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Faint diffused targets need to be 
observed with …
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Diffuse and extended 
• arc-minutes to degrees in extent

• Typical low surface brightness

Faint and low-energy environment
• Velocities of order 0.1-10 km/sec

• Temperatures of order 100-1000 K

Temporally variable 
• Outbursts, diurnal variations

• Seasonal changes (long time scale)

Needs Wide FOV

High Étendue 

High spectral R

High Étendue 

Wide FOV

High temporal 

coverage

Needs

Needs

Small Aperture 
Telescopes 

Less pointing 
accuracy



I’m interested in spectra
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Image of the FUV Jovian northern 

aurora observed with WFPC2 (upper 

panel)

Jupiter‘s northern aurora ultraviolet spectra 

from GHRS low-resolution spectrum and the 

synthetic spectrum generated by model.
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Compact high spectral resolution 
at wide FOV?

Temporal Coverage

Wide FOV

Wide Field Capability

High Resolving Power (~105)

Large Étendue

Large Telescopes

Grating Spectrometers

Small Telescopes

Interferometers
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Spatial Homodyne Spectrometer
(SHS)

SHS can observe

at IR, Optical and UV wavelengths

extended faint sources 

at high Resolving Powers 

in a compact format! 
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SHS is a cyclical interferometer

-2l     - l      0      +l    +2l



8

SHS is a cyclical interferometer
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CAT beam

SHS

CCD Camera

Collimating lens

FOV Stop Iris
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Na Lamp D lines 

D1=5895.9

D2=5889.9 

R~ 49000

FOV~ 30’ 19”
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SHS vs. Other High R 
Instruments

Telescope
Diameter

(m)
Instrument

FOV 

(Lʺ×Wʺ)

Resolving 

Power

Étendue 

(m2 arcsec2)

Lick Obs./ CAT 0.6 SHS 48 × 48 72000 650

Lick Obs./ Shane 3.0 SHS 9.5 × 9.5 72000 650

Keck 10 HIRES 8 × 0.7 47000 440

McDonald 
Observatory

2.7
Coudé 

Spectrograph
8 x 1.2 60000 55

Apache Point 

Observatory
3.5 ARCES 1.3 x 0.8 27000 10

Nordic Optical 

Telescope
2.5

SOFIN

Echelle
0.4 × 3.8 70000 8

Kueyen 8 UVES 0.45 × 8 80000 180

Tunable SHS



In comparison with similar spectral 

resolution instruments 

STIS

HIRES

HamSpec

SHS



SHIMMER on STPSat-1
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Launched 2007, 

decommissioned after 

completing 2.5 years of 

successful on-orbit 

operation

Mesospheric hydroxyl (OH)

The STPSat-1 small satellite, built for the Department of Defense (DoD) 

Space Test Program (STP) and operated by the DoD STP for the first 

year then transitioned to NRL.



MIGHTI on ICON Heliophysics
Explorer Mission will launch at 2017

$200 M ICON mission 

(Tom Immel, UCB; 
Orbital Sciences)

Earth’s 
thermospheric winds 
and temperatures at 
altitudes 90-300 km
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Engineering model of the MIGHTI 
interferometer



SHS could reveal incredible detail 
in a cometary coma/tail 
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H emissions in Lyman a at 121 nm

Comet Hale-Bopp



MANIC: direct detection of nearby 
Jupiter-like exoplanets

Boston University, MA with input from Light Machinery Inc.
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Planetary Science

Mars Methane

Cometary Coma

Io Plasma Torus

Venus night airglow 

Lunar sodium tail 

Astrophysics

Direct imaging of exoplanets

Interstellar Medium

H-alpha mapping of Nebula and Galaxies

Solar wind interface 

SHS

SHS

SHS

SHS

SHS

SHS

SHS

SHS

Earth Science

Wind and Temperature profiles

OH Measurements 



Back Up



SHS breaks out off the high spectral 
resolution spectrometers restrictions 
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Coupling Khayyam to two different 
aperture sizes

Khayyam

Using CAT

Using Shane


