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WAV E L E N G T H S

SPACE 

GROUND

λ / D

Atmosphere: obvious advantage to space

Instrument size, cost, multiplexing & servicing:  
advantage to the ground
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E X O P L A N E T  M I S S I O N S  &  FA C I L I T I E S



O V E R  6 , 1 0 0  E X O P L A N E T S !

https://ciencia.nasa.gov/la-nasa-confirma-5000-exoplanetas Credit: NASA/JPL-Caltech

Isabelle Boisse  
will talk more about demographics



Credit: NASA/JPL-Caltech

E V E RY  
W H E R E



S O  FA R

Credit: NASA/JPL-Caltech
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E X O P L A N E T  D E T E C T I O N  M E T H O D S

7

Inspired by Scott Saudi

Radial Velocity Transit Microlensing

Other MethodsDirect Imaging

© ESA © NASA© ESO

© ESA

Astrometry



E X O P L A N E T S   
W E  C A N / C A N ’ T  I M A G E

H O W E +  2 0 2 5  

Transit Radial Velocity 

Direct Imaging

Mass

Period

Astrometry

µ lensing is essentially for demographics (too far / no possible follow-ups)



Nancy Grace Roman was NASA’s first Chief Astronomer 

Image credit: NASA, ESA link

appointed 1959

https://www.flickr.com/photos/hubble_esa/44477663304/in/photolist-2aLkDHS-Fv3zVg-EFvSN1-FsLfCy-EFQz3n-FbSnmq-Fv3M4D-Fv3Ybt-25eF9YR-22rMwT-Fv443x-FbS6AN-Fv4HN8-EFQy74-AhMGdJ-FbT4rW-FsKTjm-5dopRY-CLDYxA-EFwsXJ-EFQCWp-EFwUuf-EFRava-Fv4H4T-W61rLT-EFQQB8-EFRrGt-Fv4M7n-EFQQg8-YL543f-FsKCaU-Fv3RLe-Fv4nT8-Fv4gpB-EFQSnT-FsLtjq-EFvF49-zoc1cP-A3tCuW-EFwB4o-EFvDuC-EFvYdj-9yrf8K-zo46g3-FbSGbj-EFR8AZ-FbSiHo-FsKSuq-FsL117-EFvDP5


R O M A N ’ S   
W I D E  F I E L D  I N S T R U M E N T

VISIBLE - NEAR INFRARED 
100X FOOT PRINT OF HUBBLE



Tyler Desjardins

"PySIAF for Roman"

roman-docs.stsci.edu
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S P E C H T +  2 0 2 2  
adapted from

https://exoplanetarchive.ipac.caltech.edu/

IWA

CONTRAST

Young, gaseous  
giant planets 
Detected at 1-5µm

Lower mass planets 
Cold start/GI planets 

More mature systems

Coronagraph/WF control 
Post-processing 
Stability (Space) 

Sensitivity (Space)

Diameter or baseline 
Inner-planets 
Reflected light planets (VIS)

Distance

Age

D E T E C T  S O L A R  S Y S T E M  A N A L O G S
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S P E C H T +  2 0 2 2  
adapted from

https://exoplanetarchive.ipac.caltech.edu/

IWA

CONTRAST

Young, gaseous  
giant planets 
Detected at 1-5µm

Lower mass planets 
Cold start/GI planets 

More mature systems

Coronagraph/WF control 
Post-processing 
Stability (Space) 

Sensitivity (Space)

Diameter or baseline 
Inner-planets 
Reflected light planets (VIS)

Distance

Age    JWST AMI - CORON - IMG
ELTs 
1st gen

Roman 
Coronagraph

~HWO

VLT(I) 2nd+ gen, Keck, Gemini, Subaru

D E T E C T  S O L A R  S Y S T E M  A N A L O G S
Note: parameter spaces are approximative here



A G E

JWST: access to more mature, colder long-period giant planets

JWST / MIRI 

New planets in direct imaging, exciting upcoming results and surveys! 

KECK
M AT T H E W S +  2 0 2 4



MIRI 
@10.65µm 
λ/D ~ IWA ~0.33” 

Keck 3.8 µm W. Thompson & C. Marois

SPHERE 
@1.6µm 
λ/D ~ 0.042” 

NIRCam 
@4.44µm 
λ/D ~ 0.042” 

A N G U L A R  R E S O L U T I O N J W S T ’ S  λ / D  P R O B L E M



MIRI 
@10.65µm 
λ/D ~ IWA ~0.33” 

Keck 3.8 µm W. Thompson & C. Marois

SPHERE 
@1.6µm 
λ/D ~ 0.042” 

NIRCam 
@4.44µm 
λ/D ~ 0.042” 

B U T  A L S O  A  T R E M E N D O U S   
S E N S I T I V I T Y  &  S TA B I L I T Y  ! ! ! !

Deconvolution is  !

A N G U L A R  R E S O L U T I O N J W S T ’ S  λ / D  P R O B L E M



D E M O G R A P H I C S :  C O M P L E T E  O R  TA R G E T E D ?
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Large (ground) xAO NIR surveys like SPHERE/SHINE or GPI/GPIES 
Samples selected with age/distance/moving groups, etc. 
Statistically meaningful & extremely useful 

Data uniformity (modes/depth)  

Time consuming/inefficient (hundreds of nights, orbits) 
Hundreds of stars to detect a dozen new giant planets 

Relativey shallow: planets may have been missed 
Gael Chauvin

V I G A N  E T  A L .  2 0 2 1

N I E L S E N  E T  A L .  2 0 1 9

Isabelle Boisse  

will talk more about demographics



TA R G E T E D  S E A R C H E S
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Targets are informed by 
RV trends, astrometric accelerations, etc.

Ok, it's “fishing”  
but informed fishing 

E.g. fly fishing 

B O W L E R +  2 0 1 6

B R A N D T +  2 0 1 9 , 2 0 2 1

L A G R A N G E + ,  N O WA K +  2 0 2 1

C U R R I E + .  2 0 2 3

F R A N S O N +  2 0 2 2
R I C K M A N +  2 0 2 2

β Pic c!!

Dynamical masses!

New detections

F R A N S O N + ,  D E  R O S A + ,  M E S A +  2 0 2 3

HIP 99770 b
AF Lep b

Roman CGI is all about targeted searches



D I R E C T  I M A G I N G  /  G A I A   H I P PA R C O S  S Y N E R G Y
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“Informed targets”, the way to optimize telescope time 

Especially important for the Roman Coronagraph CPP

F R A N S O N +  2 0 2 3  

M E S A +  2 0 2 3  

+JWST/NIRCam 
AF Lep b 
VLT/SPHERE (2.2 µm)

Keck/NIRC2 Lp 

Also SPHERE 

Check out D. Savransky’s Mission Data Base 
to see prediction for Roman CGI

D E  R O S A +  2 0 2 3

plandb.sioslab.com

https://plandb.sioslab.com/index.php


B U T  A L S O  A  T R E M E N D O U S   
S E N S I T I V I T Y  &  S TA B I L I T Y  ! ! ! !

J W S T ’ S  λ / D  P R O B L E MB A L M E R +  2 0 2 5  ( U P C O M I N G )  

AF Lep b

B A L M E R +  2 0 2 5  ( U P C O M I N G )  

Kellen Lawson’s deconvolution 
 with a spatially varying PSF (NIRCam’s Coronagraph) is "   

Deconvolution is  !

F R A N S O N +  2 0 2 4

~  2λ / D



C O R O N A G R A P H ?

Axel will talk more about that



T H E  R O M A N  C O R O N A G R A P H

Axel will talk more about that



KEY TECHNOLOGIES

TEST 
AND 

ON-ORBIT 
VALIDATION

WAVEFRONT CONTROL 
IN SPACE!



Coronagraph Spacecraft
MOC

SSC (@IPAC)

HOWFSC algorithms

ExtractionCommands

“ G R O U N D  I N  T H E  L O O P ”  ( G I T L )  

CTC = Coronagraph Technology Center (based at JPL) 

SSC = Science Support Center (based at IPAC) 

SOC = Science Operations Center (based at STScI) 

MOC = Mission Operations Center (based at Goddard) 



NEW CONTRAST REGIME
For V~ 5 stars 

The expected contrast is  

< 10-7 (L1 requirement) 

~ 10-8 - 10-9 (predicted/goal)

Band 1

L1 Requirement 100 to 1,000 times better  
than current facilities. 
Goal: image mature ”Jupiters”  

@ 10-50pc  
in reflected light!



IMAGING GIANT EXOPLANETS   
IN REFLECTED LIGHT  

NEW SCIENCE

OUR BEST SHOT  
AT

BEFORE 2030



> 108

C O R O N A G R A P H  E X P E C T E D  C O N T R A S T



P L A N E T S  I N  R E F L E C T E D  L I G H T

L I K E  J U P I T E R   
I N  T H E  N I G H T  S K Y



J U P I T E R ’ S  S P E C T R U M

P H A S E S

R E F L E C T E D  L I G H T T H E R M A L  L I G H T

Coulter et al. 2022



The star (47 UMa)  
has been subtracted out. 

3 fictitious planets orbit 
in the system and their 
flux is attenuated by the 
HLC coronagraph 
throughput and the 
effect of the phase in 
reflected light 

Noiseless simulation made  
for the Roman Exoplanet Imaging Data Challenge 
(2019, Neil Zimmerman, OS 6

R E F L E C T E D  L I G H T  P L A N E T S

N O I S E L E S S  S I M U L AT I O N



Dark Hole “Digging”: Laboratory Demonstration

Credit: NASA/JPL-Caltech

Wavefront Control iterations

R O M A N  C O R O N A G R A P H  R E Q U I R E M E N T
Image a point source  
107 times fainter than central star   
from 6 to 9 λ/D (~0.3" to 0.45”) 



T Y P I C A L  O B S E R V I N G  S C E N A R I O

Reflected light 
planets observations

will take several 
tens of hours

Krist et al. 2023



& Polarimetry 
(goal)

 Grism Spectroscopy -SPC
(goal)

680-780 nm 
Band 3

slit

0.18” 0.55”

Methane absorption

Narrow Field Imaging - HLC
(required)

575 nm 
Band 1

0.14” 0.45”

O B S E R V I N G  M O D E S

1.40”

Wide Field Imaging - SPC
(goal)

825 nm 
Band 4

0.45”

575 nm 
Band 1

0.95” 0.30”

& Polarimetry 
(goal)

Goal modes 

 are best effort basis



A NECESSARY STEP TOWARDS



A NECESSARY STEP TOWARDS



Young giants 
emitted light 

Ground & Space 

NIR / IR + H𝛼 

JWST: > 5µm

Today > 2040

Earth-like 
reflected light 

Space 

Optical 

HabWorlds

+ emitted 
thermal 
light?

IR

LIFE

< 2030

+ Exo 
Saturns? 

Neptunes? 

Jupiter analogs 
reflected light 

Space 

Optical 

Roman Coronagraph

D I R E C T  I M A G I N G  “ R O A D M A P ”



Young giants 
emitted light 

Ground & Space 

NIR / IR + H𝛼 

JWST: > 5µm

Today > 2040

Earth-like 
reflected light 

Space 

Optical 

HabWorlds

< 2030

+ Exo 
Saturns? 

Neptunes? 

Jupiter analogs 
reflected light 

Space 

Optical 

Roman Coronagraph

D I R E C T  I M A G I N G  “ R O A D M A P ”

Credit: R. Juanola Parramon, N. Zimmerman,  
A. Roberge (NASA GSFC) 

 LUVOIR Study 



www.romancoronagraph.space

C O M M U N I T Y  PA RT I C I PAT I O N  P R O G R A M

C P P
Community Participation Program (CPP) ⇨ maximize scientific & technical return

Project teams (JPL, IPAC, GSFC), 15 US PIs, ~100 Project Team members, members 
international partners (JAXA, CNES, ESA, MPIA) 

roman.ipac.caltech.edu

https://www.romancoronagraph.space/


W O R K I N G   
G R O U P S

C P P

www.romancoronagraph.space

Schuyler Wolff will talk more about that

https://www.romancoronagraph.space/


P R E PA R I N G  F O R  O N - S K Y  O B S E R VAT I O N S

C P P

Develop the Data 
Reduction Pipeline 

Analysis and calibrations 
Plan the ~2,200 hour 
observing program  

During 18 months

Target vetting & precursor 
observations 

Vet for binaries & background 
objects and measure stellar radii

Identifying optimal 
science targets 

across the sky

Plan and simulate 
observing sequences 

develop necessary tools

Launch window this fall 2026, operations early 2027!
Formal commitment is May 2027 but we are ahead of schedule!

www.romancoronagraph.space

Schuyler Wolff will talk more about that

https://www.romancoronagraph.space/


R O M A N   
C O R O N A G R A P H   

S TAT U S

Has matured multiple key technologies  
to lay foundation for HWO  

Was delivered to GSFC in May 
and integrated in December (2024) 

Testing demonstrated performance  
at least 4x beyond requirement 

+ dark hole in one additional “best effort” mode 

Outlook improving for some use  
of one or more “best effort” modes on sky 

On track for science operations in 2027



M O R E  P H O T O S



M O R E  I N F O R M AT I O N

roman.ipac.caltech.edu

> 1,600 people have helped create the Roman Coronagraph!!!! 

www.romancoronagraph.space

https://www.romancoronagraph.space/


EXTRA SLIDES



L A B / T VA C  D A R K  H O L E  D I G G I N G

42

Real (TVAC) Band1 data  
acquired at JPL in March 2024 

Preliminary raw contrast 
(pending better calibration) 
~10-8 at 6 to 9 λ/D 

It’s working beyond TTR5 

Calibrations can improve



A FEW YEARS AGO

~2018-2021



EXOPLANET IMAGING  
COMMUNITY 
DATA CHALLENGE 
www.exoplanetdatachallenge.com

Julien Girard & Turnbull SIT 

STScI Liaison for the Coronagraph Instrument
@djulik

https://www.exoplanetdatachallenge.com


Variability:  
Phase curve! 

ΔRA (m
as

)

ΔD
ec

 (m
as

)

0

0

Junellie Gonzalez 
Orbitize/OFTI 
(Blunt 2017)

45

- 6 imaging epochs of the same target throughout mission: 47 UMa  
- 3 planet with matching and realistic radial velocity data 
- Extract sources, compute relative photometry & astrometry, 

disentangle from background sources, exozodiacal light 
- Compute orbital solution using all the information available  

45

R O M A N  E X O P L A N E T  I M A G I N G   
D ATA  C H A L L E N G E

www.exoplanetdatachallenge.com

G I R A R D +  2 0 2 0

T U R N B U L L +  2 0 2 1

https://www.exoplanetdatachallenge.com


6 imaging epochs throughout the mission
Realistic simulations:OS6 Speckle field time series, detector model, 
background contamination sources, exozodiacal light 

Hybrid Lyot Coronagraph
4 epochs, 2 rolls
+ Calibrations

15 years of precursor RV data

DATA

Star Shade
2 epochs
+ Calibrations

www.exoplanetdatachallenge.com

&

CHALLENGE
1. Extract & identify point sources in 4 HLC 

epochs, disentangle from background sources, 
provide census and rough astrometry

2. Compute orbital parameters & masses with 
those 4 epochs, use priors from RV data

3. Refine orbital parameters & masses using 
additional 2 SS epochs, all the information 
available 

4. For a given planet, measure the phase curve 
assuming it is Lambertian, provide radius & 
albedo given mass-radius relationship 

T H E  R O M A N  E X O P L A N E T  I M A G I N G  D C :  
4  S T E P S

46 46

G I R A R D +  2 0 2 0

T U R N B U L L +  2 0 2 1

https://www.exoplanetdatachallenge.com


R O M A N  C O R O N A G R A P H  D C  M O D E S

Credit:  JPL / 2020

Narrow field of view mode  
Full 360 deg 

Inner working angle (IWA): 3 lambda/D (0.15”) 
Outer working angle (OWA): 9 lambda/D (0.45”) 

Band 1: 575 nm, 10.1% bandwidth 

Wide field of view mode 
Full 360 deg 

IWA: 6.5 lambda/D (0.43”) 
OWA: 20 lambda/D (1.45”) 

Band 4: 825 nm, 9.9% bandwidth 

Spectroscopy mode 
Prism+ slit  
Band 3: 730 nm, 16.7% bandwidth

47 www.exoplanetdatachallenge.com

https://www.exoplanetdatachallenge.com


R O M A N  E X O P L A N E T  I M A G I N G   
D ATA  C H A L L E N G E

48Credit:  JPL / V. Bailey

For 5 < V <6 stars 

The expected contrast is  

< 10-7 (required)  

~ 10-9 (predicted)

100 to 1,000 times better 
than current facilities.
Optimistically, image
”Jupiters” to “Neptunes” 

@ 10-50pc in reflected light!

github.com/nasavbailey/DI-flux-ratio-plot

Data Challenge
HLC

48

G I R A R D +  2 0 2 0

T U R N B U L L +  2 0 2 1

Starshade
Not planned  
anymore 

https://www.exoplanetdatachallenge.com

