


Star Forming Regions:

* Free-free emission from e.g. SN remnants, HII regions
= @Gyrosynchrotron from large scale magnetic fields

= Thermal emission from embedded, clustered sources
Individual Young Stars:

»  Free-free emission from 1onized outflows

=  Gyrosynchrotron/Brehmstrahlung from magnetospheres

=  Thermal emission from circumstellar disks
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Disks with Planets
at Radio Wavelengths

Riccietal. (2018)
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Star Formation and
Disk Accretion / Evolution

early accretion and outflow
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How Does Gas get to the Star?

Kurosawa,
Romanova

both
accretion
and ejection
of material
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Fig. 1. Top: Claszes of publizhed ztattiomary MHD jets for YSOz. When the magnetic field iz threading the dize on a large radial
extenzion (a: extended dize wind) oc a small dise anzulus (b: X-wind), jets are accretion-powered. They are mostly preszure-
driven when the field lines are anchored onto a zlowly rotating star (c: stellar wind). The corresponding Alfven surfaces Sy
have been schematically drawn (thick bnez). In the X-wind caze, two extreme shapes have been drawm: convex (solid line) and
driving unsieady Recomnection X-winds, when the siellar magnetic moment is parallel to the dize Seld; (e) Y-type neutral Line
(akin the terrestrial magnetospheric current sheet) when the stellar magnetic moment iz anti-parallel (or when the dize feld iz
neplipgible). (f) A CME-like ejection iz produced whenever the mapretic shear bacomes too stronp in 2 magnedcally dominated
plazma Suck a viclently relaxing event may occur with any kind of anti-parallel mapretozphenic interaction (even with an
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Figure 7. Accretion spectrum simulated with CLouDY. The solid line is the total
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Absorption by [M c)

- Stellar wind
- Disk wind
- ISM/Cloud
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Fig. 9.— Sketch of the important components contributing to the absorption of the stellar
emission. The absorption depends strongly on the viewing geometry. Lines with arrows
indicate the plasma motion. Sightlines are dashed.




Young Star Variability

* Mechanismsinclude:
* time variable magnetic activity on star

* rotation of stellar surface inhomogeneities e.g.
stellar
cool or hot spots

* possible pulsation phenomena

Kurosawa, Romanova

* time variable accretion fromdisk to star

» diskinhomogeneities e.g. orbiting warps or [diSk-FE|ated ]
vertical circulation

* binary phenomena.

* Amplitudes range from <0.01 magto >5 mag,
typically 0.1-0.2 mag.

* Time scales rangefrom hours to years, typically
0.5-2 days.

. PTF dataset @ intermediate cadence = nightly during season, with gaps for weather, moon, etc.
. Typically 150-200 epochs over 3 years; one region with 1300 epochs over 7 years.
. About 20 starforming regions targeted.
* K2 dataset @ high cadence = every 30 min with no gaps.
. Duration of 70-80 days.
. Rho Oph / Upper Sco and Taurus are only young regions targeted.
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2 P.J. Armitage, M. Livio & J.E. Pringle
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Discovery Year of FUors since 1936

V1647 Ori

2000

1 1
1940 1950 1960 1970 1980
Year

Figure 72: The number of FUor discoveries has been increasing since the FU Ori outburst
was observed in 1936.




Witnessing an FU Ori Outburst
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Another Likely FU Ori

Hillenbrand et al. (2018) (PTF14\J§ 4 HI| . )
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FIGURE 2: Schematic diagram of various outflow mecha-
nisms which could be present in V899 Mon.
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Outburst: Approach to Equilibrium: Equilibrium:
M, ~10°Mgyr' M, ~107 Mgyr' M, ~10" Mgyr'

Fig. 6 Schematic model of an Exor V1647 Ori. During the outburst the accretion rate is enhanced
so that the magnetospheric radius R,, decreases and the magnetic field lines were bunched (A).
This results in a fast, hot outflow. As the accretion rate decreases, the disk moves outward and
this results in a slower, cooler CO outflow (B). Further decrease in the accretion rate leads to a
quiescence state where the production of warm outflows stops (C). From Brittain et al. (2007).
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Upper Scorpius in K2/C2
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Dipper / Obscuration by circumstellar matter

Burster / Episodic accretion events
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Quantifying Degree of Periodicity
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[seealso Ansdell2016 and Hedges 2018]
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Geometry of Circumstellar Dust?




Viewing Angle Sets Line-of-Sight Opacity

* Dust blocks light from star/ inner disk when viewed at high inclination
e Consider inhomogenous (i.e. clumpy) disk or radially structured disk

[Dullemond]
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Fig.1. CTTS disk profile. The dark-shaded (dark red) area shows the vertical disk photosphere (7, = 2/3) while the thin dotted lines show
contours of equal vertical optical depth 7, with values ranging from 10" down to 10~°. The medium-shaded (yellow) area indicated the range
of view angles over which the central star is totally obscured by the disk. The light-shaded (light blue) area indicates the range of view angles
where partial occultation of the star can be expected. The thick dotted (red) line, corresponding to 7s = 2/3, shows how deep into the disk an
outside observer sees at each view angle s.

[Bertout 2000]
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F1G. 12.— Dust continuum (top panel) and CO gas (bottom
panel) disk radius, versus disk inclination, based on ALM A obser-
vations where they are available for our sample. Point sizes are
scaled proportional to light curve amplitude. Although the mea-
surements are noisy, there is clear segregation of some variability
types in inclination.




One Misbehaving Source

EPIC 204638512 [APD] M=0.89 Q=0.9
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FIG. 1.— The KELT (black), ASAS (red), WASP (blue), ASAS-SN (purple), KUO (yellow), and MINERVA (%'f:n hotometric observations of

V1334 Tau from 2002 until late 2016. Only the V-band observations from KUO and MINERVA are shown. vertical lines represent the

estimated end of the pre-2004 events and the start of the 2009 event. The grey shaded region represents the estimated egress/ingress for each
in §5 The intercalibration of the data sources is described in §5|
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Fi1Gc. 3.— The expected fraction of time that a given theoreti-
cal model returns an amplitude variation greater than a specific
amount as a function of the time lag between observations. The
green contours show results for a Vorobyov & Basu (2010) model
in which accretion variability is driven by large-scale modes within
the gravitationally-unstable disk. The red contours show result for
a Bae et al. (2014) model in which accretion variability is driven
by the activation of the magneto-rotational instability in the oth-
erwise magnetically inert inner disk, via heating from gravitational
instability-driven spiral waves. The contours are labeled with the
fraction of stars that would show the level of variability. In both
models, larger amplitudes correlate with longer times. The dashed
lines denotes a three-year separation in time for our survey and
a seven-year separation in time between earlier epochs from the
JCMT Gould Belt Survey and the end of our survey.
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ZTF’s new camera will fill the P48 focal plane.

Coming
Soon:
ZTF







IRSA prowdes access to PTF, |PTF and ZTF data

SEARCH Toms HELP

irsa.ipac.caltech.edu |

Search for Source PTF DR3 Update

i
j = Pk

Radius 10 arcsec

Search Catalog: rr1r

The PTF DR3 has been updated with tables containing: 1)
sources extracted from a subset of epochal images acquired from
Mar 1, 2009 to Jan 28, 2015; 2) sources extracted from a subset
of the co-add (reference) images, principally those determined to
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2 Z)
ZTF_RB_Project

EXPLORE PROJECT v

Is the transient real or bogus?

@ Skip

magpsf: 19.37
sigmapsf: 0.05
classtar: 0.79
ssdistnr:  -999.0 ssmagnr: -999.0 ssnamenr: null
isgscore:  None

nneg: 2
nbad: 0
rb: 0.89
IS/N: 2236

® @ You should sign in! Show the project tutorial



Star Formation and
Disk Accretion / Evolution

early accretion and outflow
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Characteristics of Youth

* Active and variable / moody
* (Believe that) everything orbits them
e Still gaining mass

* Can oscillate between steady low state and more
punctuated episodes of rapid accretion.

* Prone to instabilities, outbursts and outflows
* Sometimes long term depressive states

e Can be obscured (or at least obscure)

e Hard to figure out!

LHillenbrand inspired by GHerczeg



