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WFFE R R OMEEL (3537) @ Two technical issues for the practical lidar to measure the vertical profile of
the atmospheric carbon dioxide (CO,) are remained. One is the receiving system with high sensitivity
and the other is the stable laser with high power output. To solve these issues, two technical
development were executed. For the receiving system, the receiver using the highly sensitive new solid
state device, which is developed quite recently, are developed and the device are confirmed to be
adopted into the lidar receiver. The optical parametric generator laser with out any resonator using the
high gain device is newly developed for the transmitter. The experimental system has the very high
power output with very high stability . The output power and the stability of the system are confirmed
to be usable for the CO, lidar system.

SRR
(GARHAL - 1)
BT B & &
2 0% 5,800,000 1,740,000 7,540,000
2 1% 5,200,000 1,560,000 6,760,000
2 2HEE 3,100,000 930,000 4,030,000
wF 14,100,000 4,230,000 18,330,000

W55 87« 3 2Rk

B OSE - B - K5 - WBEYE - KT

XF—U— R ZRRUIRFE T A X — ) AR BN A HERIRIEAL YT A N Y w7 %
g/ 725 WIE /DIAL

1. WFIERHAR S H) D 5
AT T 2 HIERIREE LIS L, BRIk &
SNETCHATT D Z 8, ARSI OFRRE &
oo TWND, K[MEEENZRT 2 BUFRH S x L
(IPCC: Intergovernmental Panel on Climate
Change) (23 CTh, 2007 FIZE 4 KaFAlhH
HENIEH Z . RGBT D B R B

DRI T3,

REDRKED I B, 7u 0K 7 v1bhi
78 EOEHEE T O TERFEAEPRN E Ry
I, FEICHEE LTV, L LR S,
BELICER b RE A 7 N a2
{fbk# (LM% CO, &T5) I2oW\WTidk, A%
72O AR TR BRI TO Y —R -« v



7 LM T BUIRIEIRICT 5 KR 2 R Hk
EMER DY | TRIOGBEMELZIK T TS,
WZH b 53, CO, OB _EETR
FEVARAE L. SRIE AR DZE[Y « BEI3% R
IR ORBURTH 5,

— 05, BEET VOB ER, RERKR
fifi 1% & 7 L & T DO SR 72 45 A % HE
ETDHIEMTbNATWD, CO, 7% & DiRE
fbRED Y — 2 (P - F84) - 7 %4
B2 hEE LT, REF DA DR ERE R
B RERKEHSET VEHWT, T OME
EHEET D ENRBBEEINTE TS (f
N—=2RE)y ZOHEILEID ) —A -2 TD
HEEIZIZ, RRT D CO, DZE453 4 % b
JE - SR mE S CHIE T DM E R H DAY, B
T, BT VORI AR 72 80E S
B DIERAPEANCAE L TN D, L DOF
ZECIX, EREL AR OB S, H EELHIZR
L CIHFITD R b b3, #E
ERFITIIREREELZRITTZENHD
N TE TS (Stephens et. al., 2007) 23,
RTITON TV B EAMEES SL—2 . &
BT 72 £ OB O HTIXET VO
KL LIRS TH D,

ZDOXHIZ, CO, DERE AT OBIHNL, 1X
IR THLORBIRTH S, BER
THENSEO THIERBH OHEERRS ] ([T
T, HEKIRBEALICAR DIRERHF T XD
T, BEBHAVNIT VT - AT =Tl A&
CFERNBLAI L fF3k T O R He SEME % B
THZEN I T2 TWDE, ZDOdiz, i
b FERBR Y FU— 2 Rz
£ NEENRA A SESMBIAIAR Y FU—
7] BEHITLIZELEINTWVWD, 51T,
[RERHIERBLRI S 27 & 10 FEEfEEHE ] D
RThS, KEEE O PR TR 72 8 D=8
2. CO, W LT HIREMEST ZAD THi7=
72| BIATEORFENRD LTV D,

xSV E— b BV T DOFED
—DOTHDHTA X —x, M LD OERERIE
\Z&D . CO, DIRESA M DFIETITES
FU7R O B EL 4y R RE CHRE A I e L C 8l
T ENAEETHY . Lo NE=EZHE
HAGESABRN A Y NT—2 | ORNTH
hicflgR L e b, BiEET LV EHNTY —
RV EHEET DS, M EBURASOBIET
DIVTWDERE MBI Z 5 Z & T, #
EREE O BT THEIICEL EE 2D
. BACHRBZIT O ERLETH D,

2. WEoHB
CBALIRFE OB A ERRIET D T

AF=ITFRSN TV LRI, REL< T T,

1. BEFEmRHSZETZ Y, BTN E <
(RHER DT FHEIE DO AR
2. L—¥—oEtihit

D2ONH L, TNEMRT DD, Kb

AR T,

O 7tk T OFEM B 72 5215 F O B %
D=, FRRETH D, ZIem Dk
VG RR A O B R SR IS, RAEE
DZAGEEN D OWFH 2 ZFEHE R X
< AT D HA

Ol ELZEMICENT-L—F—D KN
LD 7= DHE A

ZBHFE L.

@K GBI F 8k 5 0P ML 228612 L 5
E A BLIANEE & o e 2 0@ U 7= 8L
JE DGR

BITOHOZERANET D,

3. WrFED kL

AR TIE, A1 94 F T TR
TAT » T & T B I8 T8 o 7o Bl &%
i« BEEZIGH LRSS, ZERb~DER
o5, ERbIZENT, AT TR S
7o ERREIT,

1. ZEH : BEEBREETFZHO, &%)

E ARHEE O Y1 HEIE DA

2. EEW . vL—Y—oEthi
Thh, ZOWEOHROTZDLLTD LS 72
FHECHFSEEIT 9,

(1) ZAZEOBHH

FEATHRRIC B W T, ARtk (F) o/h&7e
BHLZWEHE LT 74 =2 HW = @mzh®E
DR Z B Lo, S OB R $#E
FORIENS, +o72EiEE R T2 ERD
BRFSIX A/D ZEHia VW c AR5 T
Wiz, ZOd, mEEEE Tk E Cll
W D7 DITHERTFEIED =D DR
H#s (InGaAs APD (avalanche photodiode))
W ZEEIZ W TR, B/ Ag
ThoHEZADLMPEZ AT APAA+
NTHY, £, APDFFEOT 7 X —T T =
7 NEBET DO DOE T RIEEORER ED
HMENE S TWD, Z07-H, KOKDN
Ty AN—NE/NAROBRHEFIZENE X<
ZENEZE SRR IEFR AR L, 2ha
BT 5,

E A E 2 L Otk 2 A
W CHERIT B 72 DI B & 7 2 856 ] 3 7
xR L., S EHEE AW E AT
LEFERSED,

(2) EEEORRE

EEHL ==z oWTEWEERZEN
MR LT E EmtIb a2 1T 5720, AT
MEE TR LA ANT AN v 7 ke
(Optical Parametric Oscillator : OPO) L —
P—2EE 2 &I L7 R R
OFE « BE, BT L2 AV RIEE
BRa1T o, BB LI EE LS HV, R,
W RZEMWR 2D,

BA%E L7z OPO L —H—IZ 2\ T, ZODiiif
IMERCH ) ORI H 72 &£ B R/



eI DREETAR D,

(3) DIAL ¥ A7 AEEE K ORI B
SE U CBAZE Lo iBEH R OZEE., LY
SEATHRIE TR L - & 2 /A e bE. CO,
&L A DIAL (Differential Absorption Lidar : 72
DRNGET A X —) EHET DL, [BWF (D
IE) ITRBWTHESE L7 dkE 2 V=il
WMAEIT D,

(4) T —X Gk
KGR N RSB A SEE (7B 200m)
TIT> TV AR, BRENITHT. KGA5E
Ar. H U 23 6] CIT - T 5 i A A 227
(JAL) g% H 22 i 2 B 29 2 BR O Bl
Rip L Lol aIT, B E ORGEEZ1T

Do FEOBZE

/,’;E%MJE%% EIEHMOBR

L—¥—DEHNE-EREL
(omoms )

DIALY R T L4 SR < ABEHEMHADETIRTLHRE
BRIDEOHDRBREE | - o0 THBRAZRE

« APDEALM=%
BFEHBRAE
EIRR DA

X1 Ao

4. WFFERR

(1) ZAZEBDOBRZE

FTA X —ZERE LCEHAHE e B
ML L TR, 76k E Y InGaAs APD 23
FHINTW, LML, 7FHaelk
HCIIMEEN L, FETFREMAELTY,
T IR =TT = N DB IR K
FERH T LR EOMBENRD Y | ERE
DOHAHBIED T A X —ZFHIHEHT S
ZLIIAFRETH ST,

AEFFETIE, TFEICR->T (FICk-T
IIAMFZERHAG LARE) AFFRIRE & 7o o 7o H O
TER O [E A H#EF (Near InfraRed Discrete
Amplification Photon Detector : NIRDAPD) [T
DNT, FA X —ZEEHHE L TORMELZH
R, RLICRWZECAT LB SR T
(NIRDAPD & NIRDAPD TEC(Thermo Electric
Cooled)) O A2 Rr74, NEFHEMEE
(Photo—Multiplier Tube : PMT) X0k L 0 %
SRR A ORI CL bbb FE 1T
BDHN, A, RO RN 2 R -
TR TNHBINTETWAHTZD, iDT-
WIZHEETHD, b ansd L Hic,
NIRDAPD @ & +- %) % (Photon Detection
Efficiency) (3K 16%& @<, 74 4 —=15
e LTHaiEr2RE->Tn 5,
ZOHFRFEAVEZEREREL, EHE
BRE T o7, 21T LI EEDEEL R
9 NIRDAPD &, UV =7%—FTE#IfE4 %

# 1 NIRDAPD & Y55 1-Hif5 & (PMT) D Rk
NIRDAPD

NIRDAPD TEC PMT
Manufacturer . . . Hamamatsu
Amplification Technologies Photonics
Parts Number | nigpapp | NBPDAPD 1 Hi10330-75
Type ‘Thermo—electr|Head on PMT
NIRDAPD | ically cooled | (InP/InGaAs
NIRDAPD Cathode)
Chip Size 700 X700 pm N/A
Active Area @200 ym ®1.6 mm
Photon .
Detection 8-16 % @ 1550 nm ZKN??&ge
Efficiency p to 1Uh
Response Range 900 - 1700 nm 950 — 1700 nm|
Pulse Width|
Rise Time N/A 0.9 ns
Fall Time N/A 1.7 ns
Typical Gain (M)]  2X10° [ 8X10" 1X10°
Excess Noise|
Factor <1.05 N/A
Time Resolution | typ 300 —
500 ns N/A N/A
Dark Count Rate|typ. 10 — 60| typ. 1 — 10
Meps Meps typ. 0.2 Mcps
Operating _ _
Bias/Voltage 50 - 60 V 900 V
Cooling ¢ ¢ Themoelectric
None wo stage (Forced Air
peltiert cooler .
Cooling)
Temperature N/A Room to —30 ~60 °C
Package 100X 186 X
(size in mm) TO-5 TO-8 150
(P9.1X5.1)[(P15.2X8.4)| 102X131X
280

APD 27 LAIZLTHIBEED TWDHTZ8D,
B, LEBEBTRESF CREFREZT 28O
APD DEWGTToH D H A H—F— K TEME
SELGHELERRY, T —T =7 MR
WD T/INESL, 7 oF o TR E DI
MIEALEL LW ERRER/BMTH
5o O, BIENHEIZR 572100 TR <,
TR BT RO T H7e<, BERZ&E

NREZDOEFEAENTZENTE D,

X2 BAF L=z E@ondl () KO 2k
HFERNE CF), B8 20cm D= = —
bR EESE (EREM) OBIRE &
KT DI T2 IRNFRETHET D,

(2) HEEOBRFE

ek 1.6umCO, DIAL Hl OPO % PPNgLT
BN S (QPM: Quasi Phase Matching)
FTEHNTY 7RG L, LRSS
Al X0 DIAL BRI B2 R 2 1241
B STV DD, K 7 RER il 2
WELT LD, TR EEEERDLIZHD
VAT APEME I HRESE N D B,



ZZTEWHAEGEREORTEH W
QPM-OPG (Optical Parametric Generator : J¢
NT AN w7 3AR) CIIIRESRAME 72
KTHERWHAORELND Z LIZHEHER L,
OPG FXKAEZZZE L7, K3IZ LD i
Q-Switch Nd:YAG (A AT T LA K=" R, A v
) OA-TNVITL-H—Fv b :
Nd:Y;AL,Oy,)  L—H—fhit OPG D7 1 v 7
X%~

LD pumped Nd:YAG laser
with seeder

1064nm F

PvgSLT HT@15720m
HT@1572nm “Heater Hr@osim
HR@1064nm Output
- - >
15720m

Nd:YAG Laser

OPG Laser

3 LD Jphd Q-switch Nd:YAG L —H¥—J@)
i OPG w7 m v s

OPG 1%, CO, B/ % ffi o TWIL ALY kL
Oy (1752.0178nm) ISR [RIFH L7- DFB
(Distributed Feedback) L —¥—7%{E AR
TAHZEICL D REEILEE TV,
Nd:YAG L —H— 3 ARSI X 0 Pefrisfib
i, HwAH ) 100 mJ @ 500 Hz, TEM0O & —
FTE—2% A4 XX ¢ 1.1 mm Ths, DAL
BRNZBIT AV AT LED—DE LT, K
WARZ FLOFLEE~DO L —F =R
FFEER DT b, £ 2T, HE 532nm
THEO I TR WIN ALY ML EFIH LT
EALZE LT NEQYAG L—HF—FHu,
QPM FE I~V TF = FEFITL D £0.01CT
RS L 7=,

X 412 OPG DO RZEE %~7, On-line
(CO, DWINARICHFA L= E) THD
1752.0178nm (2% L. # & (Highfinesse
WST7-IR) O#a%#5EE 0.15 pm (40 MHz) LT
DEEREZ R LT-, ZDLREEIL CO, B E#
WEITH 9 XA THOREEETH D,

1572.0180 -24

15720179

1572.0178 10

Wavelength [nm]
Offset Frequency [MHz]

1572.0177

1572.0176

000 020 040 1:00 1:20 140  2:00
Time [h:mm]

X4 OPG/OPA O EZEE

CO,DIAL (T B L 2 5 m i bz 5 7=
B, K527 K912 OPG DI OPA

(Optical Parametric Amplifier) % 2 BeiBfi0L
eV AT L& B%E LTz, OPA @ QPM # 113
OPG [~V F =R TITL Y £0.01°C T
FERIE 21T > TV 5,

30mwW
@1572nm

’ seeder

s 0PG =l oPA —f OPA }iﬁﬂf”m

1064nm

1064nm, 500Hz

XI5 1.6um OPG/OPA v AT ADT 1w 7
4

X 6 1Z OPG/OPA D AR /1M L B — LT
07y ANERT, WREBRDRIL 4 %
(14.8 mJ @ 1572 nm / 33.6 mJ @ 1064 nm) T
Hol-, BE—AT a7 7 A hbEIFREED
Nd:YAG L —H#— L[ U TEM00 =— K Cb—
LAY A X 1.2mmX 1.4 mm THo7-,

SIS
T

o
T

Output power [mJ]

o N A o ©
T T T T

0 5 10 15 20 25 30 35
Pumping power (1064nm) [mJ]

X6 OPG/OPA 3 A5 5D AH FHE

(3) DIAL ¥ A7 AESL KL OGERELII

(1) TR L= LB Th T
EEHL -V —2fAEbETT 4 X —4
EEBEL, ZEEREZITo7-, BUKERE
TR,

—APD
— PMT (FOV 0.5mrad)
— PMT (FOV 2.0mrad)

=
e T—
67

e

o
T

Wavelength 1572.016nm
Pulse Energy 0.8 mJ
Telescope ¢ 20 cm
dz=60m

Altitude [km]
FS

@
T

N
T

0.01 0.1 1 10 100 1000
Photoncount rate [MHz]

7 NIRDAPD & PMT % i~ 7= @114
BN 50035 K 512 NIRDAPD IZ PMT
XU EE T, KEEICRB T LD v



BEGERENESN TS, L LEns, #
FHIRDOFRET HHEFA PMT X 0 & NIRDAPD
DIFFINZNT=D, FEEHR T PMT OF5 0N
S/NEREL o TNS, ZHITHOWTIE.
HWEIFL D NIRDAPD Z W5 Z & CiETE
2o
S5, KBCHELC X 25 BOMSE 1" %
< PERITESERE TN EHRETD T
A X —BHNRNETH -2 B, B
15 0.5nm OFEMRZREE T V&2 —% HNT
LENAWOTZ LI LV BIIZATREIC L
7o AR EEREIE & & AR A — D DR R
THETDHIDEL AT I v L Yo%k
NHNEETH D70, A5 R & AR R s H
\ZAFE 20cm ORImESEE . e fE L D
£& 50cm DEEEEZ A WCRIEZET D &
(2 L0 I E R R A A K L 7 2 A B E
L7, 8iz7 v v/ KERT,

Marrow-band CW NA:YAG | Telescope
locked an iodine absorption line . & 50cm :
. Telescope
* LD pumped Q-sw Nd YAG % 20cm
Beam
f | expander J | .
FPMGLT OPG/OPA — o 1Daytime  ©f2 Daytime
: l filter l filter
Fiber switch ) 1 PMT | PMT
DFB-LD
Fiber coupler . )
+—/ j&—— DFE-LD + Data acquitiion +—
J l 1 | 1 :
f '

Wavelength controlled unit
including CO, reference cell

X8 #fEL7- CO, DIAL Bl AT LD T
2y 7

Computer |

72, DIAL B TIZBRx R —n
V7 8O RZGEM ORI EAL O 8 & kT
DI, W R & FERIE & oY) v 8 2 K
MIEHE DL T2 EREE L
., EEHL—Y—0RER K% 500Hz T 1
shot Z &2 2 RE2YI 0 B2 -8Bl %17 -7,

X 9 IR AT - 7B Of] (T % 7=
LelWeAET—%) 2rd, ZOROL—
P —H 1% 6.5mJ@500Hz T, 1 shot Z& 1T
WA R & FERIE R 280 B %2 T D,

2010/12/09 12:54-13:58 405,054shots AH=7.5m

——OFF (Low)
ON (Low)

==0FF (High)

==—0ON (High) |

Altitude (km)
[ S T O . -t

100 1000 10000 100000 1000000
Photoncount (BG subtracted)

X9 JE [ OB

10 |2 CO,DERE T v 7 7 A4 )V ERT,
2km LU FIR S 215 R T o0 e

& e

iy

500m. = JE 2km L FIXE EESZER CTEES
fiFHE 1000m, WFfEIZ>fiRRE (FEBREM) 1359 1
B Ccdh 5, BREMDT CO, DEE 1

2010/12/09 12:54-13:58 405,054shots
Az=1000m(>2km)/500m(<2km)

6 ——

(%))

IN

w

N

Altitude [km]

0
300 350 400 450 500
Mixing Ratio [A.U.]
Ty VERDLZ EITKB LT,
[ 10 CO, DERE. T 1 7 7 A )b

(4) 7 — Xk
TAX—ICLDRET — &% OFX M5
AET A 720, ELoE B COLMIER (LICOR
LI-7500) % &% i&E U [ARFELHBLII 21T > 7o, &
REKINTRT, EEEITE2TIT 2L
TWRWDS, WA X RBR 2R 2 b2 R LT
BY, FA X =T =X OLGHERKIEINT-,

Comparison of CO2 DIAL and LI-COR (20101210 Hino, Tokyo)

50D 4

a0 - # J1ALR 600
o | A
E * ﬁ
g 47 H I'h‘
2 a0 },‘n '
A .
£ /
= am .
EWWWWMMWWMWWiL——
o a3
o
e

am
400
1 14 0 21
Local Time [H]

11 Lol BIZRRE LT CO, Mg L 7 1
& — & ORI LBl R

5. LE7pFEFKmLE
(WFFeEA . WHIEo 4R e O IE4 12
(=S

Ueakams) GGt
(O Daisuke Sakaizawa, Chikao Nagasawa,
Tomohiro Nagai, Makoto Abo, Yasukuni Shibata,

Masahisa Nakazato, Development of a 1.6pm

differential absorption lidar with a quasi—
phase—matching optical parametric oscillator and
photon—counting detector for the vertical CO,
profile, A&t Appl. Opt., 48, 2009, 748-757.

k) GH3 9

OFfr 2, £ BAE, 280 B, BEHEMH
W5 1.6umDIAL (2 X 5 CO, $nE ARl
— BB & W RO EEl— . 2 58 [\
S AR BAfRE G 2 . 2011 (FPR)1 T




BRF) o

@) Chikao Nagasawa, Makoto Abo, Yasukuni
Shibata, Tomohiro Nagai, Tetsu Sakai, Makoto
Tsukamoto, Takayuki Honda, An advanced
ground-based 1.6pm DIAL for daytime
measurements of vertical CO, concentration
profiles in the atmosphere, AGU 2010 Fall
Meeting, 2010 CK[H).

® Makoto Abo, Chikao Nagasawa, Yasukuni
Shibata, Development of the 1.6um OPG/OPA
system wavelength—controlled precisely for CO,
DIAL, AGU 2010 Fall Meeting, 2010 CK[H]).
@zH FIR, 8 BA, BH FH, B B
AL BIfR B OZEH RS, CERIRERERE Y
AAPE 1.6um ##F DIAL MEARHE SO
PEREREAM, A AKG 2 2010 FEEKTFRE,
2010 (U#E7T LH),

OFEE B4, Ptk =, 22H R, xIEF
Ja, HHE BN M B BEAR B EH &

Sakaizawa, Development of ground—based DIAL
techniques for high Accurate Measurements of
CO, concentration profiles in the atmosphere,
AGU 2009 Fall Meeting, 2009 CK[E]).

OzkH FIA, T8 BA, BH H, B B
AL BeIfR L ERARER FEENE Sy An I E
1.6um #7 DIAL ZAZH O, HARR TS
2009 FEFKZFERZ, 2009 (77 v A4RE[),

@ Chikao Nagasawa, Makoto Abo, Yasukuni
Shibata, Tomohiro Nagai, Masahisa Nakazato,
Tetsu Sakai, Makoto Tsukamoto, Daisuke
Sakaizawa, Development of a 1.6um differential
(@dChikao Nagasawa, Daisuke Sakaizawa, Makoto
Abo, Yasukuni Shibata, Tomohiro Nagai,
Masahisa Nakazato, Tetsu. Sakai, Measurement
of the vertical CO, profile using 1.6pym DIAL,
24th ILRC, 2008 CK[H).

(®Daisuke Sakaizawa, Chikao Nagasawa,
Makoto Abo, Yasukuni Shibata, Tomohiro

13, CO, ISR IE P ATBI A IR MR T A & —
DRFE (2). BARKEFE 2010 FEKFR
2. 2010 OEET L4),

©Z8H T, A BA, B A Bk H
1.6um CO,~DIAL HI[E A AR s o MEREREALL
2010 4EFKF 55 71 18] S B AE Al
2. 2010 (RIGKT),

OEE B4, Ptk 2, LW R, &It &
Ja, HHE BN M B BEAR B EHE &
7. 1.6um-OPG/OPA L —+#—|(2 X% CO,
-DIAL, 2010 4FK7F % 71 [0 ST
PANEETZ, 2010 (R R

(® Chikao Nagasawa, Makoto Abo, Yasukuni
Shibata, Tomohiro Nagai, Masahisa Nakazato,
Tetsu Sakai, Makoto Tsukamoto, Development
of a 1.6um DIAL for nighttime and daytime
measurements of vertical CO, profiles in the
atmosphere, 25th International Laser Radar
Conference (ILRC), 2010 (2 > 7).
®Yasukuni Shibata, Chikao Nagasawa, Makoto
Abo, QPM-OPG based high power 1.6 pym laser
transmitter for CO,~DIAL, 25th ILRC, 2010 (=
7).

(0 Chikao Nagasawa, Makoto Abo, Yasukuni
Shibata, Tomohiro Nagai, Masahisa Nakazato,
Tetsu Sakai, Makoto Tsukamoto, Daisuke
Sakaizawa, Development of a ground-based
differential absorption lidar for high accurate
measurements of vertical CO, concentration
profiles, European Geosciences Union General
Assembly 2010, 2010 (A—A K~ U 7).

OZEH FRA, K B4, MR 2, &I H
Jis. EEEIE SO 1.6umCO,DIAL |2 X 5 B
MBI ORET, 2010 252 4 57 [@] S
HPRIfRE AT, 2010 CRYERT),

(2 Chikao Nagasawa, Makoto Abo, Yasukuni
Shibata, Tomohiro Nagai, Masahisa Nakazato,
Tetsu Sakai, Makoto Tsukamoto, Daisuke

Nagai, Development of a 1.6pm CO, DIAL
transmitter using the QPM-OPO, 24th
ILRC, 2008 CK[H).

6. HFFERHAK

(OWFgERFRE
Kk )i (NAGAI Tomohiro)
[RBITRGMICHT - [ E - Bl AT
LTRIEER « LR E
WFotE S 30343891

QWgE s
E# #H4 (NAGASAWA Chikao)
HERFHIL « AT DT WA AR - B
WFoEE T - 80145664

() EHHEEMF T
WH #7 (SAKAI Tetsu)
R[REITRBWRTT - KR - Bl AT
LHFFEER « FARAFSEE
9835 : 00377988

fifff = (ABO Makoto)
BERFHIL « AT LT WA UHFGERL - %
WFgeE 5 1 20167951

4eH I (SHIBATA Yasukuni)
YEIFEH « & AT LT WA V%R - B
WP 10305419

DTt i
R E/A (NAKAZATO Masahisa)
RRIT - BN - FAEHANENE
(H20—H22.8 ##ERF 424 )



