Ei5h H3m EREYwEEEYYE Vol. 15, No. 3

1991 & 3 H HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Mar., 1991

¢15>ﬂ§ﬂ§ﬁﬁﬁjﬂﬁumﬁfﬁé

oAk BNLY

(B KEYEF,210008) (JLFRFEELRD &K,100871)

| =

AXBLTRAMEENEZES AM, HEY |AM + 1| =1, FEh%
BEEREEN, REAERAWRBITE LB T, KNSR TH AR RAN
47, NI RS T 5 ok S0 F 2.

—,

HERERTFRE TR AETRAS LR FRBERZER A XBORE. HTX
AEREERALSRES., AMIFAEODIR AL TETIRT—RFE, Ak
M E - RRE, BRSBTS HRE., BT NS R M R o, 7
BF RS AR TSR E BN R R U R REF RS, A EEZ—
[ I400L B 2 T R S R L T o DL R TR A B TR 22, A Sk
B % B M AR T RS B E M ER A RIS B IR SR EBRREE, X
e e S~ BRS R R ERKNBA AR, FHIEPZBR= R E RN LB
T KT 7 5 R BRI R S, RS ¥ = B = B % 5 S R MR & TR 2 | A SR

e ek AR ﬁ%@%%%%%w%ﬁ%%ﬁ?%ﬁﬁE%%m%ﬁ%%%5 M
B EEBRENRZRBROETLE. P

i

=, RS REAN B
BB HT—AEALERR. BRE 255 2

TR REE, TR RAL P X y g
RACEH p x
Ap(x,y,2) =0, (1 .
MEAEERAL @(r,y,2) HLE 2 R R MM T 51k 2= 2=z
(P(x’ Y, z) = Z_ am...x"'y". (2) i
B(DRRADR, FZ BB« F Y FAUE, 5 TS B EAAHR

A 1990 F 7 f 26 B .



194 B OE Y B2 5 By = 5%

Bl R ERYRARERGT
o=V + % 0 —y) + E (% £ — 2yt) + P(x' + y) — 6Py, (3

RV EHBTFHEARSRBENMELE, 0 RENERGHES M, ERARTY
BEY, PRENMNERGHES M. BIER » EE R ENSE 2 KHRAAGHH
RIS SRR R S R EROF R RE RS, BK 0. EPRE » X, MiR%
BEFGUR TR —IAERIZGOE LR EH.

= RFEHFRE

MR FE R B R BT HE SR F 4
= @i(1 + " + )5, \ 4
FORAN, B (4RI B O LIETH & T, 7T LB 2
F=F,+ F,+ F; + F,,
Hep,
F0 =Vi,
= A( —y) + B(" + 9"

F = C (—x e 3 )
3= 3 y
F =D (+ +y") — H(x* — y)! — 6Dx*y* + % (=" + y*)

4—§§<x2-w><£‘4-y">,

A,

T PT
= = HAnr 40 4 RO A B H 3 = R R T L T R
2Bx" — 2Ax — C(x* — y?) + 4Dx* — 4Hx(x* — y¥) — 12Dxy? + Ax(x" + ")
+ 2B(32"%" + 2’y + 29'y"x) + AQxx + 22— 2yy's —2"y),  (5)
2By" + 2A4x = —2Cxy + 4Dy* + 4Hy(x* — y*) — 12Dx’y — Ay(«" + ¥")
+ 2BQ2x's"y + 2y + 397y + Ay (£ — y) + Ay (2xx’ — 2}')”). (6)

 ZHRRPEZREE

TE A B — SR, FREG)FI(6)ZE L
Bx'" — Ax =0, ¢
By’ + Ax =0, (8
£ ro,xo,yo,yo%ﬁ%%ﬁ%ﬁ}\%%&ﬁﬁrﬂ% z = 7, LHORRBA B R E, TR



%30 EEES: B S REGRT 195

(7),(8)FT LU i 2
{x = &% + h.x {y = &Y + hyyo (9)
¥ o= glxy + Bz, ly =gy, + by, .
Fh g.,h, R g5 by N R(DRB)WF R RIET R OKE, BREXR7ITLIEE =
FA=ZRRENBRFHRRN:

Au = h, S [a(F,+F) a(F,a+F) ]dz
S [a(F, +F) - a(F,a+ DN ]dz’
u
g [a(p, +E) |, AF + APAP (10)

J(r [3CFs +F) | o(Fs+F))
v - g”Ln [ du h,‘ -+ aul h,]dz,
Rt Ax = (Ax,Ay), Ad = (AY, Ay), WRKHFBRAN) FHERMSMHE R, HiE
—RIEUBRAFERE 2,05,y RIEIER 55, 20, v0, vo B RS B H TG AB 2]

o(F F F F , a ’
( 2 4) 8. + a( 3 —f-, 4) 8u = § : (0,3,7’,8)10%8}’5}’05,
Ou Ou a,8,7,5,
2,4

a(F3+F4) a(F3+F4) [ o nx’p r.,?

on hy, + ou hu ﬂ'%:'a ( ’.337,a8)1'0 0o YoYo .

(UDRED I » REMBADRAFS Z TR 1,2, 3 ¥y REFRRFFSZHTIR

3L,4, FHU TR EERABESHWTRESEXNN, R 2<e+f+7+6<3, &
EP (2:8,7,8) H_HZR=ZRRERY, BERUOXERBFRWT:

(a1

TERRERK
(2000), g Cgih.dz : (2000), Cgidz
2¢1100), Cg.Wdz 2(1100), Cgthdz

(0200), Chdz (0200),

(0020), —Cglh.dz (0020),

2€0011),

(1010); —2Cg.gyhydz (1010),

(0110); —2Ch,g,h,dz (0110),

S
|
5
S
—Cgyhyh,dz 2(0011), j —Cg.gyhydz
5
|
|
5

S
5
|
|
(0002), gcm dz (0002), —| Cg,hidz
S
|
|

(0101); —2Ch.hydz (o0101),



196 WY HEE5E R B F15%H

(1001); S —2Cg, hidz (1001), S —2Cg,g,hydz
ZHRERK
AR G BR ER R A, Hh RS —BM 2, 3R] 2.

g

(1020) = (0120), | [4(H — 3D)g.g3h. + Ag.8y'h. — 2Bg.gy' by — Agig.h.1dz

—;— (2100), = (3000), | [12(D — H)glh, + 3A4g g, K. + 3g.h.g" — 6B gk, 1dz

2(1011), | [8(H — 3D)glg,h, + 2Ag g h,—4Bg. gyhy, — 2Ag. g h,1dz2

[—4(H + 3D)gg b, — Ag.g,h, — 2Bg. g,k + Agig,h,1dz

(0030), — % (0021), g [4(D + H)gh, — Agygi'h, — 2BE, K, — Aglg)k,1dz
(2010); = (2001), S

(1110), | [—8(H + 3D)g,gth,—2Ag. g%k, + 2Ag g5 h,—4Bg.g, b, 1dz

RE:
(2100), = (1200), S [12(D—H)g*h: + 4 Ag.gih.k, + Age ks + Agih, —6Bg. K. 1dz
2(1011), = 2(0111), j [8(H — 3D)g.gyh.hy + 2488y Hy — 2Ag.8,hohy

' — 4Bg, g,,h ky1dz
(0021); = (0012), S [12(D + H)giht — 4 Ag,g,h, by — 6 Bgyhy — Agy hi— Agihy' 1dz
2(1110); = 2(1101), S [—8(H + 3D)g.g,h.hy — 2A4g.8,h:hy + 2Ag.85h. 1,y
— 4Bg.g h.h,1dz

HeE,

% (1200), = (0300), [12(D H)g. B + 3Ag.h kY + 3Ag.H, B — 6Bg.k, 1dz

(1002), = (0102), [4(H — 3D) g kB + Ag,h by — Ag.K.h, — 2Bg.k.hy1dz

3i (0012); = (0003), | [12(D + H)g, K, — 3dgyhyh) — 3Ag b, — 6Bg,k, 1dz
2(1101); | [—8(H+3D)g. kbl — 2Ag.h, hi — 4Bg;h;h’; + 2A4g.h k) 1dz

(0210), = (0201),

RE:

2(0111), S [8(H — 3D)g,h’h + 2Ag Kk, — 2Ag, K h, — 4Bg,h K, 1dz
J

[—4(H + 3D)g,h2 — Ag h k. — 2Bg k.l h, + Ag,h’h 1dz



%3 W 7 éﬁi:gm%:__ Ea?m;%agmmw 197

(0300), S [4(D — H)A + 2ARBS — 2Bk, 1dz

(0102), ! [4(H — 3D)AA: + AK:Ky — 2BA K, — Ak h.1dz

(0003); { [4(D + HYA, — 24R2K — 2B, 1dz

| ,

(0201), S‘[—4‘(H + 3DYKIR, — ARYK, — 2BHKS + AR 1dz
-~ L co |

0120), [ (4CH — 3D)g3H: + AgiR: — 2BH: — AgK1dn

(1002), | [4(H — 3D)g2h} + Agib — 2BEIHS — AETH1dz

(2001), S [4(H + 3D) gkl — Agihi — 2Bl hy + Agihy1dz

(0210), S [—4(H + 3D)gih> — Aglh. — 2Bgyhs + Agyh:ldz
ABAE .

(3000), | [4(D — H)gt + 2¢g3g" — 2Bg. 1dz

(1020), S [4(H — 3D)g2gl + Ag. gy — Aglgl — 2Bg.gy1dz=
(0030), E

[4(D + H)gl, — 2A4glgy — 2Bgy 1dz

(2010), S [—4(H + 3D)g2g: — Agi gl + Agigy — 2Bglgy1dz.

BaZ BRI EOIFA)ILEE

%, + Ax %, lg, B, 0 0 1 0 0 0]
%, + Ax' % g K. 0 0 01 0 0
x = s Xop= , G= >, I = s
Y1 + A}’ : Yo 0 0 F4 hy 0 0 1 0
v+ Ay’ Yo 0 0 g, k 00 0 1

AMy AM; AMy; AMy,
Arf — AMy AMz AMyp AMy .
AMi3 AMs; AMs AMs,
AMy AM,, AMg AM,,
I ZARTAERE, AM AR EEM, BRERITA:

AMy = —[2,(2000), + 2(1100), + x3(3000); + y2(1020); + x,x:(2100),

+ 2y,95(1011), + x5 (1200), + yo'(1002),1;
AM , = —[2,(1100) + £;(0200), + y3(0120); + 2xy2(1200); + 2y,y5(0111),




198 B Y B 5 K9 B Fisk

+ x,°(0300), + y,°(0102),1;
AM 3 = —[9,(0020); + y,(0011),1;
AM = —[9,(0011); + y,(0002),]1;
AMy = £,(2000), + x,(1100), + x2(3000), + y§(1020)z + 2x0x0(2100)2
+ 2y09(1011); + y;'(lOOZ)z,
AM 5 = £,(1100), + xo(OZOO)z + x2(2100), + 2(0120), + xox0(1200)2
+ 29,90(0111); + 2, (0300); + y¢'(0102);;
AM 2 = y,(0020), + y,(0011),;
AM 4 = y,(0011), + y,(0002),; -
AMs = —[y,(1010); + y,(1001);]1;
AM s = —[9,(0110); + y,(0101),]1;
AM s = —[2,(1010); + 2;(0110); + 2(2010); + y2(0030); -+ 2x,x,(1110);4
+ y095(0021); + 27°(0210)5 + y (0012),1;
AM s = —[2,(1001); + x5(0101); + x2(2001); + 22,20(1101); + 2y,y,(0012),
+ y2(0003); + x;'(0201);];
AM, = y,(1010), + y,(1001),;
AM 2 = 9,(0110), + 9,(0101),;
AM 5 = 2,(1010), + x,(0110), + 22(2011), + y2(0030), + 2x,x,(1110),
+ 2y,y5(0021), + xo (0210)4,
AM = x,(1001), + x,(0101), + x2(2001), + y2(0021), + 2x,x,(1101),
+ 96¥5(0012), + 2'(0201), + y,(0003),,
MIERETTHRAIDUER AMy, + AMz =0, AMy; + AM, =0, HERE |AM+1]=
=1, ERREEZBREBR T XL EEMRARIL.

. BERBRWRMAS

SCERD7 81U 5 A AT LU TR SR B S, R UNARIEN N T AV MR 7E
B RERBEBRZEHRREHRE , BART RBLZKIL:

XTe'X = X3 (G + GAM)Toe™(G + GAM )x, = xf ot X, (13
A oo 2P A BB ARE AT B T P4 (SRR AR B, o O M BB BB S B R AHE
EFEMEER, T HERRERS.
MAR(13)ATHI

= (G + GAM)"¢"(G + GAM ),
¢ = (G + GAM )a (G + GAM)T, (14)

TR EEN T GRS E
g = Go,GT + G(AMg, + ¢, AM™)GT,
BE—F % Agy = AMa, + 0, AMT, \ ~ 5



% 3.9 RS, BERESNRRLE 199

DIIJ: g = G(o'o + Ao’o)GT- (16)
M (15) RFTRAAES | Aoy MR R RREEM: AM, MEEH o, Z£ x F1Y HAL
sz, B ' \ ‘

Gouu O O 0 '

Go21 To22 0 0

gy = .

0 0 oups o

0 0 gus O

AR B E(15) " Al
Aoy = 2(AM o0 + AM 12002) 5
Acyy = Aoy = AM 3001 + AM 13002,
Ay = 2(AM 4002 + AM 1z + Go2) 5
Adys = 2(AM 53003 + AM yo0n) ;
Adgy = Ay = (AM 13005 + AM 34004 ;
Acyy = 2(AM 00 + AM o).

BN EATELBRIUEEBRRENRLSHBERORIKLE.

£ % X W

[1] Ximen Jiye, OPTiK, Vol, 76, No. 1(1987), 32,

[2] Ximen Jiye, OPTiK, Vol, 76, No. 3(1987), 89,

[3] Ximen Jiye, OPTIK, Vol, 78, No. 3(1988), 95,

[4] Ximen Jiye, OPTiK, Vol, 79 (1988), 165.

[5]1 BENLVBFHNEFEERERKESFR, HENKRM(1983),

[6] Ximen Jiye, Aberration theory in electron and ion optics. In: Adv, in Electronics and Electron
Physics. (Ed. P. W. Hawkes) Suppl. 17(1986) Academic Press,

(7] HBEEEILN,2EMHBEZRFESIRHE,1988, 051,

(8] wHERE, ALV, BEEERORE T, RFBEYE,FRE.

The Beam Optics of Electric Multipole Lens

Hu Naixione

(Depariment of Physics, Nanjing University, 210008)

X1MEN JIYE

(Department of Radio, Peking University, 100871)

ABSTRACT

In this paper, the beam optics of an electric multipole lens containing aberrations is
established, the aberration matrix is derived, and its determinant is shown to be unit. When
the beam travels through an electric multipole lens and the aberrations exist, the electron beam

theory for ellipsoid in phase space is still valid.



