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Application areas

* Climatology — the role of cloud feedbacks in the Global
climate system

 Meteorology — Full Global coverage - measurements of
temperature & humidity profiles with high (3-D) spatial
resolution and accuracy
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Climatology

(¥ Universitit Hamburg hargravepc@cardiff.ac.uk

DER FORSCHUNG | DER LEHRE | DER BILDUNG



Global Warming Projections

— CCSR/NIES

— CCCma
CSIRO
Hadley Centre
GFDL

— MPIM

— NCAR PCM

NCAR CSM

NGow BN O
Temperature Anomaly ("C)

T
A

1950 2000 2050 2100

iti
Universitat Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

hargravepc@cardiff.ac.uk



m .
(¥ Universitit Hamburg hargravepc@cardiff.ac.uk

DER FORSCHUNG | DER LEHRE | DER BILDUNG



Clouds in climate models
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“Traditional” Sub-mm observation
concepts — ICl on MetOp-SG
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Particle size vs. wavelength
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Meteorology
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Meterology — state of the art

IR sounders MW sounders
* |ASI « AMSU-A/B
— 8534 channels * MWS, MWI on MetOp-SG
— 19-83 THz — 13 channels
— NEDT0.1-0.2K — 18.7-229 GHz
* Good performance, but limited — NEDT 0.4-1.4K
to clear sky conditions only * Poor vertical resolution

e BUT can see down into cloud

h spatial resolution (3-D), low noise measurements of temperature and humidity are
great demand for improving predictions from numerical weather prediction models

(¥ Universitit Hamburg hargravepc@cardiff.ac.uk

DER FORSCHUNG | DER LEHRE | DER BILDUNG



Technology
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Kinetic Inductance Detectors
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KID-based filterbank spectrometers

» Superspec (Caltech) — 600 channels, 195-305 GHz, R~800

— Shirokoff, E., et al. "Design and performance of superspec: An on-
chip, KID-based, mm-wavelength spectrometer." Journal of Low
Temperature Physics 176.5-6 (2014): 657-662.

» DESHIMA (SRON, Netherlands) — 5000-10000 channels,
320-950 GHz, R~1000

— Endo, A., et al. "Design of an integrated filterbank for DESHIMA: On-
chip submillimeter imaging spectrograph based on superconducting

resonators." Journal of Low Temperature Physics 167.3-4 (2012):
341-346.
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TES-based filterbank spectrometers

» HYMAS concept — Cardiff University / University of Cambridge
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TES-based filterbank spectrometers

» HYMAS concept — Cardiff University / University of Cambridge

* Key advantages
— Ultra-high sensitivity

— Access to important 50-60 GH:
O, lines
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Instrument concept
Continuous coverage 50-850 GHz, R~1000 possible
Channel optimisation study in progress
Conical scanning, ~50° cone angle
/5 cm primary aperture
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Receiver system

3-4 filterbanks — 50-100 GHz, 100-200 GHz, 200-400 GHz, 400-800 GHz
Prime & redundant channels
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Cooling system

- Space heritage
— Planck 4 K cooler

— Herschel 300 mK sorption
coolers

Radiator design is a big
focus area
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rformance predictions

* All benefits of both IR and MW
sounders in 1 instrument

e Covers all channels of the 3 MetOp-S(
instruments with much greater
sensitivity and resolution (spatial and
spectral)
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rformance predictions

» Full Globe coverage in 24
Hrs

» Continuous spectral
coverage 100-850 GHz
possible - ~1000 channels
at R~500
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Metop-SG

Implementation ~2020
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Summary and Conclusions

» A TES/KID based hyperspectral microwave instrument will have
temperature and humidity retrieval performance equivalent or better
than current & future hyperspectral IR instruments

» Not limited to clear sky conditions

» Would provide information on hydrometeor content, much better than
ICl on Metop-SG — excellent constraint of essential climate variables
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Thank you!
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Satellite instrument concept - Orbit
817 km, SSO, near polar, 09.30 ascending node

L2 1 Universitit Hamburg hargravepc@cardiff.ac.uk
NG | DER LEHRE | DER BILDUNG



