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Rationale

» Climate change and associated services
— Scientific understanding and evidences
— Modelling, projecting, informing
— Attributing, monitoring, mitigating, enforcing
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» Development of GHG EO system SN s m § e
— Ground-based y Y
— Airborne (inc. balloons & UAVs) #‘\[
— Spaceborne

Ground based
sensors

» CO, sensing systems enhancement
— Miniaturization
— Affordability
— Performance

RAL Spgg“‘

Airborne
sensors

3 CEOI workshop - ECSAT - 10/12/2018 [theriord Appletom Labaratony



LHR Architecture & Benefits

> LHR architecture

— Thermal IR
— Ultra-high spectral
resolution
— Narrow FoV
— Shot noise limited detection
— Scalability
Focusing RF analysis
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Benefit for EO

— Large trace gas target
versatility

— Upper atmosphere sounding
(sub-Doppler resolution)

— Interference discrimination
— High spatial resolution
Radiometric sensitivity
Very small payload
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Initial Lab Demonstrator
Ground-based solar occultation zenith
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https://www.atmos-meas-tech.net/9/5975/2016/

Deployable GHG LHR — ESA FRM4GHG

Intercomparison — validation campaign
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Deployable GHG LHR — ESA FRM4GHG

Sun disc camera

broadband radiation
from solar tracker
or IR source (e.g. BB)

“MIR QCL laser (LO)
- with (1,T) control

B \ - calibration
A . o » + detector
. A ' .
detector " X ; etalon
* photodiode "\ ’ \ r beam splitter
« amplifier “y D)

« band-pass filter &5 R

- Schottky diode \/

Embedded camera for sun tracking
Fully automated
Remotely operable
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Ultra-miniaturized LHR
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Missions

MISO CAIROS LHR for Met

In orbit demonstration mission 12 small sat constellation Small sat demonstrator
3U cubesat type package Modular coverage and payloads Upper atmosphere sounding
Augmenting Nadir infrastructure Middle atmosphere science T and water vapour

monitoring GHG

DFS for LHR Microwindow - Multiplexing Mode
Start: 692.820 Width: 1.00 Measurement Resolution: 0.002
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LHR for Emission Sounding

» Pathfinder CEOI project
» Evolve LHR to limb and nadir emission sounding
» Demonstrate LTE atmospheric molecular emission
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file://space.rl.ac.uk/Projects/LHR/2016_CEOI_LHR_emission/Pictures/Instrument/AnnotatedInstrument_01.png
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Spectrally Resolved Thermal Emission

Laboratory demonstration
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Atmospheric emission demonstration
Zenith looking instrument
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Publications
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Spectrauy resolved thermal emission
of atmospheric gases measured by laser
heterodyne spectrometry
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Conclusion

» Miniaturized GHG-LHR is ready for IOD Centre for .O
— Assessing biases through long term ground O Instrumentation

based campaigns .
7/
7A

» First ever demonstration of spectrally
. .. UK SPACE
resolved atmospheric emission AGENCY

— Path to nadir and emission limb sounding
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> Next steps ¥ i
— Implement novel nanoantenna’s mixers &' o L
— Demonstrate spectral multiplexing
— Demonstrate spatial multiplexing

Science & Technolog
L' Facilities Council

RAL 5p§$‘§ 12

CEOI workshop - ECSAT - 10/12/2018 \ ) s

ce & Technology Facilities Cou
therford Appleton Laboratory



	Laser Heterodyne Spectrometers�for CO2 Sounding
	Rationale
	LHR Architecture & Benefits
	Initial Lab Demonstrator�Ground-based solar occultation zenith
	Deployable GHG LHR – ESA FRM4GHG�Intercomparison – validation campaign
	Deployable GHG LHR – ESA FRM4GHG
	Ultra-miniaturized LHR
	Missions
	LHR for Emission Sounding
	Spectrally Resolved Thermal Emission
	Publications
	Conclusion

