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Radio emission from stars

Radio emission has been detected
from stars across the HR diagram.

Low-mass YSOs (Young Stellar Objects)

-0.5 0.0 0.5 : . 2.0 2.5

® Main sequence dwarfs Pleiades cluster stars

® BS CVn secondaries O BS CVn primaries
Weak-lined T Tauris O Classical T Tauris
Magnetic chem.-peculiar sta:s Luminous O stars

® FK Comae stars

@ Stephen White

January 4, 2015 Next Generation Very Large Array ;
Workshop



...and from protostars
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Emission mechanisms / Types of sources

* Lines (HI, masers, RRLs, molecules, ...)
e Continuum
* Thermal (Bremsstrahlung, dust, ...)

* Non-thermal (cyclotron; synchrotron, ...)

Hil regions, thermal jets, protoplanetary disks, shocks, stars with active coronae,
jets, outflows, ...

Radio emission can be used as a probe of phenomena
and structures around young stars

Next Generation Very Large Array
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Testing models of binary star-formation

Jets seen at high-res in
10 GHz VLA data

BINARY PROTOSTELLAR SYSTEM
with two jets as In L1551-IRS5

The two stars (shown here)
and the origin of their jets
are in fact obscured

by the surrounding
material

Protoplanetary 0 . .
material in Disks seen at high-res in

ke 50 GHz VLA data

Orbital motions (from multi-epoch
VLA observations + line data
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Testing models of binary star-formation

!

Lim et al. (2005)
Rodriguez et al. (1998, 2003a, 2003b)
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Constraining PMS evolutionary models

V773 Tau A — tight binary system

Full Hybrid Model
VLBI + RV Model
B2007 Model
B2007 KI Data
P1996/B2007 VLBI Astrometry
New VLBI Astrometry
Primary
.. Secondary at Periastron
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V773 Tau Ab ¢ 10 My« «
I

Relative RA (mas)

Massi et al. 2006; Boden et al. 2009; Torres et al. 2013
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Measuring multiplicity as a function of age

(Chen et al. 2013)
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Fig. 4.— The multiplicity frequency declines through the pro-
tostellar phase because of the breakup of small multiple systems.

From Chen et al. (2013).

Reipurth et al. 2014
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NG-VLA: improvement in separation coverage
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Tight (VLBA) binaries in Ophiuchus

PLOT FILE VERSION @ CREATED 19-APR-2013 11:51:46
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Improvement to sensitivity (number of detections)

THE ASTRONOMICAL JOURNAL VOLUME 100, NUMBER § NOVEMBER 19%0

A RADIO SURVEY OF WEAK T TAURI STARS IN TAU™ URIGA

DouGLAs O'NEAL AND Eric D. FEIG®
Department of Astronomy, Pennsylvania State University, 525 Davey Labe ‘e ‘ania 16802

ROBERTD. M (

Department of Astronomy, University of Wisconsin-» «tison, Wisconsin 53706

Harvard-Smithsonian Center ~ “ -+, Cambridge, Massachusetts 02138
«& July 1990

A multi-eps .«date or confirmed weak T Tauri stars in the Taurus-Auriga
molecu’ .ucted with the Very Large Array. The stars were chosen from those
having o ° .«omospheric emission, and weak-emission-line pre-main-sequence stars
found by « apshots of 99 VLA fields containing 119 candidate stars were obtained with a
sensitivity « ., most fields were observed on two or three dates, Nine radio sources coincident
with catalog.  .ars were found. One may be an RS CVn binary system; the other eight are pre-main-
sequence stars. Three of the detected stars—HD 283447, V410 Tau, and FK x-ray 1—were previously
known radio sources. Five new detections are Herbig's Anon 1, Hubble 4, HDE 283572, Elias 12, and
HK Tau/c. At least five of the sources are variable; and no linear or circular polarization was found.
Several lines of evidence suggest that the radio-detected weak T Tauri stars are quite young, perhaps
younger on average than nondetected stars. Also, these data support earlier evidence that about 129 of
weak-emission-line pre-main-sequence stars emit at GHz frequencies at levels »2 < 10'® ergs /s/ Hz.
This emission is probably due to gyrosynchrotron radiation occurring in large flares near the stellar
surface.
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The Jansky VLA era

Av went from 50 MHz to 1-8 GHz

128 fields containing 196 known YSOs
o =22 uly

610 detected sources
77 YSOs detected

Next Generation Very Large Array
Workshop
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That’s a general trend
Orion (Kounkel et al. 2014)

Ophiuchus (Dzib et al. 2013)
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Detections of candidate young brown dwarfs!!

GBS-VLA J162722.96-242236.6  Marsh et al. (2010) BD Candidate
GBS-VILA J162715.70-243845.6  Alves de Oliveira et al. 2010) BD Candidate
A J162556.09-243015.3 M5 / Class III

LA J162759.95-244819.5 M4.75 /| WTTS

THE ASTROPHYSICAL JOURNAL, 746:23 (12pp), 2012 February 10

e this paper
from the literature

HFlare
® Quiescent Emission
T Upper Limit

MO M2 M4 M6 M8 LO L2 L4 L6 L8 TO T2 T4 T6 T8
McLean, Berger, et al. 2012 Spectral Type
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The NG-VLA will detect all nearby low-mass young stars
(> 1,000 in the 500 pc around the Sun)

(Chen et al. 2013)

+

(Connelley et al. 2008)
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(Duguennoy & Mayor 1991)
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Fig. 4.— The multiplicity frequency declines through the pro- 0 .~ "
tostellar phase because of the breakup of small multiple systems. 0.001 0.01 0.1 1 10 100 1000 10* 10%
From Chen et al. (2013). Semi-major Axis [AU]

Possibility of producing this type of
diagram as a function of age...

Next Generation Very Large Array
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The NG-VLA will detect all nearby low-mass young stars
(> 1,000 in the 500 pc around the Sun)

BINARY PROTOSTELLAR SYSTEM
with two jets as In L1551-IRS5

JETS
The two stars (shown here)
and the origin of their jets
are in fact obscured
by the surrounding
material

~ 45 AU

Protoplanetary
material in

accretion disks
(each is ~ 20 AU in diameter)
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This type of detailed study could be
done for tens of systems...

January 4, 2015

>~ 3Myr ~ 3'Myr
JMyr\ T

Y? (Demarque et al 2004) Modk
[M/H] = 0
V773 Tau Aa ——+— Vv
V773 Tau Ab —>—
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Conclusion and perspectives

The NG-VLA with a large field-of-view; speedy mapping;
high sensitivity; high resolution; multi-frequency; multi-
epoch; full Stokes would have an enormous impact on
study of low-mass star-formation.

In particular, it would enable systematic studies of
hundreds of low-mass multiple systems, and address the
issue of their formation and evolution.

It would also provide important constraints for PMS
models.

Next Generation Very Large Array
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