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A B S T R A C T 

With the improvements in radio interferometry sensitivity, the quest for coherent radio emission fr om e x oplanets and 

ultr a-cool dw arfs, which is indicative of their magnetic fields, has gained significant momentum in recent years. We 
inv estigat ed the relatively unexplored possibility of radio emission from wide-orbit brown dwarf companions, which may 

r adiate through r apid rotation, as in isolated ultr a-cool dw arfs, or via inter actions betw een their ext ended magnet ospheres 
and the host star’s wind. We analysed ∼ 60 h of Upgraded Giant Metrewave Radio Telescope and Karl G. Jansky Very Large 
Array data for a set of w ell-charact erized syst ems previously unobserv ed at 0.3–2 GHz. The targets include companions 
orbiting the G-type stars HD 26161 and BD-004475, the K-type HD 153557A and ν Oph, and the M dwarfs GJ 3626 and 

2MJ01225093-2439505. No det ections w ere obtained with 3 σ upper limits down to ∼ 25 μJy beam 

−1 in Stokes V in the 
best cases. The light-curve analysis also revealed no evidence of short ( � minut es), int ense ( � mJy) radio bursts. The 
upper limits provide t entativ e constraints on model paramet ers. How ev er, the effects of model uncertainties, limited 

observ ational cover age, and intrinsic v ariability or beaming of the emission must be considered. The improvement in 

sensitivity of the next-generation radio int erferomet ers will likely allow us to go below the expected flux range over a 

much larger range of free parameters. 

Key words: polarization – planets and satellites: aurorae – brown dwarfs – radio continuum: planetary systems. 
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 INTRODUCTION  

he sample of radio-bright main-sequence stars has been quickly 
ncreasing in the last few decades thanks to more sensitive and 

xt ended surv eys (e.g. J. Prit chard et al. 2021 ; L. N. Driessen et al.
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024 ; T. W. H. Yiu et al. 2024 ). This has also been accompanied by
 better radio characterization of brown dwarfs, while e x oplanets
emain elusive. One of the main interests in their radio emission
s its tight connection to their magnetism, which is still elusive:
he use of Zeeman-Doppler imaging in these cold objects is im-
ractical, due to the broadening of the available spectral lines (e.g.
. Reiners & G. Basri 2007 ). In these cases, the potentially most
ir ect pr obe of magnetic fields is the r adio emission gener ated by
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he electron cyclotron maser (ECM, D. B. Melrose & G. A. Dulk
982 ; R. A. Treumann 2006 ), det ect ed in the most magnetized
lanets in the solar system (e.g. M. D. Desch & M. L. Kaiser 1984 ;
. Zarka 1992 , 1998 , 2007 ; P. Zarka et al. 2021 ), brown dwarfs (e.g.
. S. Pineda, G. Hallinan & M. M. Kao 2017 ), low-mass stars (e.g.
. Hallinan et al. 2008 ; M. McLean et al. 2011 ; J. Villadsen & G.
allinan 2019 ; H. K. Vedantham et al. 2020a ; J. R. Callingham

t al. 2021 ; H. K. Vedantham 2021 ; T. S. Bastian, W. D. Cotton &
. Hallinan 2022 ; J. Zhang et al. 2023 ; S. Bloot et al. 2024 ; S. Kaur

t al. 2024 , 2025 ), and hot magnetized stars (e.g. C. Trigilio et al.
000 ; P. Leto et al. 2020a , b ). ECM emission is coher ent, cir cularly
olarized, and highly beamed along a thin conic surface almost
erpendicular to the local magnetic field. It is emitted mostly
long X-mode waves at the fundamental electron gyrofrequency
c = eB/ (2 πm e ) = 2 . 8 B [G] MHz, where B is the local magnetic
eld intensity, e and m e are the electronic charge and mass. ECM
rises in the presence of a distribution of non-thermal electrons
accelerated via e.g . r econnection, Alfvén waves..., P. Zarka 1998 ),
mbedded in a strongly magnetized, tenuous plasma (such that
he plasma frequency νp < νc ). 

.1 Planetary aurorae 

ithin the solar system, the well-measured Jupiter’s magnetic
eld (J. E. P. Connerney et al. 2022 ) is the only one strong enough

o induce ECM radio emission at frequencies νc above the Earth’s
onospheric cut-off of ∼10 MHz. The energy budget for the Jovian
adio emission is a combination of three energy sources: (i) plan-
tary fast rotation, (ii) interaction with the solar wind, and (iii) in-
eraction with the Galilean satellites, Io in particular (e.g. P. Zarka
998 ; P. Zarka et al. 2021 ). The brightness and rich phenomenol-
gy of the Jovian radio emission makes it the primary reference
or the so far radio-undet ect ed extrasolar analogues. The search
or e x oplanetary radio emission (see J. R. Callingham et al. 2024
or a recent review) over the past two decades mostly relied on
onsiderable e xpectations (e.g . W. M. Farr ell, M. D. Desch & P.
arka 1999 ; J. M. Grießmeier et al. 2005 ; J. M. Grießmeier, P.
arka & H. Spreeuw 2007 ; P. Zarka 2007 ) for nearby hot Jupiters

HJs), which ar e g as giants orbiting very close to their host stars
see J. J. Fortney, R. I. Dawson & T. D. Komacek 2021 for a compre-
ensive review of their properties). HJs are generally considered
romising targets because their proximity to the star increases
he expected emission via two different scenarios, correspond-
ng to the above-mentioned Jovian energy sources (iii) and (ii),
espectively: magnetic sub-Alfvénic star–planet interaction (SPI)
ausing aurorae close to the surface of strongly magnetized host
tars (e.g. A. F. Lanza 2013 ; J. Saur et al. 2013 ; A. Strugarek 2016 ;
. Turnpenney et al. 2018 ; R. D. Kavanagh et al. 2021 ), and wind–
agnet osphere int er action triggering auror ae over the planet it-

elf, as it happens on Earth (P. Zarka et al. 2001 ; I. R. St ev ens 2005 ;
. M. Grießmeier et al. 2007 ; P. Zarka 2007 ). Another motivation
as the expectation of strong magnetic fields on these objects,
hich how ev er is an open question, as discussed below. Rotation

s instead not expected to play a major role, because it is relatively
low, locked to the orbital period (days). 

Early observational efforts targeting promising HJs only set
oose upper limits of about 10–100 mJy beam 

−1 at different sub-
GHz frequencies (74, 154, 333, and 1465 MHz, T. S. Bastian, G. A.

ulk & Y. Leblanc 2000 ; T. J. Lazio et al. 2004 ; T. Murphy et al.
015 ). With advanced upgrades in interferometric facilities, many
argeted campaigns have pr ogr essively lower ed the upper limits
elow mJy beam 

−1 (A. Lecavelier Des Etangs et al. 2009 , 2011 ;
NRAS 547, 1–16 (2026) 
. R. Lynch et al. 2017 , 2018 ; F. Gasperin, T. J. W. Lazio & M.
napp 2020 ; J. D. Turner et al. 2021 ; M. Narang, P. Manoj & C. H.

shw ar a Chandr a 2021a ; M. Nar ang et al. 2021b ; M. R oute & A.
olszczan 2023 ; M. Narang et al. 2023a , b ; K. N. Ortiz Ceballos

t al. 2024 ; M. Route 2024 ; Y. Shiohira et al. 2024 ; J . D . Turner et al.
024 ; M. Narang et al. 2024a , b ). Sat ellit e int eraction has been
he motivation for recent efforts to target exo-moon candidates,

ostly around hot Saturns, again with no detection (M. Narang
t al. 2023a , b ). 

Over all, most promising r adio targets for sub-Alfvénic SPI from
hort-period planets (not necessarily giants) around highly mag-
etized stars have resulted in non-detections (see e.g. M. Narang
t al. 2024b ; L. Peña-Moñino et al. 2025 ), but interesting signals
ave been revealed from the planet-hosting M dwarfs Proxima
entauri (A. Zic et al. 2020 ; M. Pér ez-Torr es et al. 2021 ) and
Z Ceti (J. S. Pineda & J. Villadsen 2023 ), for which follow-up
ampaigns will elucidate possible modulation with the orbital
eriod of their planets. Note that ECM from sub-Alfvénic SPI
riginat es close t o the star, so that the frequency depends on the
tellar magnetic field, while the dependence of the expected radio
ux with the companion’s field is highly model dependent (P.
. Cauley et al. 2019 ). Although potentially relevant in many

yst ems and int er esting for many r easons, sub-Alfvénic SPI does
ot apply to the wide-separation targets presented in this work
nd will not be discussed further. 

On the other hand, the only reported claims for direct exoplan-
tary radio detections (i.e. originating close to the planetary sur-
ace like in solar planets) include one LOFAR detection of short
adio bursts from the τ Boötis system (J . D . Turner et al. 2021 ),
hich has not been confirmed in later follow-up observations (J.
. Turner et al. 2024 ; C. M. Cordun et al. 2025 ), a possible hint of 
mission from HAT-P-11 system seen with GMRT (A. Lecavelier
es Etangs et al. 2013 ), which could be int erpret ed as ECM with a

ocal magnetic field of about 50 G, and the recent highly circularly
olarized burst from HD 187 399 syst em, det ect ed by NenuFAR
X. Zhang et al. 2025 ). In all cases, a crucial challenge is that
onfirming the e x oplanetary origin of a r adio detection, r ather
han the stellar one, essentially implies proving a modulation
ith the planetary orbit or rotation (which coincide for tidally

ocked HJs), which r equir es a good phase coverage. 

.2 Radio-loud ultracool dwarfs 

uch more successful has been the characterization of radio
mission from isolated ultracool dwarfs (UCD, spectral class

M7). The non-thermal radio emission for UCDs can have
w o components: w eakly polarized quiescent emission often at-
ribut ed t o incoher ent gyr osynchr otr on fr om J ovian-like radia-
ion belts (e.g. E. Berger et al. 2001 ; E. Berger 2002 , 2006 ; L.
oinard et al. 2007 ; A. J. Burgasser et al. 2015 ; J. B. Climent et al.
023 ; M. M. Kao et al. 2023 ), and beamed, more variable, highly
ir cularly polarized coher ent emission, attribut ed t o ECM (e.g. M.
oute & A. Wolszczan 2012 , 2013 ; P. K. G. Williams & E. Berger
015 ; M. M. Kao et al. 2016 ; C. Lynch et al. 2016 ; M. Route &
. Wolszczan 2016 ; J. S. Pineda et al. 2017 ; P. K. G. Williams, J.
. Gizis & E. Berger 2017 ; M. M. Kao et al. 2018 ; H. K. Vedan-

ham et al. 2020b ; K. Rose et al. 2023 ). Many UCDs present both
omponents (M. Route & A. Wolszczan 2012 ; J. S. Pineda et al.
017 ). The ECM variability is expected from the combination of 
eaming, geometry, and intrinsic variability of magnetospheric
lasma dynamics. ECM bursts are often modulated with the ro-
ation and can constrain the magnetic configuration (C. Lynch,
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. L. Mutel & M. Güdel 2015 ). The combination of geometrical
nd magnetic configurations can also allow detection of auroral 
mission from both poles, so that the received flux has lower net
olarization and looks more quiescent (P. K. G. Williams et al. 
017 ). Very Large Baseline Interferometry (VLBI) observations 
r e pr obably the most dir ect w ay to disentangle the r adiation belt
nd auroral contributions to the quiescent emission (J. B. Climent 
t al. 2023 ; M. M. Kao et al. 2023 ), but this might be possible only
or the closest radio-loud UCDs. 

Multi- w avelength studies of activity indicators and radio emis- 
ion from cool dwarfs show that there is a clear shift, across the L
pectral type, from a Sun-like chr omospheric/cor onal paradigm, 
o a planetary-like auroral scenario, based on the circulation of 
eld-aligned large-scale magnetospheric currents (J. S. Pineda 
t al. 2017 ). Ther efor e, in isolated br own dwarfs, coher ent radio
mission is typically associated with aurorae (G. Hallinan et al. 
007 ; M. I. R odríguez-Barrer a et al. 2015 ), powered by their fast
otation (M. McLean, E. Berger & A. Reiners 2012 ), like in Jupiter.
n fact, UCDs are seen to spin with a frequency going from solar
iant planets’ values ( ∼10 h), down to e xtr emely fast r otations of 
1 h (M. E. Tannock et al. 2021 ). Under these conditions, the key

ngine behind aurorae is thought to be the co-rotation breakdown 

f magnetospheric plasma (S. W. H. Cowley & E. J. Bunce 2001 ),
 mechanism initially proposed for planets. Notably, rotation acts 
s the driving engine behind the incoherent gyrosynchrotron and 

CM emissions in hot magnetic stars as w ell. How ev er, unlike
CDs and planets, these stars have an abundant plasma supply 

riginating from their own stellar winds. Apart from the differ- 
nce in the plasma supply, the basic electrodynamic engine gov- 
rning the centrifug al br eak-out and associated radio emission is
ndeed possibly the same across a wide range of objects, from hot
tars to planets (P. Leto et al. 2021 ; S. P. Owocki et al. 2022 ), as long
s their rotation is fast and they have a large (i.e. not compressed)
agnetosphere. 
Volume-limit ed surv eys and target ed campaigns generally 

gree on a � 10 per cent occurrence rate of radio detection (at
everal GHz) for UCDs (M. Route & A. Wolszczan 2013 ; P. K. G.

illiams et al. 2017 ; K. Rose et al. 2023 ; J. R. Callingham et al.
024 ; M. M. Kao & E. L. Shkolnik 2024 ), with fast-rotating (period
 rot � 5 h, with rare exceptions, E. Magaudda et al. 2024 ) and H α-
mitting UCDs (M. M. Kao et al. 2016 ) being much more likely
o emit in radio. The derived occurrence rate could derive from
 combination of low duty cycles due to beaming (with some
 x ceptions, K. Rose et al. 2023 ), limited phase coverage, and,
ore speculatively, the presence/absence of plasma-providing 

at ellit es, which is difficult to test given the major challenge of 
onfirming e x o-moon signals even ar ound main-sequence stars 
e.g. D. Kipping et al. 2025 ). Note also that, within the UCD
pectral classes, few T dwarfs (M. M. Kao et al. 2016 ; J. S. Pineda
t al. 2017 ; M. M. Kao et al. 2018 ; H. K. Vedantham et al. 2020a ;
. Rose et al. 2023 ; H. K. Vedantham et al. 2023 , the latter being
 T-dwarf binary) and no Y dwarfs (M. M. Kao , G . Hallinan & J.
. Pineda 2019 ) have been det ect ed. Part of the reason could be
he lower magnetic field expected for colder/less massive objects, 
ccording to the widely used scaling laws (U. R. Christensen, V. 
olzwarth & A. Reiners 2009 , see below), which, on the other
and, underestimate the surprisingly high field (few kG) inferred 

rom the ECM emission in a few UCDs (M. M. Kao et al. 2016 ,
018 ). Importantly, estimating the radio-loud UCD occurrence 
at e at low er fr equencies ( � GHz), mor e sensitiv e t o low er mag-
etic fields, is more challenging due to the scarcity of observa-

ions (see e.g. A. Zic et al. 2019 ). 
i
.3 Aims of this study 

e present an observational campaign with the upgraded Giant 
etrewave Telescope (uGMRT) and Karl G. Jansky Very Large 
rray (JVLA), consisting of ∼ 60 h of dedicated deep-field obser- 

ations of six systems likely containing brown dwarfs, orbiting 
t large separations from their host stars. These systems were 
reviously not targeted with dedicated observations, at least in 

he ∼0.3–2 GHz range presented here. 
The choice of the targets is complementary to most of the stud-

es mentioned above (isolated UCDs or closely orbiting planets). 
ow ev er, it was already briefly mentioned in W. M. Farrell et al.

 1999 ), who estimated the expected flux in a few brown dwarfs
losely orbiting main-sequence stars. Radio emission from wide- 
rbit brown dwarfs can potentially be powered by any of the three
hannels mentioned above: fast r otation, wind–magnetospher e 
nteraction, and the presence of satellites. 

Reg ar ding the first one, wide-orbit brown dwarfs are expected
o spin at periods similar to the ones of isolated UCDs (a few
ours; J. S. Pineda et al. 2017 ; M. E. Tannock et al. 2021 ) and solar
iants, due to the absence of relevant spin-down torques like tidal
orces or winds (see K. Batygin 2018 for the similar rotational
volution of cold Jupiters), thus making co-rotation breakdown 

nd its associated radio emission possible. Moreover, given the 
 xpected fast r otation, our r epeated few hours-long observations
ikely cover a large part of the rotational phases, which is essential
n the presence of expected rotational modulation. 

Given the available observables, the expected radio flux can 

e quantitativ ely estimat ed for the wind–magnet ospheric int er-
ction (I. R. St ev ens 2005 ; J. M. Grießmeier et al. 2007 ) and for
odels accounting for the rotation (W. M. Farrell et al. 1999 )

nd Jovian-like magnetospheric currents (T. W. Hill 2001 ). The 
ormer relies essentially on the radiometric Bode’s law and radio- 

agnetic law, phenomenological correlations seen among the 
ve most magnetized solar planets between the radio power 
nd the incident solar wind kinetic and magnetic flux, respec- 
ively (e.g. M. D. Desch & M. L. Kaiser 1984 ; P. Zarka 1998 ;

. M. Farrell et al. 1999 ; P. Zarka et al. 2001 ; T. J. Lazio et al.
004 ; J. R. Callingham et al. 2024 ). Since the emission frequency
cales with the magnetic field intensity, which in turn is thought
o depend mostly on the mass (see below), such models indi-
at e massiv e objects as promising targets for radio emission. For
his reason, mass is our main selection crit erion. Moreov er,(J.
. Nichols & S. E. Milan 2016 ) showed that, when account-

ng for magnetospheric electrodynamics in more detail, those 
henomenological models have been shown to overestimate the 
adio power for HJs (which would need confirmed radio de- 
ection for a clear answer) and underestimate it for more dis-
ant companions, which is an additional reason to focus on 

istant companions. Finally, binarity has been proposed to en- 
ance the coherent radio emission in UCDs (M. M. Kao & J.
. Pineda 2022 ; H. K. Vedantham et al. 2023 ), possibly due to
he mutual feeding of magnetospheric plasma and energy via 
inds, perhaps analogous to the wind–magnetospheric one here 

onsidered. 
In principle, theoretical radio flux estimates could be used as 

ducat ed guesses t o select the best targets. In practice, the lack
f data beyond the solar planets, the huge uncertainty on the
nderlying parameters and the intrinsic expected variability, to- 
ether with the mismatch of non-detection of tens of campaigns 
argeting e x oplanets, put a wor d of caution on the r eliability of 
he models, which will only be considered for an a-posteriori 
nterpretation of the results. 
MNRAS 547, 1–16 (2026) 
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Besides these physical motivations, note that very few studies
ave aimed at finding radio emission from wide-orbit compan-

ons, resulting in upper limits: Y. Cendes, P. K. G. Williams & E.
erger ( 2022 ) looked at several directly imaged massive e x oplan-
ts at 4–8 GHz, while Y. Shiohira et al. ( 2024 ) targeted the β Pic-
 oris syst em at 250–500 MHz. Finally, most det ections of isolat ed
CDs have been conducted at a few GHz, higher than the fre-
uency range here explored, with a few exceptions of MeerKAT
K. Rose et al. 2023 ), GMRT (A. Zic et al. 2019 ), and LOFAR (H.
. Vedantham et al. 2020b , 2023 ) observations. 
In Section 2 , we discuss the targets, including selection criteria,

roperties, and flux estimates. In Section 3 , we present the ob-
erved sample, and the data analysis. The obtained upper limits
nd the comparison with different theoretical models are shown
n Section 4 and discussed in Section 5 . 

 TAR  GET  S E L E  CTION  

or the target selection, we have looked for sub - stellar objects
ith: (i) masses M > 10 M J (where M J is the Jupiter mass) since

hey are expected to be highly magnetized (see next sub - section),
ii) distance within 50 pc, (iii) observable by uGMRT and VLA
dec > −45 ◦), and (iv) no previous dedicated observations by
LA or uGMRT in the public archiv es, at the dat e of the propos-
ls. Note that in some cases only the minimum mass is available,
 sin i , where i is the inclination angle. In that case, the estimated
agnetic field, and the associat ed cy clotr on fr equency, is then
 lower limit. When filtering the NASA e x oplanet ar chive with
riteria (i), (ii), and (iii), we obtain about 40 systems (we would
btain roughly the double of them if considering M > 5 M J ),
bout half of which have been targeted by previous radio cam-
aign with uGMRT and/or VLA. Most of the already observed
bjects, e x cluded by criterion (iv), have more narrow orbits: they
re naturally very interesting, since they can interact more with
he host star and provide more radio flux, but existing dedicated
bservations and studies ar e pr esent, so that we neglect them.
ot e that w e also included other syst ems, curr ently r emoved or
ot appearing in the e x oplanetary ar chive (as of December 2025)
ue to the large masses. The reasons behind these criteria and the
nal targets are detailed in the rest of the section. 

.1 F requency r ange and magnetic field 

e aim at observing targets that can potentially have magnetic
eld strengths of a few hundred gauss, corresponding to a fun-
amental ECM frequency νc ∼ 0 . 3 − 2 GHz, where we carry our
bservations. In order to estimate the magnetic field strength of 
he brown dwarf at the polar surface, B , we rely on the simplest
ersion of the available scaling laws (C. N. Arge, D. J. Mullan &
. Z. Dolginov 1995 ; W. M. Farrell et al. 1999 ; I. R. St ev ens 2005 ),
hich essentially predict a proportionality between the dipolar

omponent of the surface magnetic field B (at the pole) and the
ass-r adius r atio: 

 = B J 
M 

M J 

R J 

R 

, (1) 

caled to the surface polar Jovian values (we take B J ∼ 8 . 6 G, see
he dipolar component from J. E. P. Connerney et al. 2018 , 2022 ).
ince the radius R is quite a flat function of M for the gas giants-
rown dwarf mass range (e.g. G. Chabrier & I. Baraffe 2000 ; C. I.
añas et al. 2022 and App. A of J. M. Grießmeier et al. 2007 ), in

his w ork w e assume R = 1 R J for simplicity. As discussed in e.g.
NRAS 547, 1–16 (2026) 
. M. Farrell et al. ( 1999 ); I. R. St ev ens ( 2005 ); J. M. Grießmeier
t al. ( 2007 ), different, more elaborated scaling laws exist, which
iffer from each other in slightly different power -la w dependen-
ies with mass and radius, but roughly keep the same expected
verall trend for solar planets. The most well-known scaling law
s from U. R. Christensen et al. ( 2009 ), which combined dynamo
imulations of fully conv ectiv e objects and the measur ed mag -
etic fields of the Earth, Jupiter, and rapidly rotating low-mass
tars with observed magnetic fields. That scaling law, valid for fast
 otators (see e.g . A. Reiners & G. Basri 2008 for a discussion about
otation and activity in stars), predicts that the factor deriving the

agnetic field is the conv ectiv e heat flux in the dynamo region.
. Reiners, G. Basri & U. R. Christensen ( 2009 ) and A. Reiners &
. R. Christensen ( 2010 ) reformulate it in terms of more directly
bservable quantities, to obtain a relation, calibrated with stars,
f the form B ∝ L 

1 / 3 M 

1 / 6 R 

−7 / 6 , where L is the internal luminosity,
hich is unknown in most cases here considered. If we assume

t to scale as L ∼ M 

α , with α � 3 lik e in low-mass stars, the over -
ll dependence of B with both M and R is only slightly steeper
han the simple equation ( 1 ) used in this w ork. Moreov er, the
. Reiners et al. ( 2009 ) scaling, originally calibrated for low-mass
ain-sequence stars, may not be directly applicable to sub-stellar

bjects (see also appendix A of D. Viganò et al. 2025 for a detailed
iscussion). In the case of brown dwarfs, this scaling law appears
 o underestimat e the magnetic field strengths derived from ECM
bservations of a few UCDs (M. M. Kao et al. 2016 , 2018 ). For e x o-
lanets, the situation is even less certain, since the only available
stimates are indirect. These have been proposed for a few hot
upiters, where possible magnetic modulation of stellar activity
ith orbital phase has been observed (P. W. Cauley et al. 2019 ).
he inferred field strengths, around B ∼ O(10 2 ) G, are roughly
onsistent with some theoretical predictions based on the same
caling law (R. K. Yadav & D. P. Thorngren 2017 ; K. Kilmetis
t al. 2024 ), but they are highly model-dependent. How ev er, other
J evolutionary models, using the same scaling laws, consider

he suppression of convection and dynamo due to strong heat
eposition in the outer layers, finding much lower, Jupiter -lik e
agnetic fields (A. Elias-López et al. 2025 ; D. Viganò et al. 2025 ).
. Zaghoo & G. W. Collins ( 2018 ) consider the conductivity and

nternal structure of gas giants and also predict ∼ gauss fields for
oth cold and hot Jupiters. Ther efor e, the e xpected range of HJ
agnetic fields is an open question. 
Qualitatively different scaling laws could apply to slow rota-

ors. In that case, the dynamo is regulated by the spin frequency
, so that scaling laws of the form B ∼ Mω/R have been proposed

see A. Sánchez-Lavega 2004 ; I. R. Stevens 2005 and r efer ences
ithin). How ev er, the recent study by A. Elias-López et al. ( 2025 )

uggests that even HJs, which rotate much slower than their cold
nalogues due to tidal locking, are in the fast rotator regime.
or our purposes, the time that the brown dwarf would need to
ynchronize its initial fast rotation to the orbital period ( P orb �
 π/ω) is given by J. M. Grießmeier et al. ( 2007 ); A. Elias-López
t al. ( 2025 ) and r efer ences within, as: 

syn ∼ Gα

36 π4 
MQ 

′ 
P P 4 orb ω 

R 

3 
P 

≈
( 

M 30 P 4 yr ω 1 

R 

3 
1 

) 

1 . 2 · 10 7 Gyr , (2) 

her e we fix ed the values of moment of inertia factor α =
/ (MR 

2 ) = 0 . 4 for simplicity (homogeneous sphere), the nor-
alized tidal dissipation fact or t o Q 

′ 
P = 5 · 10 5 as in J. M.

rießmeier et al. ( 2007 ), and w e hav e defined M 30 = M/ 30 M J ,
 1 = P orb yr −1 P 1 = P orb yr −1 , R 1 = R/R J , and ω 1 = ω/ (2 π h 

−1 ) , i.e.
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Table 1. Properties of the selected targets. Columns indicate: name, spectral type of the host star, distance to Earth, quoted constraints on mass, 
semimajor axis of the orbit, estimated cyclotron frequency, and RA and Dec. J2000 coordinates. 

Target Host star Age Distance Mass Semimajor RA Dec. 
name a spectral type (Gyr) (pc) ( M J ) axis (au) (hh:mm:ss) (dd:mm:ss) 

HD 153 557 d K3 V - 17 . 941 ± 0 . 008 27 . 5 ± 3 . 5 21 . 4 +1 . 5 
−1 . 7 16:57:52.96 + 47:22:04.28 

2M0122-2439 B M3.5 V 0 . 12 ± 0 . 01 33 . 83 +0 . 09 
−0 . 09 24 . 5 ± 2 . 5 52 ± 6 01:22:51.07 −24:39:52.61

HD 26 161 b b G0 V - 40 . 91 ± 0 . 08 58 . 65 ± 17 . 80 23 . 2 +21 . 0 
−8 . 0 04:09:38.93 + 31:39:08.76 

BD-00 4475 B G0 V - 42 . 64 ± 0 . 18 50 . 9 +0 . 5 
−0 . 7 1 . 64 ± 0 . 05 23:10:50.60 + 00:24:30.82 

ν Oph b c K0 III 0 . 65 ± 0 . 17 46 . 21 ± 1 . 73 22.2 1.79 17:59:01.58 −09:46:36.88
ν Oph c c ′′ ′′ ′′ 24.7 5.93 ′′ ′′ 
GJ 3626 B 

b M4.0 V - 22.8 34 . 5 ± 1 ∼ 3 . 08 10:50:26.01 + 33:06:04.06 
a The lower/uppercase in companion’s names follow the notation suggested by SIMBAD and recent literature, as of December 2025. 
b For these objects, the mass column indicates in reality the minimum mass, M sin i , due to the unconstrained inclination angle i . 
c We take the values of mass and semimajor axis from A. Quirrenbach et al. ( 2019 ), who did not report the associated errors, but that could be of the order 
of a few per cent maximum, according the errors in their best solution, and from other references (see the text). 
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ormalizing ω to a period of 1 h, the shortest found in UCDs,
ith much shorter periods being too close to breakup values (K. 
atygin 2018 ). This clearly shows that, for typical brown dwarf 
asses and orbital periods here considered (years to decades), the 

ynchronization time-scales are larger much than Hubble time: 
idal forces can be safely neglected and the objects are likely to
etain the post-formation fast rotation. Therefore, one can expect 
ide-orbit brown dwarfs to clearly be fast rotators, making B 

ndependent on the (unknown) rotation rate. 
In summary, it is important to keep in mind the high intrinsic

ncertainties and dispersion ( ∼ 60 per cent in A. Reiners et al. 
009 scaling law). Taking into account all these considerations, 
e will use the simple equation ( 1 ), which implies that the as-

ociated fundamental cyclotron frequency at the polar surface, 
p 
c ∼ 470 M 

20 M J 
MHz, and its second harmonic 2 ν p 

c , can be in the
ange of our interest ( � 0 . 3 GHz) for brown dwarfs. 

.2 Properties of the selected targets 

ased on the aforementioned crit eria, w e hav e been proposing
bserv ations of sever al of the targets in the last few years. We
resent a list of the observ ed syst ems in Table 1 . The sample

s quite heterogeneous in terms of stellar properties. However, 
ll the candidates are massive with (minimum) masses ranging 
etween ∼ 20 M J and ∼ 50 M J . Separations to their host star range
etween ∼1.8 and ∼50 au. Below, we briefly describe the target
ystems, indicating in parentheses the short name used hereafter. 

.2.1 HD 153557 

D 153 557 (HIP 83020) is the primary component of a binary
ystem, which has also a wide K3V companion part. This wide 
riple system, ADS 10 288 (A. A. Kiselev, L. G. Romanenko & N.
. Gorynya 2009 ; L. A. Hirsch et al. 2021 ), is located at a distance
f 17.9 pc. The binary is composed by the BY Draconis variable
3V (A. L. Loth & W. P. Bidelman 1998 ) and an M1.5V dwarf,
D 153 557 B (S. Lépine et al. 2013 ). N ot surprisingly for a chr o-
ospherically active star, it is X-ray bright (listed in NEXXUS-2 

nd 2RXS). F. Feng et al. ( 2022 ) combined astrometry and radial
 elocity t o det ect, around HD 153557, two close Neptune-like
lanets (b, c), with orbital periods of ∼ 1 and 2 weeks, and a
rown dwarf (d) with a mass M ∼ 27 . 5 ± 3 . 5 M J , and a slightly
ccentric ( e ∼ 0 . 15 ) orbit with semimajor axis a ∼ 21 . 4 au, which
e take as nominal separation. The latter, being the most mas-
ive, is primary candidate of interest for potential radio emis- 
ion in this study. B . N or dstr öm et al. ( 2004 ) found v rot sin i 	 6
m s −1 , indicating relatively slow rotation, so that we don’t expect
 � � B 
. 

.2.2 2MASS J01225093-2439505 (2M0122-2439) 

his system lies 33 pc away and is composed at least by an
3.5V star and a L-type companion, dubbed also [PS78] 191B, 

hat orbits at about 50 au, and that was direct imaged for the
rst time in 2013 by Keck II/NIRC at a 1.45” separation (B. P.
owler et al. 2013 ; S. Hinkley et al. 2015 ; D. Sebastian et al. 2021 ),
orresponding to a physical separation a ∼ 52 ± 6 au. M. L. Bryan
t al. ( 2020 ) set constraints on the orbit, finding an a posteriori
istribution for the semimajor axis peaking at ∼ 30 au, consistent 
ith the projected separation, and very high obliquity. There are 

everal hints about the young age of the system, constrained to
e between 20 Myr (lower limit provided by the lack of lithium
ignatures) and 120 Myr (assuming its membership to the AB 

or moving group, see B. P. Bowler et al. ( 2013 ) and r efer ences
ithin). The system is X-ray bright, detected in both 2RXS and

ROSITA, at a similar level, translating in a high mass-loss rate
ith our assumptions. The stellar period is also short, 1.49 d (L.
oyle et al. 2019 , compatible with the rotational velocity from B.

. Bowler et al. 2013 ), as expected given the age. We assume the
ass value of M ∼ 24 . 5 M J and separation of a ∼ 52 au fr om B .

. Bowler et al. ( 2013 ) (given these constraints and the very long
rbit, the orbital displacement between its discovery and the radio 
bservations is negligible). Importantly, a t entativ e evidence for 
 rotational photometric modulation of the companion, inter- 
reted as rotation, has been observed, at P rot = 6 h (Y. Zhou et al.
019 ), close to the average period of known isolated UCDs (M. E.
annock et al. 2021 ), and possibly short enough to allow for co-
 otation br eakdown. The young age, which implies higher values
f the educated guesses of n sw 

, v sw 

and B � , and the fast rotation of 
he companion, makes this object particularly inter esting . 

.2.3 HD 26161 

D 26 161 (HIP 19428) is a G0 V type star at d 	 40 pc, around
hich a sub - st ellar companion was report ed by L. J. Rosen-

hal et al. ( 2021 ) via radial velocity measurements, which are
MNRAS 547, 1–16 (2026) 
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onsistent with a highly eccentric orbit ( e ∼ 0 . 82 +0 . 06 
−0 . 05 ) and a min-

mum mass of M sin i = 13 . 5 +8 . 5 
−3 . 7 M J . F. Feng et al. ( 2022 ) com-

ined radial velocity and astrometric data to report a statistically
ompatible value of eccentricity, but a higher mass though with
arge uncertainties, M = 28 . 5 +20 . 0 

−0 . 2 M J (but see A. M. Lagrange
t al. ( 2023 ) for considerations about the limited phase cover-
ge). Q. An et al. ( 2025 ) further refined the analysis, favouring
 = 58 . 65 ± 17 . 80 M J , with a semimajor axis a = 23 . 2 +21 . 0 

−8 . 0 au.
e use the latter as a separation because, within the limited phase

overage and considering the uncertainty on the orbit, we cannot
uantify the separation at the time of the observations. 

.2.4 BD-00 4475 

D-004475 (HIP 114458) is a Sun-like, G0 V star, located at 42 pc
rom us. It is orbited by a brown dwarf, with a minimum mass ini-
ially report ed t o be M sin i = 25 . 05 ± 2 . 23 (S. Dalal et al. 2021 ).

or e r ecently, N. Unger et al. ( 2023 ) r efined the solution and
ound a true mass of M = 50 . 9 +0 . 5 

−0 . 7 , with a well-constrained ec-
entricity e ∼ 0 . 38 . Using this solution, w e deriv e separations a
f 2 . 1711 +0 . 0052 

−0 . 0046 au for the observation on 21/11/2022, 1 . 561 +0 . 021 
−0 . 017 

u on 5/3/2023, 1 . 431 +0 . 015 
−0 . 019 au on 26/5/2023, and 1 . 417 +0 . 013 

−0 . 016 au on
8/5/2023. Considering these numbers, we use an average separa-
ion of a ∼ 1 . 64 au (which is, coincidentally, the inferred semima-
or axis) t o estimat e the radio flux from wind–magnetosphere in-
 eraction. The report ed slow stellar rotation ( v rot sin i ∼ 3 km s −1 ;
. Dalal et al. 2021 ) likely e x cludes values B � � B 
. 

.2.5 ν Oph 

Oph (HIP 88084) is a giant K0 III star, with a mass about 2 . 8 M 

E. Jofré et al. 2015 ), with an age of t ∼ 0 . 65 ± 0 . 17 Gyr. This
tar hosts two brown dwarfs that have been discovered by radial
elocity measurements, with a ∼ 90 ◦ inclination and small eccen-
ricity: ν Oph b and ν Oph c with masses of 22 . 2 M J and 24 . 7 M J ,
espectively (A. Quirrenbach et al. 2019 , see also A. Quirrenbach,
. Reffert & C. Bergmann 2011 ; B. Sato et al. 2012 ; H.-Y. Teng et al.
023 ). Within our sample, this is the only ev olv ed (i.e. post-main-
equence) star, for which the validity of the density and velocity
rescriptions above is likely not applicable, we take the solar
alues as the fiducial ones. S. I. Plachinda, V. V. Butkovskaya & N.
. P ank ov ( 2021 ) do not detect any statistically relevant magnetic
eld at the stellar surface, and the stellar rotation is probably very
low (A. Massarotti et al. 2008 ), thus excluding values of B � � B 
.

.2.6 GJ 3626 

J 3626 (G 119–037) is a syst em, locat ed at 22 pc, consist-
ng of a M4.0V star and a companion, GJ 3626 B, discovered
hrough CARMENES radial velocity measurements (D. Baroch
t al. 2021 ), having a minimum mass M sin i ∼ 34 . 5 ± 1 M J , an
 ∼ 0 . 43 orbit, and a semimajor axis ∼ 3 au. Using the orbital
nd inclination constraints by D. Baroch et al. ( 2021 ), we estimate
he separation at the time of observation to be roughly a ∼ 4
u. The star is quite inactive, the rotational period is likely large
D. Baroch et al. 2021 ), thus excluding values B � � B 
. Its X-
ay luminosity is accordingly low, as det ect ed by XMM-Newt on
appearing both in NEXXUS-2 and 4XMM), implying a mass-
oss r ate compar able t o the Sun. Not e that D. Baroch et al. ( 2021 )
avoured the brown dwarf scenario, but did not discard the pos-
ibility of being a secondary low-mass main-sequence star. If the
NRAS 547, 1–16 (2026) 
at ter w as the case, it is anyw ay interesting to observe it in radio,
iven the relatively high number of radio-loud binary M dwarfs
e.g. T. W. H. Yiu et al. 2024 ; S. Kaur et al. 2025 ). 

 O B S E RVAT I O N S  AND  ANALYSIS  

able 2 shows the observation details for the targets. It includes
 series of observations performed between 2021 November and
ebruary 2024 with either uGMRT or VLA, for a total observing
ime of about 60 h ( ∼ 40 h on-source). Most of the estimated
alues of νc in the selected targets lie within the frequencies of 
and 4 of uGMRT (with usable band 0.55–0.75 GHz), which is
hat we mostly used. Some systems were observed with VLA

n Band L (1–2 GHz): BD-00 4475 B because of its large mass,
D 26 161 b because of the availability of a lower limit only

or the mass and νc (see abov e). Moreov er, for tw o sources, ν
ph b/c and BD-00 4475 B, having observations with both VLA

nd uGMRT allows a broader coverage in frequency, which also
llows us to e xplor e the possibility of higher ECM harmonics or
nderestimated magnetic fields. 
Given the expected irregular nature of radio emission, we ob-

erved each target between two and four times, with an on-source
ime from 1 to 8 h, depending on the r equir ed time to theoretically
chieve a noise level σrms ∼ 10 −20 μJy beam 

−1 in the clean im-
ges of each observation. In some cases, the resulting background
oise was higher than the estimated one, usually due to the pres-
nce of bright sources in the field of view (see App. A ), and, to a
esser extent, due to partial data loss resulting from RFI flagging.

The spectral set-up of uGMRT consists of one spectral window
ith 2048 channels. The channels have a spectral resolution of 

8 KHz. For VLA observations, the spectral set-up consists of 
4 spectral windows with 64 channels, and each channel has a
pectral resolution of 1 MHz. 

.1 Calibration and imaging 

he entire data set was analysed using the Common Astronomy
oftware Applications ( casa ; CASA Team et al. 2022 ). VLA and
GMRT data were flagged and calibrated using the standard VLA
ASA Calibration Pipeline and the CASA Pipeline-cum-Toolkit

or uGMRT data Reduction (CAPTURE) pipeline (R. Kale & C. H.
shw ar a-Chandr a 2021 ), respectiv ely. Aft er an initial calibration
as performed, the diagnostic plots were checked again to correct

or remaining artefacts in the data. 
Note that in sever al uGMRT observ ations, we found a butterfly-

ike trend for the frequency versus phase plots for the longest
aselines in the phase calibrator scans. This prompted us to
pply additional corrections for time delays for uGMRT data,
imilarly to what was done by S. Kaur et al. ( 2024 ). Although
his does not affect much the results, since we only have up-
er limits, w e hav e included this additional correction step in
he pipeline. In addition to using CAPTURE, w e v erified the
esults with an independent in-house analysis script, which con-
rmed all findings reported here within the expected statistical
ncertainties. 
For all data sets, the imaging process was carried out using

he casa task tclean , while the image visualization was per-
ormed with CARTA (Cube Analysis and Rendering Tool for
stronomy, A. Comrie et al. 2021 ; J. Ott, R. Raba & J. Hibbard
022 ). The images were produced using a briggs weighting,
ith robust = 0 . A few rounds of self-calibration were also
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Table 2. Characteristics of the observations. Columns indicate: short name of the target, date of the observation, proposal ID (PI of each proposals 
was one among S. Kaur, R. Pirvu-Malanda, and D. Viganò in all cases), flux and phase calibrators, beam size, on-source time, usable band, back gr ound 
lev el of St okes I and V, and 3 σ upper limit t o the St okes V isotr opic luminosity (for the combined images only). When mor e than one observ ation w as 
performed in the same band, we also reported the back gr ound values for the combined images. 

Target Date Flux Phase Beam size On-source Band σI σV L V ν
(Proposal ID) cal. cal. (arcsec) time (h) (GHz) ( μJy beam 

−1 ) ( μJy beam 

−1 ) (erg s −1 Hz −1 ) 

HD 153 557 d 03/11/2023 3C286 1609 + 266 10 . 2 × 3 . 6 1.0 0.55–0.75 350 28 
(uGMRT 45 _ 042) 01/12/2023 7 . 6 × 4 . 1 1.0 320 35 

04/01/2024 4 . 9 × 3 . 4 1.0 310 27 
15/02/2024 4 . 5 × 3 . 9 1.0 260 36 
combined 320 24 2 . 76 · 10 13 

2M0122-2439 B 13/11/2021 3C48 0025–260 8 . 8 × 7 . 8 2.5 0.3–0.5 1578 362 
(uGMRT 41 _ 007) 18/11/2021 8 . 9 × 6 . 5 2.5 275 31 

30/11/2021 8 . 0 × 6 . 2 2.5 480 39 
01/01/2022 8 . 7 × 5 . 6 2.5 570 53 
combined a 370 30 1 . 23 · 10 14 

HD 26 161 b 29/04/2023 3C138 J0414 + 3418 4 . 9 × 4 . 4 0.85 1–2 17 14 
(VLA 23A-221) 27/05/2023 4 . 5 × 4 . 1 0.85 23 21 

combined 16 8 4 . 81 · 10 13 

BD-00 4475 B 26/05/2023 3C48 J2323-0317 5 . 7 × 4 . 2 0.85 1–2 16 13 
(VLA 23A-221) 28/05/2023 5 . 8 × 4 . 3 0.85 16 13 

combined 16 8 5 . 87 · 10 13 

BD-00 4475 B 21/11/2022 3C48 2340 + 135 4 . 7 × 3 . 6 2.5 0.55–0.75 50 11 
(uGMRT 43 _ 060) 05/03/2023 5 . 9 × 3 . 5 3.0 45 13 

combined 37 9 5 . 87 · 10 13 

ν Oph b/c 11/01/2023 3C286 J1822-0938 9 . 9 × 4 . 4 0.85 1–2 20 16 
(VLA 23A-221) 11/05/2023 6 . 7 × 4 . 3 0.85 20 15 

combined 14 9 6 . 90 · 10 13 

ν Oph b/c 26/11/2022 3C286/3C48 1822–096 5 . 1 × 3 . 5 4.9 0.55–0.75 33 9 
(uGMRT 43 _ 060) 14/03/2023 4 . 9 × 4 . 3 5.5 62 20 

combined 35 10 7 . 66 · 10 13 

GJ 3626 B 11/06/2023 3C286 1021 + 219 3 . 8 × 2 . 9 1.0 0.55–0.95 72 68 
(uGMRT 44 _ 045) 29/07/2023 3C147 3C147 5 . 1 × 2 . 8 1.0 60 50 

combined 37 37 6 . 90 · 10 13 

a The combined image here includes only three data sets (18/11/2021, 30/11/2021, 01/01/2022), excluding the 13/11/2021 noisy observation. 
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erformed to improve the images; however, we did not gener- 
lly see any significant improvement on the final background 

oise, probably due to the absence of signal in the phase cen-
re. Table 2 shows the background level for Stokes I ( σI ) and V
 σV ), obtained in a r egion ar ound the source position, avoiding
right sources. In App. A , we show the maps made by com-
ining all the observ ations av ailable for a target at a particular
and. 

.2 Flux statistics and search for bursts 

he image over hours-long observation can in principle detect 
ersistent or slowly varying emission, but it can easily miss short-
uration int ense ECM bursts, ubiquit ous in planets (P. Zarka
004 ) and UCDs (e.g. M. Route & A. Wolszczan 2013 ). In order
o look for such short-term events, the time variability has also
een inv estigat ed for each observational epoch. We used the casa
ask visstat that calculates the flux statistics in the visibility 
lane. We looked for potential variability in the real amplitude 
or LL and RR correlators (being the imaginary part a proxy of 
he back gr ound noise) by int egrating the data ov er time int ervals
t much smaller than the on-source time T . 

If this preliminary light curve revealed any potentially interest- 
ng signal, we performed additional checks to e x clude emission
r om other sour ces or RFI: we looked at the dynamic spectrum in
he visibility plane, to see the range of frequencies of the tran-
ient signal, using the casa task specflux and imstat , and 

e checked the image plane, restricted to the range of time and
r equencies of r elevant signals, to pinpoint its spatial origin. 

 R E S U LT S  

.1 Upper limits 

e did not find any sign of radio emission at the positions of the
roposed targets. In Table 2 , we provide the background noise
or each target, int egrat ed ov er each session and combining all
he observing epochs, in both Stokes I ( σI ) and V ( σV ), together
ith the isotropic luminosity upper limits L 

V 
ν = 4 πd 

2 (3 σV ) for
he combined images. The back gr ound levels we achieve in the
lean images of each observation were typically of the order 
0 −40 μJy beam 

−1 . An e x ception is the case of HD 153 557 and
M0122-2439, where the target field was heavily contaminated 

y the presence of nearby ( ∼ arcmin away) bright sources, ∼ 30
Jy and ∼ 70 mJy (see App. A ). The detailed time variability in-

pection, with time bins of 60 s and 90 s, provided non-detection,
ith 3 σ upper limits on short burst fluxes about 3 

√ 

T /dt ∼ 30
arger than the rms listed in Table 2 . This basically e x cludes the
resence of intense ( � mJy beam 

−1 ) bursts, larger than a minute,
uring any of the observations. 
MNRAS 547, 1–16 (2026) 
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.2 Radio flux estimates 

ut of the three channels mentioned above (fast rotation, stellar
ind–magnet osphere int eraction, and int eraction with sat ellit es)
 e quantitativ ely estimat e the contribution from the first two,
sing existing models, explained below. 

.2.1 Stellar wind–magnetosphere interaction 

adio power from the five most magnetized solar planets shows
hat it highly correlates with stellar wind energy flux incident
n the obstacle, which is the planetary magnetosphere (M. D.
esch & M. L. Kaiser 1984 ; P. Zarka 1992 ). The available budget

s r epr esent ed by the incident kinetic and/or magnetic pow er,
hich r ead, r espectively (M. D. Desch & M. L. Kaiser 1984 ; P.
arka et al. 2001 ; J. M. Grießmeier et al. 2007 ; P. Zarka 2007 ): 

P kin ∝ n sw 

v 3 sw 

R 

2 
s , (3) 

P mag ∝ v sw 

B 

2 
⊥ 

R 

2 
s , (4) 

here n sw 

and v sw 

are the stellar wind density and velocity, and
 ⊥ 

is the interplanetary magnetic field perpendicular to the stel-
ar wind flow, all at the position of the obstacle. Note that we
eglect the contribution of the orbital v elocity t o the effective
 elocity ent ering in the pow er (consider ed in e.g . J. M. Grießmeier
t al. 2007 ), since, at large separation consider ed her e, it is much
maller (typically few km s −1 ) than the wind values (hundreds
m s −1 ). In analogy with the solar system, the stellar wind ve-

ocity is believed to saturate at a constant value at a separation
horter than the ones considered in this study: v sw 

is considered
onstant in space. Instead, both n sw 

and B ⊥ 

vary with the separa-
ion from the host star a as: 

 sw 

= n 

( a 

1au 

)−2 
(5) 

 ⊥ 

= B ⊥ 0 

( a 

1au 

)−1 
(6) 

here B ⊥ 0 is set by considering the solar value of radial and
zimuthal fields at 1 au as B r = 2 . 6 nT, B φ = 2 . 4 nT, and assuming
 P ark er model (E. N. P ark er 1965 ), with radial dependence of the
adial and azimuthal magnetic field components B r ∝ 1 /a 

2 , B φ ∝
 

−1 , so that the lat ter alw ays dominate for the large separations
see eqs. 18–22 in J. M. Grießmeier et al. 2007 for the details).
n case of having an estimate for the stellar magnetic field at the
urface B � , we rescale the values, B ⊥ 

∝ (B � /B 
) , where B 
 = 1 . 4
 is the solar value (J. M. Grießmeier et al. 2007 ). Ther efor e, for

arge a , both the kinetic and magnetic incident energy are ∝ a 

−2 ,
o that the phenomenological trends in the Solar system do not
llow us to distinguish between the kinetic or magnetic power
s underlying energy budget (P. Zarka 2007 ). How ev er, P. Zarka
t al. ( 2018 ) studied the Ganymede-induced aurorae on Jupiter,
nding a much better correlation with the incident magnetic
ower than the kinetic one. The J. Saur et al. ( 2013 ) SPI model
lso r einfor ces the idea that the magnetic model might be more
hysically motivat ed. How ev er, it is not clear if this conclusion
an be generalized, and we consider the kinetic model as well. 

If the age is available, n , v sw 

and the field at the stellar surface
 � are set as in J. M. Grießmeier et al. ( 2007 ): 

n = n 0 

(
1 + 

t 
τ

)−1 . 86 

(7) 

v sw 

= v 0 
(

1 + 

t 
τ

)−0 . 43 

(8) 
NRAS 547, 1–16 (2026) 
B � ∝ 

(
1 + 

t 
τ

)−0 . 7 

(9) 

here τ = 25 . 6 Myr, n 0 = 1 . 04 · 10 11 m 

−3 , v 0 = 3971 km s −1 ,
nd B � = B 
 at the solar age t 
 = 4 . 5 Gyr (see J. M. Grießmeier
t al. 2007 and r efer ences within). 

The quantity R s in equations ( 3 ) and ( 4 ) is the magnetospheric
adius (or stand-off distance), which scales with the magnetic

oment M ∝ BR 

3 as follows: 

 s ∝ 

( M 

2 

n sw 

(a ) v 2 sw 

)1 / 6 

, (10) 

ormalized to the Jupiter values, R s,J = 40 R J , M J = 1 . 56 × 10 27 

 m 

2 , as in J. M. Grießmeier et al. ( 2007 ). 
The I. R. St ev ens ( 2005 ) v ersion of the kinetic model considers

he stellar mass loss rate, rewriting P kin in terms of the mass loss
ate ˙ M , so that the power is proportional to: 

 mlr ∝ 

˙ M 

2 / 3 v 5 / 3 sw 

M 

2 / 3 a 

−4 / 3 , (11) 

here the unknown parameters are then the stellar mass loss rate
˙ 
 and v sw 

. The former may vary from case to case, and across
pectral types (see e.g . B . E. Wood et al. 2021 for M dwarfs). A
r o xy to the mass loss rate is the X-ray luminosity L x , following
. E. Wood et al. ( 2002 ); I. R. St ev ens ( 2005 ): 

˙ M 

˙ M 

= 

(
R � 

R 


)2 ( F x 
F x, 


)1 . 15 

, (12) 

here R � , R 
 = 6 . 957 · 10 5 km are the stellar and solar radii, F x =
 x / (4 πR 

2 
� ) is the X-ray surface flux (for the Sun, F x, 
 = 3 . 1 · 10 4 

rg cm 

−2 s −1 ), and the r efer ence solar mass loss rate is taken as
˙ 
 
 = 2 · 10 −14 M 
 yr −1 . The stellar radius, when not available,

s retrieved using the relation with the stellar mass M � , valid for
ost main-sequence stars, R � ∼ M 

0 . 8 
� . 

We have searched for the selected targets in different X-ray data
ases: the second Rosat All-sky Survey point source catalogue
2RXS, T. Boller et al. 2016 ), the eR OSITA DR1 (half-sk y survey,
. Merloni et al. 2024 ), the fourth XMM-Newton serendipitous

ource catalogue (4XMM, N. A. Webb et al. 2020 ), the Chandra
CIS point-source X-ray catalogue (S. Wang et al. 2016 , 2020 ),
nd the old NEXXUS-2 data base for X-r ay/UV emit ting stars
ithin 25 pc. 1 We have found values for half of our selected

ystems, as detailed below. For the other non-det ect ed sources,
he nominal sensitivity of 2RXS and eROSITA DR1 ( σx ∼ 10 −13 

nd σx ∼ 5 · 10 −14 erg cm 

−2 s −1 , respectiv ely) translat es int o little
nformative 3 σ upper limits of L x ∼ 3 − 6 · 10 28 erg s −1 ( � 1 or-
er of magnitude larger than the Sun), for the typical d = 40 pc
our ces consider ed her e. 

In all cases, when no educated guesses from age or L x are
 vailable, we consider solar -lik e values for ˙ M , n , v sw 

and B � 

equations 7 –9 ). Note that for our targets there are no mag-
etic field measurements available, and most of them are likely
low r otators (e x cept 2M0122-2439, for which we use a higher
alue of B � ). In any case, given the large uncertainties, we ex-
lore about one order of magnitude around the fiducial values
f n sw 

(a ) , v sw 

, B � (a ) , ˙ M , which are the free parameters of the

https://hsweb.hs.uni-hamburg.de/projects/nexxus/nexxus.html
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.2.2 Scaling with brown dwarf rotation 

ince rotation certainly plays a role in both planets and isolated
CDs, we also consider the phenomenological scaling law for 

olar planets by W. M. Farrell et al. ( 1999 ) (called model 2), which
ncludes a dependence on the rotation ω = 2 π/P rot (where P rot is
he planet’s or brown dwarf’s spin period) and fits well the radio
ower from solar planets: 

 far ∝ ω 

0 . 79 M 

4 / 3 a 

−1 . 6 . (13) 

he physical motivation for the inclusion of the rotation was 
ts alleged importance in setting the magnetic moment, which, 
ow ev er, for fast rotators, arguably like the objects considered
ere, is thought to be independent of rotation (see discussion 

bov e). Here, w e consider this law as a heuristic pr o xy model to
he combined effect of rotation and interaction with the wind, 
hich could act as source of plasma. Several phenomenological 
odels with different powers of mass, separation and rotation 

at e hav e been pr oposed (see appendix of W. M. Farr ell et al.
999 ), but here we only consider this one for simplicity. 

We also consider the more physically based model for the 
 otation-power ed Jupiter auroral oval presented by T. W. Hill
 2001 ) and e.g. applied t o β Pict oris b by Y. Shiohira et al. ( 2024 ).
t is based on the calculation of the Birkeland (field-aligned) 
urrents for Jupiter, and relies on physical parameters as follows: 

 oval ∝ ( ˙ M bd �p ) 1 / 2 ω 

2 R 

3 B, (14) 

here the additional uncertain parameters (besides R , ω, and B )
re the mass loss of the fast-rotating object ˙ M bd (not be confused
ith the stellar mass loss), and the height-int egrat ed Pederson

onductivity �p , which depends on the ionospheric ionization, 
.e. on the X-r ay/ultr aviolet flux r eceived. The r efer ence values
or Jupiter are ˙ M J = 2000 kg s −1 , �J = 0 . 6 S. Due to the general
ack of constraints on them, we shall treat their product (�p ˙ M bd )
s an effective free parameter, together with ω. 

.2.3 Flux normalization 

nly a fraction of the incident power is dissipated and converted 

nto radio emission, defined by a conversion efficiency ηkin or 
mag . In the absence of direct constraints, these efficiencies are 
caled with the Jovian case. Observations of Jupit er indicat e val-
es ranging from ∼ 10 −6 to 10 −5 , depending on the emission
egime (P. Zarka 1998 ; P. Zarka et al. 2001 ; J. M. Grießmeier et al.
007 ; P. Zarka 2007 ; A. Kaya & T. Daylan 2025 ), and there is a
igh uncertainty when extrapolating to other systems. 
In this work, the normalization is done directly on the average 

 xpected flux es, like in I. R. St ev ens ( 2005 ). Here w e conserva-
ively take �1 au 

J = 2 . 5 × 10 7 Jy as the flux at a distance d = 1 au,
 epr esenting the peak of the average Jovian spectra as reported
y several works (P. Zarka 1992 ; W. M. Farrell et al. 1999 ), and
ompatible with the Jovian high-activity r efer ence power P J ∼
 . 1 · 10 11 W, assumed by e.g. J. M. Grießmeier et al. ( 2007 ), and
 factor ∼ 4 lower than the more optimistic values assumed in I.
. St ev ens ( 2005 ): 

i = 

P i 
P J 

�1 au 
J 

(
1au 

d 

)2 

, (15) 

here P i 
P J 

is given by the scaling relations above for each model i
bove, equations ( 3 ), ( 4 ), ( 11 ), ( 13 ), and ( 14 ). Note that this nor-
alization is different from the exoplanetary predictions by e.g. 

W. M. Farrell et al. 1999 ; J. M. Grießmeier et al. 2007 ; R. Ashtari
t al. 2022 ; Y. Shiohira et al. 2024 ), who normalize the power P i 
o the Jovian value P J , and then divide it by f b d 

2 �ν, where f b is
he solid angle of the beamed emission assumed constant (with 

 efer ence values f b = 1 . 6 sr, valid for the auroral ovals of Jupiter,
. Zarka 2004 , while much lower values are seen for S-bursts, J.
ueinnec & P. Zarka 2001 ), and �ν ∼ 0 . 5 − 1 νc is bandwidth of 

he emission, known to be of the or der of the cyclotr on fr equency.
n those works, since �ν ∝ νc ∝ B and f b is kept fixed, and the
nput power of the kinetic and magnetic models scale as B 

2 / 3 ,
he pr edicted flux es would scale as B 

−1 / 3 , which pr ovide unr e-
listically high flux values for very small fields. We have indeed
hecked that the phenomenological scaling laws with the flux 
ormalization above, equation ( 15 ), fits bett er the av er age r adio
ux values of solar planets (reported by e.g. P. Zarka 1992 ; W. M.
arr ell et al. 1999 ), compar ed to P i / ( f b �ν( B )) . The reason for this
iscr epancy is pr obably the assumption of a universal value for

f b , which is instead seen to vary, being wider in less magnetized
lanets (M. D. Desch & M. L. Kaiser 1984 ), thus compensating
he �ν ∝ B proportionality. Considering this physical effect likely 

akes the normalization P i / ( f b �ν) qualitatively similar to the
irect use of P i (scaled by equation 15 ), as we do here. 
The widespread use of a B -independent, constant value of f b is

t the basis of the count er-intuitiv e (and physically questionable)
esults of flux decreasing with increasing B , found in many past
orks, see e.g. the discussion at the end of section 2 in Y. Shiohira

t al. ( 2024 ), when comparing their estimates with R. Ashtari et al.
 2022 ). 

.3 Comparison with models 

.3.1 Expected fluxes 

able 3 reports the parameters adopted for the flux estimation. 
or eccentric systems with well-constrained orbital solutions, we 
onsider the expected separations of the brown dwarf at the time
f the observation; otherwise, we adopt the semimajor axis. The 
 xpected electr on cyclotr on fr equency νc is evaluated considering
he magnetic field estimate equation ( 1 ), as explained in Section
.1 . Note that in the two cases where only M sin i is available (not
), the reported value νc is actually a lower limit. In only two

ases, w e hav e an indication of the age, which can be used as an
ducated guess for the stellar wind properties as explained above. 
e did not find in the literature precise measurements of the

otation period of the stars (which can be a proxy for the expected
tellar field and X-ray luminosity, A. Reiners, M. Schüssler & V.

. Passegger 2014 ), e x cept in the only case where the age and L X 
s also available. 

Table 3 also reports the resulting flux estimations of each tar-
et for the considered models, for the set of fiducial values of 
he free parameters. A few remarks are needed. The magneto- 
pheric radius is always larger than Jupiter’s one (40 R J ), due
o the large assumed magnetic fields B and the low ram pres-
ur e fr om the wind. This means that magnetospheric electr ody-
amics is expected to be qualitatively similar to isolated brown 

warfs, with rotation playing a major role. Note that in cases
ith no available paramet er t o guide the guess, the fluxes from

he three kinetic/magnetic models are identical, since they scale 
n the same way with the separation a and the r efer ence val-
es are the solar ones. In the other cases, and for the W. M.
arrell et al. ( 1999 ) model, estimates are different, due to the
dopted r efer ence parameters. In some cases, notably for one
ersion of the kinetic model of 2M0122-2439 B and the Farell
MNRAS 547, 1–16 (2026) 
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M

Table 3. Fiducial parameters adopted for the systems (see the text for references) and representative radio flux estimates. Column indicates: target name, 
assumed separation at the time of observations (see the t ext), estimat ed cy clotron frequency at the polar surface of the brown dwarf, magnetic field of 
the star, density and velocity of the wind, magnetospheric radius, stellar radius, logarithm of the X-ray luminosity, logarithm of the stellar mass loss rate, 
and the corresponding estimated fluxes for the five models here considered. Values in italics correspond to the solar/Jovian values for B � , v sw , ˙ M , due to 
absence of constraints, and are taken from J. M. Grießmeier et al. 2007 and r efer ences within (see the text). As a comparison, the Jupiter flux at d = 40 
pc is 0.37 μJy with the normalization here assumed (see the text). 

Target a ν
p 
c B � log n sw v sw R s R � log L x log ˙ M φfar φoval φmlr φkin φmag 

name (au) (GHz) (G) (m 

−3 ) (km s −1 ) ( R J ) ( R 
) (erg s −1 ) M 
 yr −1 ) ( μJy) ( μJy) ( μJy) ( μJy) ( μJy) 

HD 153 557 d 21.4 0.66 1.4 4.2 429 193 0.8 28.40 −12.38 16 50 19 2.5 2.5 
2M0122-2439 B 

a 52.0 0.59 16 6.2 1881 53 0.4 28.80 −11.84 1.4 35 41 449 4.8 
HD 26 161 b 23.2 1.41 1.4 4.1 429 256 1.4 - −13.70 7.2 21 0.7 0.7 0.7 
BD-00 4475 B 1.5 1.23 1.4 6.5 429 97 0.8 - −13.70 451 16 24 24 24 
ν Oph b 1.8 0.53 1.4 6.3 429 79 14.6 - −13.70 94 6 9 9 9 
ν Oph c 5.9 0.59 1.4 5.3 429 122 14.6 - −13.70 16 7 2 2 2 
GJ 3626 B 4.0 0.83 1.4 5.6 429 119 0.5 26.98 −13.94 191 39 12 17 17 
a This object is the only one for which we use the reported age to guess the wind density (in logarithm) and velocity, and for which there is a possible 
measurement of the rotation P rot = 6 h (Y. Zhou et al. 2019 ). For the other targets, a Jovian-like rotation value P rot = 10 h is assumed. 
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odels of BD-00 4475 B and ν Oph b, interesting values of ∼
 . 1 −0 . 5 mJy are predicted, with the nominal parameters adopted.
n most cases, the values are around O(10) μJy, admittedly at
r below the limit of the current det ectability. How ev er, uncer-
ainties are large: Table 3 shows the fluxes for the fiducial values
nly. 

The sensitivity of the fluxes on the free parameters are shown
n Fig. 1 , for one of the targets, BD-004475 B, as a r epr esenta-
ive example. We show the physically based models: the kinetic

odel, the magnetic model, and the T. W. Hill ( 2001 ) model.
he W. M. Farrell et al. ( 1999 ) phenomenological model is not
hown, since it only depends on ω (equation 13 ) and it’s then
rivial to scale the r efer ence values �far shown in Table 3 . Con-
idering a range of one order of magnitude around the fidu-
ial values of the parameters, the estimated flux can typically
ary by 2–3 orders of magnitude. The same is true for the other
argets. 

Considering the large uncertainties of the model parame-
ers, and the possibilities of having temporary flux enhance-

ent by 1–2 orders of magnitude due to e.g. variations of so-
ar winds or favourable rotational phases, sources could be po-
 entially det ectable with a few hours e xposur e with VLA and
GMRT. 

.3.2 Tentative constraints on the models 

or each syst em, w e translat e the 3 σI upper limit int o nominal
onstraints on the plane of the two main free parameters of each
f the physical models described above. In Fig. 2 we show the
onstraints of such parameters for every target (colours, linestyle
howing VLA or uGMRT combined observations), where regions
bove the lines are formally e x cluded, if one assumes that the
odel is correct and the lack of emission is not due to intrin-

ic variability or beaming (see below). Note that slightly tighter
onstraints (curves shifting downwards, and to the left or right
epending on the model) could be placed assuming a high circu-

arly polarized fraction V/I � 0 . 5 of the expected emission, and
sing 3 σV upper limits in those cases where strong, unpolarized
earby sources limited the Stokes I sensitivity only (HD 153 557 d
nd 2M0122-2439 B). On the other hand, more loose constraints
curves shifting upwards) would be obtained when considering
he higher upper limits by a factor ∼ 30 on minutes-long bursts
see Section 4.1 ). 
NRAS 547, 1–16 (2026) 
These plots indicate that the derived upper limits vary signif-
cantly depending on the assumed model and on the target. In
ome cases, for which the upper limits ar e pr etty high, the con-
traints are loose (e.g. 2M0122-2439 B in the I. R. St ev ens ( 2005 )
inetic model, out of the plotted range, and in the magnetic
odel). 2M0122-2439 B is also peculiar, compared to the other

ources, because it appears to be the most and the least constrain-
ng case, depending on the model (cf. first and second panels).
his is due to the wide difference among the expected fluxes for

he fiducial parameters of the four models (last four columns of 
able 3 ). The magnetic model (third panel) e x cludes in most cases
alues of B � � 10 G for Solar -lik e wind velocity values. This is in-
eresting since, in principle, these results could be compared with
bserv ational constr aints from Zeeman-Doppler imaging mea-
urements. As far as we know, the only published magnetic field
easurement in our targets is for ν Oph (M. Aurière et al. 2015 ;

. Butkovskaya, S. Plachinda & N. P ank ov 2021 ), for which there
re only upper limits of B � � O(1) G. For the r otation-power ed
uroral model (bottom panel), only fast rotation ( P rot � 0 . 5 − 8 h,
epending on the target) can be e x cluded, assuming J ovian-like
p ˙ M bd values. Considering a factor 10 larger v alue of the lat ter

e.g. similar �p but higher M bd due to M � M J ) would set tighter
onstraints on the period, P rot � 1 . 5 − 15 h. 

How ev er, not e that these constraints are only t entativ e, since,
s we discuss in the next section, there are sev eral fact ors which
ould explain the lack of det ection. Therefore, w e are not claim-
ng that our observations can really rule out some values of rota-
ion, wind or magnetic properties. 

 DISCUSSION  AND  CONCLUSIONS  

n this w ork, w e hav e present ed a target ed low-frequency deep-
eld radio search of ∼ 60 h, focused on brown dwarfs with masses

n the ∼ 20 –50 M J range, located just above the boundary be-
ween giant planets and brown dwarfs. Our selection included
earby ( < 50 pc), so-far unobserved objects with theoretically
romising radio flux predictions according to some of the clas-
ical models of wind–magnetosphere interaction (I. R. St ev ens
005 ; J. M. Grießmeier et al. 2007 ) and r otation-power ed aur orae
T. W. Hill 2001 ). The motivations for this sear ch wer e multiple:
i) widely separated brown dwarfs spin fast like in isolation (see
olar gas giants), so that both wind–magnetosphere interaction
nd co-r otation br eakdown ar e pot ential engines t o pow er radio
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(a) Kinetic model

(b) Magnetic model

(c) Rotation-powered auroral model

Figure 1. Flux estimates of BD-00 4475 B for the different physically 
based models, from top to bottom: as a function of wind velocity v sw 
and density n sw for the the kinetic model, wind velocity and stellar sur- 
face magnetic field for the magnetic model, and P rot and �p ˙ M bd for the 
r otation-power ed model. The black dashed lines in the plots correspond 
to 10, 50, and 100 μJy. 
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Figure 2. Tentative constraints on the parameters of models, from top 
t o bott om: kinetic model as a function of mass loss rate and wind density 
(equations 3 and 11 ), magnetic model (equation 4 ), and r otation-power ed 
auroral model (equation 14 ). Lines in the space parameters corresponding 
to the 3 σI upper limits of the combined images for each target (different 
colours). Assuming that the models are correct, a favourable beaming and 
no time variability, the regions above the lines are nominally excluded. 
The dashed lines indicate the observations made with VLA and the solid 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/547/3/stag313/8523475 by guest on 25 July 2026
mission (similar efforts, with v ery massiv e long-period planets, 
re very limited Y. Cendes et al. 2022 ; Y. Shiohira et al. 2024 );
ii) using simple scaling laws, magnetic fields of a few hundred
 auss ar e e xpected for br own dwarfs, so that the ECM funda-
ental frequency falls within the 0.3–2 GHz e xplor ed her e, and

he expected radio fluxes (due to either mechanism above) are 
lso larger than for e.g. giant planets; (iii) UCDs have been rarely
MNRAS 547, 1–16 (2026) 

lines with uGMRT. 
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bserved at � 1 GHz, being most studies led at several GHz, i.e.
ensitiv e t o much larger fields only; (iv) a det ection w ould bridge
he gap in r adio char act erization betw een isolat ed fast-rotating
CDs and solar planets, with e x oplanetary radio emission still
eing elusive. 

Despite the optimistic flux estimates made theoretically, our
bservations yielded only upper limits in both Stokes I and V,
ith no evidence of persistent emission or transient short ( �
inutes) bursts. The typical sensitivity achieved in our obser-

ations for the combined images ( σ � 10 μJy beam 

−1 in Stokes
 for many cases) is consistent with those achieved in previous
ampaigns. The corresponding upper limits of radio luminosities
or the average emission are L 

V 
ν ∼ 0 . 2 − 10 × 10 13 erg s −1 Hz −1 ,

n the same range as the typical detections and upper limits of 
CDs (J. S. Pineda & J. Villadsen 2023 ), thus not discarding lower
ux which has been det ect ed (at a few GHz) in several cases (K.
ose et al. 2023 ). Unfortunately, the arguably most promising
andidate within our sample, the direct imaged 2M0122-2439 B,
s also the one with the highest rms, due to a nearby back gr ound
our ce. N otably, we also e x clude short ( � minutes-long) bursts
bove � mJy level, for all sources. 

As discussed in most of similar studies (e.g. M. Narang et al.
024b and r efer ences within) and in the r eview by J. R. Call-
ngham et al. ( 2024 ), a non-detection of expected ECM coherent
mission may result from several reasons. One major factor po-
entially contributing could be the nature of the emission mech-
nism itself. ECM, the most likely coherent processes expected
 o pow er planetary auror al r adio emission, is highly beamed and
ime-variable. This emission is confined to narrow cones that may
ot intersect the Earth’s line of sight during the time of obser-
ations (G. Hallinan et al. 2007 ). F or instance, Jupiter’ s intense
ecametric radiation, is confined to a ∼1.6 sr solid angle (only
bout 10–13 per cent of the sky). Ther efor e, the aur oral beam
ould be observable from Earth only in a small fraction of orien-

ations. This probably explains the derived rate of � 10 per cent
ccurrence of radio-loud (isolated) UCDs. Brown dwarfs orbiting
round other stars, targeted in this study, should have a similar
ccurrence rate, since the magnetospheric radius is large and the
otation is expect ed t o be rapid, as hinted by the only target in
ur sample with a 6 h rotation measurement claim (Y. Zhou et
l. 2019 ). The possible interaction with a stellar wind can give a
on-negligible extra energy budget in some cases. Assuming a 10
er cent occurrence rate, not finding emission from 8 objects is
ot surprising ( 0 . 9 8 = 45 per cent ), and at least 22 systems should
e observed to secure at least one detection with > 90 per cent
r obability, as alr eady derived by Y. Cendes et al. ( 2022 ) in the
onte xt of dir ectly imaged, massive planets. This implies that a
uch larger sample than ours should be targeted before reach-

ng any conclusion on the intrinsic radio brightness of these
argets. 

Ther e ar e other important limiting fact ors. Ev en if beaming
 as favour able, ECM signals are often spor adic, occurring in
ursts that might be missed during limited-time observations.
e argue that this is a less problematic factor, because UCDs

an oft en hav e both quiescent, partially polarized emission, and
otationally modulated transient emission. The typical rotation
f isolated UCDs, and arguably of our targets, is of some hours,
o that our observations, with total on-source time of ∼ 2 − 12
 per target, are lik ely ha v e cov ered a large fraction of the ro-

ational phase. Note that the tiny coverage of the orbital phase
s probably not worrying, since the wind–magnetosphere models
o not depend on the orbital phase (e x cept for eccentric systems
NRAS 547, 1–16 (2026) 
ia separation), and rotation is expected to play a major role. This
s in contrast with sub-Alfvénic SPI (obviously e x cluded in our
argets due to their large separations from the host stars), for
hich the planetary rotation is long (days), being tidally locked

o the orbit. We can also likely discard free-free absorption as
esponsible for the non-detections in our case. While dense stellar
ind environments may absorb low-frequency radio waves before

hey escape the system (see L. Peña-Moñino et al. 2025 in the
ontext of short-period planets), the separations of the targets
r esented her e ar e such that the density is not high enough to
ave νp � νc , unless considerable amount of plasma is provided
y e.g. sat ellit es. 

A more critical consideration is the degree of uncertainty in
he expected frequency (here derived by a simple magnetic-mass
caling law), and in the model parameters that have been used
o predict the contribution of wind–magnetosphere interaction
o radio flux es. Theor etical estimat es of the latt er depend heav-
ly on quantities such as the stellar wind velocity and density
or the mass loss rate), which are often poorly known. We have
 entativ ely constrained the maximum values of such parameters
orresponding to a quiescent emission, i.e. using the upper limit
f int egrat ed images. How ev er, w e need t o keep in mind that
he wind properties in the Sun vary in time (C. P. Johnstone et
l. 2015 ), space (see e.g. the P ark er wind model E. N. P ark er
965 ), and age (which is often poorly constrained), and that, in
eneral, ther e ar e several simplifications in the models, starting
rom the normalization of values based essentially on the Jovian
ase and the solar planets. The combination of such parameter
ncertainties can pr opag at e int o orders-of-magnitude errors in

he predicted radio flux (Fig. 1 ). 
In conclusion, our findings add to the growing list of non-

etections of sub - stellar objects in radio, being compatible with
 � 10 per cent occurrence rate seen in UCDs. This underscores
he challenges of detecting ECM auroral signals from exoplan-
tary or brown dwarf companions. The flux estimates for our
argets are at the limit or below the current detectability for a
ide range of the model parameters, but arguably within the

KAO sensitivity. Futur e pr ogr ess may r ely on a combination
f r efined modelling, coor dinated multi-epoch observations with
 more systematic search of promising targets, and large-scale
tatistical searches through cross-matched data sets. In this sense,
he recent and upcoming surveys and campaigns by LOFAR (J.
. Callingham et al. 2023 ; T. W. H. Yiu et al. 2024 ) and ASKAP

J. Pritchard et al. 2021 ; L. N. Driessen et al. 2024 ), and the ad-
 ent of SKAO hav e the pot ential of having a much more sys-
ematic and deep monitoring of wide-orbiting brown dwarfs and

assive planets. Directly imaged ones can offer the advantage
f possibly having hints of their rotation rate (Y. Zhou et al.
019 ). 

In any case, as highlighted by tens of previous exoplanetary
adio sear ches (e.g . J. R. Callingham et al. 2024 and r efer ences
ithin), any radio detection from this kind of syst em w ould imply

he need for a follow-up to pinpoint the st ellar v ersus companion
rigin, especially in the case of chromospherically active stars.
n our cases, the orbital modulation (which is searched for in
hort-orbit e x oplanetary systems, e.g . M. Pér ez-Torr es et al. 2021 ;
 . D . Turner et al. 2024 ) cannot be prov ed due t o the tiny cov erage
f the long orbits. How ev er, a det ectable smoking gun would be
 clear ∼ hours modulation of the signal not ascribable to the
easurable, slow er st ellar rotation: it w ould be a hint for the

mission being powered by fast rotation of the companions, as
n isolated UCDs. 
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Figure A1. Stokes I maps of each source, combining all data for a given instrument and band. The colour bar spans from −3 σI to the maximum peak 
flux density of the field sources. The white contours mark the −3 , 3 , 5 σI levels. The clean beam is shown in the lower left corner of each image. 
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nstance, a radio source close to the HD 153557 system (1’5” away,
ot coincident with the wide companion HD 153525) has an inte-
rated flux of ∼ 30 mJy in Stokes I . Close to the BD 004475 system,
 binary radio source is seen at only ≈ 23”, with fluxes of ∼ 4 . 7
Jy (VLA Band L , 1–2 GHz) and 13 mJy (uGMRT Band 4, 0.55–
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.75 GHz) in Stokes I . Similarly, a bright radio source is seen close
o 2M0122-2439, likely the counterpart of the eROSITA source
eRASS J012244.4-244028. Stokes V maps (not shown) are instead
haracterized by much less back gr ound sour ce contamination,
.e. often a lower noise (see Table 2 ). 
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