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V=T /700E8HDFE LY (1)

m B &k
LONGITUDINAL MOTION
dW/dz = eE cos¢ = eE cos (¢ + &) (1)
E = EaT
¢ = ¢ - &4
¥y = Ws - ¥
RFE s BREENFE2E T
¢ = w(t - Sdz/ Vs ) (2)
2
(1),(2) &9
dWe/dt = e E Vs ( cos¢s - cos( ¢ - &5)) (3)
d¢ /dt = @ Wy / ( 72 Ps Vs ) | (4)
P =mgeBy, V=¢B8, w =12nf
W = mge2(y -1), &= mge?
(3). (4) .
H= wW? / 272 Ps Vs + V(¢) (5)
V(¢) = e E Vs ( sin (¢+ds) - ¢ cosdg ) (5-1)
=-eE Vs ( ¢2/2 - 1) sing (5-2)
EThif.
d¢ /dt = H / W, , dW,/dt = - H/ ¢

pPoBohsd, MHEFEE (¢, W) Lo ¥ BB, (5) &b

We = t7f2Ps Vs / 0 JH-V(s) (6)
separatrix 2. ¢ = -26s ®© V, H oKD S5 H 3,
G=(P=Ps) / Ps (1

EEHRTHhIE. separatrix © G .

Ge = =+ 7ﬁeE/w Ps \/( ¢ -sing + 2dg)cospg - (1 + cosd)singd g
(8)
Q=w\[Vlrltan¢sl/(27zB73) (9)
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(NZAHWT, (8) 2HF&HT L.

Gc=iﬁ72( Q/w )\[1+cos¢ - (¢ - sing + 2¢s5)cotd s
(10)
CCT Wr i BEYvom#ExxVF—& rest mass 0ok Tdh->T,
Wr = eEg TA cosd s/ ¢ (11)

¢ OBRKMER. ¢ =0 EBLT,

Gmax = 272 ( Q/w )'J 1 - $scotd g (12)

Small longitudinal oscillation

l ¢ | << 1 o, (3), (4) &P

d¥y /dt = - @ 72 Ps Vs (Q/w)? ¢ (13)
d¢ /dt = w¥Wye / ( 7 2Ps Vs ) (14)
o2k &y

d2¢ /dt2 + d/dt ( 1n (7 2Ps Vs )) dé /dt + Q2¢ =0 (15)
EHEER = 0ot 21T &
d2¢ /dTt 2 + 286 (t)dgp/dt + (v (T))2¢ =0 (15)

8 (t) (372 - 1)/2)(Q/w)?% | cotd s | (16-1)

v (t) Q(t)/w (16-2)

(15) OB ELTROEZE X 5,

p(t) = ®(7) sin¥ (7)) (17)
(15) & b

" +28d° + (v2 -UF" )0 =0 (18)

QT" +2 (O + 660 )¥" =0, (" =d/dz) (19)
O ~ 0 &EpPUT B E (18) &b

d¥ /dt = Q (20)




P » T. phase advance A U it

t
AT (t) = JQ(t) dt
tae

potential V(¢ ) & (5-2) OFEPRANTE XIS BE., (6)icdW\WT H

EBLE. RD ellipse BB SN %,
¢2/¢2 + wka/xz = 1

X 72 Ps Vs (Q/w)®

w ®© X ~ const.

ellipse area Ia

% - T
o] =const./\/72Ps Vs Q/w
X = const.72 Ps Vs Q/w

G = W/ PsVs & oS

Ga = const.\/'r"’ / (Ps Vs ) Q/w

MEB—FDOEES ( Wr = const ) DEBOLELDOHTF

(21)

(22)
(23)

(24)

(25)
(26)
(26)°

(27)

Q/w~ g "1Ps~ 172, O ~Ps~374, X ~Ps3’4, Ga~ o Ps™574,

Gmax~ 7 Ps~172, 7 -1s ~q “1pst”4, P - Ps ~ 7 Ps

non relativistic

Q/w~Ws 174, O ~Ws 3’8, Ga~Ws 578, Z-Is~Ws!’%,

hEBEAT2BQEROELL

m#E o ZEADE R d¥s/dz = ( d¥s/dz )e (Ws/Wo)"
0 i AHBZRT,

Q/w = ( ¥Ws / W )“JVWr° | tang s | /27 B 73
8

¢~ws-(3+2m)/

Ga~ VWs -(5 - 2 m )8

ChEbh -3/2<m<5/2 BEFL W,

(28)

(29)

(30)

(31)
(32)

(33)

-174

V(D)

V-Vs~Ws-1/8



Phase advance

(21),(9) &b Wr —F DB,

Y
AT =f2z | tang s |/ ¥r £ (r% - 173 dr (34)

FauwPFnwEickisd &,

7
T = /cJ;('ra-l)’e"‘d'l (35)
K =\{2nltan¢5l/Wr (36)
AT = T (ryz) - ¥(7,) (37)

(37) 8, o Sy, lMm@#EF 58 D phase advance 25 X 35,
(35) EBWVWT. X4 = v2-1, tan(0 /2)= (7 2- 1)!'7% = X OEBWEFT S &.

T = xF(6,1/V2) (38)

&
F(6 ,k) = .rde/Jl - k2 sin26 , E—BHEAES (39)
a

6<K1 DB, F~0 &R 30DT

AT k(6 - 64q) ‘(40)

= 2574 x [ ( Ws/e)'’% - (Wa/e)!7* ] (41)

2 (VB -V Ba) (42)

Non-ideal accelerating system DR

MELRETE NI - - DHE
cell length L=n82x ., (n=1 for DTL ) (43)
mFEECLZ2EVEEOHSR
AL =nxAB , AB =AVW/ (Br%e), AW = eEgTLcosd s K H 5
AL = ( ;nz/'r 3¢ )EgTA2cosd s = const. (44)

non-relativistic v ~1 DB L,

EaTA 2cosd s = Cag = const (45)




ch &b
Ads =

(11) (45) &b

cotdps ( AEe/Ea + AT/T + 24 X /1) (46)

Wr = eCg / ( 2 12 ) (47)

ERXB, EENFOMEY 1 vk, AERCOBIERELTVWEIHEERLTW 3,
Vv IIREE L ETHE, TERNFOES R NVNF—{F

Ws = eCaql/(2 2 2) (48)

Field error & phase advance DBJ{f

(35)(36) &9

(AT)/AY =6«k/x =1/ (2 sin?¢s)d Ea/Ea (49)

ZEEMMEDOZE (LA momentum spread LR IFTHE

(23) & D non relativistic DB X

Ga = (Q/w)D (50)
ps DEILIR © DXL ERAELHS

AGa = (Q/w) | A ds (51)
field &/ T 281 (46) ZAHWT

AGa = cotd s(Q/w)AEa/Epn (52)

Drift space DB

42 1DOHMBEZEBD ellipse
v 2DOHMMEEMBD ellipse
(22)(26)" 2R W3 &

é 1. Vi
d 2, Wio

®12 = ¢12 + (0/Q1)%G,2 (53)
d¢ /dt = wG ZHWS &, drift space S 2 FABEZD ¢,

$2 =901 + ©GS/Vs

(54)
HiZ ¢4 = ©,s5in?, G = (Q1/0)® cos¥ & LT, ¢ &G2=Gy D
ellipse KWRALT, 02 BBAKERBLIBHMMET EKRD 5 &




2= @1/V 201+ (Q:/Q2)% + a% & [((R:/Q2)2+a%-1)244a2] 172 (D)

(55)
G2 = G1(QR2/Q1)(DP2/D ) (56)
a =2zS8S/(BA)(Q,/w) (57)

Q, = Q, DES&KICIR
©2/®y = (1 +a2/2 % a[l+a2/t )2 (58)
Go/G1 = @ /0, (59)
a <1 oB&icik
®o/Oy ~ 1 £ a/2 (60)

BOoOXLVSIOHEE

EVHLTOIODMNBOX VS NIE, IHOXVELEL 5,
6 ¢ = wd1l/Vs =2md1L/B A (61)
FerolicBird2mMER
AP = eEpTL cosé s (62)
#ic 6 (AP) = AP (AEg/Ee - ( tang s )A é5) (63)
field error EBEXS5—HH523B460 RIRBORB\BOEMI
6G =6 (Ap)/Ps = ( nfir/B v )(6Ea/Ea - tang 58 ¢) (64)

V=27 7260 BBR. (¢, CGI)PFEBLETERX 2, (22)(23)(26) &k D

Ga2 = 62 + (Q/w)2%¢? (65)
G = Ga sin® (66)

¢ = ® cosVT (67)
(65) £ . n -th cell ®. 3K Ficxtd %perturbation 2K »H 3 &
8 Gap, = sin® ,8G, + (Q/w)y cosT, & ¢ (68)

(28) &9 n -th cell OEEIZ, MHEIHFE>T damp TEHEB D » %,
n-th cell # k-th cell TRIEFTHER




6GanK = & Gan (B n/BK)SI‘ (69)

2Toroflid

N
AGa = T 6Ga, (Ba./Bx)%"* (70)

n=0
“RTgE <X > = (x2)tr-e (11)
EERLT. RFOMMEEBOSERREA—FERELT. NFEH 2+ I

N
<8 Gad2 = (1/2) T {<K66Gy>2 + (Q/w)a2¢<8 ¢>2} (B o/Bk)%72

n=2 (12)

(64) &b
<8 Ga> = <8 G>(Bn/Bk)! (73)

(9) &9
(Q/w)a = (Q/0)x(B/Bx) 72 (74)

(12) - (714) &V, IZHEBRCABLTEFTTHE

<A Gad =[(N/z) [<6G>2 + (Q/w )n2<S ¢ >2] (75)

<6 ¢> =12x<8z/B 1> (76)

<6 G> = (nWr/B )| <6 Ea/Ea>® + 47 2tan®¢ <S5 2/B A >2
(17)

COIN? — bR, ref. | DE—BhLro T LD IDTH3, HFLLiAMILWE
BERBEIh W,

Ref. 1 I. M. Kapchinskiy, "Theory of Resonance Linear Accelerators”.



ex. 1 separatrix , acceptance

Gnax = 272 ( Q/w )] 1 - $scoté, (12)
Q=wa{rltan¢s|/(21zB73) (9)
Wr = eEg TA cosd g/ ¢ (11)
f 201 MHz 201 432 1296
Eg 1.5 MV/m 2.1 3 4
T 0.64 0.88 0.79 0.825
Wa 0.75 MeV 20.5 3 150
B 0.040 0.205 0.080 0.51
b s -26 -30 -30 =30
¥r 1. 4E-3 2.5E-3 1. 5E-3 7.0E-4
Q/w 0.052 0.033 0.042 0.0090
Gmax 0.027 0.020 0.026 0.0074
AW 0.06 0.79 0.16 2.1 MeV

AW = & B2¢ Gmax
ex. 2 Phase advance

AT =254 g [(Ws/e)'’* - (Wa/e)'7% ] (41)

x =J2z | tands| / ¥r (36)
(AT)Y/ AT =6k/x =1/ (2 sin?2¢ ) S Eg/Eq (49)

1) 432 MHz, 3 --> 150 MeV, Wr = 1.5E-3 , x = 38.1,
AT = 35.8 rad, 5.7 oscillation

6 (AT) = 15 degree &3+ B3¢, HF&Hh % field error &
6 Eg/Eg = 0.0037

2) 1296 MHz, 150 --> 1000 MeV, Wr = 7.0E-4, £ = T72.0
AT = 65.7 rad, 10.5 oscillation

6 (AT¥) = 15 degree &3 3 &, F#&h B field error &
G-EQ/EQ = 0.0020




ex. 3 Drift space
a=2zxz8/(BA)(Qi/w) (57)
/0y = (1 +a2/2 + a’1+a2/4 yte2 (58)
a1l oBEAICIE
Do/dy ~ 1 £ a/2 (60)
1) 20 MeV, 201MHz, Q/w = 0.033, S = 8.18 2
a = 1.68
Do/d, = 2.15, surprizing !
2) 10 MeV, 432 MHz, Q/w = 0.042, S = 28 2, a = 0.336
Do/ = 1.11
3) 150 MeV, 1296 MHz, Q/w = 0.009, S = 5.5 < *%%%x if applicable
a = 0.31
Do/Dy = 1.16

ex.4 tolerance of field error and phase error

<A Ga> =[(N/2) [<S8G>2 + (Q/w)In2<S ¢ >2] (15)
<6 ¢>=12m<8z/B A> (16)
<86G> = (nWr/By) [ <8 Ea/Eg>2 + 4w 2tan2 ¢ s<& 1/B8 1 >2
1) 432 MHz, Wr = 1.5E-3, Q/w = 0.013, 3 ---> 150 161:3)
Bn =051, n=1 N-=34

<AGa>2= 0.0015 <6 Ea/Ea>2 + 1.2 <6 2/B 1>?

AHZic T separatrix Wo i WOEND EHEETHIE. ex.1 &b
Gag = 0.026. Ga @ damping 2 (29) KRS EH/ET E, HOK
B3 Ga =10.0023 &7 3, Ga @ 25% o¥¥m*%
FEBRETHIE AGa = 0.000575. ¥ F iC torelance ZESF T 5 &

¢85 Eq/Eg> = 0.01, <&6Z/B 2> =13.17 E-4

2)1296 MHz, Wr = 7.0E-4, Q/w =

0.0029, 150 --> 1000 MeV
By =10.88. n=1/2, N =

3500

<A Ga>2= 0.00028<6 Eg/Eg>2 + 0.58<8 Z/B A >2




AHBIT T separatrix Wo WO EB D 2 RETHIE. ex.1 &b
Gag = 0.0074. Ga ® damping i (28) K>S EEET LT, O
B3 Ga =10.0032 &3, Ga © 25% o¥mMm*%
FERFRETHIE AGa = 0.0008, ¥Zic torelance 2B T 3 &

<5 Eg/Ee> = 0.034, <S65ZI/BA> = 1.5 E-4

DEoBlicTERHLAENS A -9 —%, EF0HESF BRI EZMA T VR L
DT, SEKOERCHET 3,
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