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New Worlds Probe (NWP) Concept
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‣ Could we address very ambitious goals for exoplanet science?

‣ detect Earth-size planets, characterize habitability, search for life

‣ What are the constraints and possible starshade design?

‣ Available instruments on board JWST

‣ Optical quality (segmentation)

‣ Observing time, Field of Regard

‣ Operations (alignment, planning & scheduling, target acquisition)

‣ Starshade design: try to minimize diameter & distance



James Webb Space Telescope

• Observatory

‣ 6.5 m, segmented

‣ modest optical quality (diffraction limited at 2 microns, SR=80%)

‣ Imaging and spectroscopy from 0.6 to 25 microns

• Near Infrared Camera (NIRCam)

‣ 2 instruments: short arm (0.6-2.3 μm) and long arm (2.4-5.0 μm)

‣ several filters, broadband and medium band

• Near Infrared Spectrograph (NIRSpec)

‣ 0.6-5.0 μm,  R=40-100 (prism) and R=1000

‣ also IFU, MSA etc.

• Mid Infrared Imager (MIRI)

• Tunable Filter Imager (TFI)
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NWP goals

• Ambitious program with large aperture in space

‣ contrast goal for an Earth-twin detection: 1010

‣ characterize habitability & possible biomarkers, near infrared: O2, H2O, CO2, CH4

‣ possibility of thermal emission as well? (radius and temperature)

• Characterization of terrestrial & giant planets interesting in the near infrared

• Imaging & Spectroscopy from 0.6 to 1.7 μm covers large science program

Turnbull et al.

4

Marley et al.
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Three Science themes

• 1) Find and characterize planetary systems including terrestrial planets in the 
habitable zone

‣ 20 - 30 nearby extrasolar systems can be observed and mapped

‣ 5 Earth-size planets could be detected and characterized with low-resolution 
spectroscopy, If ηearth=0.3

‣ Search for biomarkers on favorable targets

• 2) Characterize known RV planets (Jupiters, Neptune, super Earths) 

‣ Mass: disentangle m sin(i) with inclination measurement

‣ Atmospheric composition, gravity, temperature & radius if emitted light can be 
measured 

• 3) Determine brightness and structures of exozodiacal disks.

NWP Can Perform a Variety of Exoplanet Science



Main constraint: Red Leak
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Imaging with NIRCam
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Imaging with NIRCam: exposure time estimation

Filter Name wavelength (μm) Star (Jy) Contrast Δm ExpTime (s) ExpTime (hours)

F070W

F115W

F150W

F140M

F162M

0.7 54.1 1.32 × 10-10 24.70 155,627 43

1.15 58.2 1.08 × 10-10 24.91 69,018 19

1.5 52.4 5.91 × 10-11 25.57 258,077 72

1.4 53.7 1.20 × 10-11 27.30 18,606,700 5169

1.62 50.6 1.04 × 10-10 24.96 284,017 79

• Earth-twin around the Sun at 10pc

•  S/N=10

• Earth albedo in each NIRCam filter

• Exozodiacal disk identical to our solar system

• Other parameters consistent with NIRCam’s sensitivity estimations

• Observations are background limited (zodi)



Spectroscopy with NIRSpec
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Both low-resolution with prism and high-

resolution with grating are possible 

(higher resolution better for red leak 
mitigation)

model spectra (S.Seager), NIRSpec simulator (J.Valenti)



Spectroscopy with NIRSpec: Exposure Time

Planet type, Mass Separation (AU) distance (pc)  significance ExpTime(s) ExpTime (hours)

Earth-like, 1 MEarth

Earth-like, 5 MEarth

Earth-like 5 MEarth

1 10 5 σ 73,400 20

1 10 5 σ 8600 2.4

0.8 8 5 σ 3600 1

Planet type, Mass Separation (AU) distance (pc)  significance ExpTime(s) ExpTime (hours)
Earth-like, 5 MEarth

Earth-like, 5 MEarth

Earth-like, 8 MEarth

Earth-like 8 MEarth

1 10 3 σ 1.06 × 106 295
0.8 8 3 σ 436,000 121

1 10 3 σ 574,000 160
0.8 8 3 σ 236,000 66

1.26 μm oxygen band,  3 σ detection of the spectral feature
Simulation includes residual starlight, background
does not include contamination from zeroth order, and higher order diffraction. 
stray light within NIRSpec of 5% of the total red leak counts
LSF wings 100 x worse than the diffraction limited profile. 
This calculation assumes an upgraded filter in NIRSpec (105 out-of-band rejection)
no structures in the background (zodi, stray light)

3σ detection of oxygen in ~106s for Super Earth

5σ significance detection of water in <105s for Earth twin at 10pc



• Example of NIRCam filter F090W + detector + dichroic
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Starshade optimization: NIRSpec

• Here we assume a re-design of the target acquisition filter

• 0.7 - 1.7 micron, 105 out-of-band rejection
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Design Reference Mission

• JWST + Starshade

‣ NIRCam imaging

‣ NIRSpec spectroscopy

• Assumes a particular observing strategy

‣ spectral characterization immediately after detection within same observing 
window

‣ no revisit to build planetary orbit (future work)

‣ exposure time model

• Can we detect and characterize Earth-like planets with spectroscopy

‣ with limited exposure time 9% of JWST (ie 107s)

‣ limited field of regard (20 degrees)

‣ limited number of slews (fuel)
13Brown & Soummer 2010



Observing sequence

• Fine-alignment time for the starshade (10h)

• Initial limiting search observation (LSO) exposure with preferred filter down to 
the limiting magnitude Δmag0 = 26

• Time for data downlink, science analysis and decision to followup, 
rescheduling with target of opportunity (7 days)

• Fine-Alignment time for the starshade (10h)

• Followup images with NIRCam in the 4 other filters

• Time for data downlink, science analysis and decision to followup, 
rescheduling with target of opportunity (7 days)

• Fine-alignment time for the starshade (10h)

• Spectroscopic followup with NIRSpec

14Brown & Soummer 2010



Distribution of detections and characterizations
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Conclusions

• A starshade with JWST would be extremely capable

‣ sensitivity to detect an Earth-twin at 10pc

‣ sensitivity to characterize terrestrial planets with spectroscopy, low-resolution 
0.7-1.7 microns (water, methane, carbon dioxide)

‣ Oxygen detection is marginal but might be possible on a favorable target with 
very deep exposure

‣ no impact from segmentation, large aperture for spectroscopy

• Design reference mission is promising, even with realistic field of regard 
limitation. 

• Technically & programmatically challenging

‣ large starshade designs 65-75m tip-to-tip

‣ alignment with passive JWST 

‣ programmatic challenge

‣ full program requires upgraded filter in NIRSpec
16


