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Why Studies Inner Why Studies Inner 1010  auau??

Accretion and luminosity bursts across the stellar mass spectrum, online, December 16

1. The burst has lasted for almost one century. 
    In terms of dynamical (orbital) timescale, this region 
    (or larger region) is likely relevant to gas feeding.

Herbig (1977)
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Post-pothesis 1: seeing viscous heating at the accretion rate of 10-4 Msun/yr

Post-pothesis 2: seeing grown dust (amax>1 mm) inward of water snow line

                      (Kimura et al. 2015, 2020; Steinpilz et al. 2019; Okuzumi et al. 2019; Musiolik & Wurm 2019;
                                     Demirci et al. 2019)

Approach: Fitting dust SED/spectra (10-150,000 GHz) taken with:Approach: Fitting dust SED/spectra (10-150,000 GHz) taken with:  
VLTI/GRAVITY (~2um), Spitzer, Herschel,VLTI/GRAVITY (~2um), Spitzer, Herschel,
SMA, ALMA, and JVLASMA, ALMA, and JVLA

T∝r−3 /4
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Approach: Fitting dust SED/spectra (10-150,000 GHz) taken with:Approach: Fitting dust SED/spectra (10-150,000 GHz) taken with:  
VLTI/GRAVITY (~2um), Spitzer, Herschel,VLTI/GRAVITY (~2um), Spitzer, Herschel,
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Liu et al. (2019)
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(Sub)millimeter analysis in the extremely (Sub)millimeter analysis in the extremely 
optically thick limit (c.f. Liu 2019, ApJL)optically thick limit (c.f. Liu 2019, ApJL)

JVLA X band (3.5 cm)

JVLA Ka band (9 mm)

ALMA Band 3 (3 mm)

ALMA Band 4 (2 mm)

ALMA Band 6 (1.3 mm)

ALMA Band 7 (0.87 mm)

Liu et al. (2019)
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Dust scattering opacity always needs to be self-consistently consideredDust scattering opacity always needs to be self-consistently considered
Otherwise, you can overestimate grain sizes by 2-3 orders of magnitudes;Otherwise, you can overestimate grain sizes by 2-3 orders of magnitudes;
and underestimate dust masses by 1-2 orders of magnitudeand underestimate dust masses by 1-2 orders of magnitude
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Requires a very optically thick disk of ~10 au to Requires a very optically thick disk of ~10 au to 
explain the observed 9 mm (33 GHz) fluxesexplain the observed 9 mm (33 GHz) fluxes

Liu et al. subm.Liu et al. subm.

Tdust=370K

Σdust=45 g /cm
2

Mdust=510M Earth

amax=2.4mm

FUOri_dust1

Liu et al. (2019)
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Need to obscure the 10 au disk with a lower Need to obscure the 10 au disk with a lower 
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frequencyfrequency
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Liu et al. (2019)
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Liu et al. (2019)

Tentative detection 
of grown dust in the 
mid-plane inward of 
the 
water snow line!!
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I am the only observer 
saying this. Am I out of 
my mind???

Accretion and luminosity bursts across the stellar mass spectrum, online, December 16

Post-pothesis 2: seeing grown dust (amax>1 mm) inward of water snow line
(Kimura et al. 2015, 2020; Steinpilz et al. 2019; Okuzumi et al. 2019; Musiolik & Wurm 2019;Demirci et al. 2019)
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Is our fitted dust temperatures Is our fitted dust temperatures 
physical?physical?

FU Ori

Accretion and luminosity bursts across the stellar mass spectrum, online, December 16
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Radiative heating may not be sufficient, and is Radiative heating may not be sufficient, and is 
hard to explain the vertical thermal profilehard to explain the vertical thermal profile

FU Ori

Accretion and luminosity bursts across the stellar mass spectrum, online, December 16



20

Viscous heating works OKViscous heating works OK

FU Ori

Massive inflow of mass induces
significant viscous heat

dissipation out to up to 10 au radii
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Viscous heating works OKViscous heating works OK

FU Ori

Massive inflow of mass induces
significant viscous heat

dissipation out to up to 10 au radii
(Partially verified by the 

CHARA optical interferometry; Labdon et al. 2020)

Accretion and luminosity bursts across the stellar mass spectrum, online, December 16



22

ConclusionConclusion

1. The inner few au disk can hide 
considerable dust (and gas masses). In the 
case of FU Ori it is 500 M500 M

EarthEarth of dust mass 
and likely >170 M>170 M

JupiterJupiter of gas mass. There 
was 20 20 MMJupiterJupiter of gas+dust accreted onto 
the host protostar over the last century, 
which is  ~10%~10% of the overall disk mass we 
detected.

2. The inner 10 au (or larger region) may 
be dominated by viscous heating.

3. Millimeter-sized dust might have been 
detected from FU Ori but not FU Ori S. 
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