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Not Only Stars, but Planets being Born “Today”

Robberto et al. 2009



Disk Formation, Accretion, Evolution

early accretion
(and outflow)
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later, viscous evolution and photo-evaporation
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Innermost disk regions, r < 0.05 AU

* Dynamical time at the co-rotation radius ~1 week

* Infall time along magnetic field lines ~hours

both
accretion
and ejection
of material
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[Codyetal 2017]

EPIC 203954898 / 2MASS J16263682-2415518: Q=0.61, M=-1.35
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A LARGE SHORT-LIVED ACCRETION BURST

follow-up to Miller et al. 2015, ATel # 7428
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Increase in disk accretion rate caused ~3 mag
brightening for several months accompanied
by enhanced spectral veiling and TiO emission.
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Figure 4. V1647 Ori light curve in the I¢ passband. Our data and data from McGehee
et al. (2004), Briceno et al. (2004), Késpél et al. (2005), Kun et al. (2004) and Semkov
(2004, 2006) were used.




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).




Extreme Outbursts = FU Ori Stars




Witnessing an FU Ori Outburst (PTF)
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Armitage (2010)




2 P.J. Armitage, M. Livio & J.E. Pringle

Inner disc i Self-gravitating disc

Armitage (2010)
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Another PTF-Discovered Likely FU Ori Event

PTF14jg
(near W4 Hll region)
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fraction of Kknown outbursts

Extreme Outbursts — How Frequent?
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Only 14 outbursts actually
observed in the act (out of a total
sample of only ~25 I)

* Though we appear to be

getting better at noticing
outbursting young stars,

undoubtedly, we are not
finding them all.

In order to estimate the
outburst rate — as distinct from
the detection rate -- we need
to understand our efficiency
(or better stated, inefficiency).

Rate estimation is difficult
without more complete young
star census information.



Rate of Discovery 1rure:

thousands?

" LSST

~2 TDEs/yr
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Fic. 2.— The survey size needed to have a 90% chance
of constraining the outburst rate to a factor of 2 at 90% con-
fidence, as a function of the true outburst rate ro (abscissa)
and the time baseline (labels). One may reduce the needed
survey size by choosing a longer time baseline, by admitting
higher uncertainty than a factor of 2, or by requiring a lower
confidence than 90%. Hillenbrand and Findeisen (2015)
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[Codyetal 2018]

EPIC 203785905 [QPD] M=0.49 Q=0.17
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EC53 850 Micron Lightcurve
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The 850 micron light curve of EC 53 obtained by the Submillimetre COmmon User Bolometer Array 2 (SCUBA-2)
at the JCMT. The dashed lines show the x-axis boundaries for the infrared data presented below. For more
information about the variability of EC 53, see Hodapp et al. 1996, ApJ: 468:861, Hodapp et al. 2012, ApJ:
744:56, Yoo et al. 2017, ApJ: 849:69, and Mairs et al. 2017, ApJ: 849:107. For more information about the
Transient Survey and how this light curve was generated, see Herczeg et al. 2017, ApJ: 849:43, Mairs et al.
2017, ApJ: 843:55, and Johnstone et al. 2018, ApJ: 854:31.
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for all spectra of a given PMS star. Triangles indicate 2 o upper limits. Only
stars observed more than once by IUE are shown. Few PMS stars of
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Transient dimming of
a young star lacking a
protoplanetary disk

David et al. 2017, ApJ (arXiv:1612.03907)
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