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A 500 2 large liguid scintillation detector
for neutron capture cross section measurements

Motoharu MIZUMOTC, Masayeshi SUGIMOTO and Tokio SHOJI

Department of Physics,
Tokai Research Establishment, JAERI

{Received October 22, 1984)

A large Tiquid scintillation detector has been constructed for
the purpose of measuring neutron capture cross sections. The detector
is installed at a 55 m time-of-flight station at the JAERI electron
Tinear accelerator. The detector tank is filled with 500 £
scintillator liquid (NE224) and 20 1 tri-methylborate. The tank is
optically separated into halves by thin aluminized mylar sc that
background counts are reduced by operating the two halves of the tank
in coincidence. The gamma pulse height resolution is found to be 24 %
(FWHM) for 2.5 MeV sum peak of Co-60 scurce and the overall time
resolution is 4.3 ns (FWHM).

The gamma-ray response function of the detector was investigated
in order to determine the efficiency in either its coincidence or
nen-coincidence operation. Comparison was made between the observed
pulse height distributions and calculations with a new Monte-Carlo
code for various gamma-ray sources and neutron capture gamma-rays.

| This report will describe the characteristic of the detector and
the preliminary experiments for demonstrating the detector

performance.

Keywords: Liguid Scintillation Detector, Neutron Capture Cross Section
tlectron Linear Accelerator, Time-of-flight Spectrometer

Resolution, Efficiency
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E—Ensh, oo RUBESENTOLEREVEY, Table 1 KENTRDELS
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REMARMOP ST THERH SN T ARENERBRE Y v F L — ¥ a YREFORBEE
Table 2 FCH?@‘ESD)

— i PR AR R BB R SO NUIN SN EESHE L LT, (DS /NESREWT
& (Background counts 25, D5 &), QBRHESENAET T S, QG BOEREERS
BHET, ARGHTIA0FE—P, BEZEICL->TRECEDLNC E, WH VBNV
EDNRESENTOE I E, (THEQ), B EBBRICEELTHS,) DEEMHFiIZXds
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Table 2 HEDAR Y ¥ F L —¥ 2 VRitEGO K

K RETWEEON v FL-s—  EEHE

(&>
GA 4000 88 Decaline Yes
JAERI 3500 4 mixture
ORNL 3000 32 mixture Yes
ANL 1300 12 mixture
RPI 1100 10 mixture
KFK 800 12 NE—-224
JAERI 500 8 NE—-224 Yes
Harwell 270 12 NE-211 Yes
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Fig. 1 An example of neutron capture gamma-ray spectrum

(Groshev et al. 1968)
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NiE5B, Fig. 2¥ Intrinsic Efficiency ( AL W ¥~ BB EA CHDOETHRESF LM
HERAETHE ) ON V< HD 1 30 ¥—(KEEET T, KTIIROFEL 3EH 7 = 30,50,
100 em T2 & d 3PEEMNTANTVE, RILDHRE LFEniid, FRORVAS SR
gamtig L, YAXUBREBRLTON v 2@E LA 50T ML 25, L
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Fig. 2 Calculated intrinsic detector efficiencies for mono-

energetic gamma-rays (r: radius)
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Fig. 3 Schematic drawing of the 500 1 liquid scintiilation detector
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Fig. 4 Calculated intrinsic detector efficiencies as a function of inner
diameter length of central tube (Er: gamma-ray energy, t: thickness
of the central tube, r: radius of the tank)
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Y FL—F —DBEIF485LTHYD, ¥ vy EIcREICL 2BROCER NREEHET S
FBD Y F == BB ONTVE, COF Y IIREED VARV ERRY S HOHEN
HOAdehT OB, #v2 FHICHEDHA Ly SuTE, BOEARUNT ) v FDizHD b
DTHL, (HEAE BOOBEAHBRLTY v FL—F -—ORENFEERTEIDIC, T
WY HRICEBENT Y Y INTFEb AN, )7 BT RS EERETE b cm Ol ED
D TETH B, ¥ 7 ADED DI, WEPHTHS ¥V I AT E2OLROT o, K&
SIREE AR THY YT AT HERESNL0EMIET 5RO B.CACD TV =0 LR
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His ) #5#54.59/74, wave length schifter i3POPOP (Cp:HisN2Op, [1,4—Bis—

{ 2—{ 5—phenyloxazoiyl) } —benzen) #i~010g LDINETREAEN TS, Table
3TR YV FL—F - DFERESFINTO S,
Table 3 NE-—-224 OF#
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4. ®H 2 0 M

AR THEAIRRHERT 2 L7 b o =0 AABEREHCT, RIHEOBM 43~ 5 HBETT -
2o FRRITH, 00Co X OEMES v = @ERT U =T » 7 5FIE L EFEEER 0/, b
HFosErdBE T ar ¥ —B-FIC L BEBIBRR( H V=KD 2 &8 v syvic\RLTE
25, Ta(r Xn) RIGEE VS, MHETR &SI X0 Y ADEEMIZ L - T HE SN, BE
M E-F i ) oc E-0 ~ Tt DR T P AERT S, V=7 v 2 OEigid, EFTAV
- IZOMeV, SV ZENED 600 pps, +NVRT 20ns DEGETIT bR, F-4 Ok
i, 1 =EE#EFACOM U—-200KfELAZCAMAC Y2 7 a1 o0, ZORTH, BE
HSEES (200MHz ., 8Kch ) EEfEIS e, (Z/5ns, 8Kch—&., &/[50ns, 4Kch
—5) BHBL T 3,

4.1 MNILZANA M

MBSO 2V ¥ —SfEfer R L ® 57 &3, &tﬂﬁ&%iﬁ.' IRE M A BRI T B
THEETH D, TANF—SEEEORIEICE, Table 4, IGRENAEERELC hE T/
EROEHAV o,

Table 4 MRS NAT Y28

MRERURE | Avegrisd— TRV E — S EREE
(MeV) (%)
137 - 0662 43
50 117 ST
Co 1.25 (I_BBUJ%E::E 4 48
2.5 { FidmH o8- ) 24
22 Na 1.28
0511x2 (BETHRICLS 43
H R
2.3 (Hre—2) 25
H(n, 7) 9.2 26

- Fig. 8024 MAER BF A~ 7{1E (Channel Number) O ¥ =T ZF —
S BIREER L, '

BEL A egiEOMIT, Ny 775 v FEOPK(1L46MeV), Th C7 (26MeV)D2 &
DH V2B EB 6D SEETNT I, M OHTHBEL DI Na ( 3RDAY=#) *Co
(2ADA V2R ICLBY L E—7 TEHESL S—HEPRBCE0, Zhi3H v =0T 304 —
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Fig. 8 Detector energy calibration curve. The points correspond

to the peaks of the pulse height distributions,
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Fig. 9iC “Co#RFIC LBRIEFE »xw 7 2 5 ¥ FORERZRG . AERMIE 300 $TH
Zo 2HROH Y wHBE— i3 1L.25MeVIEE (117 & 1.33MeV) DHE—H ¥V =ilRT 25MeV
DH AL — IR EBEDTHB, Svy 77 Fihicid 1.4 6MeV( K ) & 2.6 1MeV{ThC")
DE—7PRAL, AERBEORBELT-BHARZ PAOELRE > TR ONICHDORNEHE
B TFig. 10TH 5, ( MPDBERTICABEEOAEE SICRERYT S ) LD 2 1LhEY ¥ 7
IO oA v F v AA Lo ED, FEO1WE a4 v v v REE LD TH D, F
bt 4 vy FYAAEDEESR 2RO H v 2@ EhEFhoy ¥ 7 O ERICFERICER &
BLEDE D, TANY M ADHEEORRZW L 4K -T05, ®*NaitB7 5 BEHRO K%
Fig. 1LiCRd, COFKDIBE 128 Me VORI A Y <ol BEFHEICHS0511MeV D
QEDH VT EARET B DART VB LI DEBEE LB,

Fig. 12 HHIES N i E—DREE T VYB3V F-DTHROLEEL-TT 0y
FL7-SDTdH D, = alF— SRERGAUNICE, v Y FLr— —RNTH Y RITIDRET
LZOFEFEBMOKTEEHICREL ( HROEHBID— ) KOBE[B N vV wEE 2LF
—EAREBIT B, Fig. 12thicdk HEMIT, 5845 (FWHM )% = 35/VE, (MeV)T#HDY
CENTESE, (K1 AEr=083D%°Co k1.0 DY NaiZ#H ¥ ~HAFNNES-> TV E
B TOERED—HHSLL BV LOBERIBREEORGORE Y Y FL—va vy 7Tl
-T,“CowﬁAE~9(2@@V>T&ﬁ¢é&ﬂ?@%$maﬁc
(JAERI 24%. ANL 26%, KFK 18%. GA 26%, ORNL 28%)
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Fig. 9 Pulse height distributions of Co-60. The lower curve
shows ambient background.
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Fig. 10 Pulse height distributions of Co-60. The upper curve shows
non-coincidence spectrum. The lower curve shows the
coincidence spectrum. The uncertainties are maily due

to the background subtraction and dead time correction.
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Fig. 11 Pulse height distributions of Na-22. The upper curve shows
non-coincidence spectrum. The Tower curve shows the
coincidence spectrum. The uncertainties are mainly due to

the background subtraction and dead time correction.

- T I T
a2
=
=
60

b Co

501 g .
= Na
o @] 137,
= 22 Cs
= N\?
O
[¥p]
L)
= 80cy &~—H(n.r)
=
{2 ]
@
—
L ! ] !

1/AEy (MeV)

Fig. 12 The detector energy resolution as a function of 1//E;} where
EY is the gamma-ray energqy.
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4.2 BRRISARRE

D=7 w2 ARRFREELBETE, TOFEKL-THlFLivdy ~2HRET 570D,
B2 OB NREELR LSS A LHFERECEETH H, CORWEERESTBHDLELT,
Dy vFr—7 — QEONROREERER (26 ns ), Q) XOFEABFRORLS DX LB ES O
B LS 0 (CEAEHR 1.5 DAt 7z, 50 cmi@iB T 2RI~ 2.5 ns ), BEEFHEEEOH
(D 3.4ns ), WEIBZROESUEERE ( ECLETOY BV 2ns) T2 EFET
EmtikB. A =4 — VOB R EEE ©° Co IBRIR ( CORIRIEEIR (073 pelit 2 AD A=
RERB) ET52F 2y FL—FBNBEFERLTFA N LI, COERTIZFig.13
RLTREI, T92F 0 0 v v FL—8%55 v 7hREHET L, HLSNI2KDH /< HD
SHIRDBT IR F o /RSB LDBREEN, BEY Y FL -5 v 7 RORMBECERMRS
—MMEEELTEGH, Y IDODES( Ay TES) OBRENSSDEFSEE SN, 7
FRF oy 7N ERET LB 136 ns O PilotUTEM 7+ b =7 280 3" ¢ OB TIE
EE (R320—01) BRO M N T3, FAbMFiEFast Amplifier (ORTEC934)
& Constant Fraction Discriminator (ORTEC 473A ) &R0z, X4 — FEB0DE
L LDER ALy TESOINEEELTERT A LKL, Fig, 14ICRIESNIL
ER <Y P LERT. BEQUDAB0MIZ 43 ns Th Y, BAEOEEDY v 7 LKt 5 &
PTo@ELTHDH, (JAERI 43ns, KFK 3ns, RPI~30ns, ANL 3~4ns ORNL~

6ns )(3)

4.3 pHETRE

RE LAWY YT b ol ILL > TRESHZH v <R EEIRFICEELIC X 2 i T & i
BOP~A-TL B, BFFOBEMEEE LTHHAShBIEROPETFRIBRELICE 5K
BT, BELWEREY, BENEEOICME L REVOSEETH S, (FIAR Fed 2770
keVOIBOBE, FHTM 1420 e Vi LT MM 340 1eVTHS,) £DRBHH
o FEE RS (10T ) /hE 0 EBEE L, TR L 2FEER, %ic
AT HBPORRIC L SHEDM, FROAN) T (T I=0L) PATEROE( ATV
VAL BIHEN V=B ELOND,

AT keVRIBOTH FRELAET 240, 4070t LTREAEHERIEZITEDN
W, S 74 b (RE D OBHELBE L, Ny 7 77 v FRIEBICRIET 7owic, ik
Fr—ath (thET -5 P2 o~8mOE ) ITE, Ti=vs( 42mm) &€&EF b+ Y
GA{Bmm IDNYy Z T F VT 4T —REBEO, TNLDT 4 05 —DIEBITESTOF 2
o PHICR 545 90, 35, 2.8 keVIFEDA T ¥ b ONLABSEHEICN I T 0D
Y RERETSCEHNHFE, HICEALDAD T AN F —FIETOHBEPHTRILICLES D
Thb, AFLI-THFORBIEIEI2mDUET (¥ v 2%552m ) °Li 77 2 MHZCH|
TExNt, TOEETHRBEOSIEIIMonte-Carlo it L THBEZHAT ég}ﬁﬁﬁyﬁﬁtﬂ&%ﬁ
HEOFME462b (Ea=15keV), 459b(E,=30keV) 2RV AT &iT & » THELS
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Fig. 13 Schematic drawing of the time resoluticn experiment
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- Fig. 14 The time resolution of the tank.
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NlcethEkFoO I 5V DBHEESE LTRMEINIHEHL CEDBHES, Fig 151,
ROLX - N AR BHE S e OREED LP'@%@%B%@J:I:&%%?‘; a2 OEDEENK
ENDOREHBAATRVOE, PHETFHEBERDT + 27 Y 35—V a ¥ URURTOHED
FCIRENREV L LITL B, CORER, 74 Y YFYRE- FRESTHLEL, #v 7
=2HHIICR20mmEDB,CHE##HHL TV 3,
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Fig. 15 A comparison of neutron sensitivities as a function of
neutron energy for varicus capture tanks {Gayther and Thom,
1982). Large uncertainty of the JAERI detector is due to

insufficient counting statistics.

44 BESUTEARY ML

BEEAEAET NES IO v 2Fid, BBl ARICBE 3 ~ 5 ADER I S,
ZOTRNF—ARY FidFig, 1 OFICIE- T d, BEENICE, BERBS VIBESKE L,
HEOe2r 2 v F— (HHFREEST ALF -+ AFPEFT 2 08— ) BBHEATRICERE
nhig, RAIEARY b ®Co® 25MeV P #*Na D 2.3 Me VIR S 1487 ( Fig.10, Fig.
1) 1RDY L= 7R E3FTH B, L LEBOH Vv RERs v 7E RIEE @
BALTLED O, dRODPUEFEEONSCKIET O, XBTHrI=T LD/ THTT
FNF—ELSEDEERH L, TOHOH ROV AN B 2T AR HEANGITS
ISR E 2EE D,

Fig. 16 2 1 mm®O&EY »& v (Ta) (EEHT 2 VvF—6.06MeV) oD 7Y <35
WS v 7B TER LI OO TH S, HETRPHET T 20 F— 1 ke VA OE  DILIBHE
NP DAY =fRRARY P ads, BEY - MESFITELNTVE, /Yy 275 v FiHRON
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WO ERCTHEIZLINWTSH S, 200ch i itRohd Ay ¥ 2 O@&Y ENE, K
EOWHEN V<R 2.2MeVIL L 3 5D TH B, Kth 60 ch LITF D B S El LO 8T
ERICELATHE Y, Fig. 17TEA FI94(Cd) T 3F#EOMTH S, Cdiz 8 2 OfF
PICEISCE-TED, FERTAVF-55.8MeVAD 04MeV EELELTHY, A7 b
KhdEohic 200BKALNE (~550ch (6.5 MeVITE ) &800ch( 9MeVIlifE) Do
INLDANRT by, AIELOREEEMEEZERLDETRLES, Fig. 18X,
TaH v 7 UVREORICY v 7 ERD 4 Vv F YR ER-Tit-hbDTHLE, BHPSHL
MR K BIT LB 22MeVOH v =B IAFEITDIEL{ TS, ( ZOKIEZFig 16 £E W
U TR —ATEPNTONAL LCEE ), A Fig 19334 ¥ Frazlod, XY
YFNEDDOBCORRAGIEILIEDTHB, 22MeVH ¥ viRIIFEIEF LML D,
i TR EEA TS A TO FAIEDIEE, CHEIRLAET VEARY Fdoh, f
I - TE-EROAE LS AZNENS L, BEORETAB.COARERVT, ¥
YOO T 24 v F 25l s bOERA (FIAEFig 18 )5, XA VIHLA
NEFE-IMe VT B (Discrimination) 2720, TALEO S ARSI M VCHEYM TS
HROAHELET 5,
RENEROEMEEEE DT, BHETHESNEGF + 27 ) LR LOBEROLE
Wt AEE (BREEE ) 2 FREEH ML S0l o B0, CORDITE, BLA e ERO%E
ERHED, MNBOBECH v o ied T 2 IEEMHE RO ZLESBH L, BEETYFH D
BRI CIERGHENTELNE, LEL—ATHE, PEZLLOEE) S OREL V=
WA~ plE, ARhHTOz 2 vt L TaE o LT EDBHo TS, TD
AP A MERIT-TE, Saturated resonance "&(2]@4:ﬁ i, & AEEOREF T AF—
<, BEFEBE (AL Li(n ) 2B (n, or )OMAEET T oLOHETHER
CHREENTVAE LD ) ETE L &iIck-» T, MIHSBENREARNE, TOMD T 21+
—EEIC L DEAEH L THREMBEEEELLD,
REEOHEEAAET A8, BRELVERET S, #IAE S (PREFRS T 20 F—
7.643MeV ) D ke VD RHETFRBLO MBS NG A Y <R <7 M TR, @0z 208 -
DS IEEICE L, Fig. 2013 *Fe D L1 keVholilaNic A v=Eaf v 7V A
E-FTHIELA BDTH b, TaDR LK TZLHEHS L, A7 PAVRENHENT HTED
73 MeVIEEEIC S EADMRRONE, X, COoOBRAISNICARS Mg, HIBTEIGE -
BHA T, POTHASE 1.15keVORIBTI, £AK1 2D THANEhME-FIIT, I5elh
AT, BN DE, MEBEREEHME,SB SN O LDORIITAELEY (~20%)
DBHELTETHIONT A, 2LT. REKZFOREMPASHICEIATE LT, SEOHHRAT
DRIFER, BEHORBPSEINCITEONTO S, HEIOFR—BR T Y =RAXT DL
AUE—FHREVTEKER LT E3DTREVNEZELSNT N 5,
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Fig. 16 Pulse height distribution of the neutron capture gamma-rays

of Ta obtained with non-coincidence mode.

|IFI['IT[IIEIII[IIFIIFIIIII[\III'V_T lf[fflll!]]r]

Pulse Height Spectrum |

Cd

T VT
e tyld

|

F—
N W osormd)y, M ow

COUNTS PER CHANNEL
Sy

13
ik ]
3 Br=5.77,6.15,6.54 '
7t

. 6.98,3.04,9.40 Mev

i

gl

s

3_

2k

]_f:f | PRI AR T S U (R N T T (N T TS T S T S T N S 0 0 A S W B B

100 200 300 400 &S00 600 700 8GO S0C 1000
CHANNEL NUMBER

Fig. 17 Pulse height distribution of the neutron capture gamma-rays

of Cd obtained with non-coincidence mode,
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Fig. 18 Pulse height distribution of the neutron capture gamma-rays

of Ta obtained with coincidence mode.
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Fig. 19 Pulse height distribution of the neutron capture gamma-rays
of Ta obtained with non-coincidence mode. The inner B,C
tube was removed.
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45 TOFRRI ML

kY v F U=y s RESBEERT BRI, Time—of —flight X7 MLERIET
BLEE T, WENEEOPEF T A F —(RIFEERN S ETHE, Fig 21T TOF
RFO—FIET T AOSNEEY v 7vid, SHEEERE LTHohs4 (05mm) Th D,
Bt 7 o ¥ % VBT IR THHT 20 F —REC 55, 1500 F 4 ¥ R iTHDIHH
DT HR, THFE—LF74 VBREBASNEEEF MV 207448~ (8mm) LD
28 ke VEBIRERL TN S, LOILRAF—HTOHMB Ny 775V FICkB (DTSN
DEEME CEN KB, T, 450F 4 Y ALED BT RV F—HO 27 Pobic RSN
B, WYY 7 3y VAT BLHDPY 7 4 45— (9mm) DHBL L BLEDTH 5,
RSN =Ty 7 OEEEFE T 20 F—110MeV, 8OEL 300pps +* A1 30ns
M- B ITLATES » 720 BREIMIED 1 F v+ ¥ 500, 00A MR 50ns, ALEERIZ 174

BT 5 5.
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5. ErvFAhAREICEALEHEKOHE

B TR A S SR OB N TR E B LT, Saturated resonance &S M
Mg, HEREES L DI IBHBORNSRLFM T 2 408N H 6 T L EBIKE~T, &
DOETIZ. BREEBOESHEM (Response function) #itBET 27077 ¢ PHORES)(S’S’
Hiof-stEgE R L EE S O 20 TR~ S,

LTy 5 LT, MBS VI OlE (Fig.5 )%, vyYFL -5 - OFE (Table 3)
Z##F L TMonte CarloEdHAVATELEITS Y, BEBERATON ¥ < HOREP, YU FL
—va YOREOETAEET S, Fig 22 KHEDOHIRART, BEINTVWEDHE, =
ik ZNEHE, o v T YHE. HEREEOBETFAD T A NF—(THORE, RIHGET
DRI, HEIC LD V< HBOBEEOHE, SoEFOEHCLE Y Y FLr—vas YOREE
RUOEBOBETOLDORFER, REBRCAETELBICL ZABEF DEBEEFTL 5,

Schematic diagram of PHORES (PHOton RESpose)

1 Input parameters:
Control for calculation
Tank geometry
Characteristics of scintillator
Photon cross sections (built-in)
Nuclear parameters for cascade process

2 Gamma-ray cascade:
Calculation of level populations
E1: Brink-Axel  M1,E2,M2: Single particle
Level density: Composite formula

3  Initial condition:
Number of emitted gamma-rays and their energies
Direction of emmited gamma-rays

4 Interaction of gamma-rays and Tight emmission
Position of interaction or Teakage probability
Energy transfer to electrons
Photo-electric interaction
Compton scattering
Pair production
Light emmission
Direction and energy of scattered gamma-ray
Coincidence or non-coincidence probability

5 Qutput of statistics:
Gamma-ray response function

Efficiency
Spectra of coincidence and non-coincidence

Fig. 22 Main functions of a Monte Carlo program (PHORES)
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Fig.23 TR "*"Cs RU Co AR L D2EENHOREM (£, Fig 10LALsD ) &
HERBORBERYT, TRAAVF—DRE( -7 OEH D ) 3ERE (Fig. 10) £BE TR,
VYT —F ~HNTOROBREERDHETHEEOETEBRYEDO 54— —2F{AHTLH &
E-TELND, HEBEIERELDOLBLOBELLTVEILENT S,

it FAEI L - TSN A H V= BOSVAEBESHEHEST 2BICE, LdoBE—=R0
REAOK v=iRiddT 29MFERMAT, #v<ROBHA <7 b vEFEEEEL SoE
oo, hik PO L - THRRENESEK (VYT ARI 1 HOmE T2 A E
EFE) ik, B iarF—(6~8MeV)REENTNE, CORELOHER 4~bKDT Y < #
EHELEHEDS, BRI A NF—REAEH L TEERENEBEITT S, COBBBINLA
Vo BILEES eR ST B E ST A LR D, CDERN Y  RISE A
HAROT, SRS Y ~HREENONEARANTH L EiICL» TEHREN S, REHDERFHET
HHIcLA2H 25— FEFABEAHSN. (E1EHEBrink Axel B, M1, E2, M2 &
Bl R TFEBON v v HEEEMESHR SN T B, ) MY v RO BRERPER
BB OA TV L EDIE PO TENLOEAERHT A2 &L bR S,

Fig. 24 T "' Ta D ke VIABOHHFIC L » THHE SNV RESAHOERE (+1E)
LHEM (O ) OREATRY, LORIETE I v FrAit- FEELONTEL, HEE
230000 R MY —DERMFEHENS, B AV —HZROTHEO-FRBFEETNE
KDTH B, HEEEELZDPDTime—of —Flight BIETR, ~SVRABESICH LT+ 27 Y
3=V avEPGBRLERL ST, HYy<BL i F—3MeV~ 12MeV(~350 F + ¥ RV
P 0BESOASBEBEINE, RESOVERZI AV vBhdB e+ o ivy—&
ETHEESN A Ny~ OBITHET 5,
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6. B H O T

EHY =7« 2T, hETHENDEAED/HITE00 LEEY YFL—Y 3 YEREEHE
RS, RITRHIEEZROTOmBENMETHHAIN TV 5, BHEREEZ«OEHRBEHR
TL, Hv=FravE- R RURMOMBIEC b KAD THEERRET 2 L LD HLD LR
7o

FRIBBON VI K 2B ETE LRSI RL ERICHET 500 LV ES
077 A Esh, EREHKI N, WY TiRIE, KU Ta OWEN /<A <~ 2
P EDUBOERTEIZO—HUBIETRELDTHSL, SERESOETHEEMICHT 20E
LHBEEZHEITL, BEORWEEHEMROMBERDTHITETH 5,

MNBABET BIChHich, 2LOBRLBELXEN T, MiNYHE 2 gEE AdhShEt
BUHEZEOERE, F-AERBLASAV A OENERERE ) =7 v 78R 7 Vv—70
HRIGESRBHR L T4, RESEREORERIGAFTEKK CiITEbi i,
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6. ¥ b H T

FHFY =7 v 7 T3, U FREEERRAEORLHICE00 LAY Y F L — ¥ 3 Y RH A
fraf, RITRREEBOCHEmBENETCHAS N T 5, RINBREEE 2 OBHRBZ K
TL, Hry=@Rrznd—}RERUMBENMRIES b ICRD BRIELRET 3 L EPRLD LR
7o

LARMBEOLT Vv BICK SEEA ML E LRI RE LRCHmT 272008 Lt &Y
077 AhBEESN, EREHESNI, VDAY TRIE KU Ta OWEN ¥ <2 <7
b EDHB DR TREO—BRBRETESDTHS, SEBEOHTIFEEMIZNT 5 HlE
ESTEEFTL, BEORVCHBE BROMARD TOCFETSH 5,

& #

BREBEZEUET 2IKH- D, E{OERNESETHEV, §iNDESE2TEEE OdrstEt
NUMFRZA08EE, FHAERKEBLARDO L OINESEEEE ) =7 v 7B/ Vv—70
FARICECERBHE LTS, BEBAEORERBHEXET LZEKK TiTiibit,
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