0.10 7.00 2.84 ± 0.14
2019 May 25.3 58628.3 942.3 B 13.50 4.88 ± 0.49 16.50 5.24 ± 0.52 29.50 5.70 ± 0.57 35.00 5.05 ± 0.51
2019 Jun 1.3 58635.3 949.3 B 1.26 < 0.90 ± 0.20 1.74 0.75 ± 0.06 5.00 1.77 ± 0.09 7.00 2.51 ± 0.13

2019 Aug 26.1 58721.1 1035.1 A 1.26 < 0.92 ± 0.16 1.74 0.62 ± 0.11 5.00 1.82 ± 0.09 7.00 2.28 ± 0.12
2019 Dec 17.8 58834.8 1148.8 D 1.78 < 2.00 ± 0.58 5.00 2.36 ± 0.12 7.00 3.54 ± 0.19
2019 Dec 21.8 58838.8 1152.8 D 13.50 5.40 ± 0.54 16.50 5.77 ± 0.58 29.50 6.21 ± 0.62 35.00 6.13 ± 0.62
2020 Jan 18.6 58866.6 1180.6 D 1.26 < 0.89 ± 0.25 1.74 < 0.71 ± 0.14 5.00 2.25 ± 0.11 7.00 3.00 ± 0.15
2020 Mar 29.5 58937.5 1251.5 C 13.50 4.87 ± 0.49 16.50 5.00 ± 0.50 29.50 5.64 ± 0.57 35.00 5.50 ± 0.55
2020 Mar 30.5 58938.5 1252.5 C 1.26 < 0.66 ± 0.14 1.74 0.67 ± 0.09 5.00 2.23 ± 0.11 7.00 3.16 ± 0.16
2020 Jul 3.3 59033.3 1347.3 B 13.50 3.36 ± 0.34 16.50 3.33 ± 0.33 29.50 2.81 ± 0.29 35.00 2.38 ± 0.25
2020 Jul 6.2 59036.2 1350.2 B 1.26 0.38 ± 0.11 1.74 0.50 ± 0.09 5.00 1.88 ± 0.10 7.00 2.23 ± 0.11
2021 Feb 9.6 59254.6 1568.6 A 1.26 0.47 ± 0.05 1.74 0.73 ± 0.06 5.00 1.75 ± 0.09 7.00 1.93 ± 0.10

a We take the time of discovery, 2015 Oct 25, as t0.
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Table 24
ATCA Observations of V357 Mus

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2018 Jan 18.8 58136.8 4.8 750A 5.5 < 0.06 9.0 < 0.04
2018 Feb 4.9 58153.9 22.8 750A 5.5 0.10 ± 0.02 9.0 0.22 ± 0.02
2018 Feb 22.8 58171.8 38.0 750B 5.5 0.44 ± 0.03 9.0 1.16 ± 0.06
2018 Mar 19.5 58196.5 64.0 EW352 1.3 < 0.7 1.8 4.0 ± 0.4 2.4 7.8 ± 0.8

2.9 11.6 ± 1.2 5.5 31.3 ± 1.6 9.0 45.9 ± 2.3
2018 Apr 3.3 58211.3 79.0 EW352 5.5 11.9 ± 1.4 9.0 13.6 ± 1.7

2018 May 13.2 58251.2 119.0 6D 5.5 2.1 ± 0.4 9.0 4.1 ± 0.8
2018 Jun 16.2 58285.2 153.2 1.5A 5.5 1.5 ± 0.2 9.0 2.9 ± 0.7
2018 Jul 13.6 58312.6 180.6 H75 5.5 0.45 ± 0.08 9.0 2.4 ± 0.2
2018 Aug 25.0 58355.0 223.0 H214 5.5 1.7 ± 0.2 9.0 1.1 ± 0.4
2018 Oct 5.9 58396.9 264.9 6A 1.3 < 0.4 1.8 0.3 ± 0.1 2.4 0.5 ± 0.1

2.9 0.9 ± 0.2
2018 Oct 10.9 58401.9 269.9 6A 5.5 1.9 ± 0.3 9.0 3.1 ± 0.7
2018 Dec 27.9 58479.9 347.9 1.5D 1.3 < 0.5 1.8 < 1.3 2.4 1.1 ± 0.3

2.9 1.5 ± 0.3 5.5 2.8 ± 0.2 9.0 5.2 ± 0.5
2019 Mar 18.5 58560.5 428.5 6A 1.3 < 1.2 1.8 0.6 ± 0.1 2.4 1.1 ± 0.1

2.9 1.2 ± 0.1 5.5 3.5 ± 0.2 9.0 5.8 ± 0.2
2019 May 28.4 58631.4 499.4 6A 1.3 < 0.6 1.8 0.7 ± 0.1 2.4 1.1 ± 0.1

2.9 1.6 ± 0.1 5.5 3.6 ± 0.2 9.0 5.4 ± 0.5
2019 Aug 31.1 58726.1 594.1 6C 1.3 0.7 ± 0.2 1.8 0.7 ± 0.1 2.4 1.9 ± 0.2

2.9 2.3 ± 0.4 5.5 3.8 ± 0.2 9.0 4.9 ± 0.2
2020 Mar 25.6 58933.6 801.6 H168 1.3 < 0.5 1.8 0.9 ± 0.1 2.4 1.0 ± 0.1

2.9 1.1 ± 0.3 5.5 2.0 ± 0.3 9.0 1.1 ± 0.2
2020 Sep 12.0 59104.0 972.0 750B 1.3 < 0.4 1.8 1.1 ± 0.3 2.4 1.6 ± 0.2

2.9 1.8 ± 0.3 5.5 1.8 ± 0.2 9.0 2.1 ± 0.2
2021 May 20.3 59354.3 1222.3 1.5B 5.5 1.3 ± 0.1 9.0 1.3 ± 0.1

a We take the time of discovery, 2018 Jan 14, as t0.

Table 25
ATCA Observations of V906 Car

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2018 Apr 3.3 58211.3 18.3 EW352 5.5 < 0.3 9.0 < 0.1
2018 May 13.2 58251.2 58.2 6D 5.5 0.4 ± 0.1 9.0 0.5 ± 0.1
2018 June 16.2 58285.2 92.2 1.5A 5.5 0.3 ± 0.1 9.0 0.6 ± 0.1
2018 July 13.6 58312.6 119.6 H75 5.5 0.3 ± 0.1 9.0 0.4 ± 0.1
2018 Aug 25.0 58355.0 162.0 H214 5.5 1.3 ± 0.1 9.0 1.2 ± 0.1
2018 Oct 5.9 58396.9 203.9 6A 1.3 < 0.8 1.8 0.5 ± 0.2 2.4 0.5 ± 0.1

2.9 0.6 ± 0.2
2018 Oct 10.9 58401.9 208.9 6A 5.5 1.7 ± 0.2 9.0 1.7 ± 0.3
2018 Dec 27.9 58479.9 286.9 1.5D 1.3 < 2.8 1.8 < 1.8 2.4 < 0.8

2.9 < 0.6 5.5 3.0 ± 0.3 9.0 6.3 ± 0.7
2019 Mar 18.5 58560.5 367.5 6A 1.3 < 0.3 1.8 < 0.3 2.4 1.4 ± 0.1

2.9 2.3 ± 0.2 5.5 4.6 ± 0.2 9.0 8.5 ± 0.4
2019 May 28.4 58631.4 438.4 6A 1.3 < 0.9 1.8 0.7 ± 0.2 2.4 1.6 ± 0.3

2.9 2.5 ± 0.2 5.5 6.1 ± 0.3 9.0 10.9 ± 0.5
2019 Aug 31.1 58726.1 533.1 6C 1.3 < 2.4 1.8 2.3 ± 0.3 2.4 4.0 ± 0.2

2.9 4.1 ± 0.3 5.5 8.9 ± 0.3 9.0 15.6 ± 0.8
2020 Mar 25.6 58933.6 740.6 H168 1.3 < 1.5 1.8 3.0 ± 0.2 2.4 3.6 ± 0.2

2.9 4.3 ± 0.3 5.5 8.9 ± 0.4 9.0 10.4 ± 0.6
2020 Sep 12.0 59104.0 911.0 750B 1.3 < 1.5 1.8 3.5 ± 0.2 2.4 4.9 ± 0.2

2.9 5.9 ± 0.3 5.5 11.5 ± 0.6 9.0 18.8 ± 0.9
2021 May 20.3 59354.3 1161.3 1.5B 5.5 17.3 ± 0.8 9.0 35.0 ± 0.7

a We take the time of discovery, 2018 Mar 16, as t0.



41

Table 26
VLA Observations of V392 Per

UT Obs Date MJD t− t0a Config ν Sν ν Sν ν Sν ν Sν
(Days) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy) (GHz) (mJy)

2018 Apr 30.9 58238.9 1.9 A 1.26 < 0.16 ± 0.05 1.74 < 0.15 ± 0.04 5.00 < 0.05 ± 0.01 7.00 < 0.04 ± 0.01
2018 May 8.7 58246.7 9.7 A 5.00 0.23 ± 0.02 7.00 0.30 ± 0.02 13.50 0.43 ± 0.05 16.50 0.34 ± 0.04

29.50 0.97 ± 0.10 35.00 0.91 ± 0.09
2018 May 12.6 58250.6 13.6 A 1.26 < 0.26 ± 0.05 1.74 0.15 ± 0.04 5.00 0.50 ± 0.03 7.00 0.75 ± 0.04
2018 May 17.7 58255.7 18.7 A 13.50 7.38 ± 0.74 16.50 8.32 ± 0.83 29.50 11.85 ± 1.19 35.00 12.99 ± 1.30
2018 May 18.6 58256.6 19.6 A 1.26 0.63 ± 0.06 1.74 0.95 ± 0.06 5.00 3.23 ± 0.16 7.00 4.20 ± 0.21
2018 May 23.0 58261.0 24.0 A 1.26 1.58 ± 0.10 1.74 2.02 ± 0.11 5.00 4.52 ± 0.23 7.00 5.89 ± 0.29
2018 May 31.6 58269.6 32.6 A 1.26 3.47 ± 0.18 1.74 3.89 ± 0.20 5.00 5.23 ± 0.26 7.00 5.99 ± 0.30

13.50 7.58 ± 0.76 16.50 8.54 ± 0.85 29.50 14.42 ± 1.44 35.00 17.16 ± 1.72
2018 Jun 9.5 58278.5 41.5 A 1.26 3.70 ± 0.19 1.74 3.75 ± 0.19 5.00 4.42 ± 0.22 7.00 4.98 ± 0.25

13.50 6.54 ± 0.65 16.50 7.35 ± 0.74 29.50 11.93 ± 1.19 35.00 13.93 ± 1.39
2018 Sep 7.4 58368.4 131.4 D 1.26 0.97 ± 0.28 1.74 0.85 ± 0.12 5.00 1.86 ± 0.09 7.00 2.33 ± 0.12

13.50 3.02 ± 0.30 16.50 3.09 ± 0.31 29.50 3.16 ± 0.32 35.00 3.12 ± 0.31
2018 Sep 18.4 58379.4 142.4 D 1.26 1.03 ± 0.23 1.74 0.42 ± 0.13 5.00 1.64 ± 0.08 7.00 2.02 ± 0.10

13.50 2.44 ± 0.24 16.50 2.48 ± 0.25 29.50 2.36 ± 0.24 35.00 2.19 ± 0.22
2018 Nov 1.2 58423.2 186.2 D 13.50 1.20 ± 0.12 16.50 1.21 ± 0.12 29.50 1.07 ± 0.11 35.00 1.12 ± 0.12
2018 Nov 1.6 58423.6 186.6 D 1.26 < 0.72 ± 0.24 1.74 0.51 ± 0.11 5.00 1.12 ± 0.06 7.00 1.17 ± 0.06
2018 Dec 8.2 58460.2 223.2 C 1.26 < 0.44 ± 0.11 1.74 0.35 ± 0.07 5.00 0.77 ± 0.04 7.00 0.78 ± 0.04
2018 Dec 9.1 58461.1 224.1 C 13.50 0.74 ± 0.07 16.50 0.72 ± 0.07 29.50 0.57 ± 0.06 35.00 0.59 ± 0.07
2019 Jan 10.1 58493.1 256.1 C 1.26 < 0.63 ± 0.15 1.74 0.40 ± 0.08 5.00 0.56 ± 0.03 7.00 0.59 ± 0.03
2019 Jan 13.0 58496.0 259.0 C 13.50 0.52 ± 0.05 16.50 0.53 ± 0.05 29.50 0.43 ± 0.05 35.00 0.41 ± 0.05
2019 Feb 5.0 58519.0 282.0 BC 1.26 < 0.44 ± 0.11 1.74 0.41 ± 0.07 5.00 0.49 ± 0.03 7.00 0.46 ± 0.03

2019 May 25.0 58628.0 391.0 B 1.26 < 0.28 ± 0.09 1.78 0.18 ± 0.04 5.00 0.16 ± 0.02 7.00 0.18 ± 0.02
2019 May 25.6 58628.6 391.6 B 13.50 0.14 ± 0.04 16.50 0.12 ± 0.04 29.50 0.13 ± 0.04 35.00 < 0.14 ± 0.05
2019 Jun 18.6 58652.6 415.6 B 1.26 < 0.40 ± 0.10 1.78 < 0.20 ± 0.04 5.00 0.17 ± 0.02 7.00 0.16 ± 0.02
2019 Jun 22.6 58658.6 421.6 B 13.50 0.07 ± 0.01 16.50 < 0.11 ± 0.02 29.50 < 0.21 ± 0.04 35.00 0.14 ± 0.04
2019 Aug 16.5 58711.5 474.5 A 13.50 < 0.07 ± 0.01 16.50 < 0.05 ± 0.01 29.50 < 0.10 ± 0.03 35.00 < 0.13 ± 0.04
2019 Aug 17.6 58712.6 475.6 A 1.26 0.38 ± 0.09 1.78 0.26 ± 0.07 5.00 0.07 ± 0.02 7.00 < 0.12 ± 0.02
2019 Oct 9.3 58765.3 528.3 A 1.78 < 0.29 ± 0.07 5.00 < 0.09 ± 0.02 7.00 < 0.08 ± 0.02
2019 Dec 31.8 58839.8 602.8 D 13.50 0.06 ± 0.02 16.50 0.06 ± 0.02 29.50 < 0.12 ± 0.04 35.00 < 0.15 ± 0.04
2020 Mar 16.1 58924.1 687.1 C 5.00 0.12 ± 0.02 7.00 0.09 ± 0.02 13.50 < 0.09 ± 0.02 16.50 < 0.08 ± 0.02

29.50 0.14 ± 0.04 35.00 < 0.17 ± 0.04
2020 May 15.9 58984.9 747.9 C 5.00 0.06 ± 0.02 7.00 0.06 ± 0.02 13.50 < 0.09 ± 0.02 16.50 < 0.11 ± 0.02

29.50 < 0.13 ± 0.04 35.00 < 0.14 ± 0.04

a We take the time of discovery, 2018 Apr 29, as t0.
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APPENDIX

Some novae are observed for a few epochs at radio wavelengths, but then observations are dropped—sometimes
due to non-detections, sometimes due to scheduling difficulties. The resulting coverage is not sufficient to illuminate
the light curve evolution, but could be useful for future studies, so we include these data here. While we strive to
include data for all novae that were observed more than twice with the VLA (and a few that were observed even more
sparsely), we cannot guarantee that all such targets are fully captured here.

OS AND

OS And was observed with the VLA in six epochs following its 1986 outburst under programs AH185 and AH254
(PI R. Hjellming). No confident detections were obtained; the results are collated in Table 27.

QV VUL

QV Vul was observed with the VLA in five epochs following its 1987 outburst under programs AH254 and AH301
(PI R. Hjellming). No confident detections were obtained, as detailed in Table 28.

V5587 SGR

V5587 Sgr was observed with the Jansky VLA in three epochs following its 2011 outburst under programs VLA/10B-
200 and 11A-254. As tabulated in Table 29, all observations yielded non-detections.

V5588 SGR

V5588 Sgr was observed with the Jansky VLA in six epochs following its 2011 outburst under programs VLA/11A-
254 and 11A-271. As tabulated in Table 30, it shows the start of a rise at high frequency (33 GHz), while the 5.9
GHz observations yield mostly non-detections (the data are consistent with a marginal detection on 2011 May 15).
All detections were consistent with an unresolved point source.

V1312 SCO

V1312 Sco was observed with the Jansky VLA in four epochs following its 2011 outburst under program VLA/11A-
280. As tabulated in Table 31, all observations yielded non-detections.

V2676 OPH

V2676 Oph was observed with the Jansky VLA in four epochs following its 2012 outburst under programs VLA/11B-
170, 12A-479, and 12A-483. As tabulated in Table 32, it shows the start of a rise at high frequency (33 GHz), while
the 5.9 GHz observation yields a marginal detection. All detections were consistent with an unresolved point source.

V2677 OPH

V2677 Oph was observed with two Jansky VLA observations following its 2012 outburst under program VLA/12A-
483. It was observed on 2012 Jun 26.5 at C band, when it was detected with a flux density of 0.20 ± 0.01 mJy at
5.0 GHz and 0.27± 0.01 mJy at 6.8 GHz. Ka band observations were subsequently obtained on 2012 Jun 28.1 at Ka
band, yielding a detection of 0.45 ± 0.11 mJy at 33.0 GHz. Both observations were obtained in the B configuration,
and V2677 Oph appeared as a point source.

V1533 SCO

V1533 Sco was observed with the Jansky VLA in two epochs following its 2013 outburst under program VLA/13A-
455. The first took place on 2013 Jun 12.3, and the second on 2013 Jul 12.2; both observed at C band and Ka band.
All observations yielded non-detections, placing upper limits <0.01 mJy at 5.9 GHz and <0.25 at 34 GHz.

V5853 SGR

V5853 Sgr was observed with the Jansky VLA in three epochs following its 2016 outburst under program VLA/16A-
318. As tabulated in Table 33, it shows the start of a rise at high frequency (33 GHz), while the last 7 GHz observation
yields a marginal detection. All detections were consistent with an unresolved point source.
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Table 27
VLA Observations of OS And

UT Obs Date MJD t− t0a 4.9 GHz Sν 14.9 GHz Sν Config
(Days) (mJy) (mJy)

1986 Dec 10.2 46774.2 5.2 < 0.25 ± 0.06 < 0.18 ± 0.06 C
1986 Dec 21.0 46785.1 16.1 < 0.54 ± 0.17 C
1986 Dec 24.1 46788.1 19.1 < 0.21 ± 0.07 C
1987 Jan 17.8 46812.8 43.8 < 0.41 ± 0.14 < 0.53 ± 0.14 C
1987 Jan 24.6 46819.7 50.7 < 0.19 ± 0.06 < 0.55 ± 0.18 CD
1987 Jul 5.3 46981.3 212.3 < 0.23 ± 0.08 A

a We take the time of discovery, 1986 Dec 5, as t0.

Table 28
VLA Observations of QV Vul

UT Obs Date MJD t− t0a 1.5 GHz Sν 4.9 GHz Sν 8.4 GHz Sν 14.9 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

1987 Nov 28 47127 13.5 < 0.30 ± 0.10 < 0.78 ± 0.24 B
1988 Jan 9 47169 55.5 < 0.41 ± 0.08 < 1.00 ± 0.21 B
1988 Jan 24 47184 70.5 0.76 ± 0.23 < 0.93 ± 0.31 B
1988 Oct 24 47458 344.5 < 0.31 ± 0.10 < 0.28 ± 0.09 < 0.19 ± 0.05 < 0.64 ± 0.21 A
1989 Feb 14 47571 457.5 < 0.13 ± 0.04 AB

a We take the time of discovery, 1987 Nov 15, as t0.

Table 29
VLA Observations of V5587 Sgr

UT Obs Date MJD t− t0a 5.9 GHz Sν 33.1 GHz Sν Config
(Days) (mJy) (mJy)

2011 Feb 1.6 55593.6 7.6 < 0.03 ± 0.01 BC
2011 Feb 8.5 55600.5 14.5 < 0.14 ± 0.05 BC
2011 Mar 5.5 55625.5 39.5 < 0.03 ± 0.01 < 0.27 ± 0.09 B

a We take the time of discovery, 2011 Jan 25, as t0.

Table 30
VLA Observations of V5588 Sgr

UT Obs Date MJD t− t0a 5.9 GHz Sν 33.1 GHz Sν Config
(Days) (mJy) (mJy)

2011 Apr 21.5 55672.5 25.5 < 0.03 ± 0.01 B
2011 Apr 30.3 55681.3 34.3 < 0.21 ± 0.05 B
2011 May 1.3 55682.3 35.3 < 0.03 ± 0.01 B
2011 May 14.5 55695.5 48.5 0.39 ± 0.06 AB
2011 May 15.4 55696.4 49.4 0.05 ± 0.01 AB
2011 Jun 2.3 55714.3 67.3 < 0.04 ± 0.01 < 0.13 ± 0.04 AB
2011 Jun 15.4 55727.4 80.4 0.84 ± 0.04 A
2011 Jul 27.1 55769.1 122.1 < 0.03 ± 0.01 A

a We take the time of discovery, 2011 Mar 27, as t0.

Table 31
VLA Observations of V1312 Sco

UT Obs Date MJD t− t0a 6 GHz Sν 33 GHz Sν Config
(Days) (mJy) (mJy)

2011 Jul 12.1 55754.1 41.1 < 0.16 A
2011 Jul 26.1 55768.1 55.1 < 0.03 A
2011 Aug 9.1 55782.1 69.1 < 0.11 A
2011 Aug 19.1 55792.1 79.1 <0.02 A

a We take the time of discovery, 2011 Jun 1, as t0.
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Table 32
VLA Observations of V2676 Oph

UT Obs Date MJD t− t0a 5.9 GHz Sν 32.0 GHz Sν Config
(Days) (mJy) (mJy)

2012 Apr 23.5 56040.5 29.5 < 0.10 ± 0.03 C
2012 Jun 26.3 56104.3 93.3 0.04 ± 0.01 B
2012 Jun 28.1 56106.1 95.1 < 0.28 ± 0.09 B
2012 Jul 22.3 56130.3 119.3 0.46 ± 0.08 B

a We take the time of discovery, 2012 Mar 25, as t0.

Table 33
VLA Observations of V5853 Sgr

UT Obs Date MJD t− t0a 5 GHz Sν 7 GHz Sν 29.5 GHz Sν 35.0 GHz Sν Config
(Days) (mJy) (mJy) (mJy) (mJy)

2016 Aug 30.6 57630.6 24.6 < 0.05 ± 0.02 < 0.04 ± 0.01 < 0.11 ± 0.04 < 0.15 ± 0.04 B
2016 Sep 18.0 57649.0 43.0 0.04 ± 0.01 < 0.03 ± 0.01 0.11 ± 0.03 0.23 ± 0.03 AB
2016 Oct 5.1 57666.1 60.1 < 0.05 ± 0.02 < 0.05 ± 0.02 0.44 ± 0.03 0.65 ± 0.04 A

a We take the time of discovery, 2016 Aug 6, as t0.
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