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Table 1, Parameter of ILC Main Linac
GeV)

(ECM=500

13~15 GeV to 250 GeV
31.5 MV/m
1 ~ 2 x1010 /bunch
<= 5640 /pulse
<=5.64 x1013 /pulse

Beam energy

Acc. Gradient

Bunch Population

Number of bunches

Total particles

Bunch spacing >= 150 ns

Bunch Length 0.15~ 0.3 mm
Emittance x 8/10~12 x106 m-rad
Emittance y 2/3~8 x108 m-rad

(at DR exit/IP)

Cryomodules without magnet package

i
Cryomodule with magnet package
9-cell SC cavity

BPM - - Dipole SC magnet

Quadrupoie SC magnet

Fig. 1, Unit in Main Linac. There will be about 320
units per Linac.
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Fig. 2, Beta-function vs distance.
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5
Designed Beam Orbit

{Vertical scale is extremely exaggerated)

Fig. 3, Schematic view of alignment and beam orbit
which are following the earth curvature.
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Fig. 4, Alignment line and beam orbit, 150 m of the
main linac.
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Fig.5, Wake function (left) and charge denéity in a
bunch.
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Fig. 6, Energy loss per unit length of accelerating
cavity due to wakefield. Single bunch.
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Fig. 7, Energy gain from RF field, energy loss due to
wakefield and total energy gain per unit length.
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Fig. 8, Relative energy spread in the main linacs.
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Fig. 9, Shortrange Transverse Wakefunction of
TESLA Cavity
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Fig. 10, Normalized emittance along linac. Simulation
result for single bunch BBU, with injection offset
1-sigma, in perfectly aligned linac, monochromatic
beam.
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Fig. 12, Normalized emittance along linac. Simulation
result for single bunch with cavity misalignment 0.5
mm RMS, monochromatic beam.(Dotted: one
example, Solid: average of 100 random seeds.)
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Table 2, Parameters of transverse wakefield of TESLA
Cavity (from TESLA-TDR)
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Fig.13, Long Range Longitudinal Wakefunction of
TESLA Cavity (calculated from TESLA-TDR
parameters).

ROV =— 7 HOHERE (KFHEE-oTb &
W) AR LT BN F OR ST TR
MWD T, RIEMY c— 780885 %E 2 515
B, LB, EAVFEIFEOKRE DN
T AL & 2729,
29925 &, TEFERBONFILRT S
sum-wake] 73, W(z) Z UV =—27 B8, q; %1%
HONCFOBERE LT,
Wi=2qW(zg—zp)
I<k

EEFRTEA, Zz, Table 2 &, ILC mfEH%e
E— b NTA—=Z—% o> TEHELZDN Fig.
14 Thd EERLERE),

110° ,

(5-35)

® s %

wa oo

w
-
[—}
()
—
T
5
:
ey

sum-Wake (V/m?%)
(=]

S510° A o

-110°

. i i
0 200 400 600 800 110°

Bunch number

Fig. 14, Sum-wake as function of bunch number. No
damping. Bunch spacing is set as 219/650E6 sec.
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Fig. 15, Sum-wake as function of bunch number. No
damping. Bunch spacing is set as 219/650E6 sec.
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Fig. 16, Envelope of effective transverse
wakefunction, sum of 50 cavities. Top: with damping
and without detuning, Bottom; with damping and with
detuning.
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Fig. 17(a), Position vs. bunch number at the end of
linac. Injection error of I-sigma of beam size.
Wakefield has no damping and no detuning.
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Fig. 17(b), Same as (a) but wakefield has damping
and no detuning. Note the different vertical scale.
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detuning. Note the different vertical scale.
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Fig. 18(a), Position vs. bunch number at the end of
linac. Cavity misalignment 0.5 mm RMS. Wakefield
has no damping and no detuning.
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Fig. 18(b), Same as (a) but wakefield has damping
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Fig. 18(c), Same as (a) but wakefield has damping and
no detuning. Note the different vertical scale.
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Fig.19, Schematic explanation of filamentation.
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micro-radian.
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Fig. 22, Schematics of Quad-BPM offset calibration
by Quad Shunting.
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Fig. 23, Result of tracking simulation. Top: Quad
offset and beam orbit after one to one correction, one
example. Bottom: Emittance along linac, average of
100 different sets of misalignment (100 random seeds)
and one example.
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Fig. 24, Result of tracking simulation. Top: Quad
offset and beam orbit after DFS, one example.
Bottom: Emittance along linac, average of 100
different sets of misalignment (100 random seeds) and
one example.
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Fig. 25, Sensitivity of DFS to quad misalignment and
cavity tilt.
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Fig. 26, Result of tracking simulation. Top: Quad
offset and beam orbit after Kick Minimization, one
example. Bottom: Emittance along linac, average of
100 different sets of misalignment (100 random seeds)
and one example.
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Fig. 27, Sensitivity of Kick minimization to quad
misalignment and cavity tilt.
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the longitudinal phase space. (Vertical axis is 6=AE/E,
relative energy deviation, and horizontal axis is z, the
longitudinal position.) Each of the small circle and a

small square represents a particle whose & or z is
zero at the beginning.
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NFRODITET 5 @R BHOMIEE ¢y & T
5 & BRI E z DRLF DT D kL —H#E T,
eV cos(dy +wz/c) (10-10)
B, FELVIZERE. oliEEEOREEE,
CIEHETHD, 2270 (EH) v—ArxTR)L
R—OBREEE By T 5 &

eV cos(gy +wz/c)—eV cosd
Ey (10-11)

=R652+T65522 +U655523 + .-

THY, cos(y+az/c)eTA4T7—ERLT,

eV w
Res =———cos
65 Eq ¢ Po
eV (o)
Tesg =———| — | sin 10-12
655 ZEO(c} Po (10-12)
Loy
6555 A 0
FERD,
YR G |, BREMNMEDNE EEROBhE TN X

<7D BIBISEVFERPES NS M, FC Rgs
2452 OICHE R B TAR IG5,

10.2. Rsg R UTERIE

Wiz, fBEZRFE LT, Fig. 81 OXH2F Uik
SERIODAED 2WBHEANLRDEY A T
D Rsg KUK DEEFHE L THLE I,

Fig. 31, Simple chicane.

FREOMT AL, WEERE p LT3 L,
Lp = psiné (10-13)
DEAERH 5,
BRHIOMADOND A6
DYPERIT, KLY
l=4p0+2Lp[cos@+Lpy  (10-14)
THO, IWhEN (JE-T, pdREW) &

&

BBEOMEOHOET

cos0z1~¢92/2
sinf~60-6°/6
pZLB/SingzLB/9+LB(9/6

O~Lg!p+(Ly/p)[6
BRETHDHNG,
ZN4LB+2LD +LD2
62 62 3
+2LD~2——+4LB——6‘+O((9 )

(10-15)

e~ 4LB +2LD +LD2

I? I3 3
+2Lp 5+ 4L =L +O((1/,0) )
2p 6p
(10-16)
L5,
E-E
TEHEAE—DPFNES = - O ryze,
0
p=(01+8)p (10-17)

(polEdo=0Top) THHMD,
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1~1(5=0)
+(Qﬂ%+§ﬁg/ﬁﬁaw+aﬁ—mﬁ+ug
~1(5=0)
4(?D+%LB}%025+%ﬁ—45H~0
(10-18)

THDHIND,

Rﬁiz—Q(LD-wélﬂJﬁg

3
7%6“*5R% (10-19)

Usees ~ 2Rs6

THDHZENDLND,

11. Z R EHE

ILC TiX, " FDEZH%20~4 0fFL LMD
RITNERER, L0 ) ZEiE, ZRLX—0
JEAID A2 0~4 OfFA Lic72 %, K&lpomxv
X—DJENY 1L, MEFPOEZ%E 2786, &
ROZWPZWERIED, X, FHHFMOEZHTH
dispersive effect (EV =7 v 7 OFi%2&HR) O &

IIMBENEEAPMA IS, T T, ZRLF—
DFEBRIEN D B E D K& bnk ),
NUFEMEZ 2B T TITI ZERNEZD
NTNo, Tbb,

N FEME 1> A > N FEfE 2
ETBH, METHZLIZX Y, AR R LFE
— DIENY R IFED ENHES
(0=AE/E DT IIEDLL OB ENRRE L
725),

BAE DIEERIFRET TliX, 5 GeV DY B — Lz ok
A —DF 6 mm DN FEHE—BETH 1 mm %
THEMEL, 156 GeV OFHE— L x)LF—0D
BEHTO03mm 22Vl 0.15 mmicd 5, (ZEH
Tk, N FE2ERFEOYORED L ZATIER

<AHUNMET AMAEIZTEE S Z Lok > T, N
& Rgs B 1ED Z & ZRBRTITY,)

12. 9O EREEL OF (18 0E) [Hix

Fig. 30 @& 5 7e/\ 0 FJEMEIINARZER ETK 9
OEDEERZHES DT, ZD LD REME 2 BT
D&, AR ETH 1 80ERERT A Z LIk
%, BiH, ¥ 7V v IhoHTELE—L
DZFVX—DOFTNE, EV=T v 7DAYET
LR F—DFTERD, XY T h
OHTELLE—LDR/H (MEFmOME) O
W, BV =Ty 7 OAD O THEEOTRE R
%

—MENZ, U T PEHTL A E—ADTZRLF
— D FLMED = R VX — RS YK DR
RIEENIFEF I/ DS VDK L, N F ORI
EDNCFRITHT A2 EEBTIZNIE Y
INE L IROTETREMED B,

—HFEV =T v 7 DAY OTiH, ZRLF—DE
eIz EEBEIZ e 5700 OINEIZ L - TRt
BN/ E TR Uiz 7e< e B), Fhicst L
T, FHOEBIEHEEE S CORROTN &2
V., BEOEZDLHEFMOMEOEE L 25,
ZAEDEENT, FEHENESLL TN LE TR
THZEEEWRL, Kk~ THEEE] &
BEREOHEBIZLY, VI VT4 ORDEZ LTS
R

T, (AEZER EOEEROEFHE, 0, 18
OFETHRSIO0E, 27 0FEITEWVIEINEEL
WEBZLND, TDOREDOIZIE2 BBIEROS
. ZBEETIZOEIX1 8 0 EIZRWEERIC
%, Fig. 3213/ 0 EDEER CEMT A6 TH 5,
BEAEESROMNMEE E—AT A4 OEREE L
52 LT T, ZOfEZER EoEERA A T
THZ ERHRD, ILC OEREREF X, AF0
OEIZH 9 0FEICLAEHEL L)y 25 A
27> T3,
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Fig. 32, Basic scheme of bunch compressor. About 0
rotation in the longitudinal phase space.

18. N FEMRBDRE

NFORS, LB, ZRF—OHFHEND D
THNEHARTEHHEMICTH20I2E, Zhbz
HE L., ZFOMER» DILESEROIRIE, A48 &
E—LT A DINTA—F—5fHIET 5 LEN
b,

BRe RBBEN D DBRICZ ORE L BT Y
DEDITAT 5 D>y MPVIREHE E 2 Thih T
WEDThHD, WThicE L, BBk LE
BOBRELY TNAVFE, ¥4IV, =RxLF—
DAEHECEX L LI TAZLNLETHD,

14. RSN AHREME (HAMA)

Wegm (N FR, LB, TRV —) ORENE
DO b EERON, & B IEES O AR
EIRIEDRZEMETH D, NMAHEGDOEEDH B,
NOFEMEOH O, 2FVEV =T v Z7DAD
ATOMFTRMDOAE (XA I27) OEEBRT X
NE—OEEBEID GRS D, it &Iz
WA=, LBEOEENIZF O F EEHREADOMEL
BZe, VI VT AMTFRENETH D,

I EREINDAAEREOREEE L, &4
0.1, 0.1% LV b LW ERFEL N TS,

15. MARIS wa o ADEKXK

15.1. BIRES CORF AT I v & v Ak

NUFEMD T DITIFE = R X — K FE LT
EROEZELRITR LT, FOHITiE, iR
DBHLETICT 4 A= 3 UINEFIER S
R, BHE—LTA DRIk, FDTA LN
ATOY ot = L s RO

Rse = f‘fzﬂds

p(s)

EFET D, 2EL. nls). p(s)ix7 A > Eola
Hts DHEFTCOBIET 4 A= g o L i REE
Thd, BIENRHD LD Z LIL, &2 CHEk
FHRMTONBRAERHD LN ZETH D, K
{HEBNTWALEIIC, FuARN—=Tarnpb
EIATHREENRHD L2 v & v AR R
L (EEROEBL Lo 7 7 #58),
DD, NUFEMETIITI v ¥ ZARHER
THZENEET SR,
KEFEOFEF=I v & RIEE S FORE
TIVHF ATV EFDLENIRENDT, =3I v ¥
YAMEROEE L /NS T D BRI R E /N
L) THED, BE—LTA DR IIAKES
ML, EEGFAIZITZERNBNL D127 5,
N FEREOBIAUTOERS T, MRS F R
725, SOAUFRINTFOND L, BEOY
yrua ha s 72 < CSR (coherent
synchrotron radiation) DOFZEENREIREIZZ2 - TL
Do Hl a2 DRFNIEHIIELICHEFEEZ T
(incoherent radiation, & XK+ F) 72
T2 < < ORFREFINT AR K & T2 #
(BRI 5D 2 |IZELGBI) TH B, 72751,
CSR ENVFEREREIVEVWEEOALNHT
LRV, BOAUFICR L TiEH £ 28N
R,
INGEBRE LR, BUREO T HKFEF RO
TI v H L ATHEPERT D EFHEIN TN D,
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4 - 27



15.2.8Z12 L3I v ¥ AWK

BRa RRAEIC K o T, KE, BEZI v ¥ U AT
WRT 5, REtTI v ¥ Vv AO/NSWEREFEN
FARTAYIZ BRI 7 5,

M, RO R F— 20— E0F 57D
HWERBIEATZ) =T v V8D v X R
WZoWTik, V=T v LERRIZEZBND,
7272 L, =RAF RN BAERAYIC K& 2 i 4y
NHDHZE, TRLF—20—TRNHBEZ %D
7o DI EHEZ 72 5,

VA RIZT 4 7Ty TREFEOT 4
ANR=TarPnbbl, BRI v H R
HEABRETLOT, T4 A=V g rE/hELT
HEDITAENPNENZ B THA D,
ILCIZBIT 2 N b DOFEFER LT D0 TORE
LWRRETE, BRER TIE o Thi Ty
LD,

16. 8%

16.1.IERIZ L B _—% b o VIEBOEE OB/

IERD 556, FTFORBEFRORE (N—4& -
0 IRE) ORIEN, = RAF—DOEFRICK
PIL TR 22 L 2Rd, IEICLD=RLF
—2biTP o<V LTEY, EELEHH-ZL D
FEXTBY 72 MR = R L X — (X IEE I/ N SV D &
T2

RHE O (REWREE TIERY), N—X B
# (f) IT—E (constant focus) &5 &K
NIRRT X AEVEF T, &L,

= adcos

y=acosg (16-1)

y'=(a/p)sing
EETB, ZIZT, aRNZObizh TORE.
P =g +s/BITREOAAT (PolTELR, s I1THE
B ThbH, T TOE—ATRAX—FE
AR (HEOD—EETD) 2gLTdl,
HLHBNEEEds TOMEIZL > T, =RLF—
[

E—>E+gds (16-2)
LR EORRRTOAEN
E
' ' 16-3
4 E+gdsy (16-3)

DEINZREAT B, E- T, RIEIL,
a= /yz +,82y'2

E 2
— .|a? cos® ¢+a2 sin? ¢
E+gds

(16-4)

DEINIWDT D, gds<<E LIRELING,

a—»a@~sm2¢§f§j (16-5)
E

LA,

ZIT, N=F buRE 1 ABIOMD E 0%k

BhEW (o T %%fﬁ“%ﬁ&ﬁ&ﬂ‘é) En

IREZEMEN, 1AM B0 OBEDOEIL,
a— a(l— J'sin2 ¢§—c—iij = a(l ——1—~A—-Lz)
E 2 FE
~ a\JEN(E + AE)

LB, T27EL,
AE =2rnfg (16-7)
. TEABIE 0 OIEIC X D RV F—HEST
HD (AEIE <<1 ERGE).
M- T ELODZRINF—% Ey b TDE. nfA

HMBEOZRNVF—IXE, =Ey+nAE THYH, *
DL EDORE a(n) X,

a(n)=a(0)\/%\/%:f_...\/_§1_\/%
n n— 2

169
[E,
= a(0) |[=%
a()En

(16-6)

4 -28



THY, FWERE— LR F—DFHRICKT I
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<THIWnWz LIZHESE,

16.2. IR ZE{F DE & D3hE

IMEZEROBEE N H 5 &, Fig. 33 O X IR
ZERANTHRIO FANINE S5 729, B MmOk
SDHEZT D, BAFmOESERIL. 0 %E
THE, EXYHES, LEEROESE LT,
Ap, =6eEL/c (in cavity) (16-9)
Thb,
—F. BIAOEEZ DI, (E-oF<R) B—
LDEEROAD EHOEZRL RO THhE
FoCiEET 2 (Fig. 34), TDEIZLO TH 5,
' — AHIE OB E) Ze A L BRI 22 22 iR O 1R
TWHATIEENITNENEBZENDDT, =
ITRHE—AFE-TCLITPTE B,
AR (HA) 2yoThzo CGEBRT DRI
—yeE/2 (+yeE/2) X OEHROEEHELE
k&5 (koff&z25R), 2ofR. A0
LHATE T A mOESELSLOATHT,

Ap, =—6eEL/2¢ (at edges) (16-10)
LA,
Iz ZE AR TOEE B & &b,
Ap; = 6eEL/2¢  (total) (16-11)
LB,
Ace. field E, length L, filt angle &
T beam

Transverse kick in the cavity: dpt = gefL

Fig. 33, Transverse kick in tilted cavity.

R exit
entrance

offset: y,+L42 offset: y,-L&2
Transverse kick al the entrance: 4pt = -eF (y,+8L/2)/2
Transverse Kick at the exit Apt = el (Y-8 L3N0

Fig. 34, Transverse kick at edges of tilted cavity.

ZEIA DN COWHRT] & FBINT, ZEROBEE OR)
R (ZEFANFTOZR) ZHESED T L3
60

16.3. M ZETRSRER DN (FEH) 7

IR ZE T O Y B Cfef B D3N B2 T B AR 1A D 7
T, T ADEHENLENTHRD,

Fig. 36 DX 21T, B — 2R FRFLNL D
THEF > TERIZA-TL 2HBE5%2E2D, F
B T, —HOMEIZERO+IMT, — ORI
ZRO+HTICHLIAFEEZ LT, VU AOEHE
ZEA L TH5B,

Qut of cavity, o )
No fisld . Deep inside cavity,
Y L No transverse E-field
beam R S
offsatr S————

Fig. 35, Edge focus of accelerating cavity.

FERICERIERZ VWO T, 2RECTOFESITE R
Th b,
[Ends=0 (16-12)

ZERONDEE LB DN END TESICHES
LAV, ZERANOMEE ) S D%, Exre (E

IINEER) ThD, TCIRZERT LR L
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TEESHTHEM G, AEEECOEEF D
EH%E,(s) &g,

277 [E,(s)ds =—Enr? (16-13)

ThHB I LRbIB,
eE, () 11 s 12BN T E— S T A 1
I THEH MG, ZAOAA TORT O EE) R

Ap, =ejEr(S)dS/c=—eEr/2c (16-14)

THDIENEPNTZZ LTS,
ZROWATHBHOME BI85 Z L L
SIS FRTH 2,
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