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Follow the heavy water!
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The origins of life, as we know, 

is tied to the origins of water on 

the Earth.  

Tracing the source of Earth’s water is 
surprisingly complex

“There are numerous debates and models about the source of water 

and organic compounds on Earth and other terrestrial planets without 

converging to an agreement.”

- Kathrin Altwegg

7/18/2020





High Spectral Resolution Spectroscopy
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Simulated spectra from OH 

and OD molecules. 

High spectral resolution is needed for fine relative motions, multiple sources, 

isotope ratios, temperature, turbulence, currents, and etc.

Ʊ
OD

OH

Comet Hale-Bopp
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Spectrometry’s Trade Triangle
What do I really need for my science?

Spectral 

resolution

l/Dl

Bandpass

Spatial Heterodyne 

Spectromter

No, 1D or 2D spatial information

Compact/miniature

Small aperture telescope

Low data volume 

All-reflective design

High tolerance (optomechanical, 

temperature)

Grating spectrometer

1D or 2D spatial information

(data cube capability)

Well known concept/heritage

All-reflective design

Point sources (narrow FOV)

FOV
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Two factors create an interference pattern

𝐸1 𝑟, 𝑡 = 𝐸01 cos(𝑘1. 𝑟 − ω𝑡 + ε1)
𝐸2 𝑟, 𝑡 = 𝐸02 cos 𝑘2. 𝑟 − ω𝑡 + ε2

𝐼 = 𝐸1
2 + 𝐸2

2+ 2 < 𝐸1. 𝐸2 >

< 𝐸1. 𝐸2 >
= 𝐸01 . 𝐸02 cos( 𝑘1− 𝑘2). 𝑟 + ε1− ε2

Conventional

Interferometry
SHS
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SHS is an interferometer with no moving parts

-2l     - l      0      +l    +2l

-2l     - l      0      +l    +2l
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Developing the next generation of miniaturized high 

spectral resolution spectrometer
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ROBOTICS
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Driving

Flying

Landing

Small Body Orbiting

Subsurface Access

Instrument Placement

Sampling

Onboard Science

https://robotics.jpl.nasa.gov/

https://robotics.jpl.nasa.gov/


PUFFER will explore the moon, and other planetary 

surfaces

PUFFER (Pop-Up Flat-Folding Explorer Robot) is an origami-inspired robot that was 

developed to provide future NASA missions with simple, low-cost access to new high-

value, higher-risk extreme terrains.

This project will also focus on developing “multi-agent” autonomy that enables 

multiple PUFFERs to leverage cooperative mobility, communication, and sensing to 

operate in ways that are not possible with a single rover.
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HOLMS (Heterodyne OH Lunar Miniature Spectrometer)
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Zn lamp data analysis

Raw data from Zn hollow 

cathode lamp at 3075.9 A

Zn spectra at 3075.9 A

Resolving power= 36000 

2-D FFT

Hosseini, et.al.

under submission7/18/2020 12



Heterodyne

Wavelength

307.3 nm  

Wavelengths of interest OH: 308.6 Å

OD: 307.9 Å

Calibration lines Zn: 3075.9 A

Al: 3093 A

Sensor (TRL4 solution) 

(TBD)

Sensor size: 2592 x 1144

Pixel size: 1.4 micron

Resolving power ~33600

Resolution ~0.09 Å

Bandpass ~3047.6–3118.3 Å (detector dependent)

FOV (field widen SHS) 

(TBD)

~4 x 4 degrees

Specs / Resources

Mass ~100 gm/channel

Power ~ 6 W

Volume ~20 cm x 10 cm x 3 cm per channel

Processing Onboard FFT (TBD)

Precision/Accuracy 2 deg. pointing

Each HOLMS unite can observe a narrow bandpass at very 

high spectral resolution. 

Hosseini, 

under submission



Spatial Heterodyne Spectrometer

Hosseini, 

under submission7/18/2020 14



Multi-unit SHS covering multiple species with no 

moving mechanism

Multi-

units

Isotope ratios

OD/OH 308 Å separated by ~6 Å

18O/16O 16OH and 18OH at 3121 Å separated by < 0.3Å

15N/14N N2+ at 3914 Å

Abundance ratios

C2/CN and CN/OH C2 at 5165 Å (13CC at 5120-5170Å), CN at 3883Å

CO/OH and 

CO2/OH

CO at 1510 Å, CO+ at 3954 Å, CO2
+ at 3509 Å, 

OH at 3090 Å.
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Icy, Ocean, (fill the blank), WORLD
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SHS

SHS

SHS

SHS

SHS

SHS

SHS

SHS

Planetary Science

Mars atmosphere

Cometary Coma

Io Plasma Torus

Venus night airglow 

Lunar sodium tail

Planetary plums

Astrophysics

Interstellar Medium

Lyman-alpha mapping 

Galaxies

Solar wind interface 

Earth Science

Wind and Temperature profiles

OH and Ozone Measurements 

It takes a village

It takes time

It needs $$

sona.hosseini@jpl.nasa.gov
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Backup



Little is know about the Lunar exosphere 

Spatial resolution: 1.7 km

Spectral resolution- Band 307.3 nm

▪ Resolving power R = 72,000

▪ Resolution: Dl ~ 0.1 Å

Exposure time: 7sec

No mechanisms or moving parts

Detector temperature: -20 C

Passive cooling for detector

Characterize the existence of a lunar volatiles, i.e., OH

Potential detection of the full extent of the lunar OH tail

Acquire seasonal lunar limb observations

The goal is to measure OH intensity in 308nm vs. 

Solar photons, Solar Energetic Particles, Solar wind, Meteoric 

influx, Large impacts
Hosseini, Davidsson
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We have no spectra from Astrospheres 

because they are faint

GALEX FUV image 

Sahai & Chronopoulos 2010

FUV 

Deepest imaging study for the most well studied AGB 

star (Asymptotic Giant Branch Star), IRC+10216 detects 

the circumstellar envelope to a radius of ∼200 arcsec, 

GALEX FUV images detect envelope to 6x radius 

Mass lost is > 1.4 Msun over a period > 69,000 yr

FUV emission from astrospheres

likely due to line-emission in the Lyman-Werner 

emission band of H2 collisionally excited by hot 

electrons in shocked gas (from models of low-spectral-

resolution GALEX grism spectra of one object).

High-resolution spectroscopy at 1610 Å needed to 

confirm the nature of the emission, and determine the 

physical properties of the emitting region.

20'

Hosseini, Sahai
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Miniaturization can maintain sensitivity

GALEX HUBBLE - STIS HUBBLE - COS SHS

Spectroscopy 

Technique

Grism and 

bandpass filters

Dispersive 

grating

Dispersive 

grating
Interferometric

Telescope 

Aperture
0.5 m 2.4 m 2.4 m 0.3 m

Wavelength
FUV band 

= 1344–1786 Å

“140M” channel 

= 1140–1741 Å

“G160M” channel 

= 1405–1775 Å
1200–1700 Å

Spatial Resolution
4.3 arcsec (FUV), 

5.3 arcsec (NUV)
0.2 arcsec 2.5 arcsec 45 arcsec

Spectral 

Resolving Power
250–300 10,000 20,000–24,000 144,000

Detector QE MCP, 12%
CsI, 25% @ 

1216 Å

MCP 32% @

1216 Å
CCD, 40–50%
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Na lamp D line separation demonstrative the high spectra 

resolution  

D1=5895.9

D2=5889.9 

R~ 49000

FOV~ 30’ 19”

Hosseini, 20197/18/2020 26



Astro2020 

White paper

February 2019



Astrophysics RFI

November 2017



Journal of Telescopes and Astronomical 

Instrumentation
Under final revision 

March 2019
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