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Why

ultra-high resolution?

* Trace gas analysis

* |[sotopic ratios

* Vertical profiling of pressure & temperature
* Doppler wind measurements
Etc...etc...etc...



Why heterodyne?

* Signal level decreases with channel bandwidth

* Noise level is invariant

* Heterodyning is the only method to provide
acceptable S/N at ultra-high resolution
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First paper on the optical heterodyning, 1956
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Henasuo nosisuaace crates doppecrepa, Tyamyuacena u Lxouncona
C ONHCAHHEM OINLITOB, B [{OTCIP]JIX HM }'.Ela.ﬂ(JCb NOJYYHTE OAHO H3 #BJIE-
HHH, KOTOpBle MOTYT OBITh ONHCAHBI KaK HHTep(epcHUMS ABYX HeKore-
3 PEHTHBIX CBETOBRIX M3/JYYeHHH, AMEPHUKAHCKMM HCCACLOBATENAM Y1a10Ch
OCYILECTBUTD € TOMOLILbIO CMelHaabHo paspaboTanroro aad 3ToH meau
¢oTo3IeK TpHUECKOro  npeobpa3osaTens reTepPOAHMHMEOBAHHE, MJH, K&K
OHH BBIPAKAIOTCH, cMeliende (Mixing) ABYX ONTHYCCKHX CMEKTPaJbHbIX
JuHui, pasHOCTHAA YacTO?@ KOTOPLIX TNPHHALJAEHUT K 00JacTH ChepX-
BBICOKHX pajlHO4acTorT.
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Spectral range

OCBOEHO B FeTepOD,MHHOVI CNEKTPOCKOINMNMN.

THIS@NASA IRTF (Sonnabend etal.) 9 — 12 um (QCL)
IRHS@NASA IRTF (Kostiuk et al.) 95-12um  (CO,)

HIPWAC (Kostiuk et al.) 9.5-12 um
No heterodyne instruments at 1-6 um yet!

(CO,)

Instruments operating in thermal IR are heavy and extremely fragile
Moving to shorter wavelength may be a solution

but decreases signal level by few orders. Solar occultations?



Problems

- shot noise
- LO stability

- low angular aperture
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- shot noise
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Noise estimate:

Noise vs photocurrent
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Corresponding LO power ~ 2-20 pW




Homodyne noise detected:

First detection of beating between close component of the

broadband signal [Forreter 1961]
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Homodyne nose needs to be accounted
for while detecting weak signals



H,O absorption line

1=28.6 0C
v=7182.15588 cm-1



Jucnepeust, D (mB2)
[ ]
a =
Ln L5}

[ ]
]

015 f

o1 F

005 f

CH, absorption in the atmosphere
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Methane line Doppler core
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Chaos-based entrance device allows to overcome aperture limit

(@) (b)

S. Lacey et al.

2003
Spheroidal resonator is capable to

radiate within 30°. Connection of a
resonator with a single mode fiber
is provided Dby their tight
approaching near the area of fiber
deformation

First model of a non-spherical WGM
resonator. Diameter ~0.4 mm



Integral optical chip may replace
single mode fiber optics
in the mid-infrared




Conclusion

An orbiter-based ultra high resolution heterodyne
spectrometers in NIR and MIR spectral ranges are
highly demanded in Venus atmospehric studies.
Current state of research and technologies allows to
plan such instruments for the closest Venus mission



Thank you!
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