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ot =0:E—LDEMD LRUHIZEE, DL &
B L ICHER S N HBREME. Zawp = R1 T
HB-DLEIEERUKEZIOD 2 DITHEE N,
FHEFR—=RM1A SR AIXEBBZEDL>TTE
FANEFD D,

0<t<l/c: EIfihiT 2 INHBEE MDD S
DR FEe—LhE e TliET 5,

ot =1[/c: U= LDVEMD FHRIHZENE, €=
B A BN B BE, FHC I R Tl S 7
PHGEM & K E JEFE U058 DO BEM DA
L%, ZOBMERIEY Zyyip = Ry DIzb 2D
ZHEIX N, R— b 2IZ@hobDidE -4k
EHIZEMEPLDL> TCELYRSOEM & EHL >
THEINS, —fH, 5K HOBEMIT EFRARM
o TEM LZ KT 5,

o ¢t =2l/c: Tt Cafild T N 7= FHRE MDY LI v
WZEIEL, A—-hM1siihang,

$Thabb, ERMOKR— 1551 20/c ORFHEHE R
THIGIED 7OV ZF 5B E N2 DT U, il

Voltage[a.u.]

Time [ns]

Fig. 18: A MNY v TS A4 VEIEBD LHRAR— b5
HAOshzEEES (= 300mm)

DR=F 25 IABLEENHTIRNY, KR —b
DOHEINFIE — L OEITAAPFEIETEL Z-5< D AN
BodbDT, ELEHDR—MroEENPHENINE D
WZE O E—LDEITAMERDITBEZENTES, Z
DIEFSHIDOFH MO X 1 TORRE A~y RiZidi
WA= RRFEETHD, ALK h% 2EEHEOL —
LSS EE S B 22T o P d g T IR R & 72
Ay h&inbd,

F— b 1S HAINBEERES Vi) 2HATE
T, U—LER ) EHVTRO &S5 I12ET 3,
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Y — ADREMER T Y ANHTRI NI GH, T4
Db L(t) = Io-exp(—t?/20%) D& &, X 3-23 1%

t2
e 202 —e

LELZENTE, TNEBRBDINVFEIIHLT
MRT2EH18D LS IZkD,
WIZ, ANV Y 7T A RGO E P GER I B
LRMERANRS 72D, N3-24 %7 -V TEBLTE
DIEEA V=RV A%BRDB &

1 2
mm=2é;R{nw—@G—

c

(t—21/¢)2
T 202

o

27

Zstrip

2

Vi(t) = } T (3:24)

w2o? l o
Zy(w) = Zstrip - 41 .e7 2 -sin (w) (5 —4)
™ C
(3-25

1/10~1/30 FRE DG % K- 755 I N5,



14F T
[ E — o=30ps

— 1.2‘ TV T o=100ps
= : N
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'§0.8 S AN PR A A S I
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= 0.6 AT I .
- 1 1
2 I : :
§ 04 A
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Fig. 19: A M) v 7514 VRBBORFREREE (=
300 mm, o = 20°)

b, UhioT, [BEA V=XV ADHMXE
| Zstrip| 1& [sin(wl/c)| \IZHBIT DR ERD, FigdN
VFRICHNUTERT LM 19 DX SI2m5b, TD
M&bo, ANV Y T IV RIBEMOBKE L

frna = 7+ (20 +1) (3-26)
DEERRKEBRBIEV NS, 2TIT.n =
0,1,2,--- Thb, BEOEIIZHUTAVYFENRE
(7o TLBE, ERMWTEUZES L N TED
TR 5 DIE S OER D HBEINT 5720, BN E
KBRBIZONTREMER TS, £/, #hdT 5 &
SNZHIMES DRI B [Hflr — 7 WV IE R LR
HOMETO—NRAT 4 VX =D Ri>T\W\Wb 7z
O, FAFEHBFER COEBENLREEIZZI SIETTS
Zeilhed, LEdoT, ROBERIMHTE DD
En=0DHETHH, Z0D&EDEMHEITN 3-26
&0

c A
oo = 37 = 3 (3-27)
rRING, A
fin = 57 (3-28)

DEERBENRY T ERD, Eb50K— Mo HiE
BEAHENARL 25, Zhid, ©—Ah 2 /n ORIE

5 19 O & JH EE AR T DRBEDE BIZ LIZ ANV F AT b
DR E KL TW\W5,

Fig. 20: R M) v IS4 VRIBEDH : cERL ¥~
754 H4E% BPM (¥4 MO : BER 100 mm
DEF)

THEDIRUEET 2581/ L. BICEEL 7z —
LDESHHEBDOE —LDEZFIZE>TH &5 &
HEINDRWIZLD7-DTH 5,

34. ANY Y TS UBREBDOH

120 13X KEK @ cERL TEHENTWA A MY v 7
T4 VIEMOEETH S, N 100mm OHELX 2
N DOHNANZ LD FZITTH D, £ ZIZKEE 60mm
FOBCREBMEDZDIAEFNTVWEDR N5, ZD
EOBRA N Yy T T URIEMIL, EITEIEILELE X
Y — LA, ERE oM g A I NS, k
WUESIZ, ANV FREEMDOE—LTERER
BFENEOND, FERHINCHIELD B 2\ o i
BHERNIZMNA Y v M EFDO— . I EME,
FEDEMEZRBUZEEAPBEL VWS 72F A Y Y K
Nbb, £z, HAESORIEICE U Cid#ERER
CHEUEHTH S0, ©—LAMEIZH U TG
B9 BHHIE R X VR & FRRIL < X0,

5—-10



3.5. ZREEMHEAY ROBEE

ZDOMD XA TOMH A~y NTiEEL b b &
N> TCELDON“EFAI” ThHb, @®FTTE
AN % = ADNEET B & O NEETH E B85
G % 72 SRS O AV RN RS NG, Z
DEERIN 22 A PR TR S W 2 BRSO Z & % 22 D
“EAE-R7 LIRS, X 21 1%, &b EMA#EET
HBEINRy 7 AR I N5 EHOKTTH
5, EBIZIZZBOBEEETE— NI NER, TD
FTHE— ADINPEHEIZFH T N5 HKIKRDO TM010
E—RN&, BPM IZFHX NS TM110 €— KD T
H5, BARTHEHANTORODEDN S, TNENE S H—
LVE—NR, X4 R=—LE—REHITENE, X1 K-
WVE— FIXERAOHFNMIHiZ2RDE— R T, E—40
e E @B Lz TR S haw, LT
£IENA BTN D & T DB LB U 7 R0 Tl
INB WO WEERD, Lizh->T, ZOXA1K—
JVE— ROIRIEZ BT UL, ZANTO Y — L 00E
MRRBEDTHD, 72720, EikL7zLk Iz ANZ
Y= AWNEEd 5 LMOEAE— FSREREES
B2, PHEEBONY RRAT 4 VR —EEDNH
EHRERMALTENS DS % D £ <RET DHEN
Hb, ZOXSREFAMO BPM &, EFEZDREL
HEZLWXMAHBESL —Y— (XFEL) $0&
THRIEIEE T SN TE Y, HEREM L T
B U CHRICEEE - @GR — AL EFHAY A
BThd ., HiREMHAT 2 -ORHEREEY,

Y— AL OMEFAIPKE N W RSO, 22
AR BPM IZDWTIEAT F 2 M THERELY BT Ssh

TWB b, HMIETSE5EBRLTVAE SR,
W
-

Fig. 21: EJLHRy  RBZERICHESINZEEE—
KR DEZDKRF

3.6. ERRHEAY ROXE®H

BABIZ, AETHY EIFE& 21 TOKRE~Y RO
e R 11t e DT, Zhofizd, BEER
DNHEB/PIP P VA2 AL CEHERET2H 0D
(BRI E =X —8) X, HEFER & B ILIRESE %
MAGDEZED, E—LWMES RS 2RET2E0,
Y — LEIGIT X 0 NSO JEHT R NS 5 EROLRS
i (BO ) Z2FIHT 26 0%, ba 2 FEE? %
ENTVBH, il [BPM] & 5558 I3AET
BARZAFHD S bOVWT N Z2HET I EE W,

Table 1: EREREAY KDIFH

BREA~NY R Ay b FAYw b Z D DEFR
C B A= - KRG B FPH A3 CONA IS RS
B2 - HEEA Y VTV -X-YKiadH Y - BFME I
’ - SO ME AEEDUNE N - B TR Dk 42
- ¥ — A OMEAEHN
R AU NN CREAR—AK C N S A
V=7 Hy hEL < R S B A A WD - R A e - BT A
XY FEAER U S B G N= < HA AV INE S
fEERAREN - KR I H R A3 RSB REN R  — KRB D
PN 1 L v aF SR - R A e SRl oS B
AN T4 R CaZ N O N
- TSR A
S EERAEN - G ME - BRI
25 Y - R, B FRRE YL OMEMEMA - BEEEIES (ILC, XFEL %)

- AR AV W
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4. HPIEEICLREANY FOREHAE

AETI, EBEONMEBZTHHAIN TS BPM O
Rt~y REFIZ, ZOREHEREZHBETLI LT
Mt~y FOEENAEEES, fle UTHED EIF50
&, KEK TB@rfo “ 2>,%27 ~ ERL (cERL) " ®
BPM TH 5%, ERL &l “ T 1)L — [UELKRIE I
2% (Energy Recovery Linac) ” DI&#TH 5, ERL IZ
DWTIHEED OHO £ I F—THHY EIFsnTWw»
2O THAMIZEIZT 508 [8). MmEIEZRHAM 2 F
U TRl - KEHR - WAV FE—L0ERL A
IRIRMARBL DI NINERR T %, cERL IZ ERL 124
BARFOREE A 8 0 i 2 72 i BRIERE T, BHAETI
Z DREZE - RIS T 72 SEBFEANE R 2 i T b
TW5, X221 cERL D&KM% /RT, KEDHN
Y=/ —=TmUL7ZDO» BPM O T, JAEN 90m
ORI > THIHIESI N TWB DA 05, BPM
OBEUE 47T BT, X7 MR EMOFEFIZ LD 5
DIZHFETEDLH, Tho0hTHREEEERDO%E
WEHAREHA M) v 754 VR BPM 2412, D
AR E RN T 5,

4.1. EBDOEEEEH

9, cERL EARO LY =LA K27 MZik, 23 10xR
U7z &9 2NZE50mm OHEX 2 S AMEH I ATHY
%, ZORMNZHIRO A NV v 75 1 o BRI i &
TEDIITHEH, REGHVERBTHDI L. M
' cERL D ¥ — LT )L F¥F— (G%EHME : 35 MeV) Tl

6) BAE TR\ SR T A 722 27 ¥ 3 VIZI3fish FEL AEEan<
W3,

—@ Screen %
—3 CT

—@ DCCT
—k Collimator
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Injector Dump

Fig. 23: AN v 754 VREBO#AR, RUE
TAAEOEE

BOBEDEIRH RN L2 FR LT, ENALADME
ZIMEORBETEZ 21275, TOHMRK 13 I1T5R
U7z & 5 7Rt 45° DALEIN T LU CTRIE S 555
DB RN E IS DL B b, BE—LX 7
NOWEEEL b ANz E U THIET 2 Z L HHEET
WEH BN, X7 N OYBHORIETE 572k 7 <
BN, X7 NONBEZHEE - T ZI2IZHAE

. . Electron Gun
Injector Linac

Diagnostic Line

Path-length Control Chicane

&

Fig. 22: cERL D2 E—LE=9—EE 9
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g 35, 25528 TXY FONREE TV
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A VE—=XVRA) BEDOKER - WA FOE—
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NHEVIENE =L DOMHBEEAPELTX S O
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HEAZZEZTCTIlmm &35, BRI 10cm 1I2H £
O RBEMOLEITIE, HEIZLD7-bAZRKT 2
HHT2mmBEETELTEILEH 0. Z0DY;
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M7z,

4.2. BEOIF

EMDOIFIZEHFC— 05D RIAAM o TEHS
N, HAOEEOMEE, 37b5H BPM OREE AL E )
fREEIZRE D B, R3- 135005 B0, ahkE
WEAERHENEEEZRONEN, HEOKRELTS
CRBRTEA V=R VAR TF IR 2D,
X 18 D &k 5> LB EENEo Nk kb, £/, &
fiE X0 M OHBERENET 20, Rk v E—X
Y AE IO TZOITIEE 7 N DOMEE KL UTHE
WiEZFT 2 BENPHTL 5, Lzdio> T, BHOIE
i BPM TR 5N T W B MEREE FEBLT 5 DIZ B Z7R
EREENSHEDOLENEIREEDTHEN, TNIHE
FUIREEEOVERICE KE KIFET B0, 22T
COHZT a=20° EDTHAHEDS, %TBPMD
BEEZHEFBED, BLARLTWVWE LS R0oTHICA
AAfEREL T8 T4, BWOBHERE L
Tix, 23D &5 X 7 bOWEMIZH-> TERL
725 OV TH B D, NES0mm, o =20°Th
IS ET 2 PR CE S A TH X7 ML
DN KREREBEEIZELCRV, Lo T, HEMIT K
THEUWET AL DL T35, ZDFE. EHROMEIX 8.8 mm

B, 2L HREETROMELIZT R ML
DOHIRIZED D, FHZEET 2 Z 2 AR ARDNEE D
VAR—F Y bOERFHTIFEEREHO—DERD,

4.3. BB%EFDRADBDRS
431 R E—xv 2

WIZ, BIEZ IXDALTEDHES hIZDOWTTH B,
ZHIFEME XY NIRRT BARERRIE D “ Rtk
C—X VA" 23R LUTIRO D Z L2705, FetkEr v
=XV AL ld, R & BT 5 m ARG SO E
JELBEIROM, 5T NXELRE L RIS REDL L
ULTEHRIND, 7V MK EOBARD T — 7
WV, EE, 6T 7 A N—5E (LRI I IRk 2
Hd 20, I CREABESOERIL I fHbh
LEE T —7 VAN, TORMEA Y E—X VA% H
RN RD T A D, X 24(a) (& — 722 [ — 71
DR %Z 7T, 77— TV OFNMINEREE GRER)
NHb, TOREMZAY Y 2R HDEWIET— RO
)& TIES N7 AMNBEURTEL D A ZZHE L 7o T
%, WERER & ANRER DRI XM A GEEME) 2
REINTE O, INFREAROIMUIIZIE (2 —RA) TR
HEINTWD, ZOIBEMAKITET EHEEL (GND)
WEEI N, T — TN %D 5 & RG5O g%k
RIS DERE ) A ADBAZD; <V —IV R OE
ERoTWVW5, 5. K 24(a) D& ST — 70D Friii
RRDEFE, b 5 — O HEHIME D i % B
IR EZZ L, ZORIEK 24(b) D &S BOHE
MEpgcRING, 22T, R LG CIEENTNH
MNEXYE-0DDEE, 1 VX IX VA, AVRIRY
A, FYNRNVRVATH D, TDX S REAMEEE A
W BEE v(w,t) B (v, t) &, IROFFEEAHE
STLERTIENTES (9],

ov 01

ECCR Y 41
g T Ly (4-1a)
01 ov

2 - 4-1b
e Gv+C v ( )

o2 BEHER LIFENTEY, R LT
EFRIERE2INET S 2, O KR

v(x,t) = (Vie 7 4 Ve 7). et (4-2a)
i(.1) = L(Vie " — Vaet17) o (42D)
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(a)
MERkts  SMERIEER (U —ILF)
PIERE(R (S4R)

(®) Rox Lax
o AMAT

M (2 —2R)

At

Lins, ZIT,

Z =R+ jwL (4-3)
Y =G+ jwC (4-4)
=VZy (4-5)

ThHO., ZY B EhThRARIHZDDA v E—
BUVAET RIVRVA, v Id “EHGER” LIFIEN
LETHDH, MEPERIZEWE LT 4-2a, 4-2b D
HoTHAMMT S, FilkA Y E—X VR Z, 13Z D

EFRELD
_Z_ vf R+ jwL
v G+ juC JwC
— 4-
ﬂﬂ?aﬂ: \/; ( 7)

CEREBZERSDDB, TITHEEZLAZVDIL., B4
AR WSS TH-TH, ARORMEA Y —&

s.\@

VIANEHETBE WS I THD, EHOA U E—X

VAEWD X I TEINMHEIND LD BRI A
MHBEN, TIHOVSZBEDAS V=XV AL IXHY
CWATZADVRY, ThbL, Rl v -2k
i TR DR TR E S, 1 v E—X Y AL H UIRGE
RRo7-YHE] THY, BICREK EToOBEE (B
W) CER (EHRE) OEERTHDOTH D,

Fig. 25: A#7 — 7V OEE 7 — T IVR %Gk d
% BhisDO#%kF (TEM £—R)

ICT, ZZETOHEMTHENT — 7V DR >
V=RV AFA4-T TREINDEZ 92720, L
R CRHIZRABRWAATIA =R THED, LHE
BEINZ AR DR T VRO T A =R EfioTEETL
THAEd, M25 1R UL ST, Hillir—7 VN0
TR (3 PRER & ANEREAR D], 3 70 B ik D
WEBIZAEAE L. BB IE TSR D KH A & SNBEA D
WIHNZ [T TRERIC . 5 I E SR %2 pl & U7z
FLLPPRIZAHA LT WS, 56055 T HOK
HIEFE-THESH T, ZO LD RERE—NIZ“TEM
(Transverse Electro- Magnetic) €— K7 & IEENT
W5, 4. WEBEAROBEMEI YD DEMREZ Q &
5L, MBRIRNEIZS I 2BEEE E(r) X, AV
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ADIEA & D

(4-8)

ERDO5ND, o T, WEHEKDOHEE 2a, SN
BRONFEZ 2b, ik OFER L EWRE TNT
e, p&d e, WERERKESMFEMARICA U S BAL
2V I

V=[] E(r)dr
— @
=2 Il
_ @t
- 27e I a (4-9)
7y, BARIYD OHEREC X
_Q _ 2me
C= Voo (4-10)

LB ENTES, WD, R i S
B1LT By, MR B 1T B R H(r) 1L,
T UR=)IVOEAI LD

eH(r)-2mr =1
SH(r) = % . % (4-11)

LBz, WEREA & AMTEARNIZAE L 2 AR S
272D DGR @ 13

$ = /ab pH (r)dr

Bl
=& e
= H—Ilné (4-12)
2 a
RN, BARILZODAS VX I X VALK
_0 om0
L= T 2 In a (4-13)

LETB, LidioT, [y — 7V okkA > v —
RUA Zyldk, X471 L&D

~ log — (4-14)

ERINDIEWRN D, g FHBRIKRDOLLEEEET
hbd, ZITEELRDIZ, RSV E—X YA a®
b DHFHETIE R, ZNSDHE b/a THRES LW
IMTH D, $hbLE, MEAKDOHMENFRL T, W
BAROMME L INPEARDONEDILELFH U TH S22 5
. T =7 VORI ICEBRRSRES Y- X v R
A Uf % R

4.32. 50Q & 750 Ok

RN4-1412k 2L, [l —7NVORMEA V=KV
23 DODNTA—=R g, a,bBEZDH T THHIZ
HEIZ LN TE DM, HRKOFE T — 7IOVIZIEIEFsh
B0 N QTDEL LMD EIESNT
W5, TR =7 LTH &S ERD NPT
WIRE R X245 2 WO HENRERE H BH, E
WZIZ BRI BB L TWA, HilxIE X 26 D &
02, [l — 7V ONEREARD K S Za IR OB
ICRWMEREZR L 725G %2 B A 5L 10, ZOERD
BARNIZEL WS Z T BHET & S ITROER P ER
435 (LY OiERD, ZOER L. SR FUL
T CORIMER 2 BT A, REITEWES
TIXWIZHEDE D AMEFANT WS 72D, b —X )LD
BT ERDO RN ITIZER L TRNDS & 51245,
ZOBGEDREETH O, BRBRMBEIRD 1/e 12
IRBRI DI &% “REEZ (skin depth) 7 &5,
REEE 0, 1%, KTERO AR w, BIRDEE
Ky, BROBLKIEIE pHDWIFEER e (=1/p)

Fig. 26: REWROHZE [10]
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Fig. 27: E8 0K & EEROBIE [12]

Z HWT
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p e 1 (1 1
pE - (242
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41
0.8

In2
a
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LW BcRI NG [11]. ZOBEEUX. b/a ~ 3.59
DEERNERD72H, ZDHEORTr—7 V& E
NERDER BRES X TED Z LTk 5,
BRAMEMER N THEICEBN, TIAFy I EMOHT
BEREEEREDLZWVRY ZFL Y (¢, =2.3) ik
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L%, o T, WHEBRIES £ THY D DU ED
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50Q D7 — TVHBEHERIZ IS, —H, AU T
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IZ X DA SN TE D, BlE Zy =750k
25, FEHAIZ émﬁ%%ﬁf %@@**%mgﬁ
BEETDDITREZETDBQDT—7ADRMEHINTHY
L0k, TO%FEY THE, brAI, KVTFL Y

PRERINTIUREIL, 5Q 77— 0KV TFLU%
EHLTESNE D1 RVZFL U EMo
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REREREHFRELTCND I LILR S,

2oz, 7

4.3.3. E5DOKE & EIEHK

BREES LTS LT, ZORET v E—-X Y
ATIEFICEHERARNT A =R RS, RS, 5k
TREE LIS Y — X AD R B (REE )
MWhbE, TORTREED “KE”HPELEZHDTH
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TELEBEDO—HPAMOFTRE S, RUTr—7
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TERAIHIZ BT DA EEE DIRFBIZ K o THEA TH 205,
WU & — TV ITIE Z DS & TE D AT
DEREDLEICLD “EIHEK” BELL I LIZRD,
ZOEIBKPFNKI DL, URBVSED 2WVES
DLW EDBETTHRL, ZERNOMETES
BRI TZ 0, ELERIZ & D RERR ) 1 XG5 0%
L0 T 5, Lizh->T, BANESZ2EEETH
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KR EETH720I121E, TEHRETKPEIZ S,
TROLIREE EORM A v ¥ — &> 2% UAEIZH 2
52 ENEEIIRD, ZOFEEDZELE 1 YK
VAR F VT LIFATWS,

4.3.4. \HYIa L —&

ZZETHE UTHY BEIFCERRFEr —7 10 &
5 73 Pl B 7 WSS DR ARG Th L. = Okl
A =R VAR, BB WIEMARZE W TE
BITBHILNTES, ULBULEDRS, X0 EMLHES
% U7z — I SR T U Tld, BUlEHE Tk
LZRENDH L, T THHAINDIZON “EiESY I 2
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R ECREBEOMERZET IVEL, TNEBEREML L
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RThs, K28 I12hlEZEF L5z, — il Ia
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EEULETNTIEAY Y aOEAAL, FHEEMEE
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FIETIVEMEEILT 22 ENEETH S, BUERH
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ANSYS HFSS (HFSS) [13]
ARERE (FEM) 12 X5 3 LA BT
FIFAHL: BobEA Y E— XV R, S 85 A— & GRIEBERME)
EAE— R

CST PARTICLE STUDIO (CST-PS) [14]
AEBENE (FIT) &% 3 KT RESRRT
RG] BERE, 2ot~y ¥ v, KHIGE, FEK
BART PVE

GdfidL [15]
RIS 07 (FDTD) 12 &% 3 ¥R sk fm o
FIAB: D142 74—V K, E=LfERIVE—KY
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ﬁ@ﬂ%# TIWVDHETES L RN IR E720,

S I EARIR D JHPE R > 2 RIS 5 8, Lizdi>TC,
cERL ® BPM T LU 7= WREIBE K2 1% 1.3GHz &
26GHz 7%, —FH. ANV Y TT4 URIEMD
OMAT, E—LX7 FORESRIRTIRE S “Hy bA7JH
BT &0 EWEBEE AR A2 PN EED S T E 2% < DERY

A ZADRATBDFATERY, WES0mm OMEX 2 b0
&, Hy MA TR 3.5 GHz TH 5,

Amplitude

o 1 2 4 6 8 10
1.3GHz Frequency [GHz]
2.6GHz
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