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Heterodyne, FTS and Grating Spectrometry, In-situ Sensing
Space-based spectrometers

• MLS, Herschel, OCO, TES, TLS
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Coming Attractions:
PREFIRE and Vesper!
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Lab Measurements/Analysis/Databases/Remote & In Situ Sensing
Molecular Spectroscopy Lab

• How we support 
composition science:

• Recording High resolution Laboratory 
spectra

• Analyzing data with thermodynamic and 
quantum mechanical models

• Comparing results with other laboratories 
and theory

• Cataloging/merging results into public 
databases

• Working with observers on formulation, 
algorithms, uncertainty quantification and 
discovery science
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Laboratory capabilities / Analysis Capabilities / Database Repository
Molecular Spectroscopy Laboratory

• High resolution millimeter and submillimeter (THz) spectroscopy
– Tunable, monochromatic local oscillators 

• Static cells 3m (< 1.2 THz), 1m (all THz)
• Plasma cells for radicals and ions

– FTmmW Cavity systems
• High resolution infrared spectroscopy

– Bruker IFS125HR (FTIR) 16-17,800 cm-1

– M-squared Ti:Sapphire system, 4600-14,900 cm-1
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• Quantum Mechanics
– SPFIT/SPCAT
– SMAP

• Statistical Mechanical
– Labfit (Brown)
– Labfit (Benner)

• Isolated gases
– JPL Catalog
– CDMS

• Perturbed gases 
– HITRAN
– GEISA
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Laboratory Capabilities: Tunable, monochromatic local oscillators (1)
High Resolution mm & submm (THz) spectroscopy

Coverage spans 0.06 to 2.7 THz, 
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‘workhorse’ system:
Turn-key operation

always locked (to standard)
Reproducible performance

optical mounts with each chain
quick band changes

Fully programmable
long, deep scans 
adjustable conditions macros

Most reliable component in plasma experiments

Upgrade to low phase noise synthesizers
no filtering necessary
lamb-dips as desired
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Laboratory Capabilities: Tunable, monochromatic local oscillators (2)
High Resolution mm & submm (THz) spectroscopy
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Laboratory Capabilities: Tunable, monochromatic local oscillators (X)
Zero-Field detection of HCl+

Complex Experiment
reactive plasma

Complex Spectrum
2Pi with fine and hyperfine

Interstellar Detection with HIFI
DeLuca et al. Ap.J. 2012
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Laboratory Capabilities: Tunable, monochromatic local oscillators (X)
1st look for 17OH 2P3/2

• e - e and f - f show splittings from
• I=5/2 for 17O and I = ½ for 1H

9
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Laboratory Capabilities: Tunable, monochromatic local oscillators (X)
Monitoring Concentration
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10 µm O3 time series

peak pressure

Adjust set point
& flow rate

Adjust set point
again

Stop regulating
Warm up O3 trap

Drouin et al. JQSRT 2017
“Validation of ozone  
intensities at 10 µm with 
THz spectrometry”

Birk et al. JQSRT 2019
“Ozone intensities in the 

rotational bands”
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Laboratory Capabilities, Bruker IFS 125HR
High Resolution Infrared Spectroscopy
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Various gas absorption cells 
configured to the FT-IR

# path (m) T(K) range
1 Short cells (0.005, 0.02, 0.06, 0.15, 

0.2, 0.25) at room temperature
2 6.6 – 32.5 296 0.7 – 50 µm 
3 20 – 180 296 0.7 – 1.6 µm 
4 0.76 and 296 IR and MW
5 0.204 80 – 296 1.6 – 15 µm
6 21 30 – 250 1.6 – 8 µm
7 4 – 52 20 – 296 15 – 500 µm
8 0.8 180–296 0.7 – 18 µm
9 vac. chamber (~2 m) 0.7 – 5 µm

10 2.2 – 22 296–420 0.7 – 8 µm
11 1.00 

P=150 bars
296–530 0.6 – 2.5 µm
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Molecular Studies to Support NASA Missions: (Published or In Progress)
High Resolution Infrared Spectroscopy
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Laboratory Capabilities: Bruker IFS 125 HR
Recent Upgrades to Bruker

• Laser Driven Light Source
• High Pressure Gas Cell
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Broadband 
collimation 

in the 200 – 2400 nm



j p l . n a s a . g o v

M-Squared Laser System: installation
High Resolution Infrared Spectroscopy

• Titanium Sapphire 
Systems 
– Standard unit tunable 700-

1000nm
– Additional unit 670-700nm
– Lock to a WS-8 wavemeter

(2 MHz precision)
– Several Watts of output 

power
• Difference frequency 

module
– Two PPLN crystals 1100-

1400nm, 1400-2200nm
6/20/2019 Molecular Spectroscopy at JPL 14



j p l . n a s a . g o v

M-Squared Laser System: 1st light
High Resolution Infrared Spectroscopy
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• Stabilized scanning 
frequency with 
Wavemeter

• Stabilized intensity 
with pre-cell 
detector

• Doppler-limited 
potassium in single 
pass

• Sub-Doppler 
features in double 
pass

• Goal is to use 
potassium as 
reference using 
slaved Sacher
laser

MHz from 389282 GHz

Wavenumber (cm−1)
12985.05 12985.10 12985.15 12985.20 12985.25 12985.30

1000 2000 3000 4000 5000 6000 7000

3700 3900 4100 4300

Sub-Doppler Structure

Doppler Limited Profile

Intensity Stabilized 
Single Mode 

Tuneable 
Ti:Sapphire Laser

R1

R2

Room Temperature 
Potassium Cell

R1

R2

K Cell
Simplified Experimental Scheme
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Emission Spectroscopy
Common Developments with Remote Sensing

• GaAs devices 
– MLS and Herschel Local Oscillators
– VDI

• GaAs, GaN, InP devices
– Low noise amplifiers
– Power amplifiers

• Silicon devices (CMOS)
– System on Chip Receivers 
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1W @
100 GHz
20cmx5cm
20W

1mW @
100 GHz
1.2mmx1mm
0.3 W
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Laboratory Capabilities: FTmmW Cavity Systems
The Spectrometer on a Chip
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Brian Drouin, Adrian Tang, Theodore Reck,
Erich Schlecht, Deacon Nemchick, Matthew Cich

Brian Drouin, Adrian Tang, Theodore Reck,
Erich Schlecht, Deacon Nemchick, Matthew Cich

Based on Flygare-Balle spectrometer design 
modified for semi-confocal cavity.  Radiation 

injected in / detected from sides of planar 
mirror
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Laboratory Capabilities: G-band Transceiver system
The Spectrometer on a Chip ^ 2

WC07/FB06 18
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Laboratory Capabilities: FTmmW Cavity Systems
Modular Version of Cavity Spectrometer
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Laboratory Capabilities: Chiral gas detection
mm-wave chirality spectrometer (ChiralSpec)
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ROSES 2016  PICASSO 
NRA NNH16ZDA001N Millimeter-wave Chirality Spectrometer (ChiralSpec) 

1-6 
Use or disclosure of information contained on this sheet is subject to the restriction on the Cover Page of this proposal. 

 
Figure 1-6: Schematic of ChiralSpec instrument, which contains two major parts: a polarization pulsing system and a 
three-axis resonator chamber.  

1.4.2 ChiralSpec Instrument Design Requirements  
Table 1-3: Key parameters of ChiralSpec. 
Parameter Drive transmitter Twist transmitter Listen receiver 
Frequency (GHz) 175–205 75–90 95–115 
Polarization axis X Y Z 
Phase measurement precision (radian) 1 1 1 
Power (mW) 40–50 100–150 N/A 

 Beam diameter (cm) 
 

5 
 
 

5 5 
 Pulse length (ns) 1-100 1-100 N/A 

Resonator length (cm) 10 10 10 
Resonator system quality factor, Q 1000 1000 1000 

The goal of the proposed work is to demonstrate ChiralSpec’s applicability to planetary and 
astrobiology science measurements. We chose two benchmark molecules, propylene oxide and 
alanine, for demonstrations. Propylene oxide was detected in SgrB2 in 2016 and is the first chiral 
molecule detected in interstellar space [17]. It is our benchmark molecule because (1) as a volatile 
species it is easier for sample handling (vapor pressure of ~450 Torr), and (2) its R-, S- and racemic 
samples are commercially available. Alanine is the lightest chiral amino acid and is the only amino 
acid whose molecular parameters are available in existing databases. With a melting point of 531 
K, Alanine is a non-volatile under room temperature. We will bring it into the gas phase using the 
laser ablation technique that has been exploited by many groups to bring alanine and other amino 
acids into the gas phase for traditional spectroscopic studies [18–49]. 
1.4.2.1 Design requirements on the polarized pulsing system 

For the polarized pulsing system, we estimated the design requirements for frequencies of the 
drive, twist listen waves; pulse power and diameter, pulse length, and pulse timing. The estimation 
was made based on molecular spectroscopic data of our benchmark molecules, propylene oxide 
and alanine. These two molecules are representative and the pulsing system designed based on 
them are expected to apply to other amino acids and chiral molecules. 

To define the frequencies of the drive, twist, listen waves, we utilized propylene oxide and 
alanine’s molecular spectroscopic data from the Cologne Database for Molecular Spectroscopy 
(CDMS) [10] and evaluated cycles [Table 1-4] of three molecular transitions required for three-
wave mixing experiments. In mm-wave region, these cycles have the largest product of line 

jpl.nasa.gov

Principle of chirality detection by ChiralSpec
ChiralSpec
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Shanshan Yu (shanshan.yu@jpl.nasa.gov)

A mm-wave 3-axis cavity resonator. It generates a time-domain chiral emission 
signal via exciting target species with two linearly polarized pulses called Drive 
and Twist. Enantiomeric pair’s chiral signals have the same frequency but 180o

phase difference. Its chirality resolution utilizes enantiomers’ property of 
opposite sign of dipole moment product. It uses a cycle of three transitions 
involving the a, b and c dipoles. 

Science:
• Search for life
• Existence of habitats beyond Earth
• History of organics
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Mentors, Quantum Zombies
Herbert M. Pickett, Edward A. Cohen
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Modulating and measuring a laser at 100+ GHz
Optical Oscilloscope

• GaN 1W amp from 
THz dev.

• Applications in 
optical 
communications or 
optoelectronics
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absorption
Atom/molecule: Two Level System
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DE = hn

n’ < nn’ > n n’ = n
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Emission
Atom/molecule: Two Level System
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DE = hn

n’ = n
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Saturated absorption
Atom/molecule: Two Level System
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DE = hn

n’ = n
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Saturated absorption, Spontaneous Emission
Atom/molecule: Two Level System
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DE = hn

n’ = n
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Saturated absorption, Driven Population Spontaneous Emission
Atom/molecule: Three Level System
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DE = hn

n’ = n
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Gas-phase Lineshapes background
High Resolution Spectroscopy
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