Experimental Observation of Cyclotron
Superradiance from an Intense Relativistic
Electron Beam
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3 WRAR

3.1 [IU®IC

3.1.1 Y45 0bharBis

KBEAMNREOETE — L (ntense Relativistic Electron Beam L{$% IREB & B&
T.) &, BFOEEBIXILF -2t RILF— (0.51 MeV) EFEBREHDWN
BENLULT, ERVBPVDN1IKAZBIZETE—LOIEEEDS, NIVAEIR
10ns 58100 ns THD, HARFH T M5 FS5UY MIET S, ZD&S
72IREB T, $NWE—LDLSICHERTELTRODES ZENTET, RNED
B - MBOEREZFRL 2 TIER5RN,

ZOIREBZ AW KBEERERE L T, S HEHETFL —F—* Virca-
tor(Virtual Cathode Oscillator) &\ o7, IREB Of#EEN L2 AR EHkIC, B
FHAr7obhal A—H¥—, Frlb a7 A—F—, EMBEHISAIAO,
HANBRERESED, ROV 1 7 OHEERRD IREBREROHNNVEAICHE
TNTNS, INSOWRETIE, EFE—LOSDERERNZIOBIEIC, —
BEICIIEFE—LZEBEE (%) CRRLTEE. LML, BAIREZRST, W
BFE—LN50BE/ IV AD X DBRNRS OFREMEAER I N, BNELSFE
5NTW3 [1]-[5] ZOFLLWHRGHEEIL BRERWVERRNSOBTFERDO2E
DREKFHEZF OERFERFATHD, BTV PO XAFFTASNTNS
Dicke DB (superradiance) W& & OFLHED 5, TBHSF 1 LBMMTFohiz. #H
LWYEBBERTH BN OMER, BHETL —PF—2HIIBWTE, HR-X
BEICBATHS. LML, IREBZHWEBHHIZETT 287%%1E, N. S. Ginzburg
ZIZE-o TERVITHRLRFENRBINTWRIZHMND ST, ERIZZOHN
DIz [6]-8l. ZOEHO—DI, BRHEEHTEIBENNNAKBEETE -
LAEDHDDERNEL NI EICH S, IREBEZANEZEBRNORBRTIE, #
REBRELVEWVWSNIAEDIREB 24K L2 TRA SN, EENITIE, #B
EHEEI ImBETHIN S, /VAEL s (E—ALE30cm) BENEREIND.
Ginzburg ZOEDRNWERFITIZ, EBEO/NUELIZED E—LDE/NIVALZESE
LTWBAR, ZOAETIRAERLIZEL S E—LERBEETHS. ZOXIRR



BRTENT AT —ATIEHZN, BREVERIBESNTNDS,

3.1.2 XWROBHM

EHERTIX, RLHWHBEICHERL-, SEHMEEZFALZBE/IVAKEE
HMRHNETE—LE2AVE. Z0FRIE, BRT3L5ICIREBOECEBOR
BEENL, BMERFETE-LBEHMETEENAETHS. COXRBZHN
T, BREREESE W60cm) KDEWVWNVIIVAE10ns (E—L&K3m) OE—
LEBEBELIDEWI s (F—LAE30 ) ODOOE—LEHANT, BREBREK
DEAETo 7.

BREOAFRE, vrr7obo AR, FobrarvhaR, REFESREN
REINTWVSY, FHRBORREFEFEBEOEHE2ERL T, bo L bfiiER
BETHZHr70buARERVBZECLE. ZOFRTIE, BARRKED
MIFSNEBEERICBE/NVVAIREB 2ailic 82 Z E TRRAMNERTE S.
FOBRORBLREIFEIINIE, C—L0REELIEFET— FOREEZ K
IR/BZETHD., ERE—L %A Cyclotron AutoResonance Maser(CARM)
DEBEEFMUTHS. AFETIX, E—LEORZZ DO IREB M5 DERBMK
HOBREBELT, 170 0 BHFOERIRIEEZENEL, FLNERN
BATICIIBE AR A TIT W RN,

DB, REFEBRBICIIBII SN THAVWY 70 o B ZRIE
T50ic, ZBREBHINEERZHWT/VULAEL ns OBE/VVZ IREB 245 L,
BHRAITHRENEEZ SN TWAUTOESH2EBRNICHLNI TSI ETH S,

1. E—L B EBRHHEROBG - LABREEELVFREN I EABESR
HLEZIONS.

2. FUREIRE & RN EREGRE OB —REITR S S CHKBIRAICHERT
BT ENFEINS.

3. E—LEREEKHEREAREORA—AREIEREORTHERTSIL
PR END,

EREREZRRTBL &, LEENL, 2ELTIEEMCZERSMITE
FEEZTHSEN, BR3ICEL TIIREICIIRERMELELT S,



3.2 KHEEFE—ADZEREMMEICELSE/VILRL

3.2.1 BE/NNAKXKEERFE—AOER—SEBEMMEDRE

IREB ORAEICIE, YW AMEEEREERBE /I ABEHRRBRNSRD5NDD
BNVANNT —RAEEBEE N, BN BEICHmL 2B REIC/EEZEZAMN
THHRN—BJNTH S, FOB, BHIN-GREBNECGHRS ® TERRES
IR ENS, HAR 1 GW2BAK TWICET 3500550, ERiI/NBEORE
BTHHEDIC—EOMRBEETHD. ZOFRIL, HTRMER—FH, BB >
E— 2 OREMNEAMEBEICRBRL, E—L0TXNF—ENVEOHI
RDBELRN, T2, NWIVANT-REEB TR, BEEERDEBREEZEAS
&, MEBOEREZEERIEIRZST, KER - ENNVAOEDOBEA L E—F >
24k, —ETFATEBO/NEULOBEF L FET 2. HENICZOEBTESNS
IREB O&M# - BEMZBERIZTRNF—NEKX 10 MeV, 7L ZAIEIZE/N 10 ns
BELEXONS, 0 IREBREAFEE LT, FHEREMNELRSEF N IREBR
EHFRENDVERNEATNS., Zh50ERIT, E—A0HIRBWA, BERIC
B ‘g%fﬂﬁ?&éo
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KO TE—LRBEICHEHMLTLUE D, TCT, BHEHSAS0ICHARES
EZMT5. ERITIZO0OSTHS 1 TUALOBENKRETHS., 23 L TREANFE
ZA50NTH, BEWHOMRIIELESMOBR LH->TERS, M, AEEANTS
Nr-BEMNS, BHEINEBEEIEEZARBICAHEIN, G L TE7% IREB OWHE
DEMEEZ D, ABHFHORHTH S IREBIZ, BHixhA=ERIcHL TEDOHRD
HREOEMERFD. DXV, M31ITRTEIREMITROTVS, ZDL3R
KA FTIX, BREBEEOBETHE IREB OESH TR F—0—HIZBHOTX
WF—&i20, BTFOFOEBTRINE—IITN3, BhsEHREGEBPOE—A
DBENEEZD, BE XTI TE,

vy = c(l - 72)1/2, (3.1
DEFERH B, T TclIAFEEERT. BELCBRBERSIBHINTHS, Bl
DEME ¢ TRT E, FBOT <l v 13,
ep.

mc?
EREIND. m, e IBTFOHRE, EFTH3. TXNF—-HREHHIS, BRFOD
E—ABME ¢ &T5E, UTORBEREMNS,

o =1 — (3.2)

my — ) & = —edy (3.3)

ZO5LT, E-LEELBNOBGENKRES, —F, E—L8AMIE, E-LDET
BENZRWNE, BRLETFE-L2ERCEVARBTELLT,

b = _eNm, In (E) (3.4)

€0 Tb

EREIND, CZTREZDFERTHD, TNOHOANSEE r, DFEE—A
2, ¥BROMBABTE2EWMT 5, BRI &~y 3T2bbE— LB ¢ DBIRIX
UToXTEHREINS,

dreome® (v — )1 —y~2)1/2
e

ZORD, BREYETSTIZLZON, K3.2TH5. BRIAVNEIVEE, y=v
T, E—ARBEBETHEIN-EE TERT 5. BRMEATIT <RI, BC
BRICEXVEEOEBMANTAD, ETFRHEINSD, ZOBMAMEEMLKIO TR
NIT IREB WMl R ATREIC /2 5 BB TE D, ERICIIZORIICERFIERER
DOBRKXENENS. A, IREB OGRS ZHIBRFIRERTS 5.

I = (3.5)
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3.2: E—LDA < EBROBK. EBRNADBNWEZFFZE-LBZZIZAHFOT
FINF—ITHIET B v TERT 24, ERAMWR B IHNEHTRINF—IZ TS,

LR D IREB OEHIL, ERARICARS, E-LABLGHERBORTRES,
E—ABREIURS, GRESBENAVWIZE IREBOEBAMIZTHS., ZhEFAL
T, GRPICEBOBZRBMIIKEL TS L IREBIIR#EINS., BEMETIZZ
NZERIRAT 3.

1970 £RICKE &V #E T IREB O BEE (autoacceleration) ZSEIE X7z [9)-
[12]. BEINEZERTS-0I1IC1E, M3.3ICRT LI EREBICE vy 7E2ML
FEMZBRERET S, RIFERREZLEDIZ, BRZCRESRBOBAIZLD IREB
BEEZNS (M3.4). OB, BESOITXINF—ZF vy TRIOERE &2 0 2R
T3, BEINAE—L2BTRZOEIEERERTRICBH L, #BHEOE—
LR E>THF vy FICIIBEEBENE U 5. Fvy TRICE U ZERIIEFRNZ
E L TEHRINAZRARIGEL, EBRRELRHNTS. RELZEBIIF vy
TIEh o Ta#T 3, vy THICR- - &E, BENSRELAZERIE—LE
FIeNLUTEER LR, DUBEOE—-LBTFENET S, BEORMIIERZX
HETHEMTIRMT, FiEm ARMIChEs TETIIMEEI NS, IREBIIHEE
MFIHERZDOT, BREZE-LED1I/4CRETSH &, E—Lai¥EAREZ
SZITEB TR F-NERBOIRINF—ICERIN, TANEFEN L THREK
KERITEEINDHR, BEHIMEEIND LIRS,

Fry THICENEER, E—LABREEERA D E—F L AOHTERINS,
i, E—L0BEK (E—L2BRELFAL) NEREEZOMZERNS L
EEZZNEIBSICHON S, UL OREICEN Y —AOEEIZMNEEZZITTHIRE
BhoRN., ZOMBRHETIE, MEINAEFITFIEEL TSI EICHER
Iz, FERCE, 1BROEBMERKITTREREIN TS, BEMNERI,
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X 3.3: AEINEESE, SVAELOE—AICHLT, BE ne/4 (cl3HH) O
ERERET S,

E—LAETOHENNHRIEL, BRLWECER 2D LS IREB OFEERRIC
ENRLEE—LEBOAEETH S,

R4 OHEETIE, MEINEBEROE—LICHBMEEZEDETZET, B
BT RN F—E/VADIREB MO Y, LEEBMIGESRERRL(13]. K
35 ICEEEUINHEOEEKERT.

1B ECHBMEERZIAE—A1L, E—LAREENES TR -8, &
RIHFIEBDOR > T RN F—2BTNS, BEEO/OUVAEIE, 1BREARE
DEJTRH>TND, £ZT, 1BREOESOESOEREROLIC1IBREDT
HicRBET 2., 2BEEBVRITIEZBOr—LABL2ERZEZXS, £7, E—L0%
HE 1/4 1 3= D0 EFR T EREEZT 5. TNREIEHELS 1/40WAMNI1ERBT
B, 2BRETHEEZSZTS. 1 BRETHEEZZIEE—LBEROED T
DT 2BRETREHEENS, £F, F—ABBEH1/4N1BEE2BRETMH
HEZITE, BOYMEINABHIIHE —LED 1/41272o TS, HOZERT
BEZEBROA VE—F I ANEL B> TWT, F—ABRIIMREEENDDT, &
ZEFRTOIRINF—HBKRE BOHE BELVEEZILSND,

IS, BCBLMEINABMCEEL, —BREUBROZEREIZEREET
BICENOEIRRET 2L, BRNCnBOABMEICELD, BHMES N
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> TARERNIWHE
ZRAERNSRLARTE
® WE-—> BB O HW

¥y THICRELUATEME— ROR
CLUYZRAOHER L RIBHMNT 5.

BRAAKEZROERETRETILEE
BRUMETHRSHEFRORBIN
T35,

5 & £y v THTIIREE BBORM M
> = (- -
_JQTQT 2 ® ® EMETES CRHEMECY., SEIIH
< EMED LEE SRR RANER S
n%ﬂ

3t <t <4t
:]J BEECRACEHEMTREL, O

éq BROM#HR, S RIBSMBHO ST
n<,

v‘

M 3.4: ZRNEZERTIEBORT. to IBROEIENETAETIOIET
ZEE, HENETIRIE—LD/OVAEE ZOREEEDOES.
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FOE—ABIZ, FHOE—ABD /201720, FE-AROERRTHICENS
ZENHEEINS, M U E—Y U ADEREAVWERE, ZOWMPOE—LIR
NFEF-RBEBERTEENITHEKRT S ZEVHFINS.

ZOARTIE, EREEEERANBEICRZZENBEZSNIZDOT, HDIT, 2
BoZREZ2RAN, BR2+2BL-b0 L, BRBEZRITICIZTOOERERELZ
ERETOE (13, TOHRE, EREEMIIZBEEIHNEOERICKERERIEIS
ARV ERbMhoE, TH3LT, 4BOEESIEERIIENERCNDD ZEN
TE=.

BRIIZOERT, 4BOBEEMEICE> T/VV A 12 ns, E— LI XIF—
500 keV @ IREB 5%, 0.8 ns, 1.1 MeV @ IREB ZEV T Z &IiTpIh L7z [14].
IXNF—-HRERIFTEINLZBOLD, BRfE LN, ZOREEZEEZN
FEBTORETHHENIFREZEB TS, ZITR, ZEEFHIESRZHANS
ZET, NVAEN 1 ns A FD IREB 24E R TEREERR, &IZ, ZOE—-LZ
AuTHr7o0ba E#BBHOERERSS.
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<€ Lt )’(—lz =1,/2 >

st stage 2nd 3rd

IREB ~———>

Electron kinetic energy

A A t,/2
eV, (__t'i__) e(Vo+V,) }-—--- <>
=>
0 bt 0 Tt
Initial / After 1st stage
8
A t/4 b
e(Vy,+2V,)

0
After 2nd stage After 3rd stage

X 3.5: REEREMERSN  BHLMEINITPHIE —LABKRICEN, —B&IE
IOV ABII ST/ o T,

15



3.22 RBEE

ZEREHIEICET 2L WRFIIMICED Z LI UT13]-15], ZZTiE, &8
BHRERICAWCBENIVAKBREETE—LCET2ERERERRD,

EEMEKEERENET - EREEEK 36, 3.7IRT. E—LAREERBRIR <
WO ARBBEEREEBE TN —L T4 VROV ABEBEN 5725, Physics In-
ternational £, Pulserad 105A #H /=, BRIV LV /A Ra1l
KL DEAK 0.8 TO/NVARBSHMENTVS, BBICIZER 10 mm OH—R
SBINA T, BAREICIZERE 20 mm OROZENW - REMOPZEEEME (hollow anode)
ZRVW. BEREADE#EN, BEICIEZEAR-500 kV OBEEN/VUL X EMEEH 10 ns
ZhioTHMENS, BBREHN S FHEIN-ETIEIBEONREEVIRITTE—LA
LR EIND, E—LERBIIEE 20 mm OSEST, BETHR20cm 5
HENLENBE S, E— AR EENK 10 ns, E—AFEEBIZIZIEELR L TE—
LEIEHN300cm THD, ZHICHLT, WS DOHDOEIORREZANBEDEREE
BRLT, —BROBBIMECHREENDEHER, E—LBORIE47O—I2HED
T6cmZREME L TRALE. TIT, MEINEZHESOE—LETKS ns 1T
%, DBEEZERDICON, BRETEFCRZISICREL, 2, 3, 4KEOD
£X13, 38cm, 19cm, 95cm &Lz, ZOME, BRIICIIE—LARHRBICZEY
0.7ns D IREBWEREINDZBDEHFEEINSD, BRI E—F AT 1EERNS
ABRBETEHELLI00Q0TH S,

uvl 80 cm solenoid Coil ¢18 mm circular
T waveguide
1fo
!
Diode ! ! !
Iron ring Faraday cup
60 cm

K 3.6: 4 BrEBIIEEEX
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N a3 Vg
Wi [250 kV/div]
'_H\ M ld
NS [5 kA/div]
[20 ns/ div]

X 3.7 BEEEE (Vy) - 8% (L) BEF¥

4B OBEBIMEE 21T /e E— LT EREBUH EEAEAN S, SRS SR
ZEEBMEEREZ TETROAFEEE ORI T, TORMIEEN18 i
30mm D2AEODBOEYA V OEBHERTIIAWE. EICHEHZE 18 mm OBG
EZEBTLSOT, H36IXER 18mm OBEFERL TS, BHEIMERL TORER
BN ERE ZERT 5201, BEEEADOKC 0 um O TiHEEREBLZ. /2,
SEIIYI 70 O BREOERET S 20, E—AOETHRICEARS RO
HERSE25Z2EH8T, TIBROTS TFTRICSGKHOBRREZEEL .

BERBEOREITIIFEEESE 2 AW ESR, SEEHRERORAIEICIIRATo—
TEAVWE., E-LBRAECRBERER Y y STF—hy TeHAVE. ZOER
T, EX0um O TiFEELHEORBEEBL TELE—LERE TiBD T 60
cm DHALETHEIEL TW5,

ERSEZBEUTHEERANIZ1 x 107 Torr KRN TWVWS, £, FO0X
I—FBVo—5F7 b0y A TDS 684A FUFA Y7 F0Ra—7 (1
GHz, 5 GS/s). # W,

3.2.3 ZEEMEICELBE/VULALE

M3.8iT, HMERAOTTIEEGORBEZEBL 2%, FBER TR THES
N=T7 7557y THAEREZRY. BBNEEZTTICEED 30 mm OFBHE
REFBLESEES (), 4BEFHMERICESEN 30 mm OXREREZBEBLLS
A (b) L4BEBIMERICERS 18 mm ORBEAREZFBLEZBEE (0 ZRLT
H5,

17



HEMEZZITBRWETE-LMW/UVARK 10 ns DBRE THHDOIIKMLT, 4
BHEMEZEOEFITIZ UL ZAEBAK lns ITR > T ARANEER> N5, B
MEEZITBRWBEOEBELET S E, FHD 1 ns DBHMHIE—LILE LD N
58 7T~8 ns OFTICBIAIEN TN S, EREBOREIE—LE 10 nsiTHREEINT
NWHDT, ZONMNEEE—-LIEIE, E—ABETICIER 0.7 ns DBRIERINER X
NHEEVNIRELREF-KT . 4BREHENEROE—LAEBRED, MFEIHhTHL
BNE—AICHRRKEWVEEZRLTVLEY, TIEEVGKORBICLIEBEEZT
W3, ¥, OBRBOFERICELD, BEMHEICBWLWTHESNZBIPOE—LE
FIEORIPR SNz, GOBROFPRIIONVTIZ, SEEHMERRORICET
INF—BRIBREZERATEZDDEEZ SN, SEBREEZERDITFETH
D, ZITR, BEHNEOCHEEICLZ2EREOKREIOEVIIFEIZILARN, F1D
@ 1 ns OEFFITH ERRZ MR FPRITREDIE L ns DEIVBBEE N, Zh
BARE-LDIENEFOHRD?%2EZ 5 E 10 ns KD AEWZDIT 4 By BB NEELI
DRENZEHEEZ NS,

(a) (b) (c)
| ]
0.92 ;; 077 o077l !
= 10 he | i#
'c A4 g I S L8 ] 1 i S |  §
S [ |
p
— 0.68 0.58 058T
o A TN
£ |\ 1ins -
3 v\v"‘! 1 ’v tins
= I N O R S 1 -
o 0.44 039 i 039
82 el
[5 ns/div] [5 ns/div] [5 ns/div]

K 3.8 775F—hy 7THAINZE—LBRER. (0 BENEEZZTTCE
230 mm OHREREFBL =K. (b) 4BEBINEERICER 30 mm OHEEK
BEBLE, () 4BREBHMESLCER 18 mm ORBEREZBERL R WTh
DEFHHHEEIAOTTIHEGORRZEBL TS,
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4 BRHEIEE O E— AERERIL, RBEBEOKIDENVICEST, 1 nsiED
BoERED, SEOBREMHOERIIBNT, HBEBROKIZEZATD, los
DEREEFFRICERBEOE—LWMGHL TWE D EEX S, HBEBOKIDENIC
MM BREFROBNIERL THROES,

ZOEBTIE, 4BREEINEREBEREREROBBEMI L TEZXSD LT
ERWN, R3BIARTLSRZDD 1 nstiBOWHPDOE—LBRIIH A REEH 04 T
PAETIIRERBLITRVDBDEEZ S,

3.24 ZERAMMEICLD>IRIF—HX

T755—Ay7TORMBEICAIEEZREL, BORIZ2E/LEE, ZRAERED
2EBHTZ &L, E—-LIRXNF—{EZ2REb- . REMNSOIXRI
F-DORMES D ITIETHR [16] ZH W2, ZOHEIR, BBEREITINF S
ERWEIRINF—HEOHREBEN—HERTVWS,

M3 WXTINIBEOBIBEEZ TV oRBO Ty ST —hy TEREREZRT,
DO, AREBIL08 TICEE L. BEMEEZZITRNVWE—LERIZ, 0.3mmd
BX D AL > TV ABOTROBS OBFRAGER 2N, AIBEOESEHTIC
P> TNV REFRRBOFRZIHVEIEN, 09 mm D AIBLVESRDEES
BEHEEINEL, 2, "3 7ICRENAZERAREEDO IV AEENBEBRTSH
B5ZEIC&oTNSE, F— AN -RFHEBEROBREEETRES2D, N
WABRBDOE — LI R NF—HEL, FRENBNDBDOEEZILNDS.,

ABEBIEZZ I - LABREETIE, FOOELInsOE—721.5 mmE
EOAIEFTRRLTNS, Z0RSOIXIINF—N4BEEHBMHEICL> THK
LizZERRLTVWS, KRB0 mmBEOEID AIEEZERATEY, BEW
HEZTRVWEALRELT, TRNF-DBOIL TR EbR5. 2EBD
E—213, 831 ns TRORIRNF—NEL, I TH4BREHMENE I > TW
5ZENTFREINSD, 09 mm ORXZFVHRIZHESNZLZ>THED, 1O
DE—DIZERIZNF—IIAEYL, Zhs0Z &nb, 4BEEMEICE > TH
DOWE 1 ns DRI RIEINF—DBNE—LEROTNSZ EOMN S,

AlIFEEEMEVBROERMEESRIC, AIFEE2BBLTERZEEOFODD 1 nstE
DE—Y OBREELFICED, TOEEMEC, AIBEORES 2BHITRL 20N
M3.10 TH5. 2hhd, E—ATINF—2REH DL, 4BREHMERITITN
1 MeV &2 %, FROEE THBMEEZIIRVEEIH 500 keV THBDITHL,
ABEEIMEICE DD 1 nsiE@OFEFIZ 500 keV DTFNF—2 /LI LR S,

BB HEIEOER TIE, REOX vy TICBRINZEENDS, HiFIN
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0.0 mm
hY

y
>
g 0.3 mm
r, i 0.5mm
5
= 0.7mm
3
O
E 0.9mm
O
m

[5 ns/div]

0.0 mm

0.3 mm

0.5mm

0.7mm

0.9mm

¥
) ]
|
i
Vl\b.p.—n._ 1.imm

| Enm

1.7mm

[5 ns/div]

B 3.9: E— ABFHIY : () HBIEEThE b EHC RS T 7 Tl
RENZE—LBWIBT. (b) 4 BE B S N 61T RREE S R F Ve TR
SNBEH, 77 IF—N v TOMEIC Al FEEREVE, HROKFIEALEOEE

2R,

1.2

o]

g ‘I ) Elﬁlllﬂilﬁ
s o EREN |-
::g 0.8 : \ Zmmr'e)
£ oo < H1MeV
g 0.4 2 /
::f‘: O.ij VQ& v\?\;f

o . o

0 05

1

15 2

Thickness of aluminum foil [mm]

5 3.10: E—AIRINF—0RMD D : NI Al ERRNEEOBREICKHT S,

& AIEOEH»ZEB L EBRED K.

20



BIFNF—HAEIIRES. BRI E—F L ABI0QTH305, E—LE
FEZ2kAELTH, EEBOF vy THIC200kV OMEBEBENEL 5, h LD,
E—-—LBBREIZIZIEFLCELT, 4B T800 keV DI RINF—HMANTFHEINS,
EREZZOEID/AEN, BRAEENIMBERBEBS LR LR, BH
WS &, EEOE—ABNERERTIRRNC E, AR TREEETORE:
ERLTORASAENEETH D ENSHRITELE. 20 &R [15] KB
RTH5.

¥/, ABRBEMEINZE—LIZDNWT, TiEERUERIINETRIVF—ITH
LTIREEERIFL TV,

3.2.5 KEERFE-AOZBRABMBICLSE/ IR ILOER

4BEBMEICEY, /VAE10 ns, TXILF—500keV DEFE—LHDS, 1
ns, 1 MeVOEFE—LDOREBITHEILE, TXNVF—HAKOHRL, BREET
ERELELZBE/NINATE-LAZROHTEOREELRRL, 2EREHBINERT
HIZBENIVA, BIRNF—OKBEETFE—LAZTDHE 5FREANEIEIN
oo TRNVF—2ETR2HRELTIE, AEOLREERTEET D LBRETRE
A (18], BEBTEZRETDHIHEELT, SIS E2AVRERARE TR 2RER
BRTHD, B, ZEEHERHIREREL, BENNILVAFIEERTHHEDE
BT3B,

DB OBREERFNERICHANWEZDIE, M38DBLEED/UVAEI0nsDE—ALE,
ABEBINEED AIBEORWIINAE L s DE—LTH D, MEBEINBZNWE—LE
ABREHNEEO - ADBRKEREREHORSEOR I 04 TEETIE, BE
BMUERRT., FL4BEBMEROE—LE, HBEABROKS EHEBORID
BNCEST, BERCE—LBRMGRLTIDDDEER S,
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3.3 BENSNAKEERFE—ANDOERHKS RE
3.3.1 BEHEAUTR

ZOEBRTOBERBE MR, M3.11 D TiEEGORBOTHROEZH 70 cm
OHEREEOWI THD. ZOEMIBMZESY S HAKE T, ECEZE 18 mm
DHDZE, EEDEBNENTIA—F—LLT3I0mmDbDEANE, KiZ/VUVXE
10nsDE—LDBEERLTH S, NIV ABLnsDE—LZHANWSDEAE, L2
4BREHBNEERICR L. ABREBNERICE-> T, BbiMEINAEI>OE—
LBl ns(E—ALEH 30 cm) THHEDT, HREROESXIZ, ZOoV¥—LoEX
DEVWRELRS, JZCHMINAARKET, SEREBMEREALTNS
e, E-LRERONTREB EMITICHIEZEZ DI ENTERL, IREB D&
BEVESIHEICEERIFXRNWENERI N, S ERE 045 TULLOLKHET
ERERETO =,

X 3.11, 3.12IRTLDIT, BHESHTRE L -EREIIEEP THER—>
THHZEZN, BT 10 mm O7 7 VNV BEEARBEE- 2%, ABOFT—TEIITS
N, Ku N> REBREESTEZERTS. 7, FAtEEeBRToEEIh, —8ikE
DEBICREEIN T OXA—TAB M S, FTOMIT Ku/N> R 100 m 538
ZHED, TOBREINDS. REICIZIU ANV A A — R (IN26C) F£2iday
FE—F 143 —REHWE, ORI, 100 m BEEFOGEBFFEZIIEL, B
BREZRET 5. BEBRBEO/SVABRPEVRES, 2REABEKICHOEDRAT
ZLEVBHETHS, 2L, BAFEMTHERICX2EHBHENEL 25D
T, EREIIEL 2D, BHEMICAERIT 12-20 GHz OHIENEH EREARKES
%5,

REBREBREOBREZIUTOLSICf oz, HAM IO mWOH L F1F—K
N DOHNZAEMERSRICI DR URERENT—A—F—IZAFL, NU—
A—F TR SN/ EREETRAZNABEE OB 2R, REER
FEOBENRND, BERZAVTVLS, BREROBREROBRELH > F14—
REAWTHEHRICIT o /2. RABREREIR, REBOHEREEICHEITHHAL
BEBOBREMOMEL TEHRLTWS, 250 T, BHINEHHOERZEAL
TOBKER, BTEMW THolk, LirL, BRIBORE, FAEKCHT SIREE
ZIIRBRMTHD, T—COFRLEBRICANTE ST, HAOKEMEIIDWTIX
BRBEERZBRENKETH S, JITREMNZEDOERERT D ICED S,
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¢ 30 mm cirgular
waveguide

X-band horn

To 100m
dispersive line

B 3.11: HIBERER 18 mm OB OBERE R ERER

$18 mm cylindrical

20pm Ti foil waveguide
—-’e—— i directional directional
= horn coupler  terminator
/B ! N coupler p
Hee 1
) attenuator
S.B.D

X 3.12: 100 m ¥R % A
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3.3.2 SriBa®

ERICEDNZ, B 18 mm HHERFE & TX)LF— 1 MeV O IREB 04888
HEXKIIIRT,. 170 bO Bl E25IEREITRER, BE/VIVAE-L
OEFTHRERE L BRFOBEEN—RLERE 2 TH20T, HTRWLIDN
ORTERFANBRINS O LHFINSD, BEOEREBTHRATESDII,
NI BEED LEEN S, TEL E—REDEBRERS0.66 T DFED 15~16 GHz
HEOERE TH S, ERI8mmICLAEIET, ZOBBLD T TRERR 2N
WHFRNH 5,

—7, BEEZ LRV ILAE 10 s DE—LADITRNF—13500ke VTH D,
COBEONHEERER3.141ITRT. O, EEOFKGERNTE—LHECHER
N—HTHEGZHETHDIE, 049 TORBETHD, ZOK, 13~15 GHz OE
BEOHNIHEINS, BilcBEZ LT T &, 081 TTLREZEZTN, A
W22 GHz fHEERD, FEROIBEITIELI RS,

TITE, E—AENERRB DO —LARLHPERERFORTFELERLT,
E—LAENERERHICE X 2R 287 5.

1 Mev 18 mm
40

35

30

7/
/A

=
LA

25

D
[

y
74

1 4T
. ARG
J/ 1 NoesT

-400-200 0 200 400 600 800
k [1/m]

20 ©

15\

10

Frequency [GHz]
/

AdE

\

5 3.13: 1 MeV OEFE — L1 EEE 18 mm O EEE OB R
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500 keV 18 mm
40 ;

as | /
T 30 / //
%25Q?m /1
02) 20 \ \//,/ /
& 15 \\s}“ A
l.% 10 TE%/ 1.0
5 // /« 0.81T
R N ola9T
-400-200 0 200 400 600 800
K [1/m]

X 3.14: 500 keV DETFE— L S EE 18 mm O HEMEE D4 BBIER

3.3.3 #HBOYVR

HOBEEANTIE—LEZHEHERIC AR L TEREfT->ZEE, WThobE—
LrBOBERX LBREOHARESO—UTITHBOILEZ NS, E—LOBIHA
RONBRERECKELFEL TR EEILND, £, HBI5ITRT LI,
ETFRAOTXNF—ICH L TRAEOBBEANTRERELEIR SN .

-
N

] . o mmmC
5 1 3 x MR
° o}

B o8

@ 06 ~ TNV
g |

<= 04

5 3 [
£ 0.2

© ®

2, N,

o

0.5 1 1.5 2
Thickness of aluminum foil [mm]

X 3.15: KEROFEICK D E— AT RNF—IZELRTRN,
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3.3.4 BE/NWVAE—LDHDOBRBRMS
BB DZEAL

JNIVAE 1 ns (E—LAEK 03 m), TRNVF—1MeVOEFE—LE, 10 ns
(E—LEH3m), 0.5 MeVOETE—LZ2AWNWT, EHE 18 mm OAEHEEIRER
OBERFEHHZER L LB 7=,

SEBRAV O TOERBEOBRARE 2 —AKE EHICK 3.16 ITRY ., ZEBEE
I EDESN/-1ns, 1 MeVDE—LANS DEREKICIE, 1nsOBIRNF—
WICHETZEEIONZE L ns BEOEBRBERFOE -GN, E—LA
BREBICESNDE DI, 1 ns DEAF T 2HETETWARWSED, ETXILVF—
BRADE—LNSORFEEZ SNABREDBRIENE., I L T, 10 ns,
500 keV D E— L0 5 DBRERHIIY —LABROEET BENEICE> TEHHEIZ
NTNn3,

E—-ARICLDSHEE

1 ns beam 10 ns beam
> ! g
g T i 8
STk ]
ST ) W @] & I~
e o
M
Z’ | (b \ (b)
" " Ll
E { il mﬂ ""
[10 ns/divi [10 ns/div]

X 3.16: (2)100 m DR A VD O TORIEERE, (b) EFE—LERKE.

KIZ, FEBHOTOEREK 3.17I125R9. #HEidREET, K3.16D01nsdD
V—7 2REOEERIC, SEEEKZ LI 100 m SEHOETBRRED & B2
BLYST7ERICRLE, 757 LEIC c EEMNMENHRORBIERZRT
F—AE 10 ns DB ESHEENICECKEE2EESL L TWEY, ZZTHEIRRS
IEEOBEIZEURN, REIBBDREAERTY, FRALLRESNISBRETY
5E, B1lns DE—ANSOBREH AL, E100s DE—LANSOH DK 1065
THoTz.
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1 ns beam 10 ns beam

251715 25 1715
€2016 13 GHz c 2016 13 GHz
o B FRIH - Lo
* | S x
= WML 1073 T = 5
‘g LR 3 : P68 T
A > 28 e
e :iﬁ:: @ Lo
@ x 0.63T = et
E< 1 1 11 :r :é _-‘___ME pé.u7TA
< B & ]
8, i ™ A T
g . 122 ‘_: O.SST g . ! . Q_-45T
' [ IR LE 3 o | t
&  EEEI N
D agdil 1044 T el L p34T
[100 ns/div] [100 ns/div]

X 3.17: BORRZBE—LANSD 100 m HEEH O TORIEERF. 1 ns beam fil
12310 ns OBEICHN, FAISRERTEC 10001 DEEENTITH S,

HAOBBEORERESEE—L T LITRHMT 5,

JSIVAME L ns, E—LITRINFE—1MeVOE—LMSDOHNERESAD &, BB
DEVBSIIZHEMINEL, 0.55 THIEMS 14.5 GHz (i E— 7 @IS N
BY 5, 063 TMET155GHz & 20 GHz RE— 2V O AAZER S, 2D 15.5 GHz
FHEDEERKICOVWTIR, SHER» S FPRENZLOIKBE-RT 5. 20 GHzf
EORBEEICOWTIIRERBIARETH S, FICHBEEMITTNEL, BE
BRIFEDO AT MVIEREH O 20~25 GHz fHEicEE > T, ZOHEE, 7
HEED 512 16 GHz 2HITIZ T ATE - BEABNFICHANTEEINSD, BH
BRELMBINTWINEEZITNS,

—F, JNVVAIE 10 ns, E—ALRIF—500 keV DE—LM5 DB, 1ns
DE—AHRAEKOEWREICOE > TERNICEAISNS. ZORVRER
FEHOFT0.45 THHET 15, 20 GHz fHSEIC/NSRE—2MH D, 15 GHz fHED
P— WS HEEN S FHEINABDEEI TS, RXD, BBOBKEEDBITHE
AERESIIEVEEB - R EEEARMCBH L T, BEAERMNENEEIC
blEo>TBEHEEND ZE0BEND—DELTIE, E—ABKOIXIIF—@BALEN
ZEREZLNS, LML, E—AIXNF-REEHEREEC—ELTWS D
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ENS, TORMEERNEEASNS. RICRSNARBEAREOBHENZE—
DERT I EEFHATHEIITERN,

COEBRBENSUTOZEICEBLTWVS, (1) NIVAB 1 s DEFE—LH
50OBRBEHE AN OYRIIE N, HBERE70cm DR, NIV ABLlos ODETFE—
LS OBBEEHENE, /UL AE 10 ns DB TFE—LNSOHAITHSR, F10ED
HARRESHEZ, (2) 1ns DE—LAZBVWEESICRERAREM OGNS, /LA
B1lns DE—LNSHFE ENZBREED AR MUZ, SEHBENS PHENIER
OEEENBRAEI . ZoMOBE BBURH, FRINZREREKANTOE
BENERH XN, ZRIZHLT, 10nsDE—LNS OERE OB ARY ML
BIEWRHEICHZD, BRIENA3Y— b I I TEZINWHDHETIIFEHATERND
DA%,

3.3.5 HBHABROZE(ICLIHHEBEHBEOEIL

HEERBLZEEL, H3.18ICRTLDICE—LZENT BZDIIT I UIIR
EE, HREREEZTLEL, HHERFEORLEZERLE. 77 UIMREOE—
LARYN—ZFRELTH, 100 m HEBRBEOHIICITIEEE - KA LB IR
Rohizhoi,

circular

-H.

X-band ho

Diode l 10~120 cm l Beam stopper

to ocsilloscope

K 3.18: £BEBERFEE LTSV OEIERR

ZSLT, TiENSA My —FTOEMERDLERZEED, BREHNTK
3. 1ITRENT NS,
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PNIVAE L ns (E—AEM30 cm) DE—L»50HAE, ABERENSE—L
ELFCEED 40 m ETREOAEROE—IBNBEAENS, ZZETIRE—
LENHBEEELDEVWHMZIERCRRT, HHOKRFIL, D 10nsDE—A
MODOHADOBRFERMUL TS, ELOBENRE—INENZHE#II100s D
E—LADEZBATRRELSICFRHATH S, L, HBERENE—LELDE
<7237, L T3 15~16 GHz DEREOAVNBBENB XD IR KT
oMb, ZNIIRLT, BiICHBEEELIDEN10ns (E—AEKN3m) OE—
LS DOHENE, HBEHEENEDS THEENRELDE—VERYT. TITDH
RBEBENETCONHFEIND 13~15 GHz DE— I RRAEINB. WTho
BED, KBEGENELBZICTHENE—LADHE L EREOREEIN BT S
REEFHETRABREOHEAMEL TS, &I, EVE—LAICKL>BEREIL, HHE
HEENE—LEIV RS RS EREERED, Y170 Mo BREOEBERD
ANBEH B LSk,

1ns beam 10 ns beam
20 15 20 15
- c2516 13GHz 0671 _ c25 1613 GHz [0.47T]
T IR T 1} i
e 2 t
g j__}_:uj,.n\ ; 10 em g 10 cm
€1 1 ' £ : '
& P Lol : 20cm S0 SO S
RIRY" TR e P R 1 R H ]
o Ll R :
x | cm i ! 30 cm
W Nl ' ! '
X el W . )
X . 60cm A 80 om
E= N L 1 B SR LS AU S
x4 L : 120 cm i 120 cm
L L b }
[100 nx/div] [100 nx/div}

B 3.19: EBEREEZLMLEIRAEZED Ins DE—AICKS T 7 OEHA (20 cm
PARTICH AT 30 cm BIRBROH I 10fFRKEN) &, 10 s DE—LR KDY
DRt A, M3 ERT]

ORI, BVE—LOHE, E-LHbIXNF-BORELHEEEFRL
KTBEDBVBECIRINE— BB EZTRET D EMRTES. MBE LTT,
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BERRGEZANTORTO 1286, BEENEVWRITERREREEIRVEDLSR
WA, BEVEAEZRAITIIEOREENKESETIHOTIXNF—ENSRDE
INHRETERN., ZOBRIIFIITIRESNTVWS, 0.73 TOREBRIZNSH
HIBABEMR > T3, EVWE—LADERE, EZRXTHbIXINVF—ENEE
50T, ML O&ETHLOHEEANREMREEEZEZS5NS, K3.19I2B0T,
BEVWHREREOHED UL EEZ NS, AEBRRTVEELIKC, £
OB E— 7 OHBIITETVARN, ZHIZDNTIE, E—L0HEDEIMN
EFHRTHL2ODNENORFNSGELETH 5.

RiZ, RBEBEROEMITAESHAOEEIIDNTERS, K319 ICR5N5H
BT, NIVAB LI ns DE—AICBNTIIBRICE - 7= 16 GHz O A150E
EHRFIN2EERTHHOTIOHEAZA TN, 10nsDE—LRBLTE, ®
BOBIREINS BN 14 GHz ol 2 &5, BEHCHBERE, fEicgE—A
N DERBEHAERRLEONK 3.20 TH 5.

100

10 .

— 1 i
O :
a 0.1 e 1 ns Beam
U.- sme Jeme 10 s Beam
0.01 R I

0 20 40 60 80 100 120 140

Interaction length [cm]

X 3.20: HRERE S BRFEEEZRICTEARKOBRIEL I,

JUVAIE L ns DE—AIBNTIR, #HBEBREOHKE & HITHAIHEKREIHRHN
AT A, ERENN0 e HETEOHENIBAMLTLELTH NS, —F
10 ns DE—AICBNTIREREOBKICEDBRNHADHEARIT L ns DBEITH
R/NEVAS, EEE & BRI VEEEENICERLTWS, 28, RITBBRE
XD ICHATDHHEIC DWW T, BEEEZ 5NN, '

ZDRERE, Ginzburg BORX [7) IKbiEHIhTns., ARSIERROBR
RELTZIDZEEBRL TS, ERFBEOBENTHNE, E—LEDORNET
H, BEICHEBEREZH TR VBANEZZIHOEEZISNSA, EEOHK
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kol ohnnoi,
HEBEFIROBLICLOIBFABREOELICEL TIE, UTOLIBFHRANES
Nz, (1) NWILABIZThMhh S THBEREOBEA L &b ITHHEEREOH HITE
BB KT S, (2) JUVAEA 1 ns DFE, BEEREHENZIZOERD
INSG A= —TIIEMOEKIZHENENT 2. (3) BNEREHIOERCNTS
BAREIE, NIVABEBREVWBEAEOENKREN, (49 VAR 1 ns DBE, FHRES
BEOBRICEDRN, E—-LAREEE KT I2REEL B EREOBAREKITKS
na,

3.3.6 HBHABROXKZICXA3HHDELL

E#E 30 mm M EFEE & T X)VF—1 MeV O IREB O #B4£ %K 3.21 ITR T
RTINS DONORTEBBANEIIN b EHEEI NN, HEOEREET
KHETEDDIE, BBOLREE—ALAGROZENS, TEy E—REDOEREAD
065 TOBETHS, —F4, BEIEZLZWUVAIE 10 ns DE—ALADIRIVF—
12500 ke VTH 3., TOBEOHHBEFEEN3.221TRT . ZOR, BEBEORHANT
E—LRELHEEN BRI HIRH4EHETH0IE, 0.8 TORBTHS.

1 MeV
40r - - : - 40 . §oo kev
; 0.85T _ 0.58T
0.65T -t 1 osst
30 . . 30 ;
N = v
I oo, | I 20 i b S |
= 2w A
10 10 j :
T :
& 49 SRR e : _t. J——
* . 0 ; | i
200 O 200 400 600 800 200 0 200 400 600 800
k [1/m] k (1/m]

Bg 3.21: 1 MeV @%?1:*—1; EEE30 3.22: 500 keV DETE—LELEHE
mm O [ H B EE D8 EEf 30 mm O P& WEE O HEa%

E— LADEFTHMEE L, EREOREEN—HKT 3 ENIRGFEOMAETOERK
BHABERE2K3.2310RT, ZOREICERL TIXESR 18 mm OBE EFEKRIZ, N
JUAHE 10 ns DFPSICHART, 1 ns OHRSICIREREHACK 3.12ICH B IERE
BTEICI0ND 1 DBRBEENMI TS, BREERD L, REID 1lnsDE—LDF
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RS, BRKOHATI0BERBEREVNEZEAOSND, RIT, NI AEIns, E—AZI
FNF—1MeVOE—LNSOHDFERESD E, BBOBEVWEAITIIHAIINE
<, BBERIL TN E 068 THHET 15 GHz IC—D DO -2 Ol & RI-#,
BEBRFEDOARY MIVRERRAT.DOE—2icintTn<, —F, NIVAE
10 ns, E— AT RILF— 500 keV DE— LD S OBEBREEIL, Y —ADOEFTHEEE
LEREORBEEN—KTDENIRETH S 0.58 THHEORBITB W TH ALK
WS DRDE—I ZRT., ZOEMIIREENEL o THEDLSRN,

1 ns Beam 10 ns Beam

15 15
21 13GHz 21 13 GHz

o
5 Al

x 10
X1

It Vi i

&T f W \m 57 T

058T 3 "y Q4T ?ﬁsr.
postsnsndaml |}
R !

[100 ns/div} {100 ns/div]

arbitrary unit

B9 3.23: #IBFEMOBEEZ 30 mm & U72FD 100 m 9 #EE» S OBERHFE H 1 EE
JIVAELnss TRIVF—1MeVOE—AE, /NJVANE 10 ns « TRIVF— 500 keV
DHEAE.

2B, TOERTHELIBEABRBOREZIOHBENTIE, 1 ns, 10 ns 3k
HADQE-LBREBICIR LA EREZRSNEN >, XTE, GOWRBRERAN
TRE-LEAFMBAEECAN L TERETORES, WThOE—ARBDORAIT
HLEREOHNRIESO—LTIES L,

ZORRTIIYA 7 OOz ay bF—2FNTn5, MEDOH I Z2HET
&, VORI NT AT I—MSOHAOEIEIEEERLE. R, 7
URINT 4T 05 —DHNOBEEBEZITICE B BDTIRNKSITEDN S,
48, Tav hF—F 4TI —DOBENNVALTHNT IEREHORNBLETHS
EEZTNS,

HBEBROKIEZEZTH, (1) HBERE 70 cm DBE, /NVVAE L ns OET
E— 05 OEREH AL, JUVAE L0 ns DEBTFE—LNS OHAITHR, 810

32



BoMABRESNE. (2) VAR L ns DB TFE— AN A OH SR EHEIT
BRONDEAICH D, HBBEROKTZLALIECEST, E—LDETHAE
BRI OBEEN BT B4MIE TEy, B— RIZBLED, E—LEDEWN
WKKEREBUBIKIITE,, E— ROBRLFEBROEZEREZR L=,

3.3.7 BFZalb—3>a—KRKARAT 2B\

ERTIE, E—LBORBZ2ZEROBTE-LAZHAVTERETOZN, D0
E—AlL, E=ATZFXNFE-NRIZ-TNWS, 2T, ZDOOEROEND, E—LE
REBHDOTHEONEHEEDDBHT=0DIT, BiFIIal—aa— K KARAT[17]
ZRWE, LML, KARAT Tid, RIEEOHREM S, KB THRNDE TE,, B0
B E— RO Ial—a VITERVWDT, TEy B—REHWE.

1 ns Beam 10 ns Beam

20

20

10 |

E [kV/cm]

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Frequency [GHz] Frequency [GHz]

X 3.24: KARATIZ X 32 EBHOBBEEARY Ml E—AIZRINF—id1 MeV, 0.82
T,

E—ADEH T XN F—-ROEBRERIIERRIZED, M5 ERDEXBTFRD
B2 0.1 nsiCEREL, F—AFHEHBEO TR F—IX1 MeV, EFMEIZ2KAICED
7o E—LAEHIOBAITHNRALD, 1.0ns &, 10 ns TH 3. HEREEHEIX 30
mm, EX1Z60cm &Lz, ZDBE, E—LA0HEEREE - BREOHEE (TEq
E—R) A—HKLAEEEATKEBET082T TH.

DR, E—ASNABOBIENREEROBEBEARY MVCRETHRER
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UK 324 TH D, E—L/VIVABICELDARY MIVOEETLENWT, 1ns®d
NIV ABEHFOE—LDANRY PIVIR 17 GHz fHERZETKRERE—7E2HDODIT
ML, 10ns DE—LDARY MUINENWE—IRNEIEL TS, E-REBHIT
BOE—LDFIBEN, BIZ, E—ATRNF—2500 keVIZREL, E—LDH
THEEE L TEy E— ROBREBEORFEEN KL AZLET, ZDO0E—LAREIZ
NTHHREZTOEEED, ARIIE—LABOEVWESICREETBROBEEMRS
NHEMRR SNz, ZORENS, BEROBEBMLICE—LD/NIVARBOFREN
EEL TSI EMNHREINS,

RiZ, 1 ns DE—AICH L TE—LADETHAEE S BREOREEN KT
ENSEHEENLT, BBOBRXZ 120098 TELTHELE., ZOKRI,
BI3.251ITRT &I, AEEANRY MIVIPREND, 1nsOE—LANSOREE
BOBWEIZT10 ns ORORIBEICETRALE., Z0ZEMS, RERBEBMNK
SNBEREL T, E—ANEVWSIT TR BEEE—- REOBEREGEZHE
LTWLSZENMBETHZENIHRENE SN,

20 1ns Bgam 0.98T

E [kV/cm)

10 §.

0 5 10 15 20 25 30
Frequency [GHz]

B 3.25: KARAT K L 2BBEOEKEANRY b, E—ALZXINF—131.1 MeV, N
JVAPE 1 ns, 0.98 T,

PFIIal—2alitkaBaEnod, HHERELVEVNEY—-LEDOHRE, &
WETFE—LD S OREBRKICHN, REBREOFKEN, BREGEHT
AEBIITBRDAENSHFEKNRA SN,

Fh, NIVAEI0 s DE—AZBVWESESICREINRNE OBEEKSRA
ANTWAERELT, BRI F—OEREBRAEBREZ>TNSIEEZEZ, T
XNF—, BREREDEBEEZEANTE >33 al—Ya kBN ThH, R
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ERIEAEREIZD - T2,
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3.4 i

HBEREIIHL T, ENEDVEVETFE-LEEWETE—LZAN, 5 -#B8
HREOEBGEZFRIU K L THHEREZBRAILZHER, E—LARICKDBHERRED
RUECHSMAZBRVBR SN,

REEXTR, #BERERIDVEVWETFE—L2HVWEBEOBRBERAICBELT
UToHRZET~.

1. ERERELIDEVWETFE-L22HVEEE, RNEREOREREEIIRS
N, (EBRERULIalb—3)
HFEEELDENETFE—LZ2AVWEEE, E—L 05 RERE S XFED
SHENERERDRE (M1 70O BREOSEHE) TiIHIRENSEHHK
BHEOERENBRAIEND, £, —RATRL3&E T TRECHABRAO
ERENBAEINS.

HERRHETORRTIZ, HBEREOERELEDIT, OBEMIKED, I
0 bOCBENORGEZRHETHARROASERENS.

ZHTHL, #BRERELOVEVWETFE-LZAWVERE, BREGSENSH
FINHB|HREOMICE < DFBEVBEBEINS.

0. HIBERE & HHEREARE, CebBick 5T, HBEROES &t
MO Bk L. (S8R

3. HBEBRELIVEVETFE—-LEAVESES, REEREOHNOHFKBEEE
T 2RERIT, BEWETE—LAZHVWEFEEICHRKREN, (ER)

SHEOEREAFTTIE, ENETFE—L0HNITHREREDEKRICHNL TR
FfERLE. SACEZETOEREHNZ, RUEBCHLT, EhE—A
DRSO 10ETH > 7.

INSDOERIZ, BRECHERBLO—HE—-HLTNHS, BEOERTEHY
KBHHESENEE TS I L 2BET DI, B, BREEREBEHINOERK
EHESERETILEND S,

ERERETOAEROBESRELT, (1) EnE—L2HAVWESEED, #RH
MEDOEKICES HADOMFIOME. (2) HFITEVWE—LZAVWEEEORRAE
DEEEORERKORY., ¥ TFons, SEOEBRTHWEZE—LR, X
F—48, NIVAER, E—ABEOERNTIICBLTHHENICBEVHD EIRINZ
Y, E—LADEOEINTRTOERTIZRZWIIL A, 2BREHNEEORRER
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BLT Y1 70bO0CBRECEEXST, SVE—L050BRERHRROMK
HEEDTWERLWN, T, ZERAHERRSINEHREL, BE/ VAR EERLT
Wit L B RN EROEETWREEIC DWW THRMEED THERN,
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