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The SKA will be a state of the art radiotelescope optimizedbimth large area surveys as well
as for deep pointed observations. In this paper we analyz@rtpact that the SKA will have on
Galactic studies, starting from the immense legacy valut@fall-sky survey proposed by the
continuum SWG but also presenting some areas of Galacén&eithat particularly benefit from
SKA observations both surveys and pointed.

The planned all-sky survey will be characterized by unigpetial resolution, sensitivity and
survey speed, providing us with a wide-field atlas of the Gdacontinuum emission. Synergies
with existing, current and planned radio Galactic Planeeys will be discussed. SKA will
give the opportunity to create a sensitive catalog of disgBalactic radio sources, most of them
representing the interaction of stars at various stagebedf evolution with the environment:
complete census of all stage of HIl regions evolution; catgktensus of late stages of stellar
evolution such as PNe and SNRs; detection of stellar wirttlsntal jets, Symbiotic systems,
Chemically Peculiar and dMe stars, active binary systentsoth flaring and quiescent states.
Coherent emission events like Cyclotron Maser in the maxgpéteres of different classes of
stars can be detected. Pointed, deep observations will akkov insights into the physics of the
coronae and plasma processes in active stellar systeménahel sars, enabling the detection of
flaring activity in larger stellar population for a bettemeprehension of the mechanism of energy
release in the atmospheres of stars with different masgkagm
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1. Theall-sky SKA1 survey

The proposed SKA1 all sky continuum survey (SASS1: NorrialeR015), covering most
(~ 70%) of the Galactic Plane with unprecedented spatial uésal, sensitivity and survey speed
at band 2 (650-1670 MHz), will provide us with a sensitive eviikld atlas of Galactic continuum
emission. Up to now, existing interferometric radio contim surveys of the Galactic Plane have
been carried out either at high angular resolution, but aVienited survey area, or over wider areas
but at low angular resolution. This is the case of MAGPIS {&tad et al., 2006) and CORNISH
surveys (Hoare et al., 2012), covering an area sfjuare degrees at an angular resolution of'1-6
On the other side, the International Galactic Plane SuriisClure-Griffiths et al., 2005; Taylor
et al., 2003) and the 2nd Epoch Molonglo Galactic Plane SerfdGPS-2: Murphy et al., 2007)
cover several hundred square degrees at a typical resohitio1 arcmin.

In the meantime, two major surveys including or aimed at nmapgthe Galactic Plane will
be carried out by the two SKA precursors, namely: the Evohary Map of the Universe (EMU,
Norris et al., 2011) a deep«(10uJy/beam), almost full sky (75%); 10" angular resolution survey
to be carried out at 1.4 GHz with the Australian SKA Pathfinde8KAP); and MeerGal (Pls M.
Thompson and S. Goedhart) a deep30uJy/beam) survey of the Milky Way Galaxy (140 square
degrees) to be carried out at 14 GHz with MeerKAT at a subear¢s 0.8”) angular resolution.

We can anticipate that both surveys will provide us with a nésw of the radio Galactic
Plane. However, SASS1, due to the increase in sensitivigular resolution and survey speed,
will bridge the gap between the two types of existing radioveys of the Galactic Plane and
will improve the results from EMU and MeerGAL, detecting asattaloguing objects such as Hll
regions, supernova remnants (SNRs), planetary nebulae) (@il radio stars, down to thely
level. Most of these sources represent the interactionan$ st various stages of evolution with
their environment. The known radio populations of each eséhtypes of objects are limited by a
combination of issues including the limited area covereaXigting surveys, sensitivity, angular
resolution or biases against large scale structures intextiby limited uv coverage shapshot sur-
veys. Moreover, the lessons learnt from EMU will guide theSSA design in identifying issues
arising from the complex continuum structure associated thie Galactic Plane and from the vari-
able sources in the Galactic Plane.

However, besides the legacy value of SASS1, some areas att@abcience will particularly
benefit from SKA observations, in particular from those amtdd at higher frequencies (band 4
and/or 5) and at higher resolution (sub-arcsec). We wik@nt some among the possible Galactic
science goals that can be addressed with the SKA1 and th&Kéll In the following, we assume
the SKA1 and SKA performances as reported in the SKA1 Bas@&iesign (Dewdney et al., 2013)
and in the Performance Memo (Braun, 2014).

2. Massive star formation

A straightforward application of SKA will be the study of i@ed regions around massive,
early-type stars. Thanks to its overwhelming sensitivitgd dynamic range SKA will be the ideal
instrument to detect and resolve these objects, whose sigevany from 18 au, for hypercompact
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(HC) Hll regions, to 100 pc, for giant HIl regions. This is @gplent to span a broad range of ages,
as Hll regions are known to expand with time, which makes SKAexcellent tool to investigate
the evolution of these intriguing objects.

While the most extended (and hence old) stages can be (aaefiagtively been) studied with
the Very Large Array, the youngest sources have been soitarejusive. The HC Hll regions may
be as small as0.03 pc, which turns into an angular sizel” at the typical distances of OB-type
stars &1 kpc). Such a small size, combined with the large opacityhefftee-free emission in
the radio regime, makes it challenging to detect this typehjécts and even more to resolve
them. The limited information available on the earliestletion of HII regions is frustrating, as
this is considered a crucial step in the formation of a higissnstar (Keto, 2003). The youngest,
densest HIl regions arise as the star contracts towardsaits sequence configuration. As long
as accretion at high rates goes on, the protostar may swélogokawa et al., 2010) and cool
down, thus dramatically reducing the ionizing photon otitdthis implies that the appearance of
an HC HIl region must correspond to the termination of themaaicretion phase. In this context,
the morphology of the youngest Hlls tells us also about tls&itution of material immediately
surrounding the forming massive star in terms of the intevadetween infall and outflow.

As a matter of fact, HIl regions appear to remain in the mostact phases of their evolution
longer than expected on the basis of a simple expansion maslelitnessed by the number of
ultracompact HIl regions in the Galaxy (Wood & Churchwel®89; Mottram et al., 2011). This
result implies the existence of some confinement, whichdcbel tightly related to the accretion
mechanism itself, as shown by Keto (2002). Alternativeffeas of density gradients and stellar
winds may play a role (Arthur & Hoare, 2006) or intrinsic \ability driven by changes in the
accretion rate (De Pree et al., 2014). Therefore, sheddjhtydn the earliest phases of HlIl regions
might be equivalent to unveiling the process of high-maasfermation.

What is needed to boost our knowledge of (hypercompact) édjions is both a statistically
complete sample and a detailed analysis of selected cdedidsote also that radio observations
should be better performed at higher frequencies, as tiimeeis well suited to actually determine
the morphology of the youngest, most compact HIl regions ASkn fulfil all of these require-
ments, thanks to its superior sensitivity, angular regahtand frequency coverage. The sensitivity
issue is illustrated in Fig] 1, where we show the detectimnitdi of SKA1 and SKA. In our estimate
we have assumed a classical (Stromgren) HIl region ionized bero-age main-sequence star.
The figures plot the intensity of an HIl region as a functiorntted Strémgren radius and Lyman
continuum of the ionizing star. The curves correspond t@Bthéevel attainable with 10 min inte-
gration on-source at 9 GHz witH tesolution, for a source distance of 1 kpc (solid line) an#@0
(dashed). The HlIl regions falling above the curve are detdet One sees that even SKA1 will be
sensitive enough to detect HIl regions as small as a few 1thawize of our Solar system!) around
a B2 star or earlier, across the whole Galaxy. The great paterf SKA will permit to perform
unbiased surveys of the Galactic plane in a limited amoutinté and with great sensitivity, and
thus allow a complete census of Galactic hypercompactdbssnore extended) Hll regions.

Resolving a HC HIl region is more challenging. The maximumnater is~0.03 pc (Kurtz,
2005) (i.e. 0.6 at a distance of, e.g., 10 kpc) and requires a synthesized bekast~10 times
smaller (i.e.<0.08") to be properly imaged. In Fif} 2 we show a plot analogous deetin Fig/[]L,
but this time we fix the ratio between the synthesized beamtlzmdource angular diameter to
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Figurel: Left: Plot of the peak free-free continuum flux density of an honmoges, isothermal (Strémgren)
HIl region as a function of the HII region radius and Lyman tonum photon rate of the ionizing star. The
calculation has been performed assuming an observingdnegof 9 GHz and an angular resolution §f 1
The two curves correspond to a 3letection level of 2.44Jy (obtainable in 10 min on-source with SKA1)
at a distance of 1 kpc (solid curve) and 20 kpc (dashed). Thedlbnes correspond to fixed values of the
HIl region densities, ranging from 1 cm~2 in the bottom right to 1& cm~2 in the top right, in steps of a
factor 10.Right: Same as left panel, for a detection threshold of u2y, attainable with SKA in 10 minute
integration on-source.

10. The curves correspond to S/N=10 for 10 min integratiors@urce, assuming aslRMS of
0.08 uJy for SKA at 9 GHz. Points above the solid blue line have ebectiensities in excess of
10° cm~2, the minimum value for a HC HIl region (see Kurtz 2005). We aade that the SKA
will resolve HC HiIl regions around B1 stars or earlier, aleothe Galaxy.

In addition to the sensitivity and angular resolution, SKAl wrovide us also with a broad
instantaneous frequency coverage, thus allowing us to unedke spectral index of the radio
emission. Although not sufficient by itself, knowledge oé thpectral slope is a crucial piece of
information to discriminate between HIl regions and thdrjets, and determine the optical depth
of the emission. Indeed, radio jets might be confused witit fall regions and are detectable even
at large distances (see Anglada et al. 2015).

3. Late stages of stellar evolution

SKA will also contribute to unveil the so-far missed popigdas of Planetary Nebulae (PNe)
and Supernova remnants (SNRs). Those objects represelatéhstages of stellar evolution of
low and intermediate mass stars and massive stars, reghgcetails on the potential of SKA
on SNRs science can be found in Wang et al. (2015). Low andmnetgiate mass stars (LIMS:
0.8-8 M) constitute 90% of all stars which have died in the UniveBering their final evolution,
these stars eject between 40% and 80% of their total masshediby the products of nucleosyn-
thesis. The ejecta are the source of half the recycled gé&®ialaxy and are major contributors
to chemical evolution of the Galaxy. The mass loss also detes the final mass of stellar rem-
nants. The mass-loss process is one the main open problestedlam astrophysics. Current areas
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Figure 2: Same as previous figure. The difference is that here we fixatie between synthesized beam
and source angular diameter diameter to 0.1 and allow foNaBJ for an integration of 10 min on-source
with SKA (resulting in I~0.08Jy). The blue line corresponds to an HIl region density &fdii—3.

of research are: what drives the mass loss, how is it affdnydainary interactions and magnetic
fields, and whether there is a unique initial-final mass i@tat

Planetary nebulae (PNe) are formed when the ejecta areyliaefted by the stellar remnant;
they are known for their often beautiful morphologies. ®itltzey have a rich emission-line spec-
trum, they can also be used to trace the kinematics of theirdadaxies as well as serve as standard
candles (e.g. Ciardullo, 2010). Although they trace 90%laftars, they are short-lived (a few4.0
yr), hence relatively rare, with a population densityl0® of that of the total stellar population.
This is compensated by their high luminosity 10*L..).

PNe are among the most numerous Galactic radio sourcegsatbtse far in radio surveys
(about 700 in the NVSS). However, our census of this type afssis far below the number ex-
pected from theoretical counts, which, on the other handyihedepend on the assumptions on
the previous evolution of the stars. If, for example, onlgdwy interaction is required to form a
PN, we can expect to observeé6600 PNe in our Galaxy, but this number can go up-#6000, if
binaries are not strictly necessary (Jacoby et al., 2018 Aumber of detected Galactic PNe is
only ~3000 (Parker et al., 2006).

It is therefore possible that there is a missing populatioRNe. The main reason for such a
large mismatch between the expected and the observed nofrdgmirces is that most PNe are hid-
den by dust absorption. Among other factors that can hamgetefections, there are the intrinsic
low brightness of the more evolved sources, which numéyiceiminate the PN luminosity func-
tion and are then expected to constitute the main comporieniume-limited samples (Parker et
al., 2006), the interaction with the ISM, which can disrupt hebulae and shorten their lives, and
the fact that Galactic latitudes beyord 0 deg have not been adequately surveyed (Jacoby et al.,
2010).
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The sensitivity of the SKA and its ability to map large are&she sky quickly will allow us
to detect every PN in the Milky Way. If we consider a typicaparsion velocity of 10 kms, the
shell expands in & 10* yr to a distance of about 0.2 pc from the central star. Assgrojtically
thin emission from an ionised mass of 0.1, Nhe ~140 cn13) filling 2 /3 of the shell, we expect
a flux density of about 41Jy/beamat a distance of 61 kpc, over a beam of”0.8his means that
SKA1 will be able to detect and map evolved PNe not only in thwle Galaxy, but also in the
Magellanic Clouds. The number counts, distribution andtiriess temperature will test the mass-
loss models of LIMS. This survey can be done at frequenciésdan 1 and 5 GHz, with lower
confusion and less effect from optical depth (for the younggbulae) at the higher frequencies.

Besides evolved PNe, the SKA will allow us to detect more ciisje the rapid transition from
post-AGB stars to PNe, like CRL 618. This is a critical phagieen the development and expansion
of the ionisation front radically changes the physical ¢bons in the circumstellar environment
(Umana et al., 2004; Cerrigone et al., 2008, 2011). Thisstt@am lasts for a small fraction of the
post-AGB time (which amounts to some31§¥), which makes it challenging to detect stars going
through it. Again, the deeper survey obtainable with the SKA find new transition stars by
sampling a larger volume of our Galaxy. In this context, itstibe noted that transition objects
are often optically thick below 3 GHz, therefore high-frequay receivers will be necessary to
characterize the nebulae by observing their opticallg-grission. The flux may increase by 1%
per year or more, a variation readily detectable if the suriseepeated over a few years.

Post-AGB stars such as CRL618 commonly show jet-like ouflolhe origin and driving is
not clear but magnetic-driven models have recently com®gug (Huarte-Espinosa et al., 2012),
strengthened by synchrotron emission from one such jeegP8anchez et al., 2013). The SKA
can detect synchrotron components to the radio emissionghrits sensitivity and wide frequency
band: this will test the shaping mechanisms operating in. A& is best done at 1 GHz.

Finally, the SKA can also measure the mass of the stellaraatsrinside the PN. This is done
indirectly, through the evolution of the radio flux densifijhe rate of heating of the central star
(temperature increase in K/yr) is a very strong functionhef $tellar mass. For stars which have
not yet reached their maximum temperature, the radio fluxpeeed to decrease by 0.01-0.1%
per year, due to the decrease in number of ionizing photariteftstars have fewer photons as each
photon carries more energy). The rate of change of the digtitan radio flux yields the stellar
mass, to an accuracy of better than 5%. This has so far only th@ee for NGC 7027 (Zijlstra
et al., 2008). The changes during the earlier evolution astef (Cerrigone et al., 2011) but less
deterministic. The SKA survey can detect a 0.1% change fa &Nfaint as 10mJy, which brings
the Galactic Bulge population in range. A deeper, targetedey could go further.

These measurements will best be carried out at 4-6 GHz tZij&t al., 1989; Aaquist &
Kwok, 1990). One way to achieve the temporal sensitivityisepeat the Galactic plane area of
the SKA survey 5-10 times, which would also improve senisjtiv

4. Stellar Radio emission

4.1 General

Stars emit, in the radio band, a negligible fraction of thetal luminosity. In the case of the
quiet Sun the ratio between its radio and its bolometric hosity is less than 132. Nevertheless,
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in many cases, radio observations are the only way to revehstudy astrophysical phenomena
that play a fundamental role in our understanding of stellaniution. This is the case of stellar
magnetic fields, whose topology can be directly mapped vi&Mibservations (e.g. Trigilio et
al., 1993; Peterson et al., 2010) and its influence on enarglification and subsequent release
in stellar coronae can be investigated via the correlatatwéen radio and X-ray emission and the
statistics of stellar flares (Benz & Guedel, 2010, and refegs therein); of stellar winds, where
the detection of thermal radio emission is widely used teheine the mass-loss rate in hot stars
(Wright & Barlow, 1975; Panagia & Felli, 1975; Scuderi et, d998; Blomme, 2011) and has
revealed to be particularly powerful when other diagnasti@nnot be used, as in the cases of dust
enshrouded objects (Umana et al., 2005)

The improvement of the observational capabilities havd teathe discovery of radio emis-
sion in a wide variety of stellar objects from all stages eflat evolution. Broadly speaking, the
brightest stellar radio emission appears to be associaithdewhanced stellar mass-loss (winds,
nebulae) in the cases of thermal emission (large emittinigae) or to magnetically-induced phe-
nomena, such as stellar flares, for non-thermal emissiocepsas (high brightness temperature).
In the following we briefly illustrate some representativamples for each type of stellar radio
emitters.

4.1.1 Thermal emitters

Thermal emission (bremsstrahlung emission) is expectsd inds associated with massive
stars, shells surrounding Novae and jets from symbiotitegys (O’Brien et al. 2015), class 0
pre-main sequence (PMS) stars and classical TTauri (W20@4).

Massive stars play a fundamental role in the evolution ofxgak. They are among major
contributors to the interstellar UV radiation and, via therong stellar winds, provide enrichment
of processed material (gas and dust) and mechanical ereethgg interstellar medium. Moreover,
mass-loss from massive stars is very important for stellaludon and understanding the different
types of SN explosion.

Typical mass-loss rate for OB stars is of the order of®M., /yr, with wind speeds of1 — 3) x
10°km/sec More evolved massive stars include the classes of LumiBtus Variables (LBVs)
and Wolf-Rayet (WR). Luminous Blue Variables are massivav&d stars in an highly unstable
state. Photometric and spectral variablities are as cteaistic for that phase as is a highly en-
hanced mass loss (up to few M., /yr) in various wind phases in which the wind velocities
alternate between slow and fast. WR are further evolvedehahd more stable massive stars with
similar strong mass loss. The strong mass-loss of both otlgeses lead to extreme obscuration,
in some cases, of the stellar surface. The mass-loss ratagsive star winds can be in principle
derived from continuum radio observations, which traceithé&zed gas through its optically thick
free-free emission, providing the distance to the sourcktla@ velocity of the wind are known. A
stellar wind has a typical spectral signature in the radiated to the radial density gradient of the
wind (Panagia & Felli, 1975).

Radio observations have been proven to be more efficientutaal diagnostics for ionized
gas, such asl,, because they don't suffer from extinction and are indeedotily way to probe
ionized gas in very reddened objects, embedded in densty, dumumstellar material. However,
while mass-loss rates from radio continuum observatioms haen routinely obtained from a large
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number of objects, quite recently it was realized that camamass-loss rates from massive stars
need to be revised downwards, mostly because the assunfladwiad model does not include
the effect of clumping or porosity (Blomme, 2011).

4.1.2 Non-thermal emitters

Much of our knowledge of non-thermal emission from radiagstzomes from the study of
active stars and binary systems as a large fraction of thera been found to be strong radio
sources (Slee et al., 1987; Drake et al., 1989; Umana et31,11993, 1998). Both classes of
star are characterized by a magnetically heated outer ptreos and display all the manifestations
of solar activity (spots, chromospheric active regionspnal X-ray emission, flares). In binary
systems the observed phenomenology is more extreme thiae solar case because of the forced
rotation induced by tidal forces that contributes to getgeeamore efficient dynamo action. The
radio emission arises from the interaction between th&astalagnetic field with mildly relativistic
particles (Dulk, 1985, i. e. gyrosynchrotron emission) exfughly variable. Two different regimes
are usually observed: quiescent periods, during which al flag density of a few mJy is observed,
and active periods, characterized by a continuous stronigdlavhich can last for several days
(Umana et al., 1995).

Non-thermal radio emission is also observed in Ultracocid{UCDs). The class of UCDs
consists of stellar objects located on the boundary withstalar bodies such as gas giant planets,
including fully convective, very low mass M stars (laterthd6) and Brown Dwarf (BDs).

The recent discovery of intense radio emission pulsesgstifew minutes from a number of
UCDs has changed the conventional way to interpret theoraremission physics; such objects
exhibit very low chromospheric H-alpha and coronal X-rayivety and, consequently, were ex-
pected to be radio quiet (McLean et al., 2012, and refereifegsin). This detection has immense
implications for our understanding of both stellar magneittivity and the dynamo mechanism
generating magnetic fields in fully convective stars. Thnifestation of magnetic activity is
a significant departure from the incoherent gyrosynchrogmission model generally applied to
cool stars and bears more resemblance to planetary auddigdtyathan coronal stellar activity,
indicating a possible transition in activity at the end of tihain sequence. The radio pulses are
thought to be due to highly beamed electron cyclotron masé&ston and thus provide an accurate
measurement of magnetic field strength at the location oéthission. This has been successfully
used to provide the first measurements of magnetic fieldgttierfor L and T dwarfs (Berger et
al., 2009; Hallinan et al., 2007; Route & Wolszczan, 2012).

In several UCDs, such coherent emission is periodic, witlergod consistent with their re-
spective rotational periods (Berger et al., 2009; Hallie&ial., 2007). The long-term stability of
the radio emission also indicates that the magnetic field f@nce the dynamo) is stable over a
long timescale. How such fields are created and sustaineaimsra mystery.

Another example of non-thermal radio emitter is the clasMagnetic Chemically Peculiar
stars (CPs). They are B-A main sequence stars characté@yzsidong dipolar magnetic fields with
axis tilted with respect to the rotational one (oblique t@ta There are no convective motions in
their stellar envelopes, and the magnetic field is thougbetéossil, remnant of the dynamo fields
generated in the pre main-sequence phase.
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CPs can show radio continuum emission, variable with thatimtal period, but stable in
time (Leone & Umana, 1993). The current model assumes thiétlpa of the stellar wind are
accelerated in the current sheets at Alfvén radius, anddif@agate in a thin magnetospheric layer
toward the star, emitting gyrosynchrotron radiation (iligget al., 2004; Leto et al., 2006). Radio
observations at 1.4-2 GHz of the CP star CU Vir have revedlegtesence of a coherent, highly
directive, 100% per cent polarized radio emission compb(eigilio et al., 2000), interpreted as
cyclotron maser. In the framework of the radio emission filoR stars, maser amplification can
occur in annular rings above the pole, generating aurodib r@mission similar to what has been
detected in the planets of the solar system, including théhE@rigilio et al., 2011).The coherent
emission is stable on a time-scale of more than 10 years amdbd®en used as a marker of the
rotation of the star, revealing changes of the rotationalopge(Trigilio et al., 2008). The well
known topology of CPs magnetic fields makes this type of dl@querfect template for studies of
stellar magnetosphere, magnetoactive plasma, particideaation, and stellar spin-down.

4.2 Radio stars detection forecast

In the last years, a few hundreds of radio stars have beectdét@Guedel, 2002) but nearly all
of the detections are the results of targeted observativasted at small samples of stars thought
to be likely radio emitters. Therefore, all the detectionffes from a strong selection bias as the
targeted observations were aimed at addressing specititepne related to some kind of pecu-
liarities observed in other spectral regimes. This apgrdacs been proven to be quite productive
but it is biased against discovering unknown, unexpectethtransically rare objects, preventing a
good knowledge of radio stars at the sub-mJy level. In[[FigcBematic continuum radio spectra
of several classes of radio emitting stars are drawn. Flbhags been derived assuming a typical
radio luminosity (Seaquist, 1993; Umana et al., 1993; GLiI@d82; Berger et al., 2005; Trigilio et
al., 2008), and a typical distance for each different tydeadio stars: 10 pc for flare stars and late
M-L, 100 pc for active binary systems, 1 kpc for supergia®B,and WR, 500 pc for CP stars. The
flux density of the quiet Sun has been derived from the solesgant radio luminosity assuming
a distance of 10pc. The spectral and sensitive charaatsrist SASS1 and SKA-MID, in both
phases SKALl and SKA, have been also drawn. The sensitivitpkA1 and SKA is obtained
assuming an integration time of 1 hour. For SKA1, we assuraeltand 2, band 4 and band 5 will
be available, while for the full SKA we assume the deploynddrdll five frequency bands.

Stellar winds and non-thermal radio emission from manyadtinaries, flare stars and PMS
stars will be easily detected, within the considered disanwith an rms sensitivity of2Jybeant!
(SASS1), even during its early phase of deployment. With $ku& will be able to detect a quies-
cent Sun, but only if band 4 or 5 is used.

Another way to see this is to estimate, starting from thecgipiadio luminosity and assuming
a limiting sensitivity, at what distance is possible to dét star belonging to a particular class
of radio emitting object. With the limiting sensitivity dattable flux density of SKA1-MID, for
10 minutes of integration time, all the WR, OB and stars anthidgtic systems of the Galaxy
can be detected, while CP, PMS, RSCVn and Supergiants ceutgdn up to the distance of the
Galactic Center (GC). With the same integration time, SKMAMvill be able to detect almost
all the above classes in the Milky Way, and probably in the'lmggalaxies, providing sufficient
angular resolution< 0.02”), M Giant photospheres to the distance of the GC, flare stat&J&€Ds
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Figure 3: Typical radio spectrum of several classes of radio emitsitags. Fluxes have been derived from
the radio luminosity assuming a distance as appropriatedoh type of radio stars. Detection limits for
SKA1 and SKA have been computed for one hour integration.t®ee text for explanation.

within several hundreds pc, and "a quiescent Sun analogs Gp pc (Fig[}).

The unique capabilities of SKA will allow to detect many das of stars over the entire Milky
Way. This will produce a real revolution in stellar physissthe radio properties of different stellar
populations will be defined, allowing timely comparisonghnother stellar parameters, such as
age, mass, magnetic fields, chemical composition, and tivoduy stages.

There are some particular areas of stellar radio emissianviiil particularly benefit from high
sensitive and high angular resolution radio observatiaghase provided by the SKA. These are
the study of non-thermal stellar flares in active stars andryi systems, the search for coherent
events in different classes of stellar systems and the ussd@ observations to derive mass-loss
rate in massive stars.

It has not be established yet if the complete set of polamisaeasurements (Stokes I, Q, U and V)
will be available with both SKA1 and SKA foreseen observagioln particular circular polarisation
information on a series of non-thermal radio emitting stails complete our understanding of
particular phenomena such as those related to coherensiemigllowing to immediately point-
out coherent radio flares occurring in a particular targeiweler, most of the scientific goals, as
reported in the following, could be reached even if only |,riid & maps will be available.

4.2.1 Stellar Coronae: the solar-stellar connection:

In the Sun, during flares, beams of fast electrons travel doagnetic fields and release their
energy in the chromosphere, where heated plasma expaodsoiunal magnetic flux tubes. This
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hot plasma then cools radiatively and through conducti@ve&l attempts to use the solar model
as a proxy to understand the energetics and location of flastive stars have been carried out.
Various theoretical mechanisms have been proposed, bt observations are clearly needed.

Until now, all the information on the radio emission from igetstars and stellar systems
originate from targeted observations of very few, brighgllMknown objects, usually selected on
the basis of the strong magnetic activity displayed in ofiperctral regions.

Even if limited to a very small sample, we have now some kndgeeof their radio emission
characteristics (e.g. flare development, spectral andipat®n evolution, emission mechanism,
etc). Deep radio measurements, as those that we can perfithn$kKA, would significantly en-
large the number of active stars and stellar systems, withias effects, allowing new insights into
the physics of objects showing magnetic activity. SKA1 vaoailow us to detect all the flares stars
and active binary systems up to few kpc, while SKA will allow to detect them over the whole
Galaxy (Fig[}) and thus to increase of two orders of mageithe number of active stars that can
be studied in the radio.

The study of large samples of active stars will provide ushviihportant clues on stellar
magnetism and dynamo processes as a function of internatwste of the stars and other physical
parameters (mass, age, rotation...). Moreover, a cleagrstahding of the key parameters that
control magnetic activity in different types of stars isw@nportant since it affects habitability of
possible orbiting planets.

It will be possible to identify radio coronae across a ranfgeool type stars. Detailed studies
of a large number of stellar coronae will improve our knovglewf energy release in the upper
atmospheres of stars of different mass and age. This wil@dsmit to investigate the correlation
between radio and X-ray emission and thus study the ocatgrefithe Neupert effect in stellar
coronae (Guedel, 2009).

Systematic, multi-epoch deep surveys will enable the tieteof serendipitous flaring activity
and will hence permit to derive the typical behaviour (ocence rate, evolution, etc.) from a
statistical study of larger samples. Multi-wavelengthetypllow-up observing campaigns would
allow to study magnetic activity manifestations at diffe@réayers of the stellar outer atmosphere
and to explore the relationship of electron energizatiotihédong-lived centers of surface activity
(photospheric spots), pointing out the existence of ptssitagnetic cycles also in the radio.

Finally, the unique sensitivity of SKA will allow to followhe development of flares with
unprecedented details and time-resolution. A typicakrstipe weak flare (0.1 mJy at 1.3 pc) can
be detected in 5 sec with SKA1@9. Such kind of observation will provide new insights in the
open question of coronal heating and, in particular, a pacevidence that the radio quiescent
corona is maintained by a series of micro-flares.

4.2.2 Coherent events

There is a growing evidence that stellar radio flares canroalso as narrow band, rapid,
intense and highly polarized (up to 100 %) radio bursts, #natobserved especially at low fre-
guencies €1.5 GHz). For their extreme characteristics, they have lgsgwerally interpreted as
result of coherent emission mechanisms. such as the HieCirdotron Maser Emission (ECME).
Coherent burst emission has been observed in differentedasf stellar objects: RS CVns and
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Flare stars (Osten & Bastian, 2008; Slee et al., 2008), Wwal dwarfs (Hallinan et al., 2008;
Route & Wolszczan, 2012) Chemically Peculiar stars (Tiogdt al., 2008, 2011), all having, as
common ingredient, a strong and also, but not necessaaitighle magnetic field and a source of
energetic particles. The number of stars where cohererstsgani has been detected is still limited
to few tens, because of the limited sensitivity of the ald@danstruments and the stochastic nature
of the events.

Deep radio observations, such those that SKA will providelibst opportunity to determine
how common coherent radio emission is from stars, stelldrsaib-stellar systems. The detection
of coherent emission in a large sample of different typedasswill have immense implications
for our understanding of both stellar magnetic activity dhed dynamo mechanism generating
magnetic fields in fully convective stars and brown dwarfal{idan et al., 2008; Ravi et al., 2011).

Coherent emission observed in binary systems and actireastd in UCD stars shares several
characteristics with that observed in CP stars (Trigilicaket 2000), since both require a large
scale magnetosphere, and are similar to the low frequeriocgrent radio emission observed in
the planets with magnetic field of the solar system (Trigdioal., 2011). To better understand
the ECM in the wider context of plasma processes it is necgseaextend radio observations
to a larger sample of CP stars. We want to stress here thatat®@bvide us with the unique
possibility to study plasma processes in stable magneatictstes, whose topologies are quite
often well determined by several independent diagnosBgsiikov et al., 2005), thus overcoming
the problem of variability of the magnetic field observed erywactive stars such dMe or close
binary systems.

The foreseen sensitivity of SKA, just in its first phase, &ilbw to detect CP stars up to 10 kpc
in 10 minute integration time (Figf] 4). Following Renson & Minid (2009), we can assume the
CP stars are uniformly distributed in space. This would intphht the number of radio detections
will increase by about an order of magnitude, giving the apputy to get a larger statistics of the
physical conditions of the magnetospheres to be corretatdte ECM.

If coherent emission is present in many radio active staith, thve same characteristics, it will
constitute an excellent diagnostic for star magnetosghearad a powerful probe of magnetic field
topology. In the case of UCDs the study of ECM instability\pdes the only potential probe into
magnetic field strengths for late-M, L and T dwarfs.

More observations of wider samples of active stars are asessary to establish the percent-
age of active stars and binary systems that show coheressiemi exploring time-scales of its
variability and how this is related to the basic physicalapaeters of the stars. Follow-ups of the
detected sample would allow to point-out any similaritiesween ECME from single stars and
binary systems and thus discriminate between differensesdor the population inversion that
drives the ECME events (Slee et al., 2008).

The discovery of other radio lighthouses similar to thosseobed in CU Vir (Trigilio et al.,
2008; Ravi et al., 2011) will enable high precision studiéthe rotation period, and thus angular
momentum evolution, in different classes of stars.

4.2.3 Mass-loss from Massive stars

The recent discovery that the mass-loss rates derived fon&im sequence massive stars need
to be revised downwards (Blomme 2011), poses serious quesin the evolution of massive stars.
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Figure 5: Mass-loss rates detectable at the distance of the Galaetite€(8 kpc) for two values of wind
velocities. Sensitivity (rms), for 10 minute integratiamé for both SKA1 and SKA band 5, has been
assumed.

An O-type star on the Main Sequence (MS), whose mass may leegesds 150, will evolve
into a Wolf-Rayet star, with a typical mass not in excess oM8Q but MS mass-loss rates are
insufficient to account for such a huge mass-loss. Severs-loss probably occurs through strong
stellar winds and/or eruptions during the post-MS evotutigany luminous classes of stars belong
to this phase, hot supergiants (BSGs, Ble]s and LBVs), cetibW Hypergiants (YHGs) and red
Supergiants (RSGs) stars. The exact evolutionary patinigaol a W-R, as a function of the mass
and rotation, is however not well constrained, mostly beeaai crucial piece of information, i.e.
mass-loss rates and lifetime and thus the total amount of toasduring the post-MS is currently
incomplete.

LBVs may play a key role in this scenario; as well as being ati@rized by a strong mass-
loss, they can also undergo giant eruptions, in which laagesunts of mass are being ejected. As a
consequence of the strong stellar wind and/or the giantieryircumstellar nebulae (LBVN) are
formed (fewM,, for the wind scenario, severkl., by ejection), which are a few parsec in size and
have expansion velocities between 10-200 km/s, in extreanescseveral 1000 km/s are detected
(Weis, 2011). The nebulae are seen in optical and IR emidiies, radio continuum emission
and IR excess emission. The possibility that such speetamdss-loss events may be metallicity-
independent has greatly increased the interest in LBV$isgan have important implications for
the mass-loss and therefore the evolution of Populatistars. Observations of LBV eruption and
other variabilities of massive stars in local very low migtdl galaxies already hint at additional
physics, which will improve the link from local massive sdo stars at the time of reionization
(Bomans & Weis, 2011).

Mass-loss rates from a humber of LBVs and LBVs candidates baen recently derived by
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radio observation in our own Galaxy (Umana et al., 2005, 20002) and in the LMC (Agliozzo et
al., 2012). Radio observations have also allow to detertmi@enorphology of the ionized fraction
of some LBVNs and to quantify the mass of ionized materialgiBuet al., 2010; Umana et al.,
2011). When radio maps are combined with detailed mid-IRsnapcing the dusty component,
the presence of multi-epoch mass-loss events have beetegpant and estimates of the total
content in mass of LBVNSs have been derived (Umana et al.,;284libzzo et al., 2014). Of further
interest will be a comparison of the radio data with optld&dR images of several LBVN. Weis
(2011) showed that the morphology of LBVN as deduced front][dH{H, images and a kinematic
analysis (Weis, 2003, i.e.) is bipolar in about 50% of allulab; for galactic LBVNS this rises to
75%. MIR dust nebulae appear to give different results, teitlae to another driving mechanism,
therefore radio observations are crucial for the undedétgof formation and evolution of nebulae,
e.g. determining the influence of wind-wind interactions atellar rotation.

In FigB, the mass-loss rates detectable at the distance &alactic Center (8 kpc), assuming
the SKA1 and SKA sensitivity with a 10 minute integration ¢ijrare shown. The red line refers
to a wind velocity of 10&m/sec¢ while the blue line to 1000m/sec The minimum detectable
flux has been calculated for SKA-MID band 5, as it is at higlheq@iency that we have the highest
contribution from the optically thick, thermal stellar win Fig.[$ indicates that with the SKA, in
both phases, we will reach, in 10 minute integration timeetection limit sufficient to measure
also very small mass-loss rates {0~’ M. yr—1) at the distance of the Galactic Center. This would
allow studies, similar to those currently conducted on LBidse carried out inside the three mas-
sive stellar clusters, located near the Galactic Centerh{@s, Quintuplet and the Central Cluster).
These young stellar clusters are more massive than any dier in the Milky Way and are
likely to contain massive stars at all stage of evolution|uding pre-main sequence, LBV and W-
R, allowing to explore a plethora of stellar winds and asaeci Nebulae from a stellar population
at the same age and, given the unigue location, to study ss tan be affected by environmental
parameters.
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