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BACKGROUND: 

Spectroscopic remote sensing from robotic probes is dominated 
by low resolution grating spectrometers (e.g. Alice, VIRTIS). 
 
 
 
 
 
 
 
 
Resolving powers of λ/δλ ~100-500 are typical. 
 
These instruments can detect an element or molecular species, 
but they do not provide insight into the other characteristics. 

Volume/Mass limits 
restrict collecting area 
 
Sensitivity is achieved 
with large aperture 

Credit ESA/Rosetta/OSIRIS & Alice teams 



BACKGROUND: 
Example:  Low resolution spectra of a comet shows the 
presence of C2. 

At high resolving power, 
individual molecular transitions 
that reveal temperature and 
isotopic rations. 



BACKGROUND: 

Example:  Jupiter is surrounded by a cloud of sodium vapor that 
is produced from volcanic activity on its moon Io. 

High resolving power shows 
that the emission features is 
complex with Doppler 
signatures from turbulence 
and multiple flow directions. 



BACKGROUND: 

High resolving power spectroscopy is important for identifying 
many effects. 
 
• Non-thermal processes like excess photochemical energy, mass loading and 

charge exchange, plasma wave propagation, impact processes, the Swings effect, 
and scattering in planetary atmospheres, 

  
• The signatures of auroral and ionospheric processes including Joule heating, high 

altitude turbulence, field aligned currents, exospheric escape and the locations of 
energy deposition, 

  
• The relative abundances of various isotopes, the detailed composition of ejected 

plumes generated on ocean worlds, the spin temperature of sublimated volatiles, 
and the statistical balance of atomic ground state multiplets.   

 
Why is the technique not used? 
 
Can SmallSat instruments have high resolving power? 



THE ÉTENDUE CURSE 

The étendue of an instrument is the product of its Effective Area 
(Aeff) and its Field of View (FOV = Ω). It is a measure of overall 
sensitivity. 

É = AΩ 
 
• Aeff is the collecting area of a telescope multiplied by its efficiency 
• For a spectrometer, the FOV is the angular size of the entrance aperture 
• Large Aeff x Small Ω or Small Aeff x Large Ω  = Large É 
• However, Small Aeff x Small Ω  = Small É 
• In grating spectrometers a small Ω is typical.  To achieve Large É they 

must be used at large telescopes. 



CURRENT STATUS: 

High resolving power in space is restricted to large telescopes in 
Earth orbit.  Miniaturization is not practical. 

Low resolving power 
spectrometers can be 
made small enough 
for use in CubeSats. 

Lunar IceCube 



INTERFEROMETRY: 
One alternative to a Echelle grating spectrometer is to use an 
interferometric sensor. 
 
These devices do not create a dispersed image of the FOV, so 
their apertures can be very large (e.g. the same as Alice!). 
 
Two common designs that have been used are 
 
1) Fabry-Perot Interferometers 

 



INTERFEROMETRY: 
One alternative to a Echelle grating spectrometer is to use an 
interferometric sensor. 
 
These devices do not create a dispersed image of the FOV, so 
their apertures can be very large (e.g. the same as Alice!). 
 
Two common designs that have been used are 
 
2) Michelson Interferometers  

 



INTERFEROMETRY: 
Advantages of interferometers: 
 
• They do not require a telescope to have large étendue. 
• They can have very large resolving power. 
• They can be made compact enough to fit in a CubeSat. 

 
Disadvantages: 
 
• Fabry Perot and Michelson Interferometers rely on high precision optical 

surfaces. 
• The placement & movement precision of the optical components is critical. 
• They are sensitive to vibration and thermal variability.  
• All sensitivities scale with resolving power and inversely with wavelength. 

Maintaining good alignment in a space based platform is difficult 
and CubeSats are harder!  Most interferometers have modest 
resolving power and are used in the infrared. 



THE SPATIAL HETERODYNE SPECTROMETER: 

A reflective spatial heterodyne spectrometer (RSHS) is a self-
scanning interferometer.   

• RSHS instruments sample the 
full theoretical resolving power 
of a grating. 
 

• They have a large intrinsic 
instrument FOV 
 

• They do not require a large 
telescope for large étendue 
 

• They can be made very 
compact. 



How does RSHS work?: 

THE SPATIAL HETERODYNE SPECTROMETER: 



ADVANTAGES OF RSHS: 
Advantages of RSHS: 
 
• They do not require moving parts. 
• Interference plane is forgiving (depth of field). 
• They are sensitive only to small scale optical distortions. 
• Mechanical and thermal variations have reduced effect compared to other 

types of interferometer. 
• Ideal for measurement of a single emission feature 
• Their stability allows their use at wavelengths into the extreme ultraviolet.  
 
 
 
 
 
 

Disadvantages of RSHS: 
 
• Their spectral range is limited by resolving power and detector format. 
• The statistical noise of all light in the RSHS is applied to each spectral line. 



ADVANTAGES OF RSHS: 

Advantages of RSHS: 
 
• They do not require moving parts. 
• Interference plane is forgiving (depth of field). 
• They are sensitive only to small scale optical distortions. 
• The diffraction grating does not add to distortions. 
• Mechanical and thermal variations have reduced effect compared to other 

types of interferometer. 
• Their stability allows their use at wavelengths into the extreme ultraviolet.  

 
Disadvantages: 
 
• Their sampled bandpass is limited by resolving power and detector format. 
• Their field of view is  
• They are sensitive to vibration and thermal variability.  
• All sensitivities scale with resolving power and inversely with wavelength. 



DEVELOPMENT: 

Several prototype RSHS instruments have demonstrated the 
basic functionality of the technique at ground based 
observatories. 
 
 
 
 
 
 
 
 
 



DEVELOPMENT: 

In 2014 a prototype FUV RSHS was flown on a sounding rocket 
from the White Sands Missile Range.  The RSHS was aligned to 
121.6 nm (H Ly-α). 
 
The experiment held alignment during launch and re-entry. 
 
 
 
 
 
 
 
 
 



FUTURE: 

A re-flight of the sounding rocket RSHS is planned for April 2019.  
In addition to the existing prototype, a compact, CubeSat ready 
version will be a daughter payload. 
 

CubeSat 
RSHS 

 



SHIELDS: 
The Spatial Heterodyne Interferometric Emission Line Diagnostic 
Spectrometer (SHIELDS) is a RSHS mission concept targeting a 
12U class CubeSat launch as part of the NASA Heliophysics 
Technology Demonstration program (Payload budgets 30-60M$). 
 
• SHIELDS would duplicate the sounding rocket experiment in a 3U compact 

format. 
• The target will be line-resolved mapping of interplanetary hydrogen that 

has been perturbed by charge exchange at the heliopause.  
• It would launch with the NASA IMAP mission. 



LONGER TERM: 
The basic RSHS is limited by a narrow sampling range in 
wavelength.  There are two options for expanding this. 

TUNABLE SHS (TSHS):  In a TSHS the pilot mirrors are allowed to 
rotate to set different values for  λο (λο = d sinθ/M). The bandpass for an 
individual observation follows the equation for the single band case, but 
the instrument can target spectral features over a range >100 
nm.  PRO:  Wavelength coverage and SNR are high for this design. 
CON: Broadband coverage is not simultaneous. Each observation 
requires a high-overhead alignment calibration. 

MULTI-ORDER SHS (MOSHS):   In MOSHS, order-wavelength 
degeneracy in the grating equation (Mλ = d sinθ) is used to sample 
multiple bands.  A MOSHS instrument can simultaneously sample 
widely separated bands (e.g. M = 3 … M = 1, λ = 300 nm) or be 
designed for continuous coverage of a large bandpass (e.g. M = 50, λ = 
100 nm; …. M = 5, λ = 1000 nm).  PRO: Targeted simultaneous 
sampling of multiple bands up to continuous coverage.  Continuous 
coverage does not require alignment capability.  CON:  Multiplexing 
noise can dominate. Non-degenerate side orders may contaminate 
spectra (e.g. Order ghosts). 


	Compact heterodyne spectrometers for high resolution measurement of emission lines from cubesats
	Background:
	Background:
	Background:
	Background:
	The étendue curse
	Current status:
	Interferometry:
	Interferometry:
	Interferometry:
	The Spatial Heterodyne Spectrometer:
	Slide Number 12
	Advantages of RSHS:
	Advantages of RSHS:
	Development:
	Development:
	Future:
	SHIELDS:
	Longer Term:

