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The Thermal Paradigm

V339 Del

(2013

X-ray

200
since detection

)

(0.3-10 keV)

Near—-constant
luminosity
emerges first
in the optical,
and later in
the X-ray.

Nuclear burning
“turns off”
after weeks-—
years.
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Thermal radio emission peaks >1
after eruption.
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Novae are quite unigue as
thermal radio transients!




Higher mass ejections peak at
higher luminosities at later times.

f el Y 1.16 Te 0.46 Me' 0.80 3— -2 J
M "\ GHz 10 K 104 Mg kpc) VY

Seaquist & Bode 2008

Modelling light curves can yield
ejecta mass.



10 K thermal ejecta can be imaged
at radio (and mm!) wavelengths.
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V5668 Sgr (201
1} 29.5 GHz ||

1.7 yr after eruption
w/VLA A config

2.5 yr after
eruption w/ALMA
(Diaz et al. 2018)
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FH Ser
V1500 Cyg
V1370 Aql
PW Vul
QU Vul
V1819 Cyg
V827 Her
V838 Her
V351 Pup
V1974 Cyg
V705 Cas
V1419 Aql
V723 Cas
U Sco (1987)
U Sco (1999)
U Sco (2010)
V4743 Sgr
V598 Pup
V2491 Cyg
V2672 Oph
V1723 Aql
T Pyx
V5589 Sgr
V1324 Sco
V959 Mon
V809 Cep
V339 Del
V1369 Cen
V5666 Sgr
V2659 Cyg
V5667 Sgr
V5668 Sgr
V5855 Sgr
V5856 Sgr
V357 Mus
V906 Car
V392 Per

Telescope

Combination®
CombinationP
Combinationd
WSRT/VLA
VLA
VLA
VLA
VLA
VLA
VLA
VLA
VLA /Merlin
VLA
Merlin
VLA
VLA
GMRT
VLA
VLA
VLA
VLA
Jansky VLA
Jansky VLA
Jansky VLA
Jansky VLA
Jansky VLA
Jansky VLA
Jansky VLA
ATCA
Jansky VLA
Jansky VLA
Jansky VLA
Jansky VLA
Jansky VLA
Jansky VLA
ATCA
ATCA
Jansky VLA

Date Range

1970 Jun 22-1978 Dec 12
1970 Jun 22-1978 Dec 12
1975 Aug 31-1978 Dec 12
1982 Mar 27-1987 Jan 24
1984 Aug 17-1987 Nov 28
1985 Jul 16-1988 Oct 24
1987 Jan 17-1991 May 31
1987 Jul 2-1989 Feb 14
1991 Mar 28-1991 Oct 31
1992 Mar 7-1995 Jan 7
1992 Feb 25-1996 Feb 6
1993 Dec 24-1998 Dec 8
1993 Jun 19-1995 Jul 5
1996 Dec 13—2001 Oct 26
1987 Jun 2-1987 Jul 5
1999 Mar 4-1999 Apr 25
2010 Jan 29-2010 Mar 2
2002 Oct 11-2003 Feb 21
2007 Nov 18-2008 Aug 3
2008 Apr 282008 Sep 19
2009 Sep 1 —2009 Nov 7
2010 Sep 252014 Mar 15
2011 Apr 22-2012 Sep 23
2012 Apr 23-2013 Aug 26
2012 Jun 26-2014 Dec 18
2012 Jun 30-2014 Feb 25
2013 Feb 14-2016 Jan 28
2013 Aug 162017 Jul 8
2013 Dec 52014 Apr 1
2014 Feb 19-2017 Aug 22
2014 Apr 5-2018 Sep 27
2015 Feb 192019 Dec 22
2015 Mar 17-2019 Dec 22
2016 Nov 4-2021 Feb 9
2016 Nov 11-2021 Feb 9
2018 Jan 18-2020 Sep 12
2018 Apr 3-2020 Sep 12
2018 Apr 30—2020 May 15

Chomiuk+

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

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

2021



Ssome novae are among the brightest
radlo transients in the sky,
others faint.

©

V1974 Cyg U Sco (1999)

0}
=
=

LR

=
w

Visual Brightness (mag)
'_\
(63}

Visual Brightness (mag)

=
\'

1.5 GHz
4.9 GHz
8.4 GHz

©
i

22.4 GHz

O
=

Flux Density (mJy)
|_\
o

Flux Density (mJy)

©
[ [
[ T T T T T 11 [

Time Since Discovery (Days) Time Since Discovery (Days)

Chomiuk+ 2021




Novae should be bright mm transients,
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mm behavior remains

poorly explored.
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some novae evolve over weeks,
others evolve over years.
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Many novae have one radio
some show two.

V5668 Sgr V1324 Sco
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The first radio peak 1s synchrotron,
the second thermal.

V1324 Sco
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25% of all novae show evidence for
non-thermal emission (Tp > 5x10% K).
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V407 Cyg V1824 Soc
GeV y-rays
detected

from novae!
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21 novae detected by
Fermi/LAT since 2010
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VLBI 1s only sensitive to
higher T, (>10° K).

05 53 52.92

V959 Mon

52.90

52.88

52.86

52.84

52.82

Declination (J2000)

92.80
52.78

52.76

06 39 38.606 38.604 38.602 38.600 38.598 38.596 38.594
Right ascension (J2000)

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




Nova shocks are i1nternal to the ejecta

(Low density CSM for malin-sequence
companions)



Next steps:

V1723 Aql

Weston+ 2014
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1) Fit thermal models
2) Measure ejecta mass
3) Determine synchrotron luminosity
4) Compare with y-ray luminosity/duration




How do novae form dust 1n the
warm, 1lrradiated ejecta?

V357 Mus
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How do novae form dust 1n the
warm, 1lrradiated ejecta?

V357 Mus
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A theoretical prediction:

Radiative shocks create environments for dust formation in classical novae

Andrea M. Derdzinski,'* Brian D. Metzger' and Davide Lazzati?



Synchrotron radio peaks (sometimes)
colncide with dust dips!

V1324 Sco V357 Mus
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Radiative shocks create environments for dust formation in classical novae

Andrea M. Derdzinski,'* Brian D. Metzger' and Davide Lazzati?




The unique synchrotron-dominated light
curve of the unique He nova V445 Pup
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The unique synchrotron-dominated light
curve of the unique He nova V445 Pup
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The unique synchrotron-dominated light
curve of the unique He nova V445 Pup

Oct 2006 Near-IR

8.4 GHz (2004 Oct-Nov) IR K band (2005 Mar) Woudt et al.

2009
O Nyamai et al.

| 2021
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Next steps:

30 mJy/bm

05 53 52.92 V959 Mc;n
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52.88
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52.84

52.82

Declination (J2000)

52.80
52.78

52.76

06 39 38.606 38.604 38.602 38.600 38.598 38.596 38.594
Right ascension (J2000)

Do this better & regularly,
all 1n one go with ngVLA!



