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A Classical Nova

- marks a thermonuclear 
runaway on the surface 
of a white dwarf, in 
material accreted from a 
binary companion

- 10-7-10-3 M☉ ejected at 
~500-5,000 km/s

- Emits across the EM 
spectrum

- ~25 novae/yr in the   
Milky Way (~10 observed)



 

 

Residual nuclear burning on the     
white dwarf’s surface sustains      

near-Eddington luminosity (~1038 erg/s).

The Thermal Paradigm



Optical V-band

X-ray (0.3-10 keV)

V339 Del (2013)
Near-constant 
luminosity 
emerges first 
in the optical, 
and later in 
the X-ray.

Nuclear burning 
“turns off” 
after weeks–
years.

The Thermal Paradigm



 

 

The Thermal Paradigm

WD luminosity goes toward heating and 
ionizing the nova envelope, producing 
thermal free-free radio emission (and 

X-rays, and optical…)



Thermal radio emission peaks >1 yr
after eruption.

Novae are quite unique as 
thermal radio transients!
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Higher mass ejections peak at 
higher luminosities at later times.

Modelling light curves can yield 
ejecta mass.
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104 K thermal ejecta can be imaged 
at radio (and mm!) wavelengths.

The structure of a recent nova shell L55

tral windows, centred at 229.2, 219.0, and 216.5 GHz, were used
for continuum observation while a fourth window was centred at
231.9 GHz, the frequency of the H30 α recombination line. The lat-
ter has a 1.875 GHz band width divided in 3840 channels, providing
a resolution of 0.63 km s−1.

The Hogboom algorithm implemented in the CASA software
(McMullin et al. 2007) was used to obtain the continuum image
in two different ways. First, we used it with Briggs weighting, to
recover the best possible resolution; then, we applied the natural
weighting, which gives lower resolution, to evaluate and validate
the properties of the Briggs weighted reconstruction. The images
were constructed on a 256 × 256 pixels grid with 5 mas pixel
size and cleaned until they reach 0.026 mJy beam−1 (rms). Due to
the weakness of the source, we were not able to self-calibrate in
either weightings. For the Briggs weighted image, the maximum
flux density in the map is 0.16 mJy beam−1 with a final rms noise of
0.021 mJy beam−1, recovering a beam size of 31 × 26 mas at PA =
75◦. For the natural weighting the resulting beam is of 60 × 40 mas
at PA = 85◦, with similar peak value and rms noise. Both weighting
methods provide comparable (<12 per cent difference) integrated
flux densities.

We followed the same strategy to obtain the image of the line
emission, by cleaning with different velocity resolutions up to
6.3 km s−1. The H30 α recombination line was not detected in the
data cube, using either Briggs or natural weighting. We were able to
clean each velocity channel to 0.1 mJy beam−1 (rms), which may be
taken as an upper limit to the line flux density. The recombination
line flux estimated in local thermodynamic equilibrium using the
emission measure from Section3 falls below our detection limit.

3 R ESULTS

The continuum emission of the shell at 230 GHz is shown in Fig. 1a.
This is the best resolution image calculated from our data. Fig.1b
displays the best resolution image contours superposed to the natural
weighting, lower resolution map, which confirms the structures
seen in the best resolution image. An even lower resolution image,
aimed to match the Hubble Space Telescope (HST) point spread
function at H α, simulates the expected emission of an optically thin
recombination line (Fig. 1c). This image, derived directly from the
high resolution image (Fig. 1a) using a Gaussian kernel convolution,
is remarkably similar to the ring/bipolar shell morphology proposed
by Harvey et al. (2018) for this nova. Most, if not all the large-scale
structures seen in Fig. 1c is due to the blending of a distribution
of smaller unresolved sources. Large contiguous emission regions
that could be identified as ring or bipolar caps, are absent above
the 2.5σ level in ALMA high resolution image, although they may
be present at fainter flux densities. The total measured shell flux
density is 9.4 ± 1.5 mJy.

The power spectrum of the continuum image (Fig. 2) shows
that a significant fraction of the emission is formed in spatially
resolved structures. It also indicates that features above the noise
level are present at scales as small as 55 mas or 1 × 1015 cm, i.e.
near the resolution limit of the observations. A distance of 1540 pc
is assumed in this work (Banerjee et al. 2016), a value that is in
agreement with both the observed shell expansion parallax for Vexp

= 650 km s−1 and maximum magnitude and rate of decay relations.
No parallax to this object could be found in Gaia DR2. Measurement
of individual clump sizes in the image are consistent with the small
scales found in the power spectrum analysis. As expected, a noise
dominated power spectrum is obtained beyond the beam size up to
the Nyquist frequency.

Figure 1. ALMA image of the V5668 Sgr shell at 230 GHz. The top panel
(a) shows the full resolution continuum image above 3.0σ . Major tick marks
are spaced by 100 mas. The middle panel (b) shows the natural weighted
image with five superposed contour levels from the image in panel (a),
starting at 2.5σ . The bottom panel (c) displays the image given in panel (a)
after a Gaussian convolution to match the HST spatial resolution at H α. The
flux unit is Jy beam−1 for panels (a) and (b), and arbitrary units for panel
(c). North is at the top and east to the left.
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2.5 yr after 
eruption w/ALMA

(Diaz et al. 2018)

224 GHz
V5668 Sgr (2015)

1.7 yr after eruption 
w/VLA A config



We analyzed and 
compiled radio data 
for 36 novae that 
erupted 1967-2018 
(mostly VLA).

We focused on novae with 
main-sequence companions 
(and a few subgiants) –
See Bella Molina’s talk 
on novae with giant 
companions.
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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

Chomiuk+ 2021



Some novae are among the brightest 
radio transients in the sky, 

others faint.
12

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, 3� 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 > 3� 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

11

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, 3� 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 su�cient 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

Chomiuk+ 2021



Novae should be bright mm transients, 
routinely reaching ≳100 mJy. 
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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 su�cient 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

But mm behavior remains 
poorly explored.

Ivison et al. 
1993



Some novae evolve over weeks, 
others evolve over years.
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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, 3� 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-

14

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, 3� 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-

Chomiuk+ 2021



Many novae have one radio peak, 
some show two.

Chomiuk+ 2021



The first radio peak is synchrotron, 
the second thermal.

Upper limit estimated 
from expansion velocity & 
time, plus distance.



25% of all novae show evidence for 
non-thermal emission (TB > 5x104 K).
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Abdo et al. 2010, 
Ackermann et al. 2014

GeV 𝛄-rays 
detected 

from novae!



21 novae detected by 
Fermi/LAT since 2010
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VLBI is only sensitive to  
higher TB (>106 K).

black: 5 GHz synchrotron from EVN (VLBI)
color: 36 GHz thermal from VLA

V959 Mon



Nova shocks are internal to the ejecta

(low density CSM for main-sequence 
companions)



342 Weston et al.

Figure 2. Full set of observations of V1723 Aql. Model indicates light curve of an
expanding thermal shell of mass M ∼ 2×10−4 M⊙, ejecta temperature of T ∼ 104 K,
maximum velocity v1 ∼ 1500 km s−1, distance of d ∼ 6.7 kpc, and ratio of minimum
to maximum velocity v2/v1 ∼ 0.3.

as t2 as the brightness increases proportionally to the surface area of the shell during the
first six months of a thermal shell’s expansion. Contrasting this to our early observa-
tions of V1723 Aql, we instead see a distinct bump that is inexplicable by an expanding
thermal shell alone (Figure 2), as discussed in Krauss et al. (2011). The radio flux den-
sity initially rises rapidly, proportional to t3.3, then decreases and rises again, causing
a dip in the light curve. In addition, the spectrum during the bump and the dip is not
consistent with optically thick emission. During the initial rise the spectrum is shal-
lower than is consistent with a purely optical thick expansion. Over the course of the
bump, the source produces an optically thin flash and the spectrum flattens further, be-
fore returning to an optically thick spectrum when the flux density dips. These spectral
changes are the opposite of what one would expect for an expanding optically thick
source.

While the light curve and spectrum are not consistent with an expanding shell
alone, they could be explained by having multiple emission regions. If there were
a shocked outside region then the increase in temperature in the shock-heated plasma
would cause the post-shock ejecta to become optically thin at higher densities, resulting
in the optically thin flash. This optically thin emission would fade as the plasma cooled.
The expansion of the bulk of the ejecta would then cause the second peak in the light
curve as the underlying optically thick material expanded. Thus, instead of a single
component model, we instead have a two component spectrum: the bulk of the material
comprising of an expanding shell exhibiting optically thick free-free emission, and out-

Next steps:

1) Fit thermal models
2) Measure ejecta mass

3) Determine synchrotron luminosity
4) Compare with ɣ-ray luminosity/duration

W
e
s
t
o
n
+
 
2
0
1
4



How do novae form dust in the 
warm, irradiated ejecta?
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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, 3� 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-
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in the A configurations of 2016, 2018, and 2019. For our
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time

Chomiuk et al. 2021,
Gehrz et al. 1988



How do novae form dust in the 
warm, irradiated ejecta?
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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, 3� 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
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A theoretical prediction:



Synchrotron radio peaks (sometimes) 
coincide with dust dips!
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Next steps:

Do this better & regularly, 
all in one go with ngVLA!

V959 Mon


