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Proposition of accurate analytical method for wind measurement of cusp region using
Barium and Strontium chemical releases

# Taro Watanabe[1]; Masa-yuki Yamamoto[2]; Yoshihiro Kakinami[3]
[1] Electronic, Kochi Univ. of Tech.; [2] Kochi Univ. of Tech.; [3] Tomakomai College

In the cusp region, there are phenomena such as aurora and density fluctuation of neutral atmosphere due to the energy in|
from outer space. The density fluctuation of neutral atmosphere causes global density fluctuation in thermosphere and affec
altitude and orbital motion of low orbital satellites (LEO) and space debris. For safer operation of the satellites, accurate pre:
diction of the density fluctuation of neutral atmosphere is indispensable. Recently, in the cusp region, density rising of neutra
atmosphere was discovered, which presumed to be caused by Joule heating due to small scale fluctuation of the electric field.
order to support this phenomenon, there is a method of releasing Ba (to be ionized in a short time by extreme ultraviolet (EUV)
from the Sun) and Sr (not ionized in a short time) from a sounding rocket, then observing resonance scattering emission of Ba
and Sr simultaneously from multiple sites so as to obtain fluctuation of the electric field and Joule heating.

In November 2014, we conducted a US-Japan joint rocket experiment called the Cusp Region Experiment 1 (CREX-1) in the
Arctic region, but we could not observe the cusp region at that time. Currently, we are planning a space experiment, based on tt
CREX-1 results, using two sounding rockets of the Cusp Region Experiment 2 (CREX-2) and the Joint Japan-US Cusp Heatin
Investigation (CHI) aiming at observing of the cusp region in December 2019.

In CREX-1, at Andoya Rocket Range in Norway, we launched an sounding rocket equipped with 24 discerptible type small can-
isters that release Ba/Sr gases. Canisters released the both gases at multiple altitudes after separating from the rocket at plan
altitudes. Resonant scattering emission of released Ba@ajases was optically observed from two points of Longyearbyen
and Ny-Alesund in Svalbard, and the position of the multiple luminescent cloud was determined every successive moment b
triangulation, and ion drift and neutral atmospheric wind speed were measured. Since the wavelengths of the emission are 553
nm for Ba, 455.4 nm for Ba and 460.7 nm for Sr, respectively, two cameras for Ba ant/8awith a bandpass filter with a
width of 12 nm were installed at each site. The experiment was carried out in the morning with good S/N between the luminescen
cloud and the background. As a result, 10 canisters in 24 successfully released Ba/Sr gases between the altitude of 393.82 |
and 198.90 km (Kakinami et al., 2015), but they were released where deviated location from the cusp region, direct observatio
of the cusp region was not fulfilled at that time.

In the experiment scheduled in December 2019, simultaneous launches of the CREX-2 from Andoya and the CHI from Ny-
Alesund are planned, with releasing Ba/Sr gases in a wide range of the cusp region to capture the cusp reliably, so as to measi
the neutral atmospheric wind and ion drift. Also, to observes Bad Sr independently, we plan to install a 4 nm bandpass filter
on the cameras. In addition, the time resolution will be improved by using a high sensitivity camera using the latest imaging
sensor.

Currently, with the aim of establishing highly accurate observation methods and analytical methods for the CREX-2 and CHI,
we are working on proposing/establishing a method to correct the lens distortion using the background stars, a method of me:
suring the position of weighted illuminating center of each tracer, and a method of obtaining the appropridten@iaating
area of spreading along the direction of geomagnetic field lines, based on the CREX-1 data. In this presentation we will repor
initial results of the proposing methods.
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CREX-1Tld, Ba/SrHAZEMMET 208Nl v Z X 2 — 24 lEEHR LBy S 1% /)L 2 —D7T v
R—=Yal v v FEBFEGHSFTH EiFfz. Fv¥ A2 —F FEOEEETENZETNT Y v 5 BEO%ICEE O E
WICBWTHRAZRE Uz, i E 17z Ba/Bat/Sr A7 A DHBHEL 2 ANN—)LNVEBa >y v —8 Y, Z—4)IVAYV
D2 A SIEABRIL, ZANEIC K > TERORNEOR L LR ONBEETED, 442 R 7k ehERA Rz
73%. Bald 553.5nm Ba' i 455.4 nm Srid 460.7 nmTHIGEEL T 5728, FNZNOEMMICIE 12 nmiEd/ N>
RISZAT 4 )V RZEH O[3 Baffl & Bat/ISTHHD 2 5O AT &RE LTI L. EiE, FLEEHEDEED SIN
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20194E 12 AIC FREI NS EERTIX, CREX-2%7T > K=Y h 5, CHI ZZ—A)VA VM SERHCHES L, H A 7 EE
DJLHIPHIC Ba/SIH AZ T % T & THRICH AT ZRZ, IERGEE A4 RY 7 hodtillzrfEL 35, Fiz,
Ba® & SraEEEL CEIIT 728, #HIZ AnmiEONNY RISAT 0 VR EROMNITS. AT, BHomgET%2H
WS A SR HWS T LT, R RER ST 5.

CREX-LICIZEHI TRIRFED A VN—=Z2 G HARF—LNSE L, Hi EIs X OHizesh 5 OFC2 a6 K O U AT
1o THED, CREX2BXU CHIICESHT 2 TFETHS. HAMLEOBENF— LTI, EEICHhizo THHAKE
HNCE O A TETED, @M LRAS TIIRGHEIIOBIFICINZ, 2007450 Li FH IR 5 Mk AR O ZAE b
HRGEOBHNCSE L, ChETHHL > XBEFIC KD SIN[A FRRFFEROEAREEONER ERIToTER. 1
oy RIS DK AR EIR ORI Z, TRRE Rk A A T & VT RIRFEINC X 2R LB & Znzitic U
TN DRSS O 128, FEA BRSNS BB e Bl A FEE O D RETH 5.

BIfE, CREX-28X T CHICmT =Bl TET FiEO SR (L O Z HINE U, CREX-1O7—2ZHW\T, &
ROREDMENEE WL Y ABROMIE T #04% b L—Y —O&EMiEZ|ET % Tk, Bat OIS ROHEN b 7%
KDZTHERIBRLUZOMICHDHATED, AREXTHIRREEZRET 5.
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