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Seismic Detection of
the 2003 Kanto Bolide

- /= V(t— t())

— cosf)
0

sin@

Fireball

p

(

/\
Nagasawa and Miura (1986)

X = .XO

y=250

z

[Ishihara et al., 2004, GRL]
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Seismic Detection of
the 2003 Kanto Bolide

X24+y?
\/ - 7= v(t- t())
tan f3
sinf = c/v
[ X) (cosysinH siny sin0 — cosB |( x—- xo\
Y|=| -siny cosy 0 Y= 10
\Z) \cosyco§0 siny cos@  sinf Nz
Z (zenith)

Nagasawa and Miura (1986)

Fireball

p

139° 140° 141°y South) WX
Ref. time = 22:10:00 [Ishihara et al., 2004, GRL]

0 50 100 150
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Trajectory of
2003 Kanto Bolide

37° Search Grid Optimum Value and

Parameter Domain Interval Confidence Interval
v[km/s] 11 ~30 1.0 14.0 +10/-3
xo[km] 0~180 1.0 80 +7/-7
Vo [km] 0~ 150 1.0 99 +6/-7

v [°] 210~ 250 0.5 229.5+1.5/-1.5
0 [°] 10 ~ 30 0.5 15.5 +1.0/-1.0
to [S] 0~ 100 1.0 68 +8/-8

. *The origin 1s (36 °N, 141°E, 0) at 22h06m40s JST.
36° -

139° 141°
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Meteoriod Size Estimation

Using Seismic Data

Work Flow

Shock Wave Signal
-Ground Motion-

- Ben-Menahem and Singh [1981] -

Shock Wave Signal
-Atmospheric Overpressure-

[ Trajectory of the N\eteoroid]

|
Source Altitude & = =4 ReVelle [1976] Equation 14 and 2s.

Slant Range I
A 4

Meteoroid Size (Mass)

— = = Arrival time
Amplitude
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Ground Motion Amplitude
to Shockwave Overpressure

_ 2w(A+ M)( u )
= — U,
- C )\‘+ ‘LL -Ben-Menahem and Singh [1981]-

...shock wave overpressure at the station [Pa]

...angler frequency of ground motion [rad/s]

...first Lamé’s parameter of the station u= ,OVS2
...second Lamé’s parameter of the station A= p(vp2 ~2v.°)
...vertical ground displacement [m]

Ap

~>F >E gk

...apparent velocity of the shock wave [m/s]
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Shockwave Overpressure

to Meteoroid Size
Ry~ M -d,

R, ...conical shock wave relaxation radius [m]
M ...Mach number of meteoroid
d., ...meteoroid diameter [m] - ReVelle [1976] Equation 14. -
1/2
Ap 2y 0.4503 p.
2\3/8
p,  y+1\(1+4.803x*)"° -1\ p,
X =R / Ro - ReVelle [1976] Equation 25 -
Ap ...shock wave overpressure at station [Pa]
Po ...hydrostatic pressure at station [Pa]
P, ...hydrostatic pressure at source altitude [Pa]
Y ...the ratio of the specific heat of air at constant
pressure to that at constant volume (=1.4)
R ...radial distance from the source [m]
R, ...conical shock wave relaxation radius [m]
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Seismical Estimation of
Ablation / Fragmentation /
Size of Meteoroid

10.00 T T 1T T [T T T T T T T T T T [ TT 1T 11
-§- fragmentation?
p
2 }
Q 1.00
AL
D [ - [
O m
o
m
8 0.10 [
nfad
Q
= Assumed Value
Recovered . upper limit: Vp=2km/s
Size lower limit: Vp=1km/s
dots: Vp=0.8km/s
0.01 L4141 L1 L1 11 L 1 11 3 1 1 3111
20 30 40 50 60 70
Altitude [km]

[Ishihara, 2004, Ph.D. thesis @ Kanazawa Univ.]
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Seismical Estimation of
Ablation / Fragmentation /
Size of Meteoroid

10.00

-§- fragmentation?
p =
Q
© 1,00 l
G - - -
o 4 g B .
O m
o
m
8 0.10
jed
Q
= Assumed Value
Recovered . upper limit: Vp=2km/s
Size lower limit: Vp=1km/s
dots: Vp=0.8km/s
0.01 L4141 | N N T N N T TN T N TN N N N A
20 30 40 90 60 70
Altitude [km]

[Ishihara, 2004, Ph.D. thesis @ Kanazawa Univ.]
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Parameters of
HAYABUSA Reentry

® Date and Time:June 13,2010/ 14:00 UT

® |ocation:VWoomera Prohibited Area @ Australia
® Vine:~ 12 km/s

® Size: 40 cm (capsule)

® Material: Carbon Phenolic (heat shield)
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Parameters of
HAYABUSA Reentry

® Date and Time:June 13,2010/ 14:00 UT.

ral: Carbon Phenolic (heat shield)




125°  130° 135" 140°  145°
. T— l L.

134°
|

-29° -

_300 _' o .

—Optical Tracking
Spectroscopy
g

GOS
bservations

' * Optical Tracking

- Determination of Trajectory

X TPS Science

- Measurement of the Heating History of TPS

* Spectroscopy

4Nnr?° 1360 1370
L | L |

=1L

Optical Tracking
Infrasound / Seismic

Infrasound / Seismic

.Jm;rasound }ge:;::ch - Determination of What Elements Emit Light
N in the Meteor Head and Wake.
= * Infrasound / Seismic

- Detection of Shockwaves Generated by
Hypersonic Flight of Capsule and S/C.

- Detection of Shockwaves Generated by
Energetic Fragmentations of S/C.

Optlcal Tracking JTPS
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105°  130° 135" 140°  q145°
o A ‘l‘ - ~I T =

GOS
Observations

137°
|

' * Optical Tracking

- Determination of Trajectory

. 1 -
o Optical Tracking * TPS Science
. Infrasound / Selsmlc - Measurement of the Heating History of TPS
Infrasound / Selsmlc - - * Spectroscopy

g \
30 - Determination of What Elements Emit Light

in the Meteor Head and Wake.

Infrasound / Seismic

Detection of Shockwaves Generated by
Hypersonic Flight of Capsule and S/C.

Detection of Shockwaves Generated by
Energetic Fragmentations of S/C.
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10km
) ) ® ) @
10km
@ @ ® () ®

Capsule e ® ° ® ®

@® Seismometer
® Seismometer and Barometer

Plan- |

Previous Plan...

°
Capsule @
P 20km  30km

S — o o °

15km

® Seismometer and Barometer

Plan-2

30km

40km

45km
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Previous Plan...

® Seismometer and Barometer

@® Seismometer
® Seismometer and Barometer

Plan- | Plan-2
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Infrasound / Seismic
Instruments

® Chaparral Physics Model-2 x2

® Chaparral Physics Model-25 %3

® 4.5 Hz vertical velocity type seismometer x 20
® 4.5 Hz tri-axes velocity type seismometer X 2
v DATAMARK LS-7000

v DATAMARK LS-8200SD
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Location of

Infrasound / Seismic
Stations

1

i !

i

10000 20000 30000 40000 50000 60000

0

r2ss
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Location of
Infrasound / Seismic
Stations

—

|
!
|
1
i
|

10000 20000 30000 40000 50000 60000

0

="
- T
e e o - — '7‘;‘\ ..x

- b i ™ .}’\‘ __- - - —

-~ 2
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Rough Estimate of
Infrasound Amplitude
at Each Station

10000 20000 30000 40000 50000 60000

0

25N
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Observation Sites

134.6° 134.8° 135° 135.2° 135.4°
-29.6° —-29.6°
AL\_\‘-\//N

Gosz\

-29.8" - \ ( - —29.8°
GOSZA\\ L

-30° \
1
5 km
GOS2B
e o oo

~30.2° \ ~30.2°
\\ \
~30.4°

134.6° 134.8° 135° 135.2° 135.4°

C T | | | — T km

10 15 20 25 30 35 40 45

-30.4°
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Infrasound-Seismic Array
Observatlon (GOS2)

-150 -125 -100 -75 -50 -25 0 75 100 125 150
] ] ) ] ) P ) ] ) ] ] ) P ) ]
~-150 A - —150
|k MSES/HhE |
—125 - == - —125
| @HEET :

-100 A - —100
~75 - - -75
] . i
~50 - 52 . - =50
] S5 [

—25 - - 25

0 ° * - 0

54 P, TS

25 - 25
] . i

50 - S1 - 50

75 - - 75
] . i

100 - S3 - 100

125 A - 125

150 - - 150

LN B
-150 -125 -100 -75 -50 -25 O 25 50 75 100 125 150

Array geometry will be measured using totalstation.
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Infrasound-Seismic Array
Observation (GOS2A)

-90 -80 -70 -60-50 -40-30-20-10 0 10 20 30 40 50 60 70 80 90
I NN SR AT N T N SR ST S

—90 P I NN KU NN NN NI NS R R S —90
] AT E = [
~80 - * WKEST/ MES - —80
"1 @umEEt 70
—60 - - 60
-50 - - 50
i ) B
_40 - S5 * L _40
] P1,51 -
-30 - - 30
—20 - - 20
-10 - - 10
0 - * . - 0
. P3, 53 TS ;
10 - - 10
20 - - 20
30 - §6 - 30
40 - - 40
] * Ul
50 - P2,S2 sS4 - 50
60 - 60
70 - - 70
80 - - 80
90 —71T 1 1 11T 11 11" 90

L L L L
-90 -80 -70 -60-50 -40-30-20-10 0 10 20 30 40 50 60 70 80 90
Array geometry will be measured using totalstation.
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Infrasound-Seismic Array
Observatlon (GOSZ B)

60 -50 ~40 30 20 -10 O 40 50
_60 ! ! ! T R | . | . | R R B —60
N = T = ==
* Mm):T:af/iﬂ’,)Ea
_50 - | 50
===
@t =ET :
_40 - | _40
[ ]
54
30 - | _30
20 - | o0
[ ]
S3
_10 - L 10
0 - * - 0
| P, S1 |
10 - 10
20 - | 50
30 - | 30
40 - L 40
[ ]

50 - S L 50
60 e 5 e B B B B L 60

-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60
Array geometry will be measured using totalstation.
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Observatlon Sites

134.6° 134.8° 135.2° 135.4°
~29.6°
AL\_\‘—\I/N
GOSZ\'\
_29.8° - \
GOSZA\\
T
-30° \\
1
5 km
GOS2B
W\
-30.2° \\
N
~30.4°
134.6° 134.8° 135° 135.2° 135.4°
C T | | |
10 15 20 25 35 40

—-29.6°

-29.8°

-30.2°

-30.4°

-km

20107828 H/KEH



Why Array Observation?

® Easy & Robust Detection of Shockwave Signal(s).
® TJo Estimate Direction of Shockwave Arrival(s).

= F-K Spectrum (Beam Forming / MUSIC)

@ independent estimation by particle motion of
tri-axes (vertical / n-s / e-w) seismogram

® Jo Estimate Elastic Parameters of Ground.

= Seismic Interferometry

= Array Analysis (e.g., SPAC)
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eismic Signals at 6 stations

ible Sound Signals !!
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Audible Sound

Infrasound Sensor B.PF.20-45 Hz

l

r
——-H%———-‘*————..—#  ———— —

Mic. L-Channel B.PF. 20-45 Hz-

|

W_ﬂ#w%‘ ——— —

- Mic. R-Channel B.PF. 20-45 HzI
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GOS2 waveform
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GOS2B waveform
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GOS2 partlcle motion
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GOS2 partlcle motion
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GOS2 partlcle motion
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Array Analysis

(GOS2 I-10Hz Band)
MUSIC Beam

NS-Slowness [s/km]

4 3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4

EW-Slowness [s/km] EW-Slowness [s/km]
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NS-Slowness [s/km]

4

Array Analysis

(GOS2 I-10Hz Band)
MUSIC Beam

2
1

-3 & b ;‘3

4 3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4

EW-Slowness [s/km] EW-Slowness [s/km]
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SUMMARY

e HAYABUSA have Returned to the Earth at | 3th
June, 2010.

e HAYABUSA Reentry is Good Analogue of
Meteorite Fall.

® Ve have Done Some Kinds of Observations as
Follows...

* Optical Tracking

Determination of Trajectory

X TPS Science

Measurement of the Heating History of TPS

X Spectroscopy

Determination of What Elements Emit Light in the Meteor Head and Wake.

X Infrasound / Seismic

Detection of Shockwaves Generated by Hypersonic Flight of Capsule and S/C.
Detection of Shockwaves Generated by Energetic Fragmentations of S/C.
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