FODFF= TR TIE TS,

RTFADREREFAN=X Ls
EHBIEBETETIL [Pasko et al., 1997]

(Quasi-Electrostatic model)
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. CGDBIHE—AUOD)
> 1000 C-km
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—
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A, 26-28 March, 2008
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C |
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—— Moment Changes (Qd3) 1
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et al. [1999]
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;{jﬁ ,1' I..a}wm *ﬁ;ﬁ —04:33:10 UT July 15} 1998
| Ly ! .

* Narrow FOV CCD Camera
Dobsomian Telescope (F=4.5)
FOV=07 (v) % 0,92 (h)
8-VHS Video Recording

* Wide FOV CCD Camera

=50 mm, F=1.4
FOV=9" (v) ¥ 12° {h)

B-VHSE Video Recording

L “E—— g

Ferven and Tan [2003] 44
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- = B 390 km
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Mar eral. [1997] #4
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(REFEE)
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i
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......

Time (ms)

e el Wescott et al, [2001]
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BASTs
S Ko Tvk . Gigantic JotE B [FRRTCOAMAEA TV
- BELH - BHERETRISEHERERES

20mm camera

an :

-85 . ‘ ‘ Ba

;- I - i bt f »

- 55 ; | | - .

| .
| @ |

st | ‘ | ’ ns i

“67ms 83ms 233ms  383ms  533ms

o
f

80 — —— —

17ms 34ms 50ms

km |-

i A by 4,
-70 _ » o L
-50 ' t -

S0mm camera —> Size of the beads: 0.3~16 km

Fu et gl [2003)
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EEENERNLEZ(TLES)

(Transient Luminous Events)

Blue Jet

, ~300 km A
ik [ i
, ~40-80km |
Elves . '
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L]
-3
50+ Jet
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QE Model

QE ModelldJZALZFEINTLVARTS
A HEETIL

L‘ﬂ‘hL“” I 1 - |00
LJTU)EE}E']*%’E’EHHH T=1g0Y 'Lf"HU*i“muﬂ"*U

(a) BRIE€— ;f.ah:ﬁiﬁwqp ‘km&ENSLTHRRI A RET S5

b) TSR F LHCCOE + THRE T IT|MAS0 kmD LB
ThhEods

(c) CGERTTA MZE#msh S E100ms DB A EET SR
d) A7 LK FryAv R ERG-RERELRELD A
(e) FBFICEBDHSILRRATSA D RET HR

#8



FOOfFE TE T Mo, 20-28 March, 2008
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[ 00 200 300 10 100 1000 | R0
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Adackt et al [2004]
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AT A REEH
A RRTSACDREEHEFROTHNAZOMN?
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*INTERA CTION OF ELECTROME
WITHNEUTRALS
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rELECTRON ENRRGTZATION
FOERER FLAMCK CODE

!

JFROFAGATION OFEM AIELDS
HCLUDIHO SELF ARSORFTION

f

SOUMCE S LEHTHHG
*HOR OMTAL DEMIRITIC
SFRACTAL ANTEMMA - DLA
“ETRUCTURE

Valdiwa et al. [1997]
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AT A REEH
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Time after 15:31:00 UT [seconds]

Chkubo et al. [2008] ,
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Space Shuttlem 5D FEFE A
FHZERNSSpriteflilETSICENER i |
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(#hIE - FIRDHIKH SR IR) :
> IR EHE D H

> TSP DEBERERASND
(BFIRILE—OHE)

MEIDEX (Mediterranean hra?:&f.mst Experiment)

> 2003418 Space Shuttle Colmnbig' STS-107
~ Dust FiH - AN = X LRERGOT=8 ORI

Sprite & Xybion [I-CCD Camera (486 X 704 pixels)
FOV=10.76" {(v) ¥ 14.04° (h)
Video Frame Rate
Filter: 340, 380, 470, 555, 665, 860 nm
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Space Shuttleh 5D LA ER

Color Enhanced Images

Elve over South Pacific Sprites over SE Australia

Q =~ B0 ko afttude
L 3

W “—Sprites

e L]
e

,Etve

H o zon £ .

gl = ¥ ——
. Lighning in —— = Lightning in
Thundersiomn top Earth Thunderstonm lop

Yairei al, [2003] #14
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ISSH LD FFER

SpriteMAE AR OEMEEFIEZ S
> 20014¥F10A

= L30 (Lightning and Sprite Observation)

Nadir Sprite £751
Digital CCD Camera % 2 (512 % 512 pixels)
1) Filter : 756 - 766 nm
2y NoFilter (vasible)

FOV=-2" % -2°

Lightning measured spectrum

700 TS0 800
Wavelength {nm)
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ISSH LD FFER

161 02001
LET T - L o ol - ol L EEL

LT I__.‘r_
! !

OGS - R TS 1100 UG- MIEE-1IAE 17
Hiwre i gt ls d edlaien [T

EESNTSprite MIASS
> 125 kR

HESNTI=SpriteMERSE
> 30-60kR

= [_F)Filtap{TELOCDEE [ T Filter AL OO i

Blank et al., [2002] #16
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TLEsD # Z &7 FORMOSAT-2f# £ / ISUAL
TLEsH=ER&GHH — FEHE RESH

Limb Observation !!

Sprite

Elves

=u

Sprite
p-l-
Elves
Wl

Figs. ISUAL/Tmager data of sprite, elves and sprite/elves evenk .,

Fig. Obeervation geomelry.
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TLEERAIG =
ISUAL (Imager for Sprites and

FORMOSAT-2 & Upper Atmospheric Lightning)

> A F A EE :
(891 kan, 9:30-21:30 LT. 14 rev/day)

3T 2004455208
»ER 5 ERLE

.Ei ﬁ
'ﬁ%fﬂﬁit
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ISUALD EREIFiE

BABROHAT I LARERER
— TLEsOEEARDHHERAD
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) L

v, 891 kmd

Fig, B4R ! Fig. BOBREFO 7
£ BAOELED
FARS éDD4fD?!D4— 20064/06/25
1R B % 530 B
AISAk 482 A R
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Sprite Halo &Streamer@%i%#

What determine halo or streamers? [Adachi, PhD thesis, 2007]

Height (km) Lightning Sprites

A chi
N
MMMML
_/\-Z-\«,___meu

Time (ms) Time (ms)
Streamers observed at 11:19:36 (UT) 200413 by ISUAL

Relative brightness




FBEFFET R THHER 26-208 March, 2008 q
Isua

Sprite Halo &Streamer® #4514

{

[Adachi, PhD thesis, 2007]
Estimation of Blue/Red Rarﬁ'rf_r_ B/R ratio
-
FPeak B/R=1.3

rrriri
[
="l
L1101

y
-
—~J

: 4
Tume (ms)
Intensity ratio of Blue/Red (Black) and fitted exponential function {orange).

(B/R ratio) — (Electron energy) — (Electric field) — (E/N)
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Sprite Halo &Streamer® F 4 514

i

Halo: 3 events

i : i Error +3 Td @ 85 km
attachment 1lonization ‘ 40 Td @ 60 km

100

& streamer
halo

Altitude (km)
] S0 W
[} [} =

)]
e

LN
e

0 100 200 300
E/N (Td)

Fig. Altitude profile of E/N
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Sprite Halo &Streamer® F 4 514

X

-

Streamer 20 events [Adachi, PhD thesis, 2007]
Halo: 3 events
- = - Error X3 Td @ B85 km
attachment ionization ‘ +.40 Td G 60 Hm
L [
100 ' :
< streamer
halo Altitude (km)
— 20 -
£
- [
al A K
g 80 ’ | -Eﬂ'
=
70 10
60 60k
50 501
Q0 100 200 300
E/MN (Td)

[ Fasbe ged Sonbask- Aol son, 2001

Fig. Altitude profile of E/N
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EIERETDER NFBIE
[Adachi, PhD thesis, 2007]
Diffusefa iz ‘
i E=06-08FE,
@ > BEAE > 141t
» ambient'ZT B FDHEIZLD
EFRSTFOE

=) S turedﬁﬁﬁ‘ .

ghi=d-2 F,

» BFfE <4741t

> BFLEN=>AMN)—KE
-

23



FROFETEIR THHER 26-28 March, 2008

EIERETDER NFBIE
[Adachi, PhD thesis, 2007]
Diffusefa iz ‘
- E=0.6-08 E, iﬁﬁﬁiﬂiﬁi
@ > BRAIE > 114 S
» ambient'ZT B FDHEIZLD
ERSTOBE

e Str&tured%ﬁﬁ ‘ .

ghi=d-2 F,

» BFE < AF1E

> BFLEN=>RAMN—ME
-
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TLEsDh £ -FEMSDE R

* ISUAL/FORMOSAT-2SI 212 &DAT 1D L]
Ao, BEARORERMEDENEEENICHR
TEAKRIITEI:

s QEETIIIFREEFIN-READ=ZZLEM, 2
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Neubert, Science

PERSPECT IVES

On Sprites and Their Exotic Kin

A

Electric jets
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Chemical Model

‘«“1

Photochemical equations are
solved only for the species
shown 1n Figure 5

*We referenced midmght
data set, given by a 1-D
diurnal model (Ogawa and
Shimazalki [19757), as values
i photochemical
equilibrium state.

=20 positive cluster 1ons are

mcluded

| Hiraki et al, 2005]

T XA A

O(1 )
FPositive
Cluster Ton

1“1—

o2, M2

H20,
(] [3 rr] Lo

N2+, N
_O2+, O+
—_

H20, H2

Figure 5, Chemical reactions which are possibly enhanced

by the oecurrence of sprites.
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Chemical Model

‘«“1

Photochemical equations are
solved only for the species
shown mn Figure 5

*We referenced midmght
data set, given by a 1-D
diurnal model (Ogawa and
Shimazalki [19757), as values
i photochemical
equilibrium state.

=20 positive cluster 1ons are

mcluded

| Hiraki et al, 2005]

iy
-

Xy

)

O(1D)

o2, M2

=y

N2+, I+
_O2+, O+
—_

Positive
Cluster Ton IF
o L4
T~NO+——>

N{2ID)

HZO, 1\
A

;:]['3 rr] [ B

{'}H

Eﬂx"f"

H*-u.

Figure 5, Chemical reactions which are possibly enhanced

by the oecurrence of sprites.
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‘«'5'1

0 BT

OX | #=2ZaNV)} -7

Catahftic reactions to decrease the ozone density are
possibly excited, e. g. the following reactions.

NO, + 0 — NO + O,
NO + 0, — NO, + O,
0+0,— 0,

Ozone depletion 72 |

Ozone production

O+0, +\’I—r-03+\*1

This reaction 18 also enhanced!!

26-28 March, 2008

ALTITUCE {km)

-30
LATITUDE (deg)

=
- |
=1
=
L
=L,

L-"‘\TITUL}L (deq)

Fipure Relanve gomimibunon of some chemical

families to the destiuction rate of odd oxygen.
(G. Brasseur, [1999]) =
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O LF~ADEE

[Hiraki ef al, 2008]

E E
= -
ab ai
= L=
2 =
o I

i " " — - — - — - - - N 4 ; 4E| ._. e ......,..-'I_I......_
= 10 1w0* 10 10" 10" 10" 10 107 o™ 10" w™* 10

density, cm density, em

13 ;
| |

?.7’74’H-J:~3'CO X TSN ?

# 20



FOOFRETRTH THNEA 26-28 March, 2008

T B D FRLEER A

c ATSAROIIT ARG EDREFBEZR/HET 201
(X, EANSORBEAUNTF—E2DH LT . SREDOR
SHEEFHLGCENER

(B, B5hE. tE. E—2EMRIE. KEEBTR)
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Schumann Resonance (SR) R
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* ELF range (8-30 Hz) A= | Disehargos
*BNECE (DE-—R) " I8
) ﬁﬁﬁ$ {{ = dB-“']",-{[m) Fnrr:r:ﬁ:-:

ELF Data West Ongul, Syowa . I"-T_‘.':_.’ijj:_:,f IN-SRﬁ% (Q_burﬁt)

" *REIRLF—DRELEHRE
| : * 2SS4k, TLT AE 2R

i \ ] _ it
Nertanytegsinardaiod st M [Pyt Boccippio et al., 1995

« ST RTSALDER
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search Coil Magsnetometers
(k% I et 1=K Hr)

Data Recording System
(400 Hz™ 3
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JE'

'+ 1-100 Hz ELF R BSR40

* search coil @A E (NS, EW)
* P77 (6-66dRB)
* F—SRLERET (16bit, £=400Hz)

Syowa | (SYO) | ( 39.5°E, 69.0°S) | Feb., 2000 -

Onagawa | (ONG) | (1415°E, 38.4°N) | June, 2001 —

Kiruna | (ESR) | ( 21.1°E, 67.9°N) | Aug., 2003 —

Santa Cruz | (SCZ) | ( 21.1°E, 67.9°N) | Mar, 2006 —

a4
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CG Triangulation Method
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CG Triangulation Method

« 3| DELF BT —4
(RBF0EHL., Z2)Il. FILF)

1R
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\

- (SYO-ONG) —

1) Lissajous 7' Awhk
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! 37.9
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€6 Triangulation Method
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€6 Triangulation Method
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\
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(ONG - ESR) | 8 ONG
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Data Analysis % cc Ll /<\*
20034E9R ~2004F8H #2

[« Spring : 20044E3~5H
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« Fall : 200389~118 R o
|+ Winter : 20034128 ~200452 8 Sii’ﬂ

.

1.7 X 10° events Z£EHT 36



T HAam, 26-28 March, 2008

Global Lightnin Distribution
200456 B (Summer) D14 B OE £




T HAam, 26-28 March, 2008

Global L}iag_htnin Distribution
] (Winter) D15y BEDE 28T/

2003512

el |r‘-,‘-'_1
-l h‘-"'.-"\uu\_ﬁ_‘.,_-.\_ "




N —_

jstribution

26-28 March, 2008

Winter

it
F e T




N —_

jstribution

26-28 March, 2008

; Saouth
JAmerica

e

o

e

r..-"\l,; .l‘\_w'w"‘..l

s r'\-...h__,.—'-"" _{"F—‘h"«_ﬂ-..

- T

=
g, - W
—3
i

T

Tl

A s ) 3

=
=L

y
—E—— .




=T
—_

Winter { South

JAmerica

i

it
F e T




=T
—_

|

Winter { South

JAmerica

i

it
F e T







8.5 = ®, 26-28 March, 2008




8.5 = ®, 26-28 March, 2008




o I:I----DEI:IE---




-

™,

-

L Spring ((04/ 3-5)

]
s

=
"
o'

—

- pimird b

.

ey ]

Summer ((04/ 8

. Fall (03

- -

/9-11)

et

I

__-

= Winter (103/12 - "04/1)
7Ty B e

I SIOE TR

~ OS] .




-

™,

-

L Spring ((04/ 3-5)

]
s

=
"
o'

—

- pimird b

Summer

.

r (04/6-8)

e - S

. Fall (03

- -

/9-11)

et

I

__-

= Winter (103/12 - "04/1)
7Ty B e

I SIOE TR

~ OS] .




-

™,

-

L Spring ((04/ 3-5)

]
s

=
——
& .

-

il

Summer

.

r (04/6-8)

e - S

= Fall (0

™

= Winter (103/12 - "04/1)

% :

-

AL

I SIOE TR

~ OS] .




FOBIFETRLH THNER
Charge Moment Estimation
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| éBRZjTM' FREETAE  (Sato and Fukunishi, 2003]

‘“'H--.ﬂ_,x_____ FHBEE—AUE Qdl (Ckm) | oy zen gmpe
ﬂlh*.x’“"'m, Weoe +CG (events/day)
=
(2001/ 06/20 — —649.3 695.4 1176
08/29)
N |
(2001/ 09/08 — —660.5 730.9 1291
11/30)
Z
(2001/12/01 — -586.0 632.3 1342
2002/ 01/20)
T 1§ —-631.9 686.2 1270
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T GF (Terrestrial Gamma-ray Flash)
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RHESSIf#i £ (=& A TGFs#RAI

( Reuven Ramaty High Energy Solar Spectroscopic Imager )

« Solar Flare® %8 8|

TGF O
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iﬂﬁh J?ﬁ x q}_ESSlmif:ct,aTGFﬁfﬂlj Smnth et of -?f!'.l!'!l"'u]

Fig. 1. RHESSI pesition during each recorded TGF, plotted over [1) the expected distribution of observed TGFs if the papulation were evenly distribubed
aver the ghobe, with the scale In fraction of masimum exposure (topl and (i) long-tenm lightning frequency data (28] with the scale in flashes per
squane kiloemeter per year (bottom)
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» Source region in the universe??

» Propagation mechanism??
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Relation between TGFs, blue jets, and Vv

Are TGFs related toupward-  Jow .~ Cherenkov cone
EAS generated by v . 77?7~ A

v [from I Takahashi)

«— Blue Jets | Gigantic Jets
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