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Accretion Bursts in Low-Mass stars
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Episodic Accretion is Key
Mace : 108 Mo yr'! = 104 Mg yr!
Accrete fraction of total stellar mass
Solve the ‘Luminosity Problem’
Drive Evolution of Disk Material

change properties of dust grains
disk chemistry
re-condensation of Ices, planet formation
self-regulation through outflows

, Dunham & Vorobyov 2012, Juhasz+2012, Abraham+2009, Visser & Bergin 2012, Hubbard 2017



Outburst are common:
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EXO 'S (mis-named after EX Lupi)
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F U OrS (hamed after FU Ori)

Longer, Bigger: 5>mag, 1000 x accretion

duration year to decades

» Heterogenous photometric behaviour

« Gradually cooler spectra at longer wavelength (V1057 had

TT pre-burst spectrum)

* Double peaked absorption in some lines
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FUors

® Duration year to decades
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(V1057 had TT spectrum prior)

e P Cygni at specific lines (winds)

Outburst Mechanisms u
-> disk-scale instabi

V1647 Ori (McNeil's Nebula)
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e Heterogenous Photometric behaviour

* Gradually cooler spectra at longer wavelength
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Outburst Mechanisms:
internal vs external
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* Magnetospheric star-disk interaction
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Pre-ALMA Era

Few FUor disks resolved
2\ Low disk Mass
©

EXors mostly undetected.
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J2000 Declination

J2000 Declination

ALMA 230 GHz : 3 FUor and 5 EXor in Orion
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No sub-structures at this resolution
No Gravitational Instability, not even in brightest disks
Some new binaries (HBC494, Zurlo et al. in prep)



ALMA Band 6 Obs.

1 HBC 494
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V883 Ori
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FUors brighter than EXors and Class Il

R, [au]

Possibly more massive

of EXor/FUors

e R~30-40 au, similar to Class | disks
(Tobin+2018, in prep. Sheehan+2017, 2019)

Inner 5-10 au optically thick at mm.
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J2000 Declination

FUors have slow, wide-angle outflows: evolved Class | ?

No outflows in EXors
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Summary

Episodic Accretion is a common, key process in star formation
Structure of FUors disks (compact, hot, optically thick inner disks)

FUors power large scale outflows. EXors resemble Class Il disks.

High resolution Observations at lower frequencies needed for piercing

through their optically thick cores, estimate mass, resolve inner-disk structure
(ngVLA)




Open questions and future work

How many eruptive sources show UXor behaviour: V582 Aur, FUOr
Relation ot extinction events to winds and molecular outtlows
Further monitoring of eruptive sources to distinguish extinction events

from accretion outbursts (e.g. V582 Aur Abraham+2018)
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