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Overview

Outline:

Å A brief discussion of diffraction

Å The Lyot coronagraph

Å Imaging planets from space today

Å Coronagraph technology development

Å Starshades

Å Imaging planets from space in the near future

Soummer et al. 2011

HR8799bcd



Diffraction in action

A star imaged by a 

telescope never focuses to a 

single point.

The shape of the starôs 

image (ñpoint spread 

functionò or ñPSFò) can be 

directly related to the shape 

of the telescope aperture.



Diffraction in action

HD121107 with Palomar WCS, 

Serabyn et al. 2007

ñAiry patternò

A star imaged by a 

telescope never focuses to a 

single point.

The shape of the starôs 

image (ñpoint spread 

functionò or ñPSFò) can be 

directly related to the shape 

of the telescope aperture.
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Hubble PSF

Courtesy of J. Krist



Diffraction spikes in Hubble

30 Doradus with Hubble WFC3, Credit: NASA, ESA, F. Paresce (INAF-IASF, Bologna, Italy), R. O'Connell 

(University of Virginia, Charlottesville), and the Wide Field Camera 3 Science Oversight Committee

zoom out:



The challenge: faint and close

Unfortunately, most planets are buried under the ñwingsò of a telescope PSF.

The challenge of high-contrast imaging: get rid of the diffracted starlight to see 

those faint nearby objects.



The challenge: faint and close

Unfortunately, most planets are buried under the ñwingsò of a telescope PSF.

The challenge of high-contrast imaging: get rid of the diffracted starlight to see 

those faint nearby objects.

PSF depends on aperture Ą different telescopes may need different solutions!



Enter the coronagraph

One method for doing this: the coronagraph

A class of instruments that:

Å use diffraction to block, redirect and cancel the starlight inside the telescope

Å have a minimal effect on the planet light

First invented by Bernard Lyot to study 

the solar corona in 1930s

Å another faint astrophysical feature 

right next to a bright one

Lyot 1939

Lyot 1935



The ñclassicalò Lyot coronagraph

focal plane 

mask

Lyot stop



Space coronagraphy, today

Hubble has had three Lyot coronagraphs used in its instruments to look at planets:

Heap et al. 2000

Kalas et al. 2013

Krist et al.2003

Kalas et al. 2008

STIS ACS/HRC NICMOS

Ramberg 1994

Lafrenière et al. 2009

HR8799b

Fomalhaut b

Fomalhaut b


