
Purposes of disk observations
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• Density
• Temperature
• Velocity
• Composition
• Global properties (e.g., total mass, size)



Transparency of the atmosphere, ground and space-based observations

37Credit: ESA/Hubble (F. Granato)



What information do we collect from photons
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Lawson + 21

Rough wavelength Wavelength Location Wavelength AND Location

Other possible information that you may care: polarization, etc

Photometry Spectrum Image Channel Maps

Lomax+16



Another way to look at 
channel maps
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Casassus + 15



Disk Imaging Observations

• Nearby star forming regions: 
    ~140 pc
• Solar-type planetary system: 
    30 AU (Neptune’s orbit)
• 1 AU at 140 pc: 
 7 milliarcsecond (4×10-8 radian)

Requirements
• Inner working angle: 
      ≲  30 AU, or 0.2 arcsec
• Angular resolution: 
     a few × 0.01 arcsec





Scattered light imaging to probe the distribution 
of small (sub-micron-sized) grains

dust continuum and gas line emission 
observations to probe the distribution of big 

(mm-sized) dust grains and gas

10-m mirror 10 km baseline

1 mm1 μm
= a few × 0".01

High Contrast High Resolution Disk Imaging

What are we looking at in these observations?

1 um 
10-m ground based telescopes

1 mm
Radio interferometers with baselines 

up to 10 km



Wiki

Muto+12
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Scattered Light

Benisty+22



Atacama Large Millimeter Array (ALMA) Jansky Very Large Array (JVLA)

Millimeter / Centimeter Observations: Radio Interferometers
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HD 163296 
Guidi+22



Observers’ Workflow

• Form a scientific hypothesis

• Choose the right telescope and instrument; write observing proposals

• Carry out observations (optional)

• Calibrate and reduce data

• Analysis data, deliver science results
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NIR Scattered Light Imaging of Protoplanetary Disks
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Subaru SCExAO Observations of AB Aur
Subaru Telescope (Calibrated) Raw Image Starlight Removed Image
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Subaru SCExAO Observations of AB Aur
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Subaru SCExAO Observations of AB Aur
Subaru Telescope (Calibrated) Raw Image Starlight Removed Image
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Total Intensity Imaging
• RDI: reference-star differential imaging

• ADI: angular differential imaging 

• SSDI: spectroscopic spectral differential imaging 

• SDI: spectral differential imaging 

Polarized Intensity Imaging
• PDI: polarization differential imaging 
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NIR Imaging: remove starlight, retain disk/planet light



ADI (angular differential imaging)

https://www.youtube.com/watch?v=lV8PVzPZcBk



ADI (angular differential imaging)

GPI data on Beta Pictoris b: Christian Marois



RDI (reference-star differential imaging)

Star hopping (Wahhaj + 21): Target - reference - target - reference, … 

Imputation
(star only)

Use this library to build up a 
model for each target frame



RDI (reference-star differential imaging)

Non-negative matrix factorization (NMF): Ren et al. (2018)



SSDI (spectroscopic spectral differential imaging)

GPI data on Beta Pictoris b: Christian Marois

Speckles go out with 𝜆/D

Physical structures stay



SDI (spectral differential imaging)

Julian C. Christou
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Stellar light
(non-polarization)

Scattered light
（polarization）

Subtract stellar light precisely

Only vertical
polarized light

Only horizontal
polarized light

Observers

PDI (polarimetry differential imaging)

Jun Hashimoto


