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Planetary Raman Spectroscopy: pros and corns

Raman spectroscopy probes fundamental vibrations
of molecules that produce finger-print spectral patterns
with sharp peaks. Raman spectra can be acquired non-
invasively, non-destructively and fast, thus is suitable
for landed surface explorations on planetary bodies.
On the other hand, Raman scattering phenomenon is
intrinsically weak. It requires carefully crafted optical
configurations with high Raman efficiency and robust
optical-electronic-mechanical engineering, in order to
provide the necessary science performances during a
robotic planetary mission.

A major threat to Raman spectroscopy in terrestrial
geological applications has been the fluorescence inter-
ference that appearing in some terrestrial rocks and
regolith samples. Among those, the strongest fluores-
cence emissions are produced from bio-genetic species
that were trapped in porous rocks or soils (e.g., clays).
The bio-fluorescent emission has short life-time that is
hard to be gated-out using a pulse Raman architecture.
On the other hand, the fluorescence emissions by elec-
tronic transitions of rare earth elements (or sometimes
from transition metals) are normally weak and have
long life-time thus pulse Raman architecture may help.

IR- and UV-Raman architectures have been used in
laboratories to address the bio-fluorescence issue for
terrestrial geo-applications. Some units of this type
were proposed for planetary applications. However, the
Raman efficiency and the current TRL of IR- or UV-
Raman systems are low. More importantly, their values
in planetary science have not been fully demonstrated
and validated.

A science team at Washington University in St.
Louis and an engineering team at Jet Propulsion La-
boratory have been developing a cw-green microbeam
Raman architecture, i.e., MMRS &
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from a broad range of extraterrestrial materials, includ-
ing lunar samples, Martian meteorites, variety of mete-
orites. This study ended with a contusion that none-to-
minimum fluorescence emission and none-threat to cw-
green-Raman, reported at 2015 LPSC [28]. (2). to
compare Raman signal strengths generated by five la-
ser wavelengths (785, 633, 532, 442, 325 nm), from a
set of major rock-forming minerals and typical bio-
markers, using a same Raman spectrometer (a state-of-
art multi-wavelength Raman imager). This study ended
with a conclusion that 532-Raman having the highest
overall Raman efficiency, reported at 2015 LPSC [29].
(3). to develop SERDS technology against the bio-
fluorescence background, in case it appears during a
planetary surface exploration. The primary results of
the third study are to be reported here.

Shifted Excitation Raman Differentiated Spectros-
copy (SERDS)

SERDS is a methodology based upon the differ-
ence in Raman signal generation and fluorescence sig-
nal generation.

Raman photons come from inelastic scattering
emission of a molecule excited by a strong radiation
beam (a laser). The Stokes Raman photons have longer
wavelengths (Ag) than that of laser (&), with the wave-
length difference (AA=Ao-Ag, i.e., Raman shift in cm™)
corresponds the energy transitions among the vibra-
tional states of that molecule. The Raman scattering
wavelength (4g) will change if the excitation laser
wavelength (4o) changes, which will keep the A4 (Ra-
man shift) unchanged. This is the reason that the fun-
damental vibrational modes of a molecule can be ob-
served using visible-, IR-, UV-lasers, and synchrotron
X-ray for excitation (Fig. 1).
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transitions (Fig. 1).
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nm), to validate SERDS applications on natural
rocks.

We selected ten terrestrial rocks for SERDS  gogoo
test. They all show high level of fluorescence
emission during the preliminary check using a cw- s145
532 nm-Raman system (HoloLab5000-532, Kaiser ' A=22.Scmy
Optical Systems Inc. KOSI). In our SERDS setup, '
we use a KOSI Mark-11 Raman probe. The cw-
green laser beam from a mini-laser was guided 512.6 A=13.5¢m't
into the excitation fiber of that probe. We use a set '
of mirrors and pinholes to ensure the beams from
different mini-lasers fall on to the same spot on a
rock. The collected Raman photons from the rock
sample were sent through a collection fiber bundle |
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Fig 4. SERDS measurements and data process of rock #4
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SERDS experimental results

Our SERDS measurements from real rocks
can be described in three groups: (1) sharp Raman
peaks on wide fluorescence background (Fig. 3);
(2) sharp Raman peaks with sharp fluorescence 1 , o M
peaks (Fig. 4); (3) sharp and wide Raman peaks " LA
(Fig. 5). Based on these data, we understood that ~ 23000 & iy o e
the standard SERDS data processing would end Al : |
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Fig 5. SERQS measuremen?s and data process of rock #10
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tical procedure to process mission data from the . 000“"’1“, : :
non-predictable rocks is under development. |
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