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A B S T R A C T 

A programme to search for radio emission from dwarf-novae-type cataclysmic variables was conducted with the South African 

MeerKAT radio telescope. The dwarf no vae RU Pe gasi, V426 Ophiuchi, and IP Pegasi were detected during outburst at L 

band (1284 MHz central frequency). Previously, only one cataclysmic variable was radio-detected at a frequency this low. We 
now bring the number to four. With these three newly found radio-emitters, the population of dwarf novae confirmed to be 
radio-emitting at any frequency reaches 10 systems. We found that the radio luminosity is correlated with the optical luminosity. 
For V426 Ophiuchi and RU Pegasi we found a radio decline contemporary with the outburst’s optical decline. The peak radio 

luminosity of dwarf novae in outburst is very similar to that of novalike Cataclysmic Variables and no correlation with orbital 
period is seen. 

Key words: binaries: eclipsing – stars: dwarf novae – stars: individual: RU Pegasi – stars: individual: V426 Ophiuchi – stars: 
individual: IP Pegasi – radio continuum: transients. 
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 I N T RO D U C T I O N  

 cataclysmic variable (CV) is an interacting binary system con-
aining an accreting white dwarf and a low-mass main sequence
r low-mass giant donor star which transfers mass via Roche lobe
 v erflow. See Warner ( 1995 ) for a review. 
A subdivision of the systems with a main sequence donor is
ade based on the presence of an accretion disc. If the white

warf’s magnetic field exceeds ∼ 10 5 Gauss, the inner disc gets
runcated. These truncated disc systems, for which the white dwarf
otation is not fully tidally locked to the orbital rotation, are called
ntermediate polars (IPs). If the white dwarf is strongly magnetic,
t roughly B > 10 7 G (see Warner 1995 , e.g. table 6.8), accretion
appens along magnetic field lines and an accretion disc is not
resent. If the white dwarf rotation is tidally locked to the binary
otation, these systems are referred to as polars. A non-magnetic
hite dwarf system has an accretion disc reaching to the white dwarf
 E-mail: j.kersten@astro.ru.nl 
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urface, where the transition region is referred to as the boundary
ayer. 

Non-magnetic systems are further divided in dwarf novae (DNe)
nd novalikes (NLs). A DN possesses a disc which undergoes
ecurring state changes: from quiescence (low state) to outburst (high
tate) and back. The mechanism by which this happens is believed
o be a thermal instability in the accretion disc. This idea led to
he development of the so-called disc instability model (DIM; see
.g. Lasota 2001 ; Hameury 2020 for a re vie w and Meyer & Meyer-
ofmeister 1981 ; Cannizzo, Ghosh & Wheeler 1982 ; Smak 1982 ;
 aulkner, Lin & P apaloizou 1983 ; Mineshige & Osaki 1983 for the

nitial development of the DIM in the 1980s). In this model, the
ccretion discs can either be in a hot stable state (NLs), an oscillating
tate where the system switches from an unstable hot state with high
isc accretion rate to an unstable low state with low disc accretion
ate and back (DNe), or be on a stable low state branch. The outburst
ecurrence time-scale for DNe – on which they switch between the
nstable low state and the unstable high state and back again –
an be anything from days to decades or longer. The DNe are further
ivided into three subtypes (Z Cam, SU UMa and its sub-subtype WZ
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Table 1. DNe previously detected in radio. 

Object Orbital period Inclination c Paper Telescope Obs. freq. Flux Uncertainty Outburst? 
(h) ( ◦) (GHz) ( μJy) ( μJy) 

SU UMa 1.832(1) d 44 d Benz, F ̈urst & Kiplinger ( 1983 ) Effelsberg 100m 4.70 1300 300 Yes 
UZ Boo 1.4896(7) e Turner ( 1985 ) Arecibo interferometer 2.38 2400 200 Unknown 
TY Psc 1.640(1) f 18 or 55 f Turner ( 1985 ) Arecibo interferometer 2.38 10 000 - Unknown 
EM Cyg 6.981818(1) g 67 g Benz & G ̈udel ( 1989 ) VLA BnA Config. 4.85 340 90 Yes 
SS Cyg 6.603113(3) h 45–56 h K ̈ording et al. ( 2008 ) VLA D Config. 8.50 1100 20 Yes 
RX And 5.037432(2) i 55 i Coppejans et al. ( 2016 ) a VLA C Config. 10.0 19.6 4.4 Yes 
YZ Cnc 2.0862(2) j 38 j Coppejans et al. ( 2016 ) VLA C Config. 10.0 26.8 5.2 Yes 
Z Cam 6.956174(5) k 57 k Coppejans et al. ( 2016 ) VLA C Config. 10.0 40.3 5.2 Yes 
SU UMa b 1.832(1) d 44 d Coppejans et al. ( 2016 ) VLA C/B Config. 10.0 58.1 5.7 Yes 
U Gem 4.2457486(1) l 70 l Coppejans et al. ( 2016 ) VLA B Config. 10.0 12.7 2.8 Yes 

a In this paper three observations were reported per object. The detection with highest flux is listed in this table. b This is the second detection of SU UMa. It 
is SU UMa’s first radio detection with an interferometer. c Inclinations listed here are rough estimates. Details can be found in the referenced source articles. 
d Period and inclination from Thorstensen, Wade & Oke ( 1986 ). e Superhump period, from Kato et al. ( 2014 ). f Orbital period from Thorstensen et al. ( 1996 ). 
Inclination estimates (conflicting) are from Nadalin & Sion ( 2001 ) and from Szkody & Feinswog ( 1988 ). g Period from Csizmadia et al. ( 2008 ). We converted 
the listed ‘Julian Heliocentric Ephemeris Date’ (HJED) period in days to hours by multiplying by 24. Inclination from North et al. ( 2000 ). h Orbital period 
from Friend et al. ( 1990 ). Inclination from Bitner, Robinson & Behr ( 2007 ). i Period from Kaitchuck ( 1989 ). Inclination from Patterson ( 2011 ) table 1, which 
cites Shafter ( 1983 ). j Period from Van Paradijs et al. ( 1994 ). Inclination from Shafter & Hessman ( 1988 ). k Period from Thorstensen & Ringwald ( 1995 ). 
Inclination from Ritter & Kolb ( 2003 ), which cites Shafter ( 1983 ). l Period from Marsh et al. ( 1990 ). Inclination from Zhang & Robinson ( 1987 ). 
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ge, U Gem/SS Cyg), based on their light-curve behaviour (Warner 
995 , Section 2.1). Both the orbital period and the mass transfer rate
oughly correlate with subtype, having WZ Sge at the low end, then
ther SU UMa systems, then U Gem/SS Cyg and finally Z Cam.
o we ver, there is a large range of mass transfer rates in each group,
aking the mentioned grouping o v erlapping. The NLs as a group

av e ev en higher mass transfer rate. 
NLs are closely related to DNe, but they have a sufficiently large
ass transfer rate that the high state is maintained indefinitely (see 

.g. Dubus, Otulakowska-Hypka & Lasota 2018 ). 
Radio emission from non-magnetic CVs has been reported for a 

imited number of sources. See Table 1 for a list of all previously
adio-detected DNe. The radio flux is usually of the order of a
ew tens of μJy even for the nearest sources, requiring the most
owerful radio telescopes for a significant detection. For DNe, the 
adio emission is proposed to be associated with the optical outbursts,
aking a detection dependent on the timing of the observations. Prior

o 2008, few radio detections were published (Table 1 ). Three of these
etections were done using a single dish telescope and a two-dish 
nterferometer. In Turner ( 1985 ), the possibility of source confusion 
s mentioned. Benz & G ̈udel ( 1989 ) report that for at least one of the
Ne for which Turner ( 1985 ) reports a detection (UZ Boo), source

onfusion is indeed very likely. It also casts doubt on the detection
f TY Psc. Attempts to reproduce these radio detections were not 
uccessful (e.g. Benz & G ̈udel 1989 ). In 2008, SS Cygni was found
s a (new) radio emitting DN (K ̈ording et al. 2008 ). Since then,
S Cyg has been detected many times, including once at L band,
nd is no w kno wn to produce bright radio emission during outbursts
Miller-Jones et al. 2010 , 2013 ; Russell et al. 2016 ; Mooley et al.
017 ; Fender et al. 2019 ). 
Following the 2008 breakthrough, a survey using the Karl G. 

ansky Very Large Array radio telescope (the VLA) of both NL and
N CVs (Coppejans et al. 2015 , 2016 ) showed that radio emission

rom CVs at 10 GHz is common but faint. Five out of five observed
Ne were detected in that study. More evidence that the emission is

ndeed faint comes from a recent study by Pelisoli et al. ( 2024 ), in
hich they surveyed VLA data, specifically 3 GHz radio continuum 

ata from the Very Large Array Sky Survey (VLASS) Epoch 1 
uick Look Catalogue, for radio emission from white dwarfs, at an 
pper limit of approximately 1 μJy. Only one possible white dwarf
adio source (not a CV) was found, out of 846 000 checked white
warfs. Although the occurrence of radio emission associated with 
N outbursts is now established, the physical origin is less clear.
he outb urst beha viour of DNe in the radio bands appears similar

o that of X-ray binaries (XRBs), which are accreting neutron stars
nd black holes. This similarity has been used to argue that the DN
adio emission is due to synchrotron emission from a collimated 
utflow: a jet (K ̈ording et al. 2008 ). See Coppejans & Knigge
 2020 ) for a re vie w. For XRBs the radio emission has been shown
o originate from their jets, making it possible to examine their
et properties (Fender, Belloni & Gallo 2004 ). This suggests that
lso for non-magnetic CVs one can study jet properties via radio
bservations. This would open the possibility to use the nearby, 
umerous, comparatively predictable and non-relativistic DNe as a 
aboratory for accretion and jet physics. 

Ho we ver, for NL CVs and for magnetic CVs there are strong
ndications that at least part of the radio emission does not come
rom synchrotron emission, as some flaring emission was shown to 
e strongly circularly polarized (Barrett et al. 2020 ; Coppejans &
nigge 2020 ). Other explanations for radio emission from CVs 

nclude electron cyclotron maser emission (ECME) (Melrose & Dulk 
982 ) for short duration emission and gyrosynchrotron emission 
e.g. Chanmugam 1987 ) for longer duration. Emission is proposed 
o come from near the white dwarf or from near the secondary star
r from the accretion stream (K urbato v, Zhilkin & Bisikalo 2019 ).
esides the open question of the origin of the radio emission, the
igh variability of the radio emission of CVs makes it unclear which
mpirical parameters go v ern the radio loudness of the sources. It is
hus crucial to have a large enough sample of well studied (outbursts
f) DNe. 
We undertook a MeerKAT (Jonas & the MeerKAT Team 2018 )

urv e y of nearby DNe as part of the ThunderKAT large surv e y
roject (Fender et al. 2016 ) to expand the sample of DNe showing
adio emission during outburst, and to gain deeper insight into the
redominant radio emission mechanism of both DNe in outburst 
nd NLs (Hewitt et al. 2020 ). Observations were done in L band
1.28 GHz, with a bandwidth of 856 MHz). Here, we report on
hree DNe, located within 300 pc, showing repeatable radio emission 
MNRAS 539, 1894–1907 (2025) 
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Table 2. Object properties. 

Object name RA (hms) a Distance (pc) b Accretor mass (M �) Separation (R �) Type 
Gaia DR3 ID Dec. (dms) Orbital period (h) Donor mass (M �) Inclination ( ◦) Donor spectral type c 

IP Peg d 23:23:08.467 140 . 15 + 0 . 79 
−0 . 81 1 . 16 ± 0 . 02 1 . 472 ± 0 . 009 U Gem/SS Cyg 

2 824 150 286 583 562 496 + 18:24:58.67 3.796946470(7) 0 . 55 ± 0 . 02 83 . 8 ± 0 . 5 M4 (3210 K) 
V426 Oph e 18:07:51.692 190 . 01 + 0 . 63 

−0 . 72 0 . 90 ± 0 . 19 2 . 16 ± 0 . 14 Z Cam 

4 471 872 295 941 149 056 + 05:51:47.21 6 . 8472 ± 0 . 0023 0 . 70 ± 0 . 14 59 ± 6 K5V (4440 K) 
RU Peg f 22:14:02.545 271 . 30 + 1 . 48 

−1 . 54 1 . 06 ± 0 . 04 2 . 76 ± 0 . 06 U Gem/SS Cyg 
2 727 974 767 550 030 080 + 12:42:11.33 8 . 9904 ± 0 . 0048 0 . 96 ± 0 . 08 43 ± 5 K5V (4440 K) 

a Positions are from Gaia DR3 (ICRS, epoch 2016.0) (Gaia Collaboration 2016 , 2023 ). b Distance from Bailer-Jones et al. ( 2021 ) based on Gaia EDR3. c In 
parenthesis is a temperature in Kelvin corresponding to the spectral type. d Orbital period, masses, separation and inclination from Copperwheat et al. ( 2010 ). 
The ephemeris was used to get the period and its uncertainty. Donor spectral type from Martin, Jones & Smith ( 1987 ); Groot ( 1999 ). e Orbital period, masses, 
separation and inclination from Hessman ( 1988 ). Donor spectral type from North et al. ( 2002 ). f Orbital period from Sto v er ( 1981 ). Masses, inclination and 
donor spectral type from Dunford, Watson & Smith ( 2012 ). Separation was calculated using the listed masses and period. 
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cross different outbursts in the L band: IP Pegasi, V426 Ophiuchi
nd RU Pegasi. In a separate paper (Kersten et al., in preparation) we
ill report and discuss the various significant non-detections. 

.1 The dwarf no v ae IP Peg, V426 Oph and RU Peg 

P Peg is a DN of the U Gem/SS Cyg subtype with an orbital period of
.8 h. It was disco v ered in 1981 (Lipo v etsk y & Stepanian 1981 ) and
as been e xtensiv ely studied in the optical band (e.g. Marsh 1988 ;
root 1999 ; Copperwheat et al. 2010 ; Han et al. 2020 ). It shows
eep eclipses, of about 5 mag, which made it possible to determine
he physical properties accurately, as can be seen in Copperwheat
t al. ( 2010 ). F or the physical parameters, see also the o v erview in
able 2 . As can be seen in data from the American Association of
ariable Star Observers (AAVSO) 1 , the system has a DN outburst
nce every ∼ 4 months, usually lasting for 7 to 10 d. 
The second detected object is V426 Oph. This dwarf nova is

lassified as subtype Z Cam, which indicates it sometimes has longer
eriods (‘standstills’) in the high state, after which it returns to the
ow state and resumes DN-type outbursts. It has an orbital period of
lmost 7 h (Hessman 1988 , see also Table 2 ). There is contro v ersy
f this object should be reclassified as an intermediate polar (see
or example Hellier et al. 1990 ; Ramsay et al. 2008 ). No X-ray
odulation with the WD spin frequency (the main observational

roperty used to determine if a CV is an IP) is found, but Ramsay et al.
 2008 ) argue that this is possible if the orbital axis is aligned precisely
ith the WD spin axis. An absorbed X-ray spectrum supports the

lassification as an IP. 
RU Peg is a DN of the subtype U Gem/SS Cyg, similar to IP Peg.

to v er ( 1981 ) determined its orbital period of almost 9 h through
adial velocity variations. The component masses, inclination and
pectral type of the donor star were determined by Dunford et al.
 2012 ). See also Table 2 . In Dunford et al. ( 2012 ), it was also shown
hat during outburst there was a high level of irradiation of the donor.
n particular, when RU Peg was observed near the optical outburst’s
eak, the side facing the primary showed a large star spot. 

 M E T H O D S  

.1 Selection of nearby DNe 

s a population of semi-detached binaries, CVs are abundant
hroughout the Milky Way (Inight et al. 2023 ). Those CVs that
NRAS 539, 1894–1907 (2025) 
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O  

w  

o  
how optical outbursts with amplitudes of a few magnitudes are
ound in great numbers through historic and ongoing optical transient
urv e ys. There are currently thousands of suspected DNe, based
n their outburst light curves(Ritter & Kolb 2003 ; Samus’ et al.
017 ). For the purpose of the MeerKAT survey of DNe, we have
estricted ourselves to the nearest DNe (within 300 pc), visible from
he MeerKAT observing site (source declinations, δ< + 20 ◦). The
im was to be as complete as possible for the nearest DNe (within
50 pc) and sample a representative number of different classes of
warf novae (e.g. SU UMa, U Gem, Z Cam, and WZ Sge type) out
o distances of a few hundred parsec. 

Pala et al. ( 2020 ) presented a volume-limited sample of 42 CVs
ithin 150 pc selected from Gaia DR2 (Gaia Collaboration 2016 ,
018 ), which we will call ‘the Pala sample’. This sample is 77 ±
0 per cent complete and contains 25 DNe: 12 WZ Sge-subtype, 10
U UMa-type, and 3 U Gem-type systems. Only two of the DNe in the
ala sample – both U Gem systems – have previously been detected
s radio sources, namely U Gem (Coppejans et al. 2016 ) and SS Cyg
K ̈ording et al. 2008 ; Fender et al. 2019 , and references therein), see
lso Table 1 . Restricting the Pala sample to dwarf novae south of
eclination + 20 ◦ leaves 16 dwarf novae (6 WZ Sge, 8 SU UMa, and
 U Gem systems). Over the period of our MeerKAT observations
2018 July–2023 September) none of the WZ Sge systems south of
eclination + 20 ◦ underwent a dwarf nova outburst. In fact only one
Z Sge system in the entire Pala sample went into outburst, namely
627 Peg (at declination + 26 ◦). Since there were not enough optical

riggers for the Pala sample, we have also observed sources picked
p from the monitoring of dwarf novae in outburst via the VSNET
erver and sources from the Ritter–Kolb data base (Ritter & Kolb
003 ) version 7.24, released on 2015 December 31. Even though the
im was a well selected sample, the lack of triggers lead to a partly
d-hoc selection and thus to an inhomogeneous sample. 

Based on the object’s declination, outburst occurrence frequency,
arlier radio observations and availability of the radio telescope it was
ecided if a radio observation would be requested for a given optical
utburst. In total, we observed 12 DNe in radio. Three objects were
etected, prompting a number of follow-up observations, including
bservations during optical quiescence. The non-detections will be
iscussed in a planned follow-up paper. 

.2 Optical data 

ptical monitoring was used to find outbursts, where an outburst
 as tak en to be present if the magnitude reached the threshold
f 1 mag brighter than the quiescence level. Optical data also

https://www.aavso.org
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rovided information on where in the outburst cycle we obtained 
ur MeerKAT observations. Furthermore, such data can in principle 
rovide information on any relation between features in radio and 
ptical. Optical data were acquired through VSNET 

2 , from the 
AVSO website, from the Asteroid Terrestrial-impact Last Alert 
ystem (ATLAS; Tonry et al. 2018 ), from the Zwicky Transient 
acility (ZTF; Graham et al. 2019 ) and from the All-Sky Automated
urv e y for Superno vae (ASAS-SN; Shappee et al. 2014 ; Kochanek
t al. 2017 ). We corrected for Galactic extinction, since one of the
etected objects is not far from the Galactic Plane. To determine 
xtinction, we used the 3D dustmap by Leike et al. (Leike, Glatzle &
nßlin 2020 ). This dustmap has a focus on nearby dust (within ∼
00 pc). It reports extinction in Gaia G band in e-folds per parsec. We
nte grated and conv erted to a magnitude value. We then calculated
xtinction at 541.4 nm, the so-called a 0 . This was done by assuming
hat the G -band extinction is a monochromatic extinction at the filter’s
iv ot wa velength (621.759 nm), and applying a correction based on
n extinction curve. As extinction curve, we used one of the models
rom Gordon et al. ( 2023 ), namely G23 with R(V) = 3.1. Next, we
sed the same extinction curve to calculate the extinction at the pivot
avelengths of the rele v ant optical filters, and used these values as

orrection for the measurements. 

.3 Radio data 

adio observations were obtained with the South African MeerKAT 

3 

adio telescope (Jonas & the MeerKAT Team 2018 ), using its L -
and (856–1712 MHz) recei vers. Observ ations were done in the 
ideband coarse (4k) mode or in the wideband fine (32k) mode, 
hich means that the bandwidth was divided in 4096 or 32 768

qually sized channels. During analysis we immediately averaged 
o 1024 channels. The integration time used was 8 s. Following 
tandard procedure, a primary calibrator, used for flux and bandpass 
alibration, was observed first, followed by alternating between 
 secondary (gain) calibrator and the target field. Although full 
olarization information was recorded (XX, YY, XY, and YX), we 
id not include a polarization angle calibrator. We used J1939–6342 
s primary calibrator for all observations. As secondary calibrator 
e used J2253 + 1608 for IP Peg, J1733–1304 for V426 Oph and

2232 + 1143 for RU Peg. 

.4 MeerKAT data analysis 

he observations have been analysed at the IDIA/Ilifu cluster 4 with 
he Oxkat set of python scripts (Heywood 2020 ). Oxkat streamlines 
he process of flagging, calibration, self-calibration and direction- 
ependent calibration. An e xtensiv e set of underlying software is
sed: CASA (McMullin et al. 2007 ; CASA Team et al. 2022 ),
ubiCal (Kenyon et al. 2018 ), DDFacet (Tasse et al. 2018 ), KillMS

Tasse 2022 ), Owlcat (Smirnov 2022a ), Ragavi [Rhodes University 
entre for Radio Astronomy Techniques and Technologies (RATT) 
022a ], ShadeMS (Smirnov 2022b ), Singularity (Kurtzer, Sochat & 

auer 2017 ; Kurtzer et al. 2021 ; SingularityCE Developers 2021 ),
timela (Makhathini 2018 , 2022 ), Tricolour [Hugo et al. 2022 ;
hodes University Centre for Radio Astronomy Techniques and 
echnologies (RATT) 2022b ], WSClean (Offringa et al. 2014 ; 
 vsnet-outburst@kusastro.kyoto-u.ac.jp 
 Operated by the South African Radio Astronomy Observatory (SARAO). 
 https:// www.idia.ac.za/ ilifu- research- cloud- infrastructure/

O  

2  

s
w
R  

t  
ffringa & Smirnov 2017 ; Offringa 2023 ). Processing by Oxkat
s done in multiple steps, named INFO, 1GC, FLAG, 2GC, and 3GC.

.4.1 Fla g ging 

uring the 1GC step of processing the primary calibrator (used for
ux density calibration and bandpass determination) scan(s) is/are 
agged, using CASA autoflagging with the FLA GD ATA task. Here

he rflag, tfcrop , and extend algorithms are used. Then 
tatic basic flagging is applied to all data: known bad frequencies
re blacklisted. These include frequencies used by certain satellites. 
he rflag algorithm calculates an RMS value of the polarization 
ower per short time interval per channel (we averaged to 1024
hannels) and flags the interval-channel pair if this RMS is abo v e a
ertain threshold. Also, a sliding window median value is calculated 
or the real and for the imaginary part of the visibilities o v er the
pectral channels at fixed time interval. If the median changes too
uickly the interval-channel pair is flagged. The tfcrop algorithm 

alculates a time-averaged bandpass with a polynomial fit, which 
oes not include spikes. Then the non-averaged bandpass per time 
in is compared to this one and time-frequency pairs which contain
n outlier are remo v ed. Then this procedure is repeated with the role
f time bin and frequency bin swapped. A similar procedure is done
or flagging the gain calibrator field and the science field. Ho we ver,
n these cases Tricolour is used for autoflagging instead of CASA.
n some cases some extra manual flagging was done. In the end,
ypically a large fraction of the recorded visibilities gets flagged. 
 or e xample, for V426 Oph 2022 Jul epoch 2 50.26 per cent was
agged. 

.4.2 Calibration 

alibration is done in three ‘generations’: 1GC, 2GC, and 3GC. 
GC (first generation calibration) is calibration from the calibrator 
bjects. During this step the reference antenna (refant) is chosen from
 supplied pool. While the SARAO pipeline often uses an antenna
ar from the centre of the array, we always used an antenna near
he centre, following the Oxkat default. Oxkat takes the initially 
east flagged antenna from a pool of antennas. After the 1GC
alibration, performed with the calibrator data, 2GC follows. 2GC 

s self-calibration, based on closure phases in the target image itself.
GC (third generation calibration level) is direction-dependent self- 
alibration. In the 3GC step, peeling is used to remedy rippling
ffects from the nearest bright source. We obtained self-calibration 
or all observations (2GC). Peeling (3GC) was also done for all
bservations. Another direction-dependent (3GC) calibration tech- 
ique is faceting (Tasse et al. 2018 ). For one observation of V426
ph (2021 May Epoch 1), faceting was performed. Science image 
uality impro v ed slightly, but not enough to warrant processing the
ther observations with this technique. 

.4.3 Imaging 

xkat generates images with WSClean, at the 1CG level and at the
GC level. It does not generate an image after the 3GC peeling
tep. So, after finishing calibration we did manual imaging directly 
ith WSClean, outside of Oxkat. CARTA, the Cube Analysis and 
endering Tool for Astronomy (Comrie et al. 2021 ), was then used

o inspect the resulting science images and to determine an RMS
MNRAS 539, 1894–1907 (2025) 
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alue 5 around the target source. Flux density of the radio sources
as been determined with PyBDSF. See Section 2.4.4 . For imaging,
e used Briggs robust weighting of –0.3 for V426 Oph and RU
eg, and –0.05 for IP Peg. Compared to Oxkat’s prepeel image, our

mages are more naturally weighted, which impro v es flux density
easurement at the expense of a decrease in spatial resolution in the

mage. For V426 Oph we used the local RMS option of WSClean, al-
hough with larger than default local-rms-window value (200 instead
f 25). 

.4.4 Flux density and RMS determination 

e determined the pixel RMS value in the neighbourhood of the
ource that we are interested in. We do this with the science image
reated with WSClean. For each source we define a region (usually
 rectangle or circle) very near the source’s Gaia DR3 position, of at
east 1000 pixels, but usually a lot more. We a v oided an y ob viously
ynthesized beam shaped blobs. In this region we measure, using
ARTA, the pixel RMS v alue. This v alue is reported as the RMS

or upper limits. Flux density has been determined with PyBDSF
PyBDSF Programmers 2022 ). We used the 1.10.4 development
ersion. The calibrated science image of the observed field is fed
s input into PyBDSF. The programme uses a moving square (we
sed 80 x 80 pix els, e xcept near bright sources, where we changed
o 20 x 20 pixels) to find the local RMS. The RMS found near
he target is close to the one determined manually, but sometimes
lightly higher, probably because sources below 5 sigma are present
n these L -band images. We report the island RMS (RMS in a region
etermined during source detection, with all its points very near the
ource for our observations) in Table 4 . 

As a check, we also determined the flux density for some
bservations with CARTA, using the FluxDensity output in the
tatistics widget, and using a beam-sized region. These flux densities
howed good agreement with the PyBDSF flux density values. 

In our L -band images calibration is not able to completely remo v e
rtefacts from bright sources. There is a spike pattern going out
rom these sources, which rotates with time. This can be a source of
ncertainty which is not completely reflected in the reported local
MS value. 
For a number of radio sources we compared PyBDSF-reported

ux densities between the different observations of the same field.
e looked at sources with a flux density of at least 300 μJy.

hese sources are not the target source, and are assumed to have
onstant radio flux density. Ho we ver, the flux density for each
ource found in PyBDSF can vary by 5 to 10 per cent between
pochs, which is usually a bit more than the PyBDSF-reported
ncertainty would indicate. This suggests that neither the reported
MS nor the PyBDSF-reported uncertainty captures all sources
f uncertainty, and the real uncertainty is higher. Bright source
rtefacts depend on the time of observation. But even with the
ame observation time, slightly different calibration, imaging and
easurement settings will result in uncertainty up to this 10 per

ent level based on artefacts near the measured source. Uncertainty
f the absolute flux calibration will also be a cause of this varia-
ion. 
NRAS 539, 1894–1907 (2025) 

 RMS: Root Mean Square. In the context of flux density considerations, it is 
he root of the mean of the square of the per-pixel deviation from the mean 
alue in an area of the radio image. 
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.4.5 Distance and specific luminosity determination 

or each detection the specific radio luminosity 6 is determined
ased on the measured flux density and the distance. We used
he distance estimates of Bailer-Jones et al. ( 2021 ), based on Gaia
DR3 data (Gaia Collaboration 2021a , b ). The distance uncertainty

s not Gaussian (see Table 2 ). For calculating the specific luminosity
ncertainty we approximate the distance uncertainty by taking the
argest of the lower and upper bound as the sigma of a Gaussian
istribution. For non-detections a specific luminosity upper limit is
alculated. We use 3 times the RMS (as measured in CARTA) as the
pper limit estimate for the flux density. 

.5 Radio obser v ations 

or all initial outburst observations and the observations during
uiescence, the time on source was 1 h, while most follow-up
bservations had a longer duration. A list of MeerKAT observations
s in Table 3 . The observations were obtained from 2021 April
021 to 2022 July. Between 57 and 63 dishes were active for these
bservations. 

 RESULTS  

able 4 shows the measured flux density and RMS for each observa-
ion. Figs 1 , 2 , and 3 show the optical and radio light curves for the
hree objects, IP Peg, V426 Oph, and RU Peg, respectively. Optical
ata have been converted to absolute magnitude and radio fluxes to
uminosity, using Gaia DR3 distances. The optical data were taken
n multiple filters. 

.1 IP Peg 

n Fig. 1 , the optical data of IP Peg show multiple outbursts. Our
nitial MeerKAT observation of IP Peg was during its June 2021
MJD 59355) outburst (Fig. 1 panel b). This outburst’s duration was
0 d in the optical, with a plateau phase followed by the decline.
ur radio observation occurred a few days after the optical peak was

eached, when the decline was underway. The optical quiescence
evel would be reached a little o v er one day later. The outburst had
ts optical peak at absolute magnitude approximately 6.9. This is a bit
ainter than most of IP Peg’s other outbursts, including the outburst
f 2022 January (following MJD 59580) which reached absolute
agnitude 6.5 (Fig. 1 panel d). The first radio observation was

ollowed by a quiescence observation ∼15 d after the outburst (Fig. 1
anel b). Additional observations were obtained in 2021 September
nd during the 2022 January outburst. The 2021 September (MJD
9478) outburst was shorter in the optical (about 5 d long), had a
uick rise, peaked, and then started the decline. Both the rise and
ecline rate appear almost linear in magnitude, but with different
radients. 
The four radio observations of IP Peg in outburst resulted in four

etections with more than 5-sigma significance. During quiescence
e still formally detect the source with roughly 4-sigma, ho we ver,
e needed to lower the significance thresholds to find the source in
yBDSF. The radio luminosity is consistent across the observations
 Radio luminosity per unit of frequency, measured in W Hz −1 or 
rg s −1 Hz −1 , is sometimes simply called radio luminosity, but more properly 
alled spectral radio luminosity. The term specific radio luminosity is also in 
se. In this article we follow this convention: we use the term specific radio 
uminosity. 
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Table 3. MeerKAT observations of IP Peg, V426 Oph, and RU Peg. 

Object Observation ID 

a Start time (UT) End time (UT) Mid time (MJD) TOS (h) b Antennas 

IP Peg 2021 Jun epoch 1 2021-06-04 04:57:03 2021-06-04 06:11:17 59 369.232 06 1 62 
IP Peg 2021 Jun quiescence 2021-06-20 00:44:43 2021-06-20 01:58:33 59 385.056 69 1 60 
IP Peg 2021 Sep epoch 1 2021-09-20 19:49:12 2021-09-21 00:21:05 59 477.920 23 4 57 
IP Peg 2021 Sep epoch 2 2021-09-21 18:09:03 2021-09-21 22:42:40 59 478.851 30 4 57 
IP Peg 2022 Jan epoch 1 2022-01-10 12:33:05 2022-01-10 17:10:02 59 589.619 13 4 61 
V426 Oph 2021 May epoch 1 2021-05-14 02:18:07 2021-05-14 03:33:57 59 348.122 24 1 61 
V426 Oph 2021 Jun quiescence 2021-06-30 22:11:47 2021-06-30 23:27:21 59 395.951 09 1 59 
V426 Oph 2022 Jul epoch 1 2022-07-05 20:33:55 2022-07-05 21:54:41 59 765.884 93 1 63 
V426 Oph 2022 Jul epoch 2 2022-07-06 21:05:42 2022-07-06 22:26:19 59 766.906 95 1 63 
V426 Oph 2022 Jul epoch 3 2022-07-07 21:17:47 2022-07-07 22:38:17 59 767.915 31 1 60 
V426 Oph 2022 Jul epoch 4 2022-07-09 17:32:50 2022-07-09 18:52:56 59 769.758 95 1 63 
V426 Oph 2022 Jul epoch 5 2022-07-11 21:57:50 2022-07-11 23:18:44 59 771.943 25 1 63 
V426 Oph 2022 Jul epoch 6 2022-07-12 17:32:50 2022-07-12 18:52:56 59 772.758 95 1 63 
V426 Oph 2022 Jul epoch 7 2022-07-13 20:22:50 2022-07-13 21:43:28 59 773.877 18 1 63 
RU Peg 2021 Apr epoch 1 2021-04-27 06:18:24 2021-04-27 07:32:14 59 331.288 41 1 63 
RU Peg 2021 Apr epoch 2 2021-04-29 06:22:24 2021-04-29 07:35:59 59 333.291 10 1 59 
RU Peg 2021 May quiescence 2021-05-28 03:32:49 2021-05-28 04:46:39 59 362.173 42 1 63 
RU Peg 2022 Jun epoch 1 2022-06-03 00:12:55 2022-06-03 02:36:51 59 733.058 94 2 63 
RU Peg 2022 Jun epoch 2 2022-06-04 00:07:53 2022-06-04 02:31:50 59 734.055 45 2 63 
RU Peg 2022 Jun epoch 3 2022-06-05 00:08:04 2022-06-05 02:32:00 59734.055 45 2 63 
RU Peg 2022 Jun epoch 4 2022-06-06 00:02:52 2022-06-06 02:26:49 59 736.051 97 2 63 
RU Peg 2022 Jun epoch 5 2022-06-06 23:58:38 2022-06-07 02:22:26 59 737.048 97 2 59 
RU Peg 2022 Jun epoch 6 2022-06-07 23:53:36 2022-06-08 02:17:24 59 738.045 48 2 58 
RU Peg 2022 Jun epoch 7 2022-06-08 23:47:42 2022-06-09 02:11:46 59 739.041 47 2 59 
RU Peg 2022 Jun epoch 8 2022-06-09 23:43:49 2022-06-10 02:07:45 59 740.038 73 2 61 

a We include an epoch number in each outburst observation name, even if only one epoch was taken during a given outburst. b Time on source. 
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aken during the three different outbursts, with flux density from 70 
10 μJy to 84 ± 14 μJy. The quiescence observation has consistent 

but the lowest) luminosity, at flux density 65 ± 16 μJy. At ∼ 80 μJy a
hance alignment of a background source is unlikely, so we interpret 
hese observations as detection of IP Peg. Usually, CVs are not 
etected during quiescence and show only significant radio emission 
uring the outburst. Given the lower significance of the quiescence 
ux detection, we present it with caution. 
IP Peg’s initial (2021 June) radio observation was obtained around 

he time that the optical decline started. The second observed 
utburst took place about three months later. Two observations were 
one when the optical decline had already set in. These two radio
bserv ations sho w consistent luminosities, at 1.6 × 10 15 erg s −1 Hz −1 

nd 1.9 × 10 15 erg s −1 Hz −1 . The third observed outburst had an
bservation which happened after the optical peak, but near the 
eginning of the optical decline. IP Peg is detected consistently 
uring a dwarf nova outburst. 

.2 V426 Oph 

he first and second MeerKAT observations of V426 Oph are 
ndicated in Fig. 2 panel (b). During the initial 2021 May (following

JD 59340) outburst the radio observation was obtained during 
he peak/plateau, just before the optical decline started. This was a 
etection, at high luminosity (2.6 × 10 16 erg s −1 Hz −1 ). No significant
hange in flux density during the one hour of observation was found.
here is a rebrightening in the optical in the beginning of June.
e obtained our quiescence observation, a non-detection, later that 
onth, at MJD 59396, after the rebrightening finished. 
Fig. 2 panel (c) shows a follow-up series of radio observations in

022 July (following MJD 59760). These observations were taken 
efore, at, and after the optical peak. The peak optical absolute 
agnitude was ∼4.7, which is a little fainter than the 2021 May
eak, which was at absolute magnitude 4.2. Furthermore, the optical 
ise is much slower than for the 2021 May outburst. This indicates
hat the outburst heating wave travelled inside-out. See for example 
ato & Osaki ( 2013 ) for discussion of outside-in a and inside-out

lassification based on light curves. During the optical rise there are
adio non-detections. Right before the optical peak, radio emission is 
etected for the first time during this outburst, meaning that the radio
ise happened many days after the optical rise started, which means
any days after the disc heating wave initiated. For this outburst

here is no optical plateau phase. Instead, the optical decline sets
n directly after reaching peak optical luminosity. Radio emission is 
etected twice more during this decline. The last observation results 
n a non-detection with a 3 sigma upper limit. Summarizing, we see
hat radio emission is not found during the optical rise, but abruptly
tarts around the optical peak, and smoothly declines soon after its
uick rise, going under the detection limit when optical quiescence 
s reached. The source’s radio emission did not become nearly as
right as in the 2021 detection, but still resulted in a clear detection.

.3 RU Peg radio and optical light cur v es 

n Fig. 3 , the optical data for RU Peg show that its magnitude remains
teady during quiescence phases, and outbursts are sharply visible. 
ig. 3 panel (b) shows the light curve of the outburst in 2021 April
following MJD 59320). The first two radio observations were taken 
ear the peak of the outburst. The third observation was obtained
6 d after quiescence was reached. The quiescence radio emission 
rops to about a third of what it was near the peak: from 13.8 ± 1.5 ×
0 15 erg s −1 Hz −1 to 5.3 ± 1.1 × 10 15 erg s −1 Hz −1 . 
A series of radio observations was obtained during the 2022 June

utburst (following MJD 59720). The radio observations started right 
MNRAS 539, 1894–1907 (2025) 
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M

Figure 1. Optical magnitude and radio luminosity versus time for IP Pe g. P anel a (top): 1000 days, starting on 2021-04-27. The other panels (b, c, d from top to 
bottom) each show 48 d, giving a more detailed view. Radio data points are plotted as squares with error bars. Radio error bars reflect the local RMS and source 
fitting. The optical data in the background (filled circles) are from ASAS-SN g-filter (grey), ZTF g-filter (blue), VSNET (green). 
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Figure 2. Optical magnitude and radio luminosity versus time for V426 Oph. Panel a (top): 1000 d, starting on 2021-04-27. Panel b (middle) shows 80 d 
and panel c (bottom) shows 48 d, giving a more detailed view. Radio data points are plotted as squares with error bars and radio upper limits are plotted as 
downward pointing triangles. Radio error bars reflect the local RMS and source fitting. Plotted radio upper limits are 3 sigma upper limits. The optical data in 
the background (filled circles) are from ASAS-SN g-filter (grey), ZTF g-filter (blue), VSNET (green). 
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fter the optical peak was reached. See Fig. 3 panel (c). At the time of
he first data point the radio luminosity is similar to what it was during
he outburst detections in 2021, at 11.9 ± 0.9 × 10 15 erg s −1 Hz −1 . The
rst four radio points show the radio decline. The second set of four
ata points shows a luminosity which agrees with the quiescent data 
oint found in 2021: at or below 4 × 10 15 erg s −1 Hz −1 . This quiescent
evel can be emission from RU Peg, but a background source is also
ossible, given the density of sources with flux density of approxi- 
ately 50 μJy present in the science image. It is not clear if the first

etection is near the radio peak, or if the radio decline had already set
n. Ho we ver, the radio luminosity declined to quiescent level before
he optical outburst ended, with a roughly linear decline rate. 
 DI SCUSSI ON  

.1 Radio luminosity versus orbital period 

o see if orbital period is an indicator for an object’s radio luminosity,
e show in Fig. 4 radio luminosity as function of orbital period for

he systems this article reports on, as well as for previously detected
warf novae and novalikes. All dwarf novae detected after the 1980’s
re included. The brightest points of SS Cyg data correspond to radio
ares, (see e.g. Mooley et al. 2017 ; Fender et al. 2019 ). For DNe,
igher orbital period roughly correlates with higher average accretion 
ate (mass transfer rate), as mentioned in the introduction. 
MNRAS 539, 1894–1907 (2025) 
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M

Figure 3. Optical magnitude and radio luminosity versus time for RU Pe g. P anel a (top): 1000 d, starting on 2021-04-27. The other panels, b (middle) and c 
(bottom), each show 48 d, giving a more detailed view. Radio data points are plotted as squares with error bars. Radio error bars reflect the local RMS and source 
fitting. The optical data in the background (filled circles) are from ASAS-SN g-filter (grey), VSNET (green). 
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The detected systems co v er a wide range of orbital periods, both
elow and abo v e the CV period gap. The divide lies between 2.15
nd 3.18 h (Knigge 2006 ). 

There is no discernible correlation of luminosity and orbital period
nd no significant luminosity difference between non-flaring DNe 7 

n outburst and novalikes. But the sample of systems is small, and
NRAS 539, 1894–1907 (2025) 

 The non-flaring moniker is used to indicate that the top luminosity obser- 
ations of SS Cyg are not considered for this statement. We classified these 
s flares. Which observations exactly are classified as such depends on the 
lassification scheme used. We faded a number of SS Cyg data points in Fig. 
 based on one such scheme. The top luminosity observations are clearly 
ares, and would be faded in any reasonable scheme. 

S  

e  

r  

E  

w  

a
 

s  
he long period DN systems RU Peg, V426 Oph and SS Cyg have
 measured peak luminosity which is orders abo v e that of the lower
eriod systems SU UMa, YZ Cnc, IP Peg and U Gem. Concerning
rbital period dependence of radio luminosity, we simply cannot
ake a determination either way. More data are needed. 
IP Peg’s luminosity is lower than that of RU Peg, V426 Oph, and

S Cyg. This could be due to inclination. We observe IP Peg nearly
dge on, as can be seen in Tables 1 and 2 . This could obscure the
adio emission, most likely since it has to travel through the disc.
mission from the inner jet or inner disc are consistent with this,
hile emission from the secondary or from the intermediate region

re not. 
We do note considerable spread in radio luminosity, for the whole

ample as well as for individual objects. For the DNe this is mostly
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Figure 4. Radio luminosity versus orbital period for detected DNe and no valikes. No valikes are plotted with a smaller marker. For SS Cyg flare detections are 
plotted with a degree of transparency. In red is the period gap in which very few CVs are found. In grey is the area below the period minimum of 76.2 min 
(Knigge 2006 ). 
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elated to their outburst phase. Novalikes may a priori be expected 
o have less variation in time of their radio luminosity, since they
o not ha ve outb ursts and the disc is in the high state permanently.
till, optically it is known that also novalikes show a large spread

n luminosity, on longer and more irregular time scales than DNe 
e.g. Groot, Rutten & van P aradijs 2001 ). F or some novalikes the
uminosity spread in the radio band is as big as observed for some
warf novae, so intrinsic variations are large. 
With detections below the period gap, and a detection at the high

nd of the luminosity just abo v e the period gap, for V603 Aql, it is
afe to conclude that the current data give no reason to believe that
adio emission luminosity varies systematically with orbital period. 
n a follow-up paper, the significance of the non-detections will be 
iscussed. No variation with orbital period translates to the statement 
hat the average mass transfer rate (that is, the rate at which mass
rom the secondary enters the accretion disc) does not correlate with 
he radio luminosity. Furthermore, the radio luminosity is similar for 
Ne and NLs. 
For V426 Oph the peak detection was at a luminosity of

.6 × 10 16 erg s −1 Hz −1 . This luminosity is the av erage o v er the one
our long observation. SS Cyg is known to sometimes have strong
ariations in radio flux during outburst, on timescales from days to 
inutes. A 15-min flare was observed by Mooley et al. ( 2017 ). By

plitting the V426 Oph observation in four parts, we can see if there
s a short duration flare, or if all parts are together responsible for
his average. We found that all parts are equally responsible. 

Similarly, no variability on the scale of ∼15 min has been detected
or IP Peg or RU Peg. Of the six dwarf novae studied in the previous
wo decades, four have shown variability on such a time-scale: 
S Cyg, SU UMa, U Gem and RX And. Flaring during the rise

o outburst was predicted in K ̈ording et al. ( 2008 ), based on the
ssumption that dw arf novae, lik e XRBs, produce a transient jet
nd that these objects behave similarly but scaled. SS Cyg not only
howed flaring during the rise, but also a large 15 min flare at the
nd of its radio outburst (Mooley et al. 2017 ). Such a flare was not
bserved for the three new sources, but it is entirely possible that a
5 min large flare was simply missed in all cases, since we did only
ne observation per day, which means that for about 23 h per day we
id not observe. 

.2 Radio luminosity versus optical luminosity 

adio and optical emission come from different mechanisms and 
ikely also from different regions. Outbursts of dwarf novae result 
n a time evolution of both types of radiation, which makes it
ossible to investigate a relation between radio luminosity and 
ptical luminosity. 
In Fig. 5 (left), we plot radio luminosity versus optical luminosity.

he determined optical magnitude (based on V , g , or similar bands,
ncluding visual determination by AAVSO astronomers) is assumed 
o be equal to the monochromatic AB magnitude. From the previ-
usly detected sources we plot only SS Cyg, since this is the only
ource with sufficient sampling. Combined, the three objects show 

 correlation, roughly a power law, but there is significant scatter
round the relation, too much to make a strong statement. V426 Oph
s the most radio bright of the sample. 

Individually, the objects seem to roughly follow a power-law 

straight line) relation between radio and optical flux. Fig. 5 (right)
hows the ratio of the radio o v er the optical luminosity. A linear
elation between radio and optical (fixed ratio) shows up as a
orizontal line here. The figure shows that optically faint sources 
re relatively radio bright, and optical bright sources are relatively 
MNRAS 539, 1894–1907 (2025) 
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M

Figure 5. Left Radio luminosity versus optical luminosity, not including upper limit measurements. Loglog plot. SS Cyg data from K ̈ording et al. ( 2008 ) 
(8.6 GHz VLA) and Miller-Jones et al. ( 2010 ) (4.6 GHz VLA) are plotted for comparison. Right Ratio of specific radio luminosity o v er optical luminosity for 
the same objects. 
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adio weak, reflecting the range of luminosities shown in the left hand
anel of Fig. 5 . The figure also shows that RU Peg is not exceptionally
adio-bright even though it shows the highest optical luminosity. 

The radio measurements of RU Peg during the optical decline
how a linear radio-optical relation, forming a roughly horizontal
ine in Fig. 5 (right). For IP Peg, V426 Oph and SS Cyg individually
uch roughly linear relation, horizontal in Fig. 5 (right), could be
resent, at least for a large subset of points. Ho we ver, taken as a
ample together, a linear relation is clearly not present. 

Radio emission can be expected to come from a small region near
he white dwarf: the approximately 15 min that the very strong flare
bserved for SS Cyg lasted, indicates that it came from a small region.
his radio emission could arise from a jet/outflow or from gyrosyn-
hrotron emission near the white dwarf. Under this assumption, it
s likely that the luminosity of the radio emission depends on the
urrent accretion rate onto the white dwarf. UV and X-ray emission
omes predominantly from the inner regions of the accretion disc
nd the boundary layer. In contrast, optical emission comes mainly
rom further out in the disc, and from the bright spot. This makes any
ower-law relation between optical and radio luminosity measured
t the same time hard to interpret. A delay (the travel time of matter
rom the main optical emission spot through the disc to its inner edge)
hould be taken into account and thus also the exact shape of the
utburst. In Schreiber, Hameury & Lasota ( 2003 ), the delay between
ptical outb urst, UV outb urst, EUV outb urst and X-ray outburst for
oth inside-out (slow) rise and outside-in (double heating wave fast
ise) is discussed. The time it takes for in-falling matter to make
t from the outer disc to the white dwarf region depends on the
f fecti ve viscosity ( α), which itself depends on the evolution of the
utburst. In future work, it may be possible to model using the full
hape of the outburst’s optical light curve. From the theory side, the
IM can provide the white dwarf accretion rate at any time. This is

chieved by assuming that at each point in the disc and at all times
he ef fecti ve viscosity holds one of two v alues: the quiescence v alue
nd the outburst value. These two parameters are chosen as input for
he DIM. See Hameury ( 2020 ). The difficulty lies in having a DIM
olution which describes the observed outburst exactly. 

Concluding, we see a clear indication of a relation between optical
nd radio for dwarf nova outburst declines for the first time. 

For the radio emission reported on in this article, the origin and
hysical mechanism remain unknown. Although synchrotron radio
mission from a jet near the white dwarf is the main candidate, we
NRAS 539, 1894–1907 (2025) 
annot fully rule out other possibilities, such as the candidate that
as given as most likely for magnetic CVs in Barrett et al. ( 2020 ),
amely that emission comes from the donor star (specifically EMCE
rom the lower corona). RU Peg’s magnetically active donor and
arge irradiation are in fa v our of donor star emission. Ho we ver, the
act that the radio emission is predominantly detected in outburst and
hat there is a clear radio decline with optical in RU Peg, shows that
he radio emission mechanism is dependent on the accretion rate.
his is strong evidence that not all radio emission is from a flaring
econdary star. 

RU Peg and IP Peg seem to show emission even during quiescence
see Table 4 ). For V426 Oph, this is not detected, but a nearby bright
ource makes such detection harder for this system. It is possible
hat the mechanism responsible for the emission during the outburst
oes not fully go quiet during quiescence. It is also possible that
here are multiple mechanisms at play, but this would mean that both

echanisms cause radio emission of similar order of luminosity. One
f these mechanisms is then closely following the optical outburst,
nd therefore closely following the enhanced accretion rate, the other
s not varying or varying much slower. For the quiescence emission,
t cannot fully be excluded that the donor star alone is responsible.
ingle stars of the donor star spectral type have been observed to emit

n radio. G ̈udel ( 1992 ) suggests that there is a population of strongly
mitting K dwarfs and M dwarfs, and a population of much less
trongly emitting dwarfs. The radio emission correlates with X-ray
mission, which indicates coronal activity, and with rotational period,
ith faster rotation resulting in more radio emission, although this

ffect saturates for fast rotation. The proposed emission mechanism
s gyrosynchrotron emission of electrons trapped in magnetic loops in
he corona. This single star quiescent emission can reach levels close
o what is observed here, with G ̈udel ( 1992 ) for example measuring
 R > 10 15 erg s −1 Hz −1 for a K5V star. Ho we v er, there are man y
earby K dwarfs (o v er 5000 within 50 parsec) and M dwarfs, with
nly a very small fraction of them being detected in radio. 

.3 Conclusion 

e detected three new dwarf novae in radio. With this we increased
he number of detected dwarf novae at and below L -band frequency
rom one to four. These detections also added three objects to
he general list of radio-detected dwarf novae, bringing the total
o ten [conserv ati v ely e xcluding the likely source-confused ones
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Table 4. Flux densities and luminosities. 

Object Observation ID Flux density ( μJy) RMS ( μJy) Significance Luminosity (10 15 erg s −1 Hz −1 ) 
Separation 
(arcsec) a 

IP Peg 2021 Jun epoch 1 84 . 2 ± 14 . 4 11.9 5.9 1 . 98 ± 0 . 34 0.36 
IP Peg 2021 Jun quiescence 65 . 3 ± 16 . 4 b 13.5 4.0 1 . 53 ± 0 . 39 1.13 
IP Peg 2021 Sep epoch 1 69 . 7 ± 10 . 0 8.3 7.0 1 . 64 ± 0 . 24 0.38 
IP Peg 2021 Sep epoch 2 79 . 6 ± 10 . 3 8.5 7.7 1 . 87 ± 0 . 24 0.74 
IP Peg 2022 Jan epoch 1 75 . 7 ± 8 . 9 7.3 8.5 1 . 78 ± 0 . 21 0.36 
V426 Oph 2021 May epoch 1 598 . 4 ± 34 . 9 28.7 17.1 25 . 8 ± 1 . 5 0.51 
V426 Oph 2021 Jun quiescence − 27.6 − < 1 . 19 −
V426 Oph 2022 Jul epoch 1 − 26.3 − < 1 . 14 −
V426 Oph 2022 Jul epoch 2 111 . 7 ± 38 . 4 b 31.5 2.9 4 . 8 ± 1 . 7 0.88 
V426 Oph 2022 Jul epoch 3 118 . 4 ± 40 . 3 b 32.9 2.9 5 . 1 ± 1 . 7 0.89 
V426 Oph 2022 Jul epoch 4 250 . 9 ± 58 . 4 b 47.8 4.3 10 . 8 ± 2 . 5 1.76 
V426 Oph 2022 Jul epoch 5 174 . 4 ± 34 . 4 28.2 5.1 7 . 5 ± 1 . 5 1.01 
V426 Oph 2022 Jul epoch 6 126 . 0 ± 38 . 6 b 31.6 3.3 5 . 4 ± 1 . 7 0.48 
V426 Oph 2022 Jul epoch 7 − 24.0 − < 1 . 04 −
RU Peg 2021 Apr epoch 1 156 . 8 ± 16 . 6 13.6 9.5 13 . 8 ± 1 . 5 0.28 
RU Peg 2021 Apr epoch 2 136 . 1 ± 15 . 5 12.8 8.8 12 . 0 ± 1 . 4 0.88 
RU Peg 2021 May quiescence 59 . 7 ± 12 . 1 10.0 4.9 5 . 26 ± 1 . 07 0.55 
RU Peg 2022 Jun epoch 1 135 . 2 ± 10 . 5 8.6 12.9 11 . 9 ± 0 . 9 0.26 
RU Peg 2022 Jun epoch 2 104 . 3 ± 10 . 4 8.5 10.1 9 . 19 ± 0 . 92 0.43 
RU Peg 2022 Jun epoch 3 86 . 0 ± 10 . 4 8.5 8.3 7 . 57 ± 0 . 92 0.32 
RU Peg 2022 Jun epoch 4 63 . 7 ± 9 . 9 8.1 6.4 5 . 61 ± 0 . 87 1.24 
RU Peg 2022 Jun epoch 5 45 . 7 ± 10 . 5 8.6 4.4 4 . 03 ± 0 . 93 0.31 
RU Peg 2022 Jun epoch 6 57 . 2 ± 12 . 4 10.2 4.6 5 . 04 ± 1 . 09 1.08 
RU Peg 2022 Jun epoch 7 53 . 0 ± 17 . 2 10.0 3.1 4 . 66 ± 1 . 52 2.83 
RU Peg 2022 Jun epoch 8 55 . 7 ± 11 . 1 9.1 5.0 4 . 91 ± 0 . 97 1.61 

Note. a The angular separation between the centre of the fitted radio source and the Gaia DR3 position of the object. For comparison, a typical restoring beam 

width was ∼8 arcsec. 
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rom Turner ( 1985 ) and the EM Cyg detection from Benz & G ̈udel
 1989 ), done in the 1980s]. These three new dwarf novae were all
etected again during a later outburst, showing that radio detection 
as consistent for these sources. The maximum radio luminosity 

or the dwarf nova population and for the novalike population was 
ound to be similar. Detections of both source types are found for
rbital periods all o v er the range, which goes against the a priori
xpectation that longer orbital period corresponds to more emission. 
or V426 Oph, we found a very high radio luminosity: the highest
adio luminosity ever for a dwarf nova outside a flaring period. The
adio peak for the newly detected dwarf novae was found around 
he time of the optical peak. A smooth decline during the optical
ecline phase of the outburst was observed for V426 Oph and, most
rominently, for RU Peg. 
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