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HIGH CONTRAST IMAGING (HCI) WITH JWST



For this session you will need 

• JMMC’s SearchCal

Google Search “JMMC SearchCal” 

or  

• The Coronagraph Visibility Tool (CVT): 

 Google Search “JWST CVT”, GitHUB  

or  https://jwst-docs.stsci.edu/other-tools/target-

visibility-tools/jwst-coronagraphic-visibility-tool-help

http://www.jmmc.fr/searchcal_page.htm

github.com/spacetelescope/
jwst_coronagraph_visibility

https://jwst-docs.stsci.edu/other-tools/target-visibility-tools/jwst-coronagraphic-visibility-tool-help
https://jwst-docs.stsci.edu/other-tools/target-visibility-tools/jwst-coronagraphic-visibility-tool-help
http://www.jmmc.fr/searchcal_page.htm
https://github.com/spacetelescope/jwst_coronagraph_visibility
https://github.com/spacetelescope/jwst_coronagraph_visibility


Use Case: HR 8799 b c d e



The HR 8799 Science Use Case

Face on 

4 planets with mass < 8 MJup 

b at 1.7” is the faintest 

b c d e are all doable with NIRCam 
Coronagraphy 

b & c can be done with MIRI 4QFM 
coronagraph 

e can be attempted with NIRISS/AMI
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The HR 8799 Science Use Case Versus Our Parameter Spaces



Reference Star Selection



Exercise: Search for a more efficient reference star, methods

Find a suitable brighter reference star (3 < K < 5) within 5º of HR8799 

(with a similar spectral type if possible)

✦ Using Simbad
✦ Using JMMC/SearchCal
✦ Using the USNO single star catalog
✦ Using Python astropy, astroquery 

Be careful!!
✴ More than one solution
✴ Mind the risks: a close binary (with separation 0.1” to 2”) will be useless 

for PSF subtraction or as AMI calibrator!
✴ As much as possible, check archival high spatial resolution images (AO, 

HST or even 2MASS diffraction spikes



Changing attitude

1. Update observatory 
pointing and roll

2. Let disturbances settle

3. Reacquire guide star
✦Fine guide (always)
✦Track (>0.06")
✦Acquisition (>25")
✦ Identification (new visit)

Keep in mind: slew & guide star overheads



Simbad search by coordinates and classify by K mag

http://simbad.harvard.edu/simbad/sim-coo

HR 8799 at 0” (center of the search)

http://simbad.harvard.edu/simbad/sim-coo


Simbad: look for a K< 5 star with a distance < 18,000 arcsec

 
51 Peg at 2.4º seems the best one (G type, K =3.9)
We know it’s not as binary (no problem for the PSF subtraction) 

http://simbad.harvard.edu/simbad/sim-coo


JMMC/SearchCal: developed for long-baseline interferometry

http://www.jmmc.fr/searchcal_page.htm

http://www.jmmc.fr/searchcal_page.htm


JMMC/SearchCal: developed for long-baseline interferometry

http://www.jmmc.fr/searchcal_page.htm

http://www.jmmc.fr/searchcal_page.htm


Example: Python astropy / SkyCoord to find out distances

In [1]: from astropy import coordinates, units as u, wcs 
In [2]: s1 = coordinates.SkyCoord.from_name('HR8799') 
In [3]: s2 = coordinates.SkyCoord.from_name('HD220657') 
In [4]: s1.separation(s2) 
Out[4]: <Angle 4.72223611 deg> 
In [5]: s3 = coordinates.SkyCoord.from_name('HD218261') 
In [6]: s1.separation(s3) 
Out[6]: <Angle 1.24333427 deg>
In [7]: sep=s1.separation(s3) 
In [8]: sep.arcsec 
Out[8]: 4476.003380925846



Coronagraphy Visibility Tool
(CVT)



Exercise: Search for a more efficient reference star, 3 methods

Open the Coronagraph Visibility Tool

On your laptop if you have it installed (command line or OSX binary)

Run it on the Virtual Desktop on https://jwst-masterclass.science.stsci.edu otherwise 

Enter HR8799 “Search” to resolve it with Simbad, then press “update plots”

Enter the b companion: PA=45º and separation=1.7” and press “update plots”

✦ How many days per year the star is observable with JWST?
✦ When (convert to MM-DD) is it ideal to observe HR8799b with the LW bar? 
✦ How much is the maximum roll angle around that date? 



https://jwst-masterclass.science.stsci.edu

Jupyter Hub Server for the Master Class

May take a few minutes to load

https://jwst-masterclass.science.stsci.edu


https://jwst-
masterclass.science.
stsci.edu

Jupyter Hub: virtual desktop for the CVT GUI

Double click

https://jwst-masterclass.science.stsci.edu
https://jwst-masterclass.science.stsci.edu
https://jwst-masterclass.science.stsci.edu


Jupyter Hub: virtual desktop for the CVT GUI

Double click on icon to launch CVT

https://jwst-
masterclass.science.
stsci.edu

New tab

https://jwst-masterclass.science.stsci.edu
https://jwst-masterclass.science.stsci.edu
https://jwst-masterclass.science.stsci.edu


Jupyter Hub: virtual desktop for CVT, it runs!

https://jwst-
masterclass.science.
stsci.edu

https://jwst-masterclass.science.stsci.edu
https://jwst-masterclass.science.stsci.edu
https://jwst-masterclass.science.stsci.edu


Example Science Program: the HR8799 4-planet system

discovered by Marois, here Currie et al. 2014

Coronagraph Visibility Tool (CVT)



Jupyter Hub: best time to observe HR8799 b?



Jupyter Hub: roll angle “stroke”?



ETC
Calculations



ETC: Exposure Time Calculator

https://jwst.etc.stsci.edu/

https://jwst.etc.stsci.edu/


jwst.etc.stsci.edu

Example feature:  
Expand SNR  
through filters 

ETC for Coronagraphy: PSF subtraction from a reference star

http://jwst-docs.stsci.edu


Open the Exposure Time Calculator (Google Search “JWST ETC” or jwst.etc.stsci.edu)

Make a Copy of the shared workbook. 

Load the new workbook.

Under the Extraction/ Strategy tab, 
try changing the SNR Source. 

• Which planets are visible with 
the MIRI F2300C/Lyot  
coronagraph?   

ETC Workbook for HR8799 b c d e: #27313

http://jwst.etc.stsci.edu


ETC Workbook: PSF Subtraction Source (4 options)



ETC Workbook for HR8799 b c d e: #27313, downloaded files



ETC Workbook for HR8799 b c d e: #27313, downloaded files

Default



ETC: Finding the best exposure parameters
Selecting the optimal combination of 
readout pattern, ngroups, nints and 
nexps is a trade-off
✦ More frames decreases read noise
✦ Shorter groups increases data volume
✦ Longer groups increases the chance of 

a cosmic ray hit during the group
✦ Shorter integrations make ramp fits 

more uncertain in the presence of non-
linearity

✦ More dithered exposures decreases 
flat field errors (not currently modeled 
by ETC!)

✦ Patterns that skip a lot of frames have 
higher read noise, but have slightly 
better duty cycle

Data Volume
Increases with faster readouts



APT
& smart (time) accounting



APT 27.3
www.stsci.edu/scientific-community/software/

astronomers-proposal-tool-apt

http://www.stsci.edu/scientific-community/software/astronomers-proposal-tool-apt
http://www.stsci.edu/scientific-community/software/astronomers-proposal-tool-apt


Changing attitude

1. Update observatory 
pointing and roll

2. Let disturbances settle

3. Reacquire guide star
✦Fine guide (always)
✦Track (>0.06")
✦Acquisition (>25")
✦ Identification (new visit)

Reference star & overheads: slew, settle, reacquire guide star



Selecting a PSF Reference Star (avoid spectral mismatch)

credit: Jarron Leisenring (pyNRC)



APT: special requirements, Non-interruptible sequence 



APT: special requirements, Non-interruptible sequence 



APT: special requirements, Fiducial Pointing Override



APT: special requirements, Fiducial Pointing Override



APT: PSF reference stars



APT: PSF reference stars



APT: smart accounting, astrometric confirmation image (TA)



APT: optional, full frame astrometric confirmation images (TA)



APT: smart accounting, astrometric confirmation images (TA)

s



APT: smart accounting, astrometric confirmation image (TA)



APT: optional, full frame astrometric confirmation images (TA)



APT: smart accounting, astrometric confirmation image (TA)



APT: smart accounting, astrometric confirmation images (TA)

Taking astrometric confirmation images add 0.15h (9 min) 
in this case

s



APT: smart accounting, closer PSF reference star



APT: smart accounting, closer PSF reference star



APT: smart accounting, astrometric confirmation image (TA)



APT: smart accounting, astrometric confirmation image (TA)



Extra Slides & Extra Resources



Help Desk

jwsthelp.stsci.edu

http://jwsthelp.stsci.edu


Proposal Planning Workshop: material, presentations
https://jwst.stsci.edu/events

https://jwst.stsci.edu/events


Approved programs on MAST: example of ERS #1386 (Hinkley)

https://mast.stsci.edu


