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Low mass star formation
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Radio emission from YSOs: free- free
P &

* A>1cm (v<30 GHz)
* Class O-11 YSO jets

* Flux density ~ 1 mly
* Traces outflow : Oy

"~ VLA 5 GHz
i (Rodriguez+ 2000)
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Radio emission from YSOs: free-free

e A>1cm(v<30GHz)

* Class O-11 YSO jets

* Flux density ~ 1 mly

* Traces outflow

¢S, XVv® where-0.1<a<?2

* a =0.6 “standard”
spherical stellar wind (e.g.
Panagia & Felli 1975)

e a=0.25 “standard”
collimated jet (Reynolds
1986)

<— slope £ 2
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HH 1-2

(Ainsworth+ 2012)
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Radio emission from YSOs: non-thermal

Class II-1ll coronae

* e.g. GBS-VLA Dzib+ 2013, 2015
Gyro-synchrotron from T Tau

* e.g. Ray+ 1997/
Synchrotron from a high-mass
YSO jet (a~-0.7)

e Carrasco-Gonzalez+ 2010 —
VERY FEW low-mass Class O-ll

jets have a < -0.1 indicative of non-
thermal emission

e e.g. Curiel+ 1993; Girart+ 2002
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Motivation for metre wavelengths

* New territory!

* Detect optically thick surface slope ~ ~0.1 1
(free-free)

S, 4 [ Te Vo2 A
(Jy) = 30110 (K) (GHz) (1—e )<sr>
r = 8235 x 102 [ L 1'35( v >_2'1 BN
v K GHz pcem =6

EM /S/pc( Ne 2d s
pcem=6 ) J, cm ™3 pc <— slope £ 2

T,>>1, S, X v?
e Detect Synchrotron emission

0.1
T,<<1,$5,XvVv
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Motivation for metre wavelengths

* New territory!

* Detect optically thick surface slope ~ ~0.1 1
MEERIEE)

0.1
T,<<1,$5,XvVv

/i\_‘zmym‘l/g\/ v \2(1_p—n\/9\

\pociur -y Jo NUTIRR \PC <— slope £ 2
2
T,>>1,5, XV

e Detect Synchrotron emission
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Giant Metrewave Radio Telescope (GMRT)

e 30, 45 m dishes
* 610 MHz (50 cm)

e Resolution ~5”
e FoV ~ 43’

* 325 MHz (90 cm)

e Resolution ~9”
e FoV ~ 81’

e Pathfinder target sample:
L1551 IRS 5, T Tau & DG Tau

* Epoch: December 2012
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(Ainsworth+ 2016b; Grey-scale is high resolution
CO extinction map from Dobashi+ 2005).
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DG Tau field 40
with GMRT
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DG Tau Spectral Energy Distribution

. e GMRT data combined with data from
1000 the literature

100p @=0.20+0.03 e SED traces disk at high frequencies
and jet at low frequencies

* Fitted with 2 power-laws using a
joint likelihood MCMC method

Sy _x ( v )0+K ( v )0/
mJy ) oo MHZ\ 323 MHz 100GH= {100 GHz

0.01
0.001 S * GMRT measurements are consistent
with the free-free power-law
700 mg = associated with optically

thin/partially optically thick emission
extrapolated from cm wavelengths.
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DG Tau bowshock

| ' | | £ e Dashed contours = 325 MHz with
26°06’30”.- D G Tau - G M RT
e Solid contours = 610 MHz with GMRT
oezot ,,-\[ 1+ Black * = optical stellar position

e Optical image: R=1, G=Ha; B = [SIl]
(TLS Schmidt, B. Stecklum, priv. com.)
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- N - (Lynch+ 2013)

| | * Magenta x=8.5GHz VLA position
05'5o~:- (—) Bow shock (l_ynCh+ 2013)
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Equipartition magnetic field strength &
minimum energy

5 [3m0G@ + kL]
min —— 2 Vf
0.11mG

4)7
B = (V)3T {—3“%(@)(1 k)L,,}
6/.L() 2

~ 4 x 1040 erg (Longair 2011)

R

=>» These values of B, and E ., are needed to account for the observed radio luminosity.
=>» Consistent with magnetic field values obtained from Zeeman observations toward star-
forming cores (Crutcher 1999).
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Cosmic rays from the young Sun? (1)

hV Bcrit t/2
= — ~ 1400
! {<me) (Bmin)}

Ee = vyme = 700 MeV ~ 1 GeV

=» Low energy cosmic ray electrons

Ee
= ~ 2 x 1077 au
QCBmin
'L
Cﬁs?h

Toow = B0 — 100 yT, teool ~ 10° yr
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Cosmic rays from the young Sun? (2)

@——reverse
¥ shock

cocoon

(Heinz & Sunyaev 2002)
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* Theory
e Jet shocks are possible accelerators of particles

that can be easily boosted up to relativistic
energies through diffusive shock acceleration
(Padovani+ 2015, 2016, 2017; see talk by A.
Marcowith)

* Observations
e Synchrotron emission from jets of high mass

(e.g. HH 80-81: Carrasco-Gonzalez+ 2010,
Rodriguez-Kamenetzky+ 2017, Vig+ 2018),
intermediate mass (e.g. Serpens: Rodriguez-
Kamenetzky+ 2016; HOPS 370: see talk by M.
Osorio) and low mass (e.g. Ainsworth+ 2014)
YSO systems

Herschel observations reveal the necessity of
energetic particles to produce the chemistry
observed in young protostellar systems (e.g.

Ceccarelli+ 2014; see talk by L. Podio)
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Summary & current work

* Increasing number of observations of synchrotron emission in outflows from (low
to high mass) young stars

* Metre-wavelength observations are ideal to disentangle competing emission
mechanisms in young stellar systems & better detect synchrotron emission

* Jets from young stars could potentially provide a new laboratory to test the
theory of Galactic CR production
VLA follow-up of DG Tau to confirm nature of radio emission (Purser+ in prep)

» Characterise YSOs at very low radio frequencies (< 1 GHz)
* Observations of more YSOs with GMRT at 610 MHz (Ainsworth+ in prep)
e Class O sources: L1448, L723, Serpens, HH 1-2
e Blind survey of NGC 1333
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