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Abstract:

first of all, the integrated functions of the equations are expanded as Taylor series in independent variable, the general series solution

To unintegrable function for the nonlinear dynamic equations of pulsed beams in six dimensional phase spaces,

of the independent variable for the equation can be obtained by direct integration. Then the coefficients for different order items of
independent variable can be expanded as Taylor series in initial value, next series solution of the independent variable and initial val-
ue for the equation can be obtained. In order to solve the dynamic equation for relative motion of any particle to reference particle,
first of all expanding the integrated function as Taylor series in independent variable, then the coefficients for difference order items
of independent variable can be expanded as the series of reference particle initial value, the relative motion equation can be ob-

tained, and series solution for the independent variable and relative motion initial value of the equation can be obtained by direct in-

Vol.39 No.3A

tegration.
Key words:

1 5|5

Jo bR S A% e R A AR R R ) i Bl S
&Y\ iz s A LA 1n] A )iz 3 Z (Rl R A E T 2
— AT S YE AR Bl ) 2 A AR S A Sk RO
B 2E R R AT, K. L. Brown A JH7H B KL 178 R
Y E s e, Y. T {x, 6, y, ', s, 01 S dEAE
e, IR T B L, SCR (28 T o
vy sz, ANHEARR MRS ) O R O T E AR R A Bk
T BEM A AL AR, SCHR (3 ~ 5 1 B2 D R T B AR XS
BET R KA RS T e,y e,
¢ AT R R N YA B ) O R IR XA RS
AP HAT T VHE BA 4 B AR LR . SCHk[ 6 ~ 10]

Wik H 11 :2010-11-10; & 7] B #:2011-02-15

pulsed beams; six dimensional nonlinear dynamic equation; series solution

A B FE MBI 7 Rk oR A5 T R dE AR Lk 3h
ST RERAT R AU, e r AR S [ AR L IE 1) A4
e, I U T R G R TR AR R T
ZHIE I R 22 R BN AR AR DL F AR R B
T BLAY , PR 24 BB e 0k 72 e S AR R, A7)
AJRE B AT AR

Hy E 3R] DL SR A Bk i RN G E L 3l )2 05 e
M A TR SRR AT 2 — A 1 Fp it — 2B B A R
TR AR AR LR TR A A AT R AR SORHOR: 7
B R R SR Sy F 72 & Taylor ZUEINT 5 B4R 5 19 7
LR IR, NIRRT 05 e AR a8 2l 5 fE e T A
AR B MBI TC S5 ST A

AW H At B AR5 40 H (No. 4092013 ) ; Jb 50T H AR5 400 H (No. 4112019 )5 Jb X i 80 H 25 01 SR ITRI E 5 55 B (No.

K7201110015017)



58 I

2 i 2011 4E

2 (X, X ,Y,Y 0 | NBEEEENHEFER
BXTEHZTERVENRERE
S 7 8 L, ML AR A S 4 A 2 )R S O R
Wk B M EARRR (X, Y, 2), Z 5%
SR E A, I Bk R Z By s sh, i 2
AR bk b s AR BB T AE L X, X, Y, Y 0, 0 N
YA 23 ] A P AR LR 3l 2T A B S

dX' =(Fy=XF,)t'*/m
3—§= v
(B VEN/m
d_,
4z
O o 1By~ VLN (Fy= X + ¥ (Fy= YE) )/
C i/ m
(1)

A, ¢ A R CATET ], By Ry F, R A2
YERIH =A i e h H— ik o
Fy=qlEx(X,Y,Z,1)
+[B(X,Y,Z,1)Y -
Fy=qglEy(X,Y,Z,1)
+[By(X,Y, Z,t)-B,(X, Y, Z, )X ]/t }
F,=qlE,(X,Y,Z,1)
+[By(X,Y,Z, )X = By(X,Y,Z,0)Y' ]/t }
(2)
Hrp, g MR TR, E VIR IE, B W%
B, m Ok, FEARXS IS O T HRk =
m = ym

r=1//1- g
= (2) + (X) (1) /c VX v/

t t
(3)

BY(Xv Y’Z’t)]/t,}

mo BT B IE TR, C R BTE H s s .
R TVHE T RN, FATS X, = X, X, = X, X, =
YV, Xy=V , Xs=1, X = ¢/, 52 (1) AT LA S M40 R

B
dX,(2)
dz

HRAMBIEA N
dX(Z)

=f(X(2),2),i=1,2,,6 (4)

=f(X(2),7) (5)

KL X(2) = (X,(2),%,(2), -, Ko (2)" HANgeik
ﬁmi»f= (flafzv"‘f6>T-

PRI oh RS e AR 2R M 8 1 5 B2, o T RS
BRI AR, AR H R (S) . i, AR
RET) UMz (Z, X (Z2))H Wik S (Z =0,
X(0)),f(z,X(2))xF A& 7 WAEE N FEAETE H
IR ATALE(Z =0, X(O) ib¥s (2, X (2)) BN EA
it Z B Taylor %M

F2.R(2) = 2 Lrodonz  ©)
(6 RA(S) A
XL > L&)z 7)

FHRETWAFRFEL, dZ, 0~ Z F45, 4
ERIEGIFREC IR

K=k s X by ko z ®)

A, (X 0)) R f(Z,X(Z2)ERZ(Z=0,X(0))
WXTF AR Z 09 n B350 24 n BOR [EE B Bk
Fik o Hlh

FO>X0)) = f(X(2), Z)\Z=0=f(5((0))

rockon = [5], , + S

¥(0)
= [52),+ B ]

FORO0) = [{7] + L[

SHREXT

X(O)

A,

X(0)

FOGO) < [0 [

Iz 7= + — 3f(i .ﬁ]zzo
X(0) i=1 X(0)
(9)

FESEBRFE TR AR T T M0 (E 45 B 30 % fig 1)
SN, A I T 0 — 0 R 4 i 2 (8) BB SR WD (L I K
. M, 3 D R 2 I —ANTFE AR £ (X (0))
€c*(D),[0,0+X(0)]c D, AT f“‘)(if(o))?%
X(0) =0 4N X(0)1 Tdylorq&é il

FOR@) = D) ]

\\0'

Hf(”)(O)Xa(O) (10)

itl:'jyalya29"'ya]\ IEEHEﬁ 3& a—(al,az,"',aw)j{]

Phaj,ap,  ay HOERP—DEER, lal =a) + ay +

"'+HN,G! :011! az! "'aw!,f(“(O) :/AYOI(I(O)XC;Z(O)
Y lal

X‘R“'\‘(O),aa_ J

= 2R (0)2X2(0) a5 (0)
H538(10) P AL (8) I B Ot (8) 7T 505 4
T



% O34 H

ZiS ko

nszmyFE(
(11)
T n Allla RFNS TEE, i BT3B 40N B
A
X(Z) —X(O) + E 2 m f(")(O)Xa(O)

(12)
A (11) KX (12) BE A ik ol 7S AR £ 1 8l 0 24 07 FE %
F AR Z XWIME X(0) ) TCT7 FEH . BAR, = (8) fH
T 5 M (1) KK (12) 68 T 20471 45 B ) (B30 %
B )
3 EXNSERNTFHAEEEESINZERTE
XoFF ik b Rk U, A R AT Bk T A
SR WA X2 3l T AT 5 EE S AR X B B Y
1 2E TR TG B R SR
WRGITERAE R (Z2=0,X(0)), Bk T W
WA N(Z=0,X:(0)), Wk o o AT 20k 75 2% ks
T8l 15 5 5R -
dX(Z)

- f(2.X(2)) (13)
dX;‘—<ZZ)=f'<z,icC<z>> (14)
K3 (13) FIZ (14) A B 4E (£ = 0, X (0)) K (Z =

0, X.(0))AbJ& > [ 78 514 Taylor 208k, W) 1 3R 75 F2 A5 Hy
WTrER.

dX(Z) v s d
L) Z ,f( (X(0)) 7 (15)
dX((i(ZZ)' i{) 'f<'>(XC(0))Z” (16)

A5 (15) g £ (X (0)) MK F 2 % K0T 19 ) i
)A((J(O)ﬁf Taylor BT, A :
> Lo (e(0)2(0)

lal =0

= £ (X:(0)) + Z—ﬁf“’)(Xc(O))x (0)
(17)
K, x(0) = X(0) - X (0), HoAth 5552 S5 1if 18 AH
I .
Hiﬁ(n)ﬁ/&ﬁ(ls) A

F(X0)) =

+Z Zm of 0 (X:(0))x(0)

lal =1

FIA(16), 282, WA .

s Bl A 3 1 RS 59
dx(2) Z Z T (Re(0)#(0)
(18)
Kb, x(2) = X(2) - Xo(2) IHntia sh i ik

2 OI8) B B 2R X2 B AR S 4 3 9 2 0
B IFATEHBURR . K (1) P AT LL dZ, 0 ~ 2
X 2 By WA

x(7) = x(0) + 2 Ema o (Xe(0))x(0)

(19)

2 (19) BIA ik b ol 7S 2 AE L VAR X 52 3l 3l ) 2 J7 FE

& HRIE G — I AT 3 A 095 R, R HE R )

1% TR B WIME X (0)F1 X (0) BIAT gy (19) sR 134T

BB . BAR K (12) B S H R T I A
JETF AT B AR 3K (19) .

WMRRGE SR (Z, X(R) B (Z,, X (k)
K19 TS AT IR

B2 =x(h) + 35 3 L (R ()

- (20)
Xp,i=2-27,.

4 FERIYCSMEIERA

FRUE B Bk o o oS 4 AR 261 8l 01 2% O R A I SR
V£, A, FoATT R IR B A% =X (8) Ay A i Wt S R AT . fl X
(8) A Al

K= 50+ X g (ko) 2

(21)
AR 2D Y8, R R

X:(2) - %:(0) = Z G () 7

(22)

SR BI AT bt BRAIAE A e

B2, X)X RN Z-01<a,1X,(2) -
X(0)1<b;,(i=1,2,,6) P ELLHAEXE 1=[7-
B Z o+ h]GURE b= minla, 51 M > 1 (2,
X(Z)1,d =mini b, |) P EAEREZ R FEHA S, B
\F (2, X(Z) <H, Y Z€T,n> N.

M bk B & (22) ,

R N > 1
| %:(2) - X(0)] < Z;) (n+1)!

© n+1

a
<H v D1

fi(X(0)) 2!

\/

ESPSE G

an+1 aZ a? n+1

Z;, (n+ D)1= %% 2173



60 G - 2011 4F
a® a3 a*t! lution of nonlinear dynamic system equation for accelerators
=[l+a+yy+qy+ o+ —yl-1 ,
21 " 3! (n+1)! [J].Chin J Nucl Phys, 1990, 12(4) : 283 - 286.
=e' -1 [7] Liu Chunliang, Xie Xi, Chen Yinbao. Any order approximate
Jir LA analytical solution of the nonlinear volterra’ s integral equation
‘ X.(2)-X;(0) ‘ <H(e" -1) (23) for accelerator dynamic systems[J].Chin J Nucl Phys, 1991,

HIEAF A58 7 BT, DR RS 4EIE L i
gl J1 22 T RN TS5 0 X (8) LB H — Bl 88, A
SCHBRATH 18 AT 2 M 327 2 iy 0 AR IR A 119, DR ke e
SRS H— Bl s .

5 #ig

HIARSC A b s 1 AT D i e s 5 BR e B O 1 7%
19 Taylor 28T 5 HAE UM RRGAFR IS B RS
ARZS R =S T8]) 7 i i (8 1 B9 7 0 AR SO AR 4 2R AR
JE AR AR 25 [RDIR 25 07 R, (H OB U By %
TP DRI g 3 5 Bk o SR B AR A A P A i
PR L3 1) A S A4t 1 49— T 10 37 ) B il

S 30k

[1] K L Brown. A first and second order matrix theory for the de-
sign of beam transport system and charge particle spectrometers
[R].SLAC Report No.75,USA,1971.

(2] BT A iob T AR S P (M. b st B2 i AL,

1986.

Wei Kaiyu. Transmission Theory of Charged Particle[ M] . Sci-

ence Press, Beijing, 1986. (in Chinese)

G, OGBS R A SR KPR A S SR P (A

A E NS BRI 2B CEELC, AR, 1979.

Cao Qingxi, Guan Xialing. Six-dimesional transmission theory

(3

—

of series accelerator pulse beam[ A ] . Conference Proceedings of
Accelerator Techniques in China[ C]. Chengdu, 1979. (in Chi-
nese)

B, R4 a2 DR 73 12 [T ] 7
#1,1980,1:167 - 176.

Cao Qingxi, Guan Xialing. Particle dynamics in six dimensional

[4

[

phase spaces[ J]. Chinese Journal of Nuclear Physics, 1980, 1:
167 - 176. (in Chinese)

(5] EE =, B4 N2 [ B8 ) o5l 7 22 Jr AR i)
TG (P E R RS [R]. ACRT: 68 ) WA,
1991.

Cao Qingxi, Guan Xialing. Physical Model of Six-Dimension
Phase Space and Application Range of Related Dynamics Equa-
tion [R] . Atomic Energy Press, Beijing, 1991. (in Chinese)

[6] Xie Xi, Liu Chunliang. Any order approximate analytical so-

13(4) :261 — 264.
[8] Xia Jiawen, Xie Xi. Nonlinear transport of accelerator beam
phase space[ A]. 13" International Conference on Cyclotrons
and their Applications| C], Chongging, China, 1992.
[9] Xie Xi, Xia Jiawen.Brown’s transport up to third order aberra-
tion by artificial intelligence[ A] . Proceedings of 1991 IEEE In-
ternational Conference on Particle Accelerator [ C ], Beijing,
China, 1991:1887 — 1880.
[10] ¥ 7 AN HEREHLAR AR Oy e S AT ZE B i
U LT] . o724, 2007, 12A:95 - 98.
Cao Shaozhong. Any order approximate solution state equation
of stochastic of the six dimensional nonlinear systems for elec-
tron beam[J]. Acta Electronica Sinica, 2007, 12A:95 — 98.
(in Chinese)

(1] 5K BeE Mgl G5 Z 00 [M] . de st bt k2=
JiAt:, 1990.
Zhang Zhusheng . Mathematical Analysis [ M] . Peking Univer-
sity Press, Beijing, 1990. (in Chinese)

(2] TRUZ, 2RG . W R T B AR (M) et M E

th it , 2006.
Ding Tongren, Li Chengzhi. Ordinary Differential Equation
[M].High Education Press, Beijing,2006. (in Chinese)

EEEN

Bm 55,1965 AL THE A, B
TENFE SRS A AR RIS
R i 5 Th I SE A

E-mail: caoshaozhong @ bigc . edu.. cn

F B, 1982 SFAE TRRREE, B, JF
Ui, EEMFE S 515 B A B T I T
P E TAE
E-mail : yangli @ bigc.. edu. cn






