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TRANSMISSION SPECTROSCOPY
WITH JWST

Wunderlich+ 2019
Wunderlich+ 2019
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M-dwarf planets at 10 parsecs | single transit | R =100



TRANSMISSION SPECTROSCOPY
WITH JWST

Wunderlich+ 2019

Credit: EarthSky.org

O2-X CIA

Fauchez+ 2020
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Wunderlich+ 2019



HIGH RESOLUTION 
GROUND-BASED OBSERVATION

Palle+ 2009
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See Matteo Brogi’ talk on 
High resolution Cross-
correlation Spectroscopy



Why High 
Resolution ?

CLOUD - a visible aggregation of minute water droplets and/or
ice particles in the atmosphere above the earth’s surface – AMS

HAZE - Particles suspended in air, reducing visibility by scattering
light; often a mixture of aerosols and photochemical smog –
AMS

Hood+ 2020
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Why High 
Resolution ?

Kaltenegger+ 2020
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How High ?

Lopez-Morales+ 2019
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Searching for Oxygen with ELTs

Stellar Type P(days) Transit 
Duration (h)

Number of 
Transits

Hours

M1V 43 4.0 33 133

M2V 33 3.4 40 133

M3V 27 3.0 44 130

M4V 16 2.1 34 70

M5V 10 1.5 53 79

M6V 6 1.1 68 75

Distance 5 pc from host stars & 20 % red noise

Rodler & Lopez-Morales 2014Szentgyorgyi+ 2014, 2016

G-CLEF spectrograph
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Fabry Perot 
Instrument 
for Oxygen 
Searches

Ben-Ami+ 2018
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Fabry Perot Interferometer

Etalon | Dualon
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Observing 
with FPI

Ben-Ami+ 2018

Rodler & Lopez-Morales 2014
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The number of transits needed for 
a 3σ detection drops by 25%-35% 
when observing with FPI array.



FIOS Prototype
[ Fabry Perot Instrument for Oxygen Searches ] 

Lopez-Morales+ 2019

External Spectrograph

Rukdee+ 2020 SPIE

S. Rukdee, S. Ben-Ami, M. López-Morales, 
J. Garcia-Mejia, D. Charbonneau, A. Szentgyorgyi
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VIPA Spectrometer
VIPA : Virtually Imaged Phased Array > Interferometry based disperser 
[Light-machinery]

R ~ 150,000
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Lesson Learned 
from 
LAB DEMO

Prediction under perfect condition Prototype Result (Etalons)

R ~ 630,000

Prediction of Transmission profile Prototype Result (Dualons)

R ~ 660,000

Ben-Ami+ 2018

Rukdee+ 2020 SPIE

Prediction on fiber core size effect Observation fiber core size effect
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APPLICATION

RUKDEE+ 2021  (in prep.)
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APPLICATION

RUKDEE+ 2021  (in prep.)
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RESULTS
FIOS on sky
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RUKDEE+ 2021  (in prep.)



RESULTS
FIOS on sky
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[Boost with One FPI]

RUKDEE+ 2021  (in prep.)



SUMMARY

Credit: Christine Daniloff/MIT, Julien de Wit
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FIOS is a new ultra-high resolution FPI-based instrument.

• FPI arrays create chained spectra over the O2 A-band.

• Lab prototype achieves up to R = 600,000.

• Dualons improve throughput and resolution.

FIOS-like instrument should be enabled for all ELTs. 

• E-ELT HIRES + FIOS in O2 and CH4 channel = biotic Oxygen!


