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Project Objective: Benefits to NASA and JPL:
NASA’s Planetary Decadal Survey has concluded that isotopic measurements of cometary water vapor are The concept of simultaneous HDO and H,'"O and H,'%0 the Water Isotopologues
a means to unraveling the mysteries involving the origin of Earth’s water and the evolution of our solar Is potentially game-changing in that not only an important factor two in integration
system. By taking advantage of the HDO (509.3 GHz) ground state and (similar in line strength) H,'30 time is saved, but importantly will also facilitate high fidelity self-calibrating HDO/
(547.7 GHz) and H,!70 (552.0 GHz) isotopologues, a potentially very important factor two in observation H20 ratio measurements on an active outgassing comets near Perihelion.
time can be gained when both lines are observed simultaneously!
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sidebands. The comet lines are, due to the low pressure, very narrow in bandwidth and will not overlap (3 =3rd Order M 50331 556 527 10393
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Fig. 1. Left) Comet 103P/Hartley 2 synthesized 'Dual-tone LO' 1,, - 1,, ground state folded spectrum of
HDO (509.292 GHz), H,'30 (547.676~GHz), and , H,'’O (552.021~GHz) isotopologues. Right) 503.3 GHz
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The dual-tone concept 1s investigated with existing hardware from a previous funded strategic RTD. For £ o IR ]
this task two Gunn Oscillator based 540-615 GHz LO sources are available. Since the developed SIS et S0 | ;
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mixers have near quantum limited sensitivity sensitive, we inject an harmonic tone separated by the = 55k Dry Box, 4% Humidity]
HDO and water isotopologues frequencies into the receiver front-end (Av = 40.7 GHz), thereby 100 o 3 \ ) K'p=28 MA ;
simulating the HDO and 1sotopic H,O spectral lines. Recording tone signal strength measurements as a >0 [ - ﬁ
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establishes the approach and provides a measure of the attainable sensitivity and observing efficiency. a) Vsis Bias (mV) b) IF Frequency (GHz)

: LO; Fig. 4a) Continuum heterodyne response for LO,, LO,, LO,+ LO,, and synthesized (green) response.
T 3 DSB b) At a given bias (1.9 mV), the SIS mixer down-converted tonal heterodyne response for both DSB (1
- l b ) ﬁ‘ LO) and OQSB (2 LO's). The amplitude difference is 3 dB (2 vs 4 sidebands), however when referenced

1:{ = to SSB, as is ordinarily done since the tone is in just one sideband, the IF response is equal.
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LO Frequency (GHz) Fig. 5a.) Change in signal-to-noise (SNR) by going from double-sideband to quad-sideband
Fig. 2a) Two tone local oscillator (LO) frequency setup. b, ¢) To minimized mixer intermodulation the (SNR o538 - SNR (cz9°8) for the USB, ,, 546.0 GHz tone and b) the LSB, ,,residing 586.7 GHz
two-tone LO frequency separation has been maximized. This causes HDO to fall in the 'lower LO tone. The SIS bias was fixed at 2.2 mV with no other bias settings explored. The small difference
frequency' USB with and H,'”O and H,'80 isotopologues in the 'higher frequency' lower sideband. The between OSB and DSB SNR is attributed to the two- or four sideband not having exactly the same
required IF bandwidth is 4.5~GHz, which is readily available these days. The two LO's also provide mixer conversion gain. The result shows that a QSB mixer can receive multiple widely separated
redundancy, can function in a pair, or individually to for example observe the optically thick and H,'°O spectral lines w/o loss of efficiency as long as intermodulating mixing products are avoided.
Ortho ground state line.
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