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CASIMIR

CASIMIR, the Caltech Airborne Submillimeter Interkar Medium
Investigations Receiver, is a multiband, far indchirand submillimete
high resolution, heterodyne spectrometer under [dpueent for SOFIA
It Is a first generation, Pl class instrument, gesd for detailed, hig
sensitivity observations of warm (100 K) intersaelgas, both in galact
sources, Including molecular clouds, circumstellanvetopes, an
protostellar cores, and in external galaxies.

CASIMIR will have unprecedented sensitivity by cambg the 2.5-mete
SOFIA mirror with state-of-the-art superconductimgxers. Five band
are under development: 550 GHz, 750 GHz, 1000 AlA%0 GHz, an(
1400 GHz. Observing time i1s maximized by havingrfbands availabl
on each flight. For example, searches for weakslinem rare species
bright sources can be carried out on the samet fligih observations c
abundant species in faint or distant objects. Tiigesinstrument is abo
1.5 m long, 1 m diameter, and weighs about 550®R4SIMIR embodies
a versatile and modular design, able to incorpdisttge major advance
In detector, LO and spectrometer technology (séa\)e

Instrument Configuration and Progress

CASIMIR contains two cryostats that each hold twigars — thus four mixers are
available on each flight. All the CASIMIR bands us®ranced Superconductor-Insulata
Superconductor (SIS) mixers fabricated with Nb/ANTIN junctions in the JPL Micro

LO Output Power (uW)

Scientific Objectives

CASIMIR will enable the study of fundamental rotaial transitions of many astronomically significagtirides and other molecules, which will proviaeder
understandings of interstellar chemical associaterd reactions (see chart below). This chart shioavsO output power versus sky frequency of thi®echains for the
CASIMIR recelvers, representing two of the five gbfe observing receiver bands. The output powshavn for both, upper sideband and lower sidelbamcg (green and
red, respectively). In addition the atmospheriagraission at 12.5 km attitude and the rest fregesraf the most important emission lines are dyggadaThe lines are labele
with the name of the emitting species and the gnef¢he lower state.

»>\Nater vapor plays an important role in the enemgice of molecular clouds by mediating radiativating and cooling through its rotational transison the far infrared
and submillimeter. CASIMIR will allow the study tfe abundance and distribution of interstellar waighn exceptional sensitivity and spatial and spdaesolution. Even a
the SOFIA operating altitude (above 12 km), thertodo much terrestrial water to observe the comhkigdfO isotopomer in astronomical sources. In its infioair bands,
CASIMIR can detect nine rotational transitionstod tare H80 isotopomer, including several lines near the gdostate. Only two relatively high energy transisa@an be
observed from the ground (i. e., CSO).

»0xygen is the third most abundant element, yath&mistry in interstellar clouds is poorly undeosto The atmosphere is opaque to many of its kegiep, such as O,,0
H,O, H;O* and OH, limiting detailed ground observations.

»>The HD* ion is of particular interest, as it is the deutedaversion of &, which is believed to be responsible for drivingah of the chemistry of molecular clouds.
Although the 372 GHz line of JB* now has been observed in several molecular cldbdground state line at 1371 GHz will be a bettence for studying the overall
distribution of this important molecule. To dategite has been only one tentative detection of tii& GdHz line in Orion with the KAO.

»Another transition of major importance is the 1484z transition of the nitrogen ion,*Nwhich traces the warm, ionized interstellar madiCOBE has shown that, apart
from the 1900 GHz Cline, the two fine-structure Nines are the brightest emitted by our Galaxy.

>»The study of higld lines of CO, which typically trace shocked gasdstd extensively with the KAO with high-resolutiameterodyne spectroscopy), or may indicate
heating by radiation from photo dominated regidPiSRS).
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Each band uses a tunerless solid state local decidaven by a single, common commercial 26-40 GiHderowave frequency synthesizer. Chains of pc
amplifiers and frequency multipliers then genethtehigh frequency signals for each band. TheGH@ and 1370 GHz (see above, right) LOs were
by Virginia Diodes; the 1000 GHz (see above, laft)l 1200 GHz (see above, center) LOs were develaipddL; the 750 GHz and 1400 GHz LO are u
development. The LOs are mounted on the outsidbeofeceivers, with the signal optically coupledhe mixers via reflecting optics, vacuum cryo
windows, and cryogenically-cooled mylar beamsplster

Devices Lab. These planar mixers are quasi-opyicallipled with twin slot antennas, a

silicon hyperhemisphere lenses with Parylene angicetin coatings. Ongoing mixer
developments point to DSB noise temperature impraregs of h/k at frequencies
below 1 THz, and &v/k above 1 THz. Simulations show the present uppet tonthis

mixer technology is 1.6 THz.

The optics box supporting the cryostats is opehedelescope cavity and contains the
relay optics and calibration systems (see aboBexides the cryostat windows, all the
optics are reflective and can accommodate theee8titelescope field of view. Bias
electronics and warm IF amplifiers are mountednendryostats, while electronics racks
contain IF processor, backend spectrometers, daglactronics, and power supplies.

After bias wiring, the 1.2 THz mixer, cryogenic lstr, and LNA are integrated with the
CASIMIR cryostat and undergoing receiver testind dabugging. Receiver performanc
IS expected to be similar to the results achiewedhnfe Herschel spacecraft. (see below)

Spectrometer and IF Processo

CASIMIR will have a high resolution digital FFT spgpomete
developed by Omnisys. This instrument consistsvof fprocessing
modules, each with two high speed samplers andP&AFengine
The spectrometer covers the entire 4 GHz IF banttiwvptoviding
8192 channels and a maximum resolution 250 kHzcpannel
which corresponds to a velocity resolution of 758 at 1000 GH:
observing frequency. Lower resolution is possibje dveraging
channels. An IF processor will convert the 4-8 Golserving
bandwidth to the input frequencies required by $hectromete
(see breadboard model, left).
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