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Era	  of	  Transient	  Surveys	  (ASAS-‐SN,	  PTF,	  Gaia,	  LSST)	  
	  

Accretion	  bursts	  in	  youngest	  stages	  of	  stellar	  growth:	  
Not	  detectable	  in	  optical,	  near-‐IR	  surveys	  

The	  East	  Asian	  Observatory	  JCMT-‐Transient	  Survey:	  
the	  first	  long-‐term	  sub-‐mm	  monitoring	  program	  
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Contreras-‐Pena,	  Tim	  Naylor,	  Miju	  Kang,	  Oscar	  Morata,	  
Dimitris	  Stamatellos,	  Miju	  Kang,	  Aleks	  Scholz,	  Shu-‐Ichiro	  
Inutsuka	  ,	  Jan	  Forbrich,	  Helen	  Kirk	  

	  

Friends	  of	  the	  program:	  	  Watson	  Varricatt	  (UKIRT),	  Klaus	  
Hodapp	  (UH),	  	  Patrick	  Sheehan	  &	  John	  Tobin	  (NRAO)	  

Yong-‐hee	  Lee,	  PhD	  student,	  
Kyung-‐Hee	  Univ.	  



Protostellar	  
Evolution	  

Cartoon	  from	  van	  Boekel	  2005	  



Stars	  grow	  during	  
protostellar	  phase	  

Cartoon	  from	  Isella	  2006	   Cartoon	  from	  Tobin+2012	  

Ltot=Lacc+Lphot	  
Scattered	  by	  dust	  



Spectral	  Energy	  Distribution	  
Measure	  Tbol	  (~peak	  of	  SED)	  

and	  Lbol	  (luminosity)	  

Enoch+2009	  
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Disk	  instabilities	  and	  YSO	  variability	  
(adapted	  from	  Kospal+2011)	  

Decades-‐long	  FUor	  bursts:	  
Gravitational	  instabilities	  in	  disk	  

Months-‐long	  EXor	  bursts	  
Magnetic	  instabilities	  in	  inner	  disk	  
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Disk	  instabilities	  and	  
substructures	  

VLT-Sphere, Garufi et al. 2018 

Long et al. 2018 

Andrews, Huang, et al. 2018 

Cody et al. 2018 



Periodic	  jet	  shocks	  and	  relationship	  to	  accretion?	  

Jet	  shocks	  of	  YSOs	  
(e.g.,	  Reipurth	  1989;	  Hartigan+2011;	  Plunkett+2015)	  
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Figure 1 | 12CO molecular outflow emission centered at the class 0 protostar CARMA-7 (C7). C7 is marked by the yellow
cross at RA = 18 h 30 min 04.1 s, declination dec. = −02◦ 03′ 02.6′′. The numbers on the x axes are truncated to show seconds
only, omitting hours and minutes for brevity. The y axes are likewise simplified. a, c, High-velocity blueshifted and redshifted
channels, respectively. b, Low-velocity channels, to show the cavity surrounding collimated ejecta. Contours in a and c begin with
8σ and increment by 4σ and 8σ, respectively. Labels B1–B11 and R1–R11 indicate 22 ejecta features. The gray line marks the 4◦

position angle of the C7 outflow lobes. The yellow ‘plus’ symbol marks a neighbouring protostar, CARMA-6,21 which provides
contaminating emission, especially for the blueshifted southern outflow lobe.



Luminosity	  Problem	  
(Kenyon	  et	  al.	  1990;	  Dunham	  et	  al.	  2009)	  

Bolometric	  Temperature	  
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Evolutionary	  Class	  

	  	  	  	  No	  disk	  	  	  	  	  	  	  	  Disk	  	  	  	  	  	  	  	  	  	  	  Class	  I	  	  	  	  	  	  	  	  	  	  Class	  0	  



Episodic	  bursts	  of	  accretion	  
(Kenyon	  et	  al.	  1990;	  Dunham,	  Evans,	  et	  al.	  2009)	  

Steady	  accretion	   Episodic	  accretion	  

Time	  dependence	  needed;	  episodic	  accretion	  is	  likely	  (but	  not	  only)	  solution	  
(e.g.,	  Offner	  &	  McKee;	  see	  review	  by	  Hartmann,	  Herczeg,	  &	  Calvet	  2016).	  



•  Disk	  instabiliCes	  (universal)	  
•  GravitaConal,	  magneto-‐rotaConal,	  thermal	  

•  Binarity	  (e.g.	  Bonnell	  &	  BasCen	  1992,	  Reipurth	  2000)	  
•  Magnetospheric	  instabiliCes	  (D’Angelo	  &	  Spruit	  2010,	  Armitage	  2016)	  

•  Tidal	  disrupCon	  of	  planets	  or	  alien	  weaponry	  (Herczeg+2016)	  

Frequency:	  	  1	  of	  104	  stars	  from	  opCcal	  (Hillenbrand	  &	  Findeisen	  2015;	  
Contreras-‐Pena	  2019)	  	  

Causes	  of	  outbursts	  
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Figure 2: Left: Two models of accretion rate versus time from the models of Dunham & Vorobyov (2012).
The accretion rate varies with time in each model, but with a different amplitude, cadence, and duration.
Right: Contour plot showing the expected fraction of time that a given theoretical model returns an
amplitude variation greater than a specific amount as a function of the time lag between observations.
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. Larger amplitudes correlate with longer times.
Red contours show results for a Bae et al. (2014) model in which accretion variability is driven in the inner
disk (R>0.2 AU) by the MRI powered by constant mass supply from the outer disk. The dashed line
denotes a five year separation in time.

interactions (Lodato & Clarke 2004; Nayakshin & Lodato 2012).

While only some of these theoretical ideas are capable of providing significant mass accretion
variability over the lifetime of embedded protostars, all should produce observable signatures in
accretion luminosity with well determined amplitudes and timescales. Assuming that accretion is
related to disk transport processes on orbital timescales, the variability will depend on the radii
where the physical transport processes originate and will range from days in the inner disk to
hundreds of years in the outer disk. However, the range of accretion events taking place within
deeply embedded protostars is almost entirely unconstrained from both theoretical and observa-
tional perspectives. Given that the theoretical models produce a range of behaviour, each must
be carefully analysed to determine the qualitative and quantitative relationship between amplitude
and timescale. Figure 2 presents this analysis applied to the models of Vorobyov & Basu (2010)
and Bae et al. (2014), with clear difference in the observational signature of accretion variability
on short (less than five year) timescales that result from the different input physics. In the Bae
model, > 30% of sources will vary by 10% (our 3-σ detection limit) over our 3.5 year program,
while in the Dunham & Vorobyov model ∼ 7% of sources would be variable at the 10% level.

Monitoring of the brightness of deeply embedded protostars with careful and precise calibration will
allow for direct measurements of both the range of accretion events and their duration, provided
that the duration is longer than a few days. The power spectrum of accretion variability on young
objects would provide a diagnostic for the size and location of disk instabilities, independent of
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Models	  from	  Dunham	  &	  Vorobyov	  (2012)	  
See	  also,	  e.g.,	  Zhu+,	  Bae+,	  Stamatellos+,	  

Vorobyov+,	  Machida+,	  others	  



Namakanui	  Detector	  and	  the	  Transient	  Survey	  

�  Depth:	  	  more	  calibrators,	  especially	  disks	  

�  ToO	  easier	  for	  bursts	  identified	  in	  optical/IR	  surveys	  

�  Field	  of	  view:	  	  more	  objects!	  	  More	  calibrators!	  	  Higher	  cadence?	  

�  Faster	  coverage?	  

�  Do	  rapid	  changes	  in	  atmosphere	  limit	  calibration?	  

�  450	  microns?	  	  Faster	  =	  much	  more	  powerful	  

�  Better	  able	  to	  achieve	  main	  science	  goals	  

�  Measure	  sub-‐mm	  variability	  as	  a	  probe	  of	  accretion	  instabilities	  in	  very	  
young	  disks	  

�  Evaluate	  variability	  (episodic	  accretion)	  as	  explanation	  of	  luminosity	  
problem	  

�  Challenge:	  	  Confusion	  limit	  in	  young	  regions	  



Other	  applications	  related	  to	  Transient	  

�  The	  variable	  sub-‐mm	  sky:	  extinction	  can	  be	  ignored!	  
�  Supernova?	  	  TDEs?	  
�  AGN/Quasars??	  
�  Stellar	  flares????	  	  (coordinated	  for	  multi-‐wavelength	  opacity)	  

�  eta	  Car	  outbursts?	  

�  Protoplanetary	  disks	  (primordial,	  debris)	  and	  proto-‐brown	  dwarfs	  
�  Confusion-‐limited	  in	  youngest	  regions	  

�  Filaments	  

�  Polarimetry:	  many	  other	  talks	  



The	  immediate	  future	  of	  Transient	  

�  Initial	  survey	  is	  finished	  in	  January	  
�  Several	  papers	  in	  preparation	  
�  Changes	  on	  1-‐2	  year	  timescales:	  we	  need	  longer-‐term	  lightcurves	  

�  We	  hope	  to	  continue	  the	  survey	  
�  Similar	  fields/cadence	  
�  Possible	  changes	  (e.g.,	  a	  high-‐mass	  SF	  region?)	  

�  Need	  help	  for	  some	  improvements	  in	  primary	  science;	  also	  in	  
ancillary	  science	  (e.g.,	  disks	  in	  our	  very	  deep	  coadded	  maps)	  

�  Team	  meeting	  in	  August	  2019	  at	  NCU,	  Taiwan	  
	  

If	  you	  would	  like	  to	  help	  guide	  the	  future	  of	  the	  survey,	  	  
contact	  Doug,	  Steve,	  or	  me	  (gherczeg1@gmail.com)	  


