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

Coming Attractions:
PREFIRE and Vesper!
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Atmosphere JPL Capabilities, Facilities, Instruments & Missions for Earth
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Molecular Spectroscopy Lab
Lab Measurements/Analysis/Databases/Remote & In Situ Sensing

« How we support

composition science:

* Recording High resolution Laboratory
spectra

* Analyzing data with thermodynamic and
guantum 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

6/20/2019 Molecular Spectroscopy at JPL 4 jpl.nasa.gov



Molecular Spectroscopy Laboratory
Laboratory capabilities / Analysis Capabilities / Database Repository

« 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-"
— M-squared Ti:Sapphire system, 4600-14,900 cm-"

* Quantum Mechanics » Isolated gases
— SPFIT/SPCAT — JPL Catalog
— SMAP — CDMS

« Statistical Mechanical « Perturbed gases
— Labfit (Brown) — HITRAN

— Labfit (Benner) — GEISA
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High Resolution mm & submm (THz) spectroscopy
Laboratory Capabilities: Tunable, monochromatic local oscillators (1)

Coverage spans 0.06 to 2.7 THz,

REVIEW OF SCIENTIFIC INSTRUMENTS 76, 093113 (2005) ‘WO I'kh orse ’ Syste m:

Application of cascaded frequency multiplication to molecular spectroscopy Tu m-key Operation
Brian J. Drouin,® Frank W. Maiwald, and John C. Pearson a|Ways locked (to standard)

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California 91109
Reproducible performance
Device Multiplier Range (THz) Maximum power (W) Typical power (xW) Harmonic content Opt|ca| mou nts W|‘th eaCh Cha|n
AMC-15 0.05-0.07 4000 2000 <-30 d qu|Ck band Changes

AMC-10 0.07-0.11 3000 1000 _
Agilent 83558A 0.07-0.12 2000 1000 <-30 ¢ FU”y prog rammable

MUT-05 : 0.14-0.22 400 50

MUT-04 _ 0.18-0.27 120 40 ;7:%(] (;1B |Ong’ deep scans

VDI 1.9%5 5 0.40-0.60 40 10 -20 dBX 6. %7 adjustable conditions macros
VDI 1.5% 6 0.60-0.75 100 30 ~20 dB x4

VDI 125 0.77-0.85 50 10 <-30 dB Most reliable component in plasma experime
JPL X2X2X?2 8 0.70-0.83 800 50
JPL K2 X2X3 0.84-0.95 400 50 -23dB X8

JPL X2X2X3 1.05-1.28 100 30 =26 L.IF%X 16 Upgrade to IOW phase noise Synthesizers

JPL X2 X3 X3 1.55-1.65 12 4

JPL X2 1.65-1.75 <0.1 <0.1 ~10 dB X3 no filtering necessary
JPL X3 ; 2.57-2.65 <0.01 <0.01 10 dbx 2 . .
lamb-dips as desired
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High Resolution mm & submm (THz) spectroscopy
Laboratory Capabilities: Tunable, monochromatic local oscillators (2)

Power (arb.)
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Figure 3: The room-temperature rotational spectrum of acrylonitrile at 1 THz. The calculation shows only the ground state and

v = 1 lines. The most intense features are the indicated ground state “R-type transitions, which are mixed in J and K,. The two
marked dense groups of lines are °Q bands for K, = 12 « 11. The strongest ground state a-type transitions in this region are indicated

by asterisks.
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Zero-Field detection of HCI+

Laboratory Capabilities: Tunable, monochromatic local oscillators (X)

Complex Experiment
reactive plasma

Complex Spectrum
21T, with fine and hyperfine

Interstellar Detection with HIFI
DelLuca et al. Ap.J. 2012

| Y J=92-T2¢-¢

| |
v
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Relative Intensity
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1st look for 17OH 2I1;,

Laboratory Capabilities: Tunable, monochromatic local oscillators (X)

] ""/d/iécharge went out near 350

survey for 170H

* ~
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« e-eandf-fshow splittings from
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Monitoring Concentration
Laboratory Capabilities: Tunable, monochromatic local oscillators (X)

10 um O4 time series
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High Resolution Infrared Spectroscopy

Laboratory Capabilities, Bruker IFS 12pHR
i A Various gas absorption cells

T S e . configured to the FT-IR
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High Resolution Infrared Spectroscopy
Molecular Studies to Support NASA Missions: (Published or In Progress)

a) NH;: 1.5um for Exoplanets
Experimental lists for intractable
regions: Pos., Str., Lower states E.

b) CH,D:
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Recent Upgrades to Bruker
Laboratory Capabilities: Bruker IFS 125 HR

« Laser Driven Light Source

Pure 02 at high pressures
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High Resolution Infrared Spectroscopy

M-Squared Laser System: installation

« Titanium Sapphire
Systems

— Standard unit tunable 700-
1000nm

_ Additional unit 670-700nm [ RP% e

— Lock to a WS-8 wavemeter
(2 MHz precision) '

7
— Several Watts of output 4
power 74
 Difference frequency
module

— Two PPLN crystals 1100-
1400nm, 1400-2200nm

jpl.nasa.gov




High Resolution Infrared Spectroscopy
M-Squared Laser System: 1st light

Stabilized scanning
frequency with
Wavemeter
Stabilized intensity
with pre-cell
detector
Doppler-limited
potassium in single
pass

Sub-Doppler
features in double

Wavenumber (cm™)
12985.10 12985.15 12985.20 12985.25 12985.30

Doppler Limited Profile

Sub-Doppler Structure

Simplified Experimental Scheme

Room Temperature
Potassium Cell

R
I_Tl_‘%e“'_ Intensity Stabilized

) Single Mode —,r
Tuneable ¢ l |

pass 3700 3900 4100 4300 Ti:Sapphire Laser

Goal is to use | | | | R
potassium as 1000 2000 3000 4000 5000 6000 7000

Relative Intensity (Arb.)

2

reference using MHz from 389282 GHz

slaved Sacher
laser
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Common Developments with Remote Sensing
Emission Spectroscopy

 (GaAs devices

— MLS and Herschel Local Oscillators
— VDI

« GaAs, GaN, InP devices

— Low noise amplifiers
— Power amplifiers

 Silicon devices (CMOS)

— System on Chip Receivers

Sswmee. W@
@YY | 100 GHz

L 20cmx5cm

20W

TmW @
100 GHz

1.2mmx1mm
0.3 W

[
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The Spectrometer on a Chip
Laboratory Capabilities: FTmmW Cavity Systems

Based on Flygare-Balle spectrometer design
modified for semi-confocal cavity. Radiation
injected in / detected from sides of planar
mirror

- ——— -0.
440
time (us)
R, i
g‘l | - ——380.8us from pulse
e - 3 ) ——414.1us from pulse
2 £ : L l 447 4 ps from pulse

480.7 us from pulse
Brian Dféuin, Adrian Tang!',gnheodore :

Erich Schlecht, Deacon Neinchick, Matthew Cich A

Frequency (MHz from 91675)

CH,4CN signal (Volts)
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The Spectrometer on a Chip * 2

Laboratory Capabilities: G-band Transceiver system

Empty Cell
~10 mT H,O ——

400 600
Elapsed Time after T, (ns)

Free Induction Decay Signal (LV)

Absolute Frequency (GHz)
183300 183305 183310 183315 183320

Fourier Transform Response (Arb.)

100 105
Intermediate Frequenc
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Modular Version of Cavity Spectrometer
Laboratory Capabilities: FTmmW Cavity Systems
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mm-wave chirality spectrometer (ChiralSpec)
Laboratory Capabilities: Chiral gas detection

Polarization Pulsing System

75-90 GHz ——1 Flexible Bellows
> overspping (for alignment) Drive Transmitter . >< )

beam-waists M p :
(~scm) = s Power
QA :

. Sensor :

X-Polarization | ,/ 7| | : .
40-50 mwW \ : Z-Polarization Twist Transmitter ; 2 \ Twist Resonator :

) | A . -~ Twist Pulse 75-90 GHz ) Y-Polarization
Drive Pulse —= Listen Chiral Signal = E Power ;

~—r~~
175-205 GHz 95-115 GHz L. Sensor
2-D view of this cross section

Y-Polarization Twist Pulse T 7 Iris Coupler
100-150 mW l ‘

Listen Receiver

E2 Twist Wave

3 2 t/o ‘ Science:

/L@ lq 4 Ha M
) 2 A * Search for life

N
o
$

o ; - Existence of habitats beyond Earth
(molecular energy level) Jie - (fiy % 1) >0 fha - (f1h X fre) <0 . Hls.‘.or.y of Or‘ganICS

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 180°
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 ¢ dipoles.
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Herbert M. Pickett, Edward A. Cohen

Mentors, Quantum Zombies

Zombies of the
Stratosphere
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Jet Propulsion Laboratory
California Institute of Technology
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Optical Oscilloscope
Modulating and measuring a laser at 100+ GHz

GaN 1W amp from 5o e bt I"' I
! 3 i Wittt Ai | ﬂ L'
THZ deV RF_”A Modulator I ' F ;I:‘-I,_" iz ‘Ji;m’ll" tﬂ\v H';l i , “‘
. . . ' | " e ll‘
Applications in - J ; ',zgf'il'i.i.,,pit,i!‘ !;‘ g i"', xl';;:,lz .;"' |
Opt|Ca| . - 3 J(, 1 50 | A% l zrne-mun:d data
communications or :

Photon counts

c ki d

optoelectronics

(2]

{ 1 5
measured data measured data
— — fit — — fit

Photon counts
Photon counts

60 65 70 75 780 785 790 795

Time[ps] Time [ps]

Figure 1 | Oscilloscope concept and measurement sequence. a, Experimental setup and
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Atom/molecule: Two Level System

absorption




Atom/molecule: Two Level System
Emission
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Atom/molecule: Two Level System
Saturated absorption
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Atom/molecule: Two Level System
Saturated absorption, Spontaneous Emission
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Atom/molecule: Three Level System
Saturated absorption, Driven Population Spontaneous Emission

jpl.nasa.gov



High Resolution Spectroscopy

Gas-phase Lineshapes background

Iw

(f = fo)? —w?

He_(t_to)/s

Je~((F=fo)/w)2

He~((t—to)/s)2
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