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ABSTRACT

We report the detection of thermal continuum radio emis&iom the KO Ill coronal giant Polluxg Gem) with the Karl G. Jansky
Very Large Array (VLA). The star was detected at 21 and 9 GHhWiux density values of 15@ 21 and 43+ 8 uJy, respectively.
We also place a®ms upper limit of 23uJy for the flux density at 3 GHz. We find the stellar disk-averhgrightness temperatures
to be approximately 9500, 15000, aad71000 K, at 21, 9, and 3 GHz, respectively, which are con#istéh the values of the quiet
Sun. The emission is most likely dominated by optically kHisermal emission from an upper chromosphere at 21 and 9 @Gidz.
discuss other possible additional sources of emission &tegluencies and show that there may also be a small cotitibfrom
gyroresonance emission above active regions, coronafieeeemission and free-free emission from an optically gtellar wind,
particularly at the lower frequencies. We constrain the imarn mass-loss rate from Pollux to be less than>3107 M, yr—!
(assuming a wind terminal velocity of 215 kit which is about an order of magnitude smaller than previmunstraints for coronal
giants and is in agreement with existing predictions forniess-loss rate of Pollux. These are the first detectionseofrtél radio
emission from a single (i.e., non-binary) coronal giant dathonstrate that low activity coronal giants like Polluxéatmospheres
at radio frequencies akin to the quiet Sun.
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1. Introduction Detecting radio emission from coronal giants provides an al

_ ternative method to study their atmospheres and allows a com
Unlike low mass stars, moderate-mabh (~ 3Mo) late B and parison with the atmospheres of coronal MS stars. Active-cor
i early A spectral type stars lose little angular momentunindur 5| \MS stars can have intense radio luminosities many orders
— their main-sequence (MS) phase (W@ Simori1997). Once magnitude greater than that of the disk-averaged quiet (i
O\l shell hydrogen burning commences, these stars move away figfive region free) solar value. These high values have been
—i f[he MS.and begin to form surface convection zones while evolyssociated with gyrosynchrotron emission from a contisiyou
<I"ing rapidly through the F and G spectral types. As the surfaggnerated population of non-thermal electrons in theiogae
0O convection zone deep_ens, coronal activity is actwatedt_had (Linsky & Gary[1983). Less active coronal MS stars, like the
QO star ascends the red giant branch (RGB). Subsequentiyieet syn, emit only thermal emission at radio frequencies inrthei

close to the base of the RGB where it becomes a ‘clump’ gigdliiescent (i.e., non-flaring) states which is entirely duéree-
burning helium in its core (Ayres etial. 1998). This coron&l afree processes. Subsequently, their radio luminositiesrarch

(o tvity will inevitably subside as the star spins down. THere, |oyer than those from more active coronal MS stars and only
— late B and early A spectral type stars which do not have c@&on@cently has this thermal radio emission been detected KM&m
- --on the MS, will develop coronae during a period of their pogtars other than the Sun (Villadsen étal. 2014). Unlike cako
.= MS evolution. This is in contrast to lower mass stars like thas stars, little is known about the radio atmospheres of coro
> Sun, which display strong coronal emission on the MS due-to iRy giants] Drake & LinsKy (1986) observed a number of nearby
« tense rotation-induced dynamo-driven magnetic actifgrker coronal giants at 5 GHz (i.e., 6 cm) with the Very Large Array.
(T 1970), which subsides as they evolve to red giants. They failed to detect any single coronal giants but did dette

The atmospheres of coronal giants have been ext@mary Capellag Aur; G511l + F91ll), which is a long period
sively studied at both X-ray (Haisch et al. 1991; Maggio et 8RS CVn type system. The radio emission from this system was
1990;/Huensch et al. 1996) and ultra-violet (UV) wavelesgtRpatially unresolved and was interpreted to be thermalfhese
(Ayres et al. 2003; Dupree etlal. 2005). X-ray studies have kgmission from one or both of their chromospheres and coronae
vealed that stellar coronae are common in the giant branch fo |n this paper we report radio observations of the closest-cor
spectral types earlier than K11l but become rare redward gél giant, Pollux § Gem; KO0 Ill), whose basic properties are
K11l1, a region which has thus been dubbed the ‘coronal graveummarized in Tablgl 1. According(to Auriére et al. (2009); Po
yard’ (Ayres etal! 1991). The UV emission line studies agregx is probably a descendent of an early-A spectral type MS
with these findings but also suggest pervasive transition &ar and now lies either at the base of the red giant branch or
gion material at 10K among many of the non-coronal giantss a clump giant. Pollux is a weakly-active magnetic giard an
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(Ayres et all 1997). a sub-Gauss value has been obtained for its surface averaged
longitudinal magnetic field (Auriere etlal. 2009). It has amay
* ogorman@cp.dias.ie luminosity that is 3 orders of magnitude lower than Capslla’
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Table 1. Basic stellar properties of Pollug Gem) sition were determined by fitting a point source to the calied

visibilities using the CASA taskvmodelfit To mitigate the pos-

Parameter Value Reference sibility of decorrelation of the visibilities at 21.2 GHz,hich
could result in flux scale errors, we limited the point souite

HD number............. 62509 - to baselines less than 500 kit this frequency. The flux density

Spectraltype ........... Ko 1 uncertainty for standard VLA observations~s3% at S and X

Effective temperaturger 4904+ 50K 2 band, and~ 10% at K band. The error bars throughout this pa-

Distanced ............. 136+ 0.03 pc 3 per do not include this uncertainty in the absolute flux calion

Angular diametep, .... 7.95+0.09mas 4 but reflect both the statistical root-mean-square (rmsyresal-

MassMy ... 191+ 0.09Mo S ues,os, obtained from the final primary beam corrected images,

RadiusR, ............. 85+ 0.10Rs ¢ and the formal fitting uncertainty;;. The total error in the flux

[FdH] ....... RAEERREEE 0.08 1 density is then assumed to be:,= (O’é + 0_1(2)0.5.

Escape velocity®se . . . .. 287 kmst c

Age ... 2+0.3Gyr 5

Soft X-ray luminosityL,  10?"3ergs? 7

Notes. (1)[Gray et al.[(2003); (2) Takeda el 4l (2008):[(3) van Leetiw 3- Results

(2007); (4)_Nordgren et all (2001); (5) _Hatzes et al. (2018);Gray . L

(2014); (7) Sanz-Forcada et dl. (2011). ‘c’ indicates valoalculated POllux was detected (i.e., at 3orms significance) at 21.2 and
in this work. 9 GHz in Stoked (total intensity) in both the point source fits to

the calibrated visibilities and in the corresponding radiages,

which are shown in Figuifd 1. The detections had signal-iseno
(Huensch et al. 1996), despite its similar size to both oktaes (S/N) ratios of 7 at 21.2 GHz and 5 at 9.0 GHz. The star was not
in the Capella binary. Extensive studies of Pollux’s radied detected at 3 GHz or in any other Stokes parameter. The derive
locity variations have revealed it to have a planetary campglux densities along with the 3 GHzr3,,s upper limit are listed
ion with a period of 560 days and a minimum mass ofM;Q, in Table[2 and are consistent with the previous non-detectio
(Reffert et all 200€; Hatzes et/al. 2006). Understanding the radhig|lux by/Drake & Linsky (1986) who reported arg,s upper
properties of the stellar host of an exoplanet notonly gtesin-  |imit of 340 uJy at 5 GHz. We fitted an elliptical Gaussian to the
sight on the host itself but also provides insight on theifgity  source using CASAs$mfit task to confirm that the star was un-
of detecing radio emission from the exoplanet itself. resolved at both 21.2 and 9.0 GHz.

The expected positions of Pollux at the two observational
) : epochs were calculated using tHeparcoscoordinates, proper
2. Observations and data reduction motion, and parallaX_(van Leeuwéen 2007). The positiorfl o

Pollux was observed with the Karl G. Jansky Very Large Arra%/et of the source could then be determined from tiexince
(VLA) in A configuration (Program code: 12B-108, PI: Laurenp€tween the expected position and the actual measured posi-
Chemin) during 2012 October at K band (@8 265 GHz) and ton. At both 21.2 and 9 GHz, we find that the position&t o

again during 2013 January at both X band)(8 12.0 GHz) and set is smaller than_ the noise-based u_n_certainty, which we de
S band (D — 4.0 GHz). The original goal of this project wasfine as the synthesized beam HPBW divided by &/N of the

to test whether the signature of Pollux’s exoplanet couldde SOUrce (Condon et al. 1998). This good agreement conﬂrnps tha
tected in its orbital reflex motion with a future astromewiry W€ have detected Pollux at 21.2 and 9 GHz. In Figure 1 it can
Long Baseline Array (VLBA) program. The low levels of radid?® S€en that acms peak lies close to the expected position of
flux density that we report in this paper would appear to ruRRollux at 3 GHz. Howevgr, conS|der|_ng that this peak .Iles at a
out such a possibility with current facilities. A brief owgew of distance of aimost two times the noise-based uncertainay aw
these observations is provided in TaBle 2. The receiversded T0M the expected position, along with the fact that there ar
continuum emission with 8-bit samplers in 2 GHz wide windom%ther peaks of comparable statistical significance closevisy
centered at 21.2 (K band), 9.0 (X band), and 3.0 GHz (S banfl§, not attempt to consider this peak as a detection.

For all frequency setups, 3C286 was used as the absolute flux

density and bandpass calibrator, while J0#¥3112 was used as

the complex gain calibrator. Pollux was observédet~ 8” due 4. Discussion

west of the phase reference center and so any potentidienter ™

ometric artefacts at phase center could not be mistakeéor 1. Spectral indices and brightness temperatures

source.

Flagging and calibration were performed with the Configure[2 shows the radio spectral energy distribution far Po
mon Astronomy Software Applications (CASA) packagtux. We find that the spectral index (whereS, « v%) has a
(McMullin et all [2007) version 4.2.2 using the VLA calibravalue ofa = 1.5 + 0.4 between 9 and 21.2 GHz, and has a value
tion pipeline version 1.3.1 and some manual flagging. Imagesa > 0.6 = 0.5 between 3 and 9 GHz. These spectral index
were created using the CLEAN algorithm _(Hogbhom 1974) walues are in broad agreement with the spectral indiceseof th
full Stokes, with Briggs weighting and a robust parameter disk-averaged quiet Sun over the same frequency ranges, i.e
0.5. At S band, we were required to image a number of brigiat = 1.75 between 6 and 400 GHz, and = 0.56 between 0.35
nearby (i.e., a few arcminutes) serendipitous sourcestpregss and 6 GHz|(Benz 2009). It can be seen that the flux densities at
their sidelobe contamination throughout the image. In the i and 21.2 GHz are significantly above the values expected fro
nal primary beam-corrected images, the rms noise per syntadlackbody with a photospheric angular diameter and a tempe
sized beam close to the source wasudy¢ beam?! at K band ature equal to thefiective temperature. The derived brightness
(21.2GHz), GJy beam! at X band (9.0GHz), and 7,8y temperatures are listed in Table 2 and are consistent wéthdh
beant! at S band (3.0 GHz). The source flux density and ptar minimum values.

Article number, page 2 ¢fi6



E. O’'Gorman et al.: Detection of thermal radio emission frasingle coronal giant

Table 2. VLA observations of Pollux.

Date Band Center Bandwidth  Time on Restoring Flux Brighdénes
Frequency Source Beam HPBW Density  Temperature
(GHz) (GHz) (min) (x") (udy) (K)
2012 Oct 14 K 21.2 2.0 32 0.0920.085 150:21 9300+ 1300
2013 Jan 01 X 9.0 2.0 17 0.380.218 43+8 14800+ 2800
2013 Jan 01 S 3.0 2.0 17 1.194.534 <23 < 71000

Notes. The brightness temperatures are calculated from Equatiwhdre we have assumed that the stellar diameter is equmed aptical diameter
and that the star is a uniform disk.
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Fig. 1. Radio images of Pollux at 21.2 GHz (left), 9 GHz (middle), &@Hz (right). Contours are set te§, 3,4, ...11) X oms Whereo s is the
rms noise in each image. The red cross marks the expecteibpasi the photosphere at the epoch of each observationrdsdtering beam is
shown in the bottom left of each image. Note the scales onxée ia each panel double in size from left to right.

4.2. Radio emission mechanisms and¢ > ¢., and so the flux density will be greater than that

. . . . . expected from a blackbody aldhge.g./ Cassinelli & Hartmahn
In the following sections we discuss the possible radio emisg7%) | Figurd > we also include the predicted radio spectr
sion mechanisms respon5|_ble for_ the observed radio flux fr_ ergy distribution from the atmospheric model of Pollux by
PO"”.X' We note that our discussion r]aturally follows the'd'Sim (2001). This model contains a turbulently extended oo
cussions outlines already presented.in Drakeletal. (1998) &ypare 3 transition region and corona and is in reasongtega
\ﬁllz_ads_en etLal. (20.14)' In Drake_et al. (1993)’ the possibiio . ment with our measurements. We note that the semi-empirical
emission m_echanlsms respon5|ble. for their 8.3GHz de‘fﬁ‘-"“ odel is not a close match to the observedlyman profiles,
of the subgiant star Procyon are discussed. A similar laJut, 4 therefore the model itself has intrinsic uncertainfié® ra-
app_lled inMilladsen et all (2014) to d!scuss their 34.5Gldz OIdio emission from this model atmosphere is expected to be in
tections of three solar-type MS stars (izCet,n Cas A, and 40 excess of the blackbody emission and this excess is exptected

Eri A). be greater at lower frequencies, in agreement with our nmeasu
ments.
4.2.1. Free-free emission from a chromosphere and In Figure[3 we compare the disk-averaged brightness tem-
transition region peratures of Pollux against the solar minimum and maximum

. . values taken from White (2004). The brightness temperatfire
If Pollux were a perfect blackbody with angular diameter ¢, e Sun changes between solar minimum and maximum mainly
and brightness temperatufg = Ter at any radio frequency, pecause of gyroresonance emission above active regioms whi

then the observed flux density would be will be discussed further in Sectibn4.2.3. At solar minimuaa
Ty v o\2 ¢ 2 dip emission bet\_/ve_en 3 and 21 GHz is dominated by optically
S, = 0-18#3)/(4904 (GHZ) (7.95 mag . (1)  thick thermal emission from from the upper chromosphere and

) ) ) o lower transition region. The relationship between theoanti-
This blackbody radio spectrum is plotted in Figlite 2 alonthwical depths in the quiet Sun and Pollux can be estimated frem th
our flux density measurements which are clearly all in exoésschromospheric scaling relations [of Ayrés (1979). The cloom
this spectrum. This is because Pollux, like the Sun, has @ chépheric free-free optical depth scalesasnZH, wherene is the
mosphere and a transition region. At radio frequenciesfreies electron density anét is the density scale-heightl scales as
and ions from these regions are a source of free-free opacity

which increases as frequency decreases. This means taeat | 1 At very high frequencies (i.ev, > 1 THz) the temperature minimum
radio frequencies an optical depth of unity is reached highe will be probed, in which cas&, < Te and the flux density will béess
the atmosphere where the gglsctron temperaturée > Ter than that expected from a blackbody (€.g., Liseaulét al/[r013
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4.2.2. Free-free thermal emission from a bound corona

T

We now examine the possibility that some of the radio emissio
results from free-free thermal emission from a bound @tatjc)
optically thin corona. We can immediately rule out an ogljca
thick corona on the basis that the expected brightness trempe
tures would be much larger than those we find. Since the solar
corona is optically thin above a few GHz, the rising spectfam
positive spectral indices) we deduce for Pollux immediesely-
gests emission at 9 and 21.2 GHz is not dominated by optically
e S 1 thin coronal emission, because in this case the spectrunidwou
S -4 bealmostflat (i.e.S, « v01).
C 1 Pollux is a weak soft X-ray source (Maggio et al. 1990)
and its X-ray (5- 100A) luminosity of 167%ergs?
Vo & 1 (Sanz-Forcadaetal. 2011) is similar to the solar minimulaeva
10 A S * ‘ defined in_Judge et al. (2003). Thus, Pollux - with a surfaea ar
1 10 78 times that of the Sun - has an X-ray surface flux that is about
Frequency, v (GHz) 1% of the solar value. This soft X-ray flux originates as ther-
Fig. 2. Radio spectral energy distribution for Pollux between 1 aﬂal emission from an optically thin corona and is the sum of
- < ot ) any diterent thermal processes such as free-free, bound-free,
300 GHz. The red dash-dotted line is the expected blackboigseon 4 )tgound-bound. Knosvledge of the coronal emission measure

assuming a uniform intensity disk with angular diameget ¢, and . . S
brightness temperatui®, = Ter . The black filled circles are the VLA (EM, measured in Crﬁ) allows the expected radio luminosity to

detections at 21.2 and 9 GHz. The blue dotted line is the éagapec- P€ calculated using
tral energy distribution of Pollux using the model atmosptfeom/Sim

®¥ This work
10000 |..... sim atmosphere
- Blackbody

¥ Previous upper limits

T T T T

1000

T T T T

100
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(2001). Our 3 GHz upper limit is also shown along with pregiapper L, = &(Te)EM (2)
limits taken from Wendker (1995). The black dashed lineesents a . . .
least-square fit to our detections assuming Siat »*. wheree, (Te) is the radiative loss rate of the plasma (in er§ s

cm® Hz™1) and is assumed to be entirely from free-free inter-
actions. This is calculated using Equations 3.54 and 3& fr
Spitzer (1978) and assuming helium to be fully ionized. Us-
108 : S : ing the largerEM value and the corresponding coronal tem-
perature ofTe = 10°22K from the two temperatur&M fit
o given in|Sanz-Forcada etlal. (2011), we find the expected flux
N Solar minimum density contribution from Pollux’s optically thin corona be
N Solar maximum S, ~ 0.5uJy at 3GHz and even smaller at higher frequencies.
We conclude that the free-free thermal emission from a bound
10° corona has only a very small contribution to our radio dévest

e ¥ Pollux
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4.2.3. Gyroresonance emission from active regions
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The non-flaring Sun displays a clear cycle in its radio flux-den
* T sity. This is due to coronal material above active regions be

10° -__’:':-_--_.é._;__,__“_ coming optically thick from the presence of hot dense plasma

T
’
’

Brightness temperature, T, (K)

and strong magnetic fields and results in bright spots of-coro
L ‘ nal temperatures{ 1P K) appearing on a cooler chromospheric
10 temperature{ 10*K) disk. As the number of active regions
Frequency, v (GHz) changes over a solar cycle, so too does the radio flux density
contribution from these bright spots. The dominant sourfce o
Fig. 3. The derived disk averaged brightness temperature of Patiuxopacity in these bright spots is free-free thermal electrion
21.2 and 9 GHz, along with the upper limit value at 3GHz. Thehed the corona at low frequencies (i.e<, 2 GHz) and gyroreso-
line is the solar minimum disk averaged brightness tempegavhile nance absorption by thermal electrons in the corona between
the dash dotted line is the solar maximum disk averagedtmegls tem- 3 and~ 15 GHz (White & Kundll 1997; Lee etial. 1998). The
peraturel (White 2004). gyroresonance mechanism is the non-relativistic limithef gy-
rosynchrotron mechanism and typically operates at low barm
ics (s = 2 —4) of the electron gyrofrequeney, such that

o Ter/g., Whereg. is the surface gravity, whiléne) o VG T2,y = sy = 2.85BMHz 3)

so that the surface gravity terms cancel (Harperlet al.|2a1)

remaininngff term givestpoiux/7o ~ 0.4 which suggests that for a given magnetic field strengih(in Gauss).

Pollux will have a slightly lower opacity chromosphere, dad We can use our VLA data to constrain the covering fraction
a given frequency, deeper and cooler plasma is probed. Giwdrthese coronal bright spots on Pollux, following the argunts
the similarities between the solar brightness temperatangl outlined in|Drake et al. (1993) and Villadsen et al. (2014 W
the values we find for Pollux, it seems likely that Pollux'dia assume that at any given frequency the disk averaged beghtn
emission also originates mainly from an upper chromosphetémperaturd;, can be modelled as a uniform disk having either
and lower transition region at our observing frequencies. a chromospheric or transition region temperatlggy, that is

I
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obscured by coronal bright spots of temperatligg having a from a spherically symmetric, isothermal optically thinndito

covering fractionf, such that be

- d
To = (1= f,)Taisk+ fyTeor 4) Mon = 13x10MMyyr? ( 215V|<Wm sl)( — pc) .
The covering fraction will decrease as frequency increases Te \022/  \003/ R, 05/ g |05
since higher frequencies correspond to stronger magnetit fi (1@-23K) (3GHZ) (8 85Ro) (;Fvy) (5)

strengths. For example, coronal magnetic field strengtR60f

1070 and 2520 G would be required if gyroresonance emissigfere Mion is the ionized mass loss rate aBd is the maxi-
in the third harmonic contributes to the radio flux densit¢s mum excess flux density at 3GHz. For coronal giants] the ion-
3, 9, and 21.2GHz, respectively. We again Us¢ = 10°%°K, jzed mass loss rate will be equal to the total mass loss rate,
while for Tisk, we assume the disk integrated brightness temince hydrogen and helium are fully ionized. In deriving Bqu
perature values of the quiet Sun (White 2004), since these Mgon[5 we have computed the free-free Gaunt fagigrassuming
surements will have the least contribution from gyroresmea an efective power-law approximation to the appropriate hydro-
emission. We find that the brightness temperatures for Rollyen helium mix [A(He}-0.1] for coronal ionization conditions
at 9 and 21.2 GHz are similar to solar minimum values whigdktween 5x 16F < Te(K) < 107 and VLA frequencies, i.e.,
could imply little or no contribution from gyroresonanceism ¢ — 24,1y7006T006 | addition, we have replaced the constant
sion at these frequencies. Our upper limit for the the dis&-in ;= with the beta power-law form, = vy (1 — R, /r)?, wherer
grated brightness temperature of Pollux at 3GHz is well @boi radial distance. We adopt= 1.2R, as a limit to the integral
the solar minimum value of 3.5 x 10*K. We can thus derive calculation to be consistent with the chromospheric exterss
a maximum covering fraction of 2% for coronal bright spots &hferred i Berio et al/(2011) and assupe 1 (Carpenter et al.
3 GHz using Equation]4. For this calculation we have assuniegos) 1999).
that ||ke the Sun, PO”UX ContainS |Oca|ized aCtiVe I‘engHT!B From EquatiorEB we can constrain the mass loss rate of
assump_tio_n Which is supported by the discover_y of a largeescpollux to beMign < 3.7 x 1011 My, which is about an order
magnetic field in the photosphere of Pollux (Auriere et abP0  of magnitude smaller than previous constraints at radioewav
lengths |(Drake & Linsky 1986). The semi-empirical mass loss
relation from_ Schréder & Cuntz (2005) predicts a mass-lats r
for Pollux that is almost identical to the the value of our up-
The unbound solar corona escapes to the interstellar medipien limit, while the scaling law from Holzer etlal. (1983), ish
through open magnetic field lines at a mean rate & 2 scales the solar mass loss rate By [Ro)?(V25%Vvs9)~3, predicts
1014 M, yr~* (Athay!1976), forming the solar wind. In generala value that is a factor of two smaller. The theoretical model
the mass-loss rates from giant stars are many orders of madmi mass-loss rates of cool stars|by Cranmer & Saar (2011) pre
tude greater than the solar value. However, these massaess dicts 23 x 1071? < Mo, < 9.2 x 1012 M, assumingvsini =
are extremely poorly constrained for coronal giants ko 1.7 kms? (S. R. Cranmer, 2016, private communication). Our
Drake & Linsky (1986) were able to place3.s upper limits of upper limit is therefore in agreement with existing preidics
~ 5x 1079 Mg yr~* using their best constrained non-detectiorfer the mass-loss rate of Pollux. The mass loss presumably oc
of coronal giants. curs in magnetically open coronal regions, which account fo
We can use the multi-frequency VLA detections to estimataly a portion of the total coronal free-free radio emissidhe
the flux density contribution from Pollux’s wind and therebwther portion coming from magnetically closed coronal oegi
constrain its mass loss rate. To do so we need an approximafince we have shown in Sectibn 4]2.2 that the expected dorona
of the stellar wind velocityy,,. Pollux does not show any windfree-free emission is about Q.3y, then it is probable that the
scattered Mg Il or Lyman alpha features inl{ST/STIS spectra actual mass-loss rate is considerably less than our denjyeer
while the C 111 977 A and O IV lines iFFUSE spectra presented limit.
in IDupree et al.[(2005) are consistent with no wind scatterin
Therefore Pollux does not have either a cool slow velocitydwi
(i.e.,viw = 10— 50kms?) typical from cool giants or a warm
intermediate velocity wind (i.eyy = 70— 150kms?) typical The magnetized planets in our solar system produce electron
from hybrid bright giants. Given the paucity of empiricalneo cyclotron maser emission at very low frequencies (ie.g
straints onvy,, we follow [Drake & Linsky (1986) and assume40 MHz) and it has long been suggested that this type of emis-
vw = 0.75/%3% wherev§*€is the photospheric escape velocitysion could potentially be detected from nearby magnetic exo
This relation is representative of the mean solar wind \gloc planets. Predictions for the strength of the exoplanebradiis-
and givess, = 215 kms? for Pollux. sion have been made whereby simple scaling laws known to
Drake & Linsky (1985) showed that all the winds in theipperate in our solar system have been generalized for \&riou
sample of coronal giants will be optically thin at 5 GHz. Folstellar systems (e.d., Farrell etlal. 1999; Stevens|20@H)Pis
lowing their arguments, we expect Pollux’s wind to be oglyca known to have a planetary companion with a minimum mass of
thin at our 3 observed radio frequencies. We can derive an @1 M piterand a semi-major axis of 1.6 AU (Rert et al! 2006;
per limit to the mass-loss rate by assuming the emission atl9 &latzes et al. 2006). If we optimistically assume that Poiag a
21.2 GHz is entirely from other sources and not from the winchass loss rate of 3x1071* M, yr~* (see Section4.2.4), then fol-
Then, by extrapolating the power law fit to the flux densities fowingllgnace et al! (2010) we could expect a contributiamfr
these frequencies (i.e., usigy o« v'°), we can obtain agffec- exoplanetary radio emission ef 25uJy at 3 GHz, where we
tive flux density value at 3.0 GHz. TheftBrence between ourhave assumed Jupiter-like properties for the rotationaatkra-
3 GHz upper limit for the flux density and thiffective flux den- dius of the planet and the emission to be isotropically behme
sity is the upper limit to the flux density contribution frofmet However, since this type of radio emission is produced at the
wind and equates ter 8uJy. We calculate the mass loss ratelectron cyclotron frequency which is defined in EqualibnitBw

4.2.4. Free-free emission from an ionized stellar wind

4.2.5. Exoplanetary emission
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