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A instrument sub-mm (600GHz) spectroscopic

limb observation from International space station &
with one order magnitude better sensitivity than
past similar satellite measurements
measurements station.

Superconducting Submillimeter-Wave Limb-Emission Sounder

Table 1. SMILES instrumental specifications

What is SMILES?

Collaboration project of NICT and JAXA

Parameters

Charactenizhcs

Orbit

Scanning gecmetry
Scan altiude

Latitude coverage
Nomunal data sampling
Frequency range

Antenna field-of-view
Samphing interval
Recerver system
Spectrometers
Frequency resclufion

Inclination

Non sun-synchronous orbat

Limb scan

—20-100 km
38° 5-65° N (nominal)
103 scans per orbit, 1630 scans per day

angle 51 6°

624 32 - 625.52 GHz (Band-A) 2001 2004 2009

625.12 - 626.32 GHz (Band-B)
64912 — 650 .32 GHz (Band-C)
0.089° (HPEW)
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Channel separaticn 08MHz
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Observed Spectrum
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Good thlngs

- Very good precision. 0.6K noise for 240K signal intensity of ozone.
Simply, retrieval precision is better than 0.3%

- Quite low ripple in the spectrum. Less than 0.5%.

- Stable less than 1K over scan.

Problems:

- Pointing problems
- Non- linearity problem of the spectrum:
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Ozone spectrum and its sensitivity
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Retrieval precision is better than 0.3%
Error source of ozone is NOT coming from spectrum noise.



What we have to care for the SMILES retrieval
1. SMILES Characteristics: Ultra good signal to noise ratio
— Required ‘accurate’ (about 0.3% )
- instrumental functions.

- radiative transfer calculation including
spectroscopic parameters.

Brightness Temperature [K]
= = N N

2. ISS problem: Large uncertainty of the tangent hei
and SMILES has no O2 observation.

—> Required appropriate retrieval method.

3. Characteristics of Heterodyne passive sub-mm sensor
Not accurate calibration (compared solar occultation) and problemes,
such as non-linearity of the spectrum, are exist.
L1b spectrums: non-linearity + tangent height
version 007: Certain problems
version 008 : Less problem. Certain improvement.



Error source for SMILES ozone

Table 3. Systematic errors and their perturbations considered in this study. For each error
source, the corresponding label in Fig. 2 is indicated In the parentheses. The resulting error
values at the O5 peak level (8.3 hPa or 36 km) are given in the right column.

Eror source Perturbation Emor on O, at 8.3hPa
Spectroscopic parameters of O, 625.371GHz
Line intensity (O3stg) 1% 1.0 %
Air pressure broadening, ¥ (O3g) b —2.0%
Temperature dependence, n, of O3g (O3n) 10% —1.8%
Impact from other species
H?**Cl-e25.901 GHz y (HCI35q) 3% 0.01 %
H¥*Cl-625.901 GHz » (HCI35n) 10 % 0.01 %
H¥Cl-624.964 GHz y (HCI37g) 3% 0.02 %
H¥Cl624 964 GHz n (HCI37N) 10 % 0.01 %
0.V, ,-625.061 GHz y (03v13qg) 3% 0.01%
00" 0-825.091 GHz v (0318g) 3%, 0.01%
00" 0-525.563 GHz v (0318g2) 3%, —0.2%
Diry air continuum (DAY 20 % —D.05%
Instrumenial functions
Image side-band (SSB) see below’ _0.08%
AOS response function width (ADS) 109~ _0.4%
: ]
G;?E?QH%FD\I drift (ANTSCAN) see below —1.8% Im provement
Non-linearity gain correction (CALZ2) 20 %" 1.5% from spectrum

Total (RSS_total) 3.6% L1b vOO7 -> 008

1 Difference berween the Cases considerng the realistc rajecon rame for the Image side-band signal and an Ideal one.
2 panurbation added on the PWHM of the response funcon.

3 Difference berseen he cases wih and whihou consldaring the drift of the anenna FOY during 047 5.

* penurbarion addad on the gain compresskon 1acTor.



Ozone spectrum and its sensitivity

Syste matic error for SMILES (NICT version 2.1 .5) O, (Band-B)
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Largest error source is the spectroscopic parameters for ozone.



- Complete stimated/some measurement
SMILES Pressure Broa P - /
No observation

. o0 P .
Frequency  y(air) it Current Required
[GHz] [MHz/Torr] [MHz/Torr] Accuracy Accuracy
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Summary of comparison between SMILES and other measurements

Comparison for SMILES (NICT version 2.1.5) O, (Band-B)
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SMILES agree well in the stratosphere, had negative trend above 1hPa due to the problems of
non-linearity and tangent height problem.



Thanks to Johanna Tamminen and Kyrola Erkki

GOMOS-SMILES comparisons
L1b 007 L1b 008
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Development of retrieval algorithm for

SMILES observation of
08000 from stratosphere to mesosphere

Tomohiro Sato and Yasko Kasai
Tokyo Institute of Technology and NICT




Scientific requirement from SMILES team

- Accurate spectroscopic parameters (gamma,
n) better than <1 %.




