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Planetary Plasma and Atmospheric Research Center (PPARC) of the Tohoku University is now in progress to
build a planetary and space physics database under collaboration with the Inter-university Upper atmosphere Global
Observation NETwork (IUGONET). The core data of the database are solar and planetary radio observation in HF-
UHF range at litate observatory, Fukushima, and optical observation of planets at Haleakala observatory, Hawaii. In

the presentation, we will particularly present solar radio burst observation with high time resolution using the litate
Planetary Radio Telescope (IPRT) and high-dispersion spectroscopy of the planets at Haleakala observatory.
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Type-I is one of the solar radio phenomena frequently observed in a meter wave length. The flux density of type-I
Is very weak compared to other solar radio bursts so that it is thought to be emitted by some small scale particle
acceleration phenomena in the solar corona. However, the acceleration processes of the non-thermal electrons are
not understood well. PPARC have newly developed a radio observation system to observe solar radio bursts with
IPRT. This system enables to observe solar radio bursts in the frequency range between 100 MHz and 500 MHz.
Minimum detectable sensitivity in the observation frequency range is better than 0.7 S.F.U. with 10 ms time
resolution and 61 kHz frequency resolution. This system also enables to observe left and right polarization
components simultaneously. The observation system is one of the best equipment for solar radio bursts in the world

at present. We have started continuous observations of the Sun from the end of 2009. The observation data will be
released in the FITS format, thus, we can easily analyze the data using SolarSoftWare (SSW).



VHF~UHF solar radio spectrometer

The system consists of wide-band polarimeter and high-speed FFT spectrometer
installed on the IPRT, Tohoku University. The system enables to observe the solar
radio bursts in 100~500MHz with world-eminent specifications; i.e., with the sensitivity

of 0.7s.f.u(solar flux unit) and time resolution of less than 10msec. The observations
have been made everyday.
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Diagram of the IPRT spectro-polarimeter system
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Fig. Example of RH&LH spectra observed with the solar radio
spectrometer (Type-l & Il bursts).



HF Solar/Jovian Radio Spectrometer

The system is wide-band spectrometer installed on the litate Observatory, Tohoku
University. The system enables to observe the solar/Jovian radio bursts in 20-40
MHz with a sensitivity of -190 dBW/m2Hz (Galactic noise level) and time resolution
of 0.5 sec. The observations have been made everyday.
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this system (Jovian radio bursts, l0-B source).



1. Use case:
- Solar radio activity monitor with the wide-band (20-40&100-500MHZz)
- Jovian radio activity monitor with the wide-band (20-40MHz)
- Researches of particle accelerations by comparative studies
with X-ray~UV~VIS solar images, micro waves etc.
2. Function of the database (minimum requirement):
- Providing spectra by direct input of required date. (S EIfAIZEHIBHELD)
3. Function of the database (for extended use):
=>» Linkage of other solar/Jovian data such as,
Jovian aurora(UV): HST (S EIMEERIZEHIDHED)
Wave observations
ground-based: Wide band data (Culgoora, Australia: 18M-18GHz)
Radio interferometer (NoRH, Japan: 17, 34GHz)
HF~VHF data (Nancay, France:10~70MHz)
Wide band data (ETH, Switzerland: 0.1~4GHz)
satellite: LF~HF: WIND(~14MHz), STEREO(~16MHz)
Others: Hinode, RHESSI(X-ray), SOHO(UV), VIS(H @), Magnetograph
4.Data size
- Image data (UHF/VHF) ~50KByte/day
- Binary data (UHF/VHF) ~23MBYyte/day
(observation: 8hrs/day@ A f=1MHz, At=1sec)
- Image data (HF) ~300KByte/day
- Binary data (HF) ~250MByte/day
(observation: 24hrs/day@ A f=50kHz, At=1sec)



IPRT

An example of image data of the solar radio spectrometer

IPRT Wideband Dynamic Spectrum QL Form
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An example of image data of the solar/Jovian radio spectro
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An example of the header part of the binary data of
VHF-UHF Solar Radio Spectrometer (TBR)

SIMPLE
BITPIX
NAXIS
NAK 5]
NAXISZ
DATE
CONTENT
ORIGIN
TELESCOP

OBJECT =~

DATE-OBS=
TIME-0BS=
DATE-END=
TIME-END
BZERO
BSCALE
BUNIT
DATAMIN
DATAMAX
CRYAL1
CRP X1
CTYPET
COELTI
CRYALZ
CRP X2
CTYPEZ
COELTZ
COMMENT
HISTORY
END

TFO0-02-08"
2010/02/08 LCPT
:?Eg?@fTohoku Univ.” /Organization name
INSTRUME= °

T / Fits standard
8 / number of bits per
? / number of data axis

data

78800 / length of data axis |
A00 ? length of data axis 2

/Title of image

Mame of the telescop

=

Spectro-Polarimeter ' /Name of the instrument

S

'2010/02/08°
"00:20:00°
"2010/02/08°
"05:20:00°

/ date obhservation st
/ time observation st
/ date observation en
/ time observation en

-50.00000 / scaling offset
1.00000 / scaling factor

'Relative Power (dB)’/ z-axis title

arts
arts
ds
ds

0.00000 / Minimum element in image

10.00000 / Maximum element in image
0.0000000 / value on axis 1 at

Time (UT)’

0 / reference pixel of
/title of axis 1

1.000000 / step between first
100.0000 / value on axis 2 at

"Freguency (MH
1.0

z

)
0000

0 / reference pixel of
Jtitle of axis 2
0 / step between first

the reference pixel
axis |1

and second elements In axis
the reference pixel
axis 2

and second elements In axis



CDF file structure of HF data (TBR)

Variable Type Record Dimension Category
Variance Variance
(=Time) (=Frequency)
Epoch CDF_EPOCH Var. Fix Support Data
(REAL 8byte) (0-86399)
Frequency CDF_REAL4 Fix Var. Support Data
[MHZz] (REAL 4 byte) (0) (0-699)
RH CDF_INT2 Var. Var. Data
[dBW/m2HZ] (INT 2byte) (0-86399) (0-699)
LH CDF_INT2 Var. Var. Data
[dBW/m?2HZz] (INT 2byte) (0-86399) (0-699)

** Conversion tool from CDF file to FITS (or converted FITS
file) will be also provided from Database.




Structure of the data directory (TBR)

Radio data
(Tohoku U.)

VHF/UHF
data (Sun)

Image data

Yearl

Month1

dayl.gif

Year2

Month2

day?2.qif

Year2

Month3

Binary data

day3.qgif

HF data
(Sun,Jupiter)

Yearl

Month1l

dayl.fits

Year2

Month2

day?2.fits

Year2

Month3

Image data

day3.fits

Yearl

Month1l

dayl.qgif

Year2

Month?2

day?2.qgif

Year2

Month3

Binary data

day3.gif

Yearl

Month1

dayl.cdf

Year2

Month2

day2.cdf

Year2

Month3

day3.cdf
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Observation of plasma and atmospheric emissions around the planets is important to understand dynamics and
interactions between solar wind, satellites and magnetospheres. For the observation of these targets, high-dispersion
spectroscopy is essential to reduce scattered continuum from the planetary disk, as well as to derive Doppler
quantities of the emitting particles. In addition, long-term monitoring is required to investigate variability on time
scales of hours to years. Optical emissions from plasma and neutrals around the planets have being made at
Haleakala observatory, Hawaii using a high-dispersion echelle spectrograph (FOV=4x600 arcsec, R=60,000,
RLD=2.5pm/pixel) coupled to a 40-cm Schmidt-Cassegrain telescope. Particularly, observation data of Jupiter and

Saturn is now in progress to build a database complying with the PDS (Planetary Data System) in collaboration with
the Sprint-A / EXCEED mission of ISAS.



1. Tohoku Planetary and Space Physics Database (optical)
<Hawaii optical obs.: Nal/SHZARIDI NL « A A= 0F—5>

® S+ AFHELHEE (OS+1MAEE)

® 6716/673138FE L (ONeEBFEE)

o ENEEE - HOEREREDTh

® 50RICOHMENaFEIEHEE (= ENaEE)
<BUFFE (IR Aurora & lo’s volcanic activity monitor) >
o A—/)VLEFRNEE

o A—/)VLIEE

® IR(ANGHE (—>NILEE)

2. EXCEED (EUV spectrum)
® S+ S++S+++ 0+H++FENHE (1A EE)
o IEIRARELL>EBTRE(DM) - 1AMk
® EUVA—OSFENEBEEFETFEFIR/ILT)



USE CASE

1. AR MEM
® K[&REZEN
o HIEKIEARGRT—2 M b RERIDADIE
o A—/NNJLDRB &, #EE
® 1A KIUESH
® hiENai®E. IRA A MGTEE
® EUVAARY ML->BFRE - 414 VR
2. ® - REIMZIEE
® SyslIZKDEEFMYRULN=LEE-SysINC K SMEREZ

o A THDT —F1%RZ%R - BUS
® Sub-observer lat/Ing. Sub-solar lat/Ing. CDFT —FH&ZR

- S




Tohoku STP Database e
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Data |
Last-modified: 2009-12-24 () 15:12:02 (0m) Table
Optical observation data at Haleakala observatory * Uranus
e Jupiter Hal obs.
o S54/5+4/0 emissions in plasma torus using long-slit echelle 1oL
spectrograph i
o Iogenic Na cloud using wide-FOV monochromatic camera Edit |
e Saturn =
¢ O emission in Enceladus torus using long-slit spectrograph Index of /data/hal/Skymon
* The Moon Name Last modified Size Description
o Na/K emissions in Lunar exosphere using long-slit spectrograph
* Mercury & Parent Directory -

E skym20091223.mpg 24-Dec-2009 04:55 5.9M
E skym20091222.mpqg 23-Dec-2009 04:55 5.5M
E skym20091221.mpg 22-Dec-2009 07:55 5.6M
E skym20091220.mpg 21-Dec-2009 11:18 5.4M

¢ Na/K emissions in Lunar exosphere using long-slit spectrograph

Radio observation data at Iitate observatory *

* Jupiter Bl skvm20001219.mpg 22-Dec-2009 08:00 5.6M

o Syncrotron radiaion from radiation belt using IPRT %5""”’20091218-”’0“ 22-Dec-2009 07:59 5.6M

o Decameter radiation using i skym20091217.mpg 19-Dec-2009 00:28 5.6M

e The Sun BB skym20091216.mpg 19-Dec-2009 00:27 5.4M

_ _ BB skym20091215.mpg 19-Dec-2009 00:27 5.5M

© Solar radio burst using IPRT Bl skvm20091214.mpg 19-Dec-2009 00:26 5.5M

- B skym20091213.mpg 19-Dec-2009 00:25 5.5M

Geomagnetic data at Onagawa observatory B skym20091212.mpg 19-Dec-2009 00:24 5.5M

e PC3 index using search coil magnetometer | B skym20001211.mpg 19-Dec-2000 00:23 5.5M
¢ using fluxgate magnetometer 2009-12-08 il

o
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ITEM VALUE

method GET

RESOURCE_CLASS = TUHIW_PRODUCT
parameters

RETURN_TYPE = HTML =
message

PRODUCT LIST (602 products) i o

FILTER_NAME(LONGITUDE|LATITUDE|START_TIME

DATA_SET_ID PRODUCT_ID TARGET_NAME
2008-01-01 | 200801
1 |TUHIW_J_LOS 3_V1.0|L0S20090101 O1.FITS JUPITER VIS_630NM | 10.23 45.67 01
00:00:00
00:00:30
2008-01-02 | 200801~
2 |TUHIW_J_LOS_3 V1.0 |LOS20090102 02.FITS JUPITER VIS_589NM | 89.01 23.45 02
00:00:00
00:00:30
2008-01-03 | 200801
3 | TUHIW_J_LOS_3_ V1.0 |LOS20090103 03.FITS JUPITER VIS_630NM | 67.89 1.23 03
00:00:00
00:00:30
2009-07-29 | 200907
4 |TUHIW_J_LOS 3_V1.0|L0OS 670 20090729 01.FITS|JUPITER 672NM 55.763458 | 0O 29
07:08:00
07:38:00
2009-07-29  200°-07-
5 | TUHIW_1_LOS_3 V1.0 |LOS 670 20090729 02.FITS|JUPITER 672NM 75.716511 | 0 29
07:41:00
08:11:00
2009-07-29 2009-07-
6 |TUHIW_ 1 LOS 3 V1.0 |LOS 670 20090729 03.FITS|JUPITER 672NM 95.669564 | 0 29
08:14:00
08:44:00
oo . |2009-07- M-
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