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This p;I p.21 de5c r I brs 1 1‘ i rqe effects i Jl 
1‘1 ane undc~latnrs using the methods of [ 11. The 
undu1at.a structure Is pr artical ly a series of 
f r 111gl ‘K, i leld5. A change Of t he VCTLi Cdl 
field component along the azlmutl~ is describei_l 
b :: t1e ni nusci d. Theoretic31 results 31 e 
cr>,tlpa!-ed with the resultc.. clbtained at IAESSY 
[.?I 1t 1s ChQw-l i-hat these resul : c are 1 II 
c; c1 <Cd accordance. The quest 1 L‘I>S C’l drr-r-as1 ,I,, 
t t1e rlroll I i-tear et 1 ret I; are d! =:cLEsed. 

1 I N I’ROOUC’I I ON 

Tl,e ef.l.ects cr>cr ur I 11KJ d11r t.r-1 tl-1e illf luen- 

ce Qf the ir1ngir1g fields at niagtwt el emerlts , 

1 r, par t lc ul ar , of di pcdr 1uagi-lets, On the beam 

~IyIianli c s !. Jl 5 !,‘C 1 i c accel er 31 or c ‘nay be siqlli- 

t 1 CCilll 1 c-2 1 h -:n,;il 1 3. ad1 uc 01 cut-vature F’ 1.31 

These ri ! ec t. 5 are uc11.311y iI~~.estIgated by ?.t1r 

1 011 OWL w, pr ocedur r. ilrst. 0t-l l-he basis ot 

Lhr k nc.wn t 1 el d c rueasur-ed 01‘ calculated1 the 

partl clr orbit iz I ri dent. 1 f i ed and t* hen the 

rield r: cwponerit. 5 1 II t hr team concorrli tant. 

rlatul 31 coordt nate system are expended in .3 

series atout. the degrees oi deviation f-1 om 

tt115 art31 t , and the e,quat ions 3f motion are 

r>urner1 c hll y I rItegrated 13.41. I-hlc Cl G3SSiCd 

3ppI‘@aCll 1 s however rather cumbersome. It. is 

par t.lr.u1 a,‘1 y difficult to use it for the 

lrlul t 1 el r1,,e,,t systerlis a5 is the czase wl t1, 

UTldUl at a,‘!;. It h,?c, been proposed in [ 11 tu 

apply the rrettlodc, of the per t ur-bat1 on them- y 

[‘=;I for investigating the fringe effects. Here 

the results of applying these methods to the 

case of‘ plane undulators are reported. 

2. RESEARCH METHOD 

At. a smal 1 angle pi par tlcle deviation 1 n 

the fringing field. uCs3,. the orbit displace- 

ment. Gill, I!e neglected, and tt1e p”:ticle n,ay be 

assumed tc experience perturbations on each of 

the di pal e magnet edges. These are caused by 

t.tle rotation of the f1 xed coordinate system. 

in which ‘the I‘ield Is expanded relative to the 

D,‘ bl t co-movl ng coordinate SyStCNl. An 

expressiml has. been derived f 01‘ the tune shi ft 

of T.-ertic.al bet3trcm cmcl 11 at.1 nlis versuc3 thPlr. 

srnpl it. ud- FCJr emal ! edge? angles Q this 

expression is written tn an arcr.lracy of ci 
2 
cl 

k-ICI;-,;>I 

m ct? 
y I”,,lzk s b;;‘--‘)is, ( .I hom(.s?ds 

0 c, 
H 

-- sop )ds. Cl> 

b* 
where H o is the magnet gay; 

R - average machine radius; 

&I’ - magtretic rl~iLllt.~,- c-31 ttw [L?, tic1e; 

a 
7111 

- particle oscillation wqz.11 tude on 

tile Tlzi mrJ1 I1 r.* tht= 1 I II,&Jing fle?ld, 

I “,>) I =~‘r’,, f 2F? -- Fl oquet functlc~tl mod u .- 

lus at. i he magnet KJge; 

b ,,,isj Is the vert1ca1 1 ield c cmtpc~rlen t 

nor ma1 i zed 1-n b<,; 

b 
I *k-i> 

cs.) =dZk% c s .I / &zc- 
on. 0”) 

‘l-he surnmatlon 1 s taken over’ 2~ edges of M mag- 

nets. Express1 011 C.l., 1s w-1 tten f c1r the 

magnets with in! I~litely wldr \‘oles urdei- the 

assumptions that ]a, I<Q aild j;zm=const over the 

fI inglng 1‘ield lengtll. 

3. FRI NFE EFFECTS IN PLANE UNDULAT’XS 

The magnetic I’ield cnmpcnents of d wlde- pal e 

plane undul ator are described I n the 1’1 xed 

coardl nate system by the following expressions 

[til: 

Bx= 0; 
Bz = b. chC2!nz/h> COCC 2nzz’X’ ; 

B = -B shC2nz/X> si nC2nsAJ , 
f 0 

i23 

where A 1s the undulata- period CFlg. l> 

After expandi ng the hyper boll c functions in 

terms of 2 as a t hl n-l ens approximation, the 

perturbating field is descr I bed by the 

expression 
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Fig.1. SctiemaLii view of the plane 
undula’Lnr~ 

This 1‘1 el d C;*UC‘~SS the tune shift of VP1 tica 

betatrur, oscill.itio:-ls 

BZ R 
dv = - -.l..- 

: 2rrY2p2z c k , II, ,!~,~,! l~zmlz~k-i~ x 
dn x ]VJk ( ,‘, )Zk-, ( 1 - -a- - 

enPlu B 

- -n:T- )’ 
c 4) 

It is seer, that at CI 
o 

= hi4-n> ‘&I,0 f Cl,’ tile mo- 

nochromatic bea,n we have dv -0. 
z 

GTner al 1 y , rectangular -poi e undul ators 

w;th n 
” 

= rjw’2 31-e used, where @ is the bending 

angle 1 l-l the magnet array In this case the 

expressIon for- the t~une chl!‘t is 

8;: K 

du = 8~2p2 1 -;Ilrrl;!. Ia-, Iz’k-i’ . 
:: 

k.m 
. 

x ( :- lzk-= cm 
The INeasur at1 e pararnrt e-1 IS z 

m* 
i.e., the 

greatest. p3i-t.ir.tle deflect.i~r~ ircw tthe ~3rhltal 
plane c rllvrl op.? 1 Put.tl r,<lJ IVm I’ = 0 c,~iel- the 
fringtr~y f1e.d length we chl> make the sutstl- 

t ut I or lazm 12.” +z IVm 12 Thil-, t he ex- 
presslnn for t he t. !:“e shift nt the TK,ll0- 

chrnma? 1 c. bran, hns t he forms: 

x c fizm m dp = ______ c I i near- case? 
z* 

3alpZ 

2 * rrllr z zo Ill c gm 
m 

d”z 2 = ----- c ,,c.r>1 .t ,-,rs,- i a 5 ” I C7’ 
3&?Rp2 A 

Un measuring t the i->i*.?.ni r!>~.,rlcpe at ;*II 2, t.31 t! dl ‘i’ 

point 1. we carry out ihe CtlaIlq” “,.. T.?-- zLzr;, fi; 

1rr expl-PSC:Ji.r, CT. 

Ttle <‘IL> va I uec. ~-.~lCuldt6’il k’\/ r<wmr11a c Fl.1 
z* 

wcr e c cwnd to he 0. cm3 1.0% tlw uncdul atcr SlJPER 

AC0 ii). 03 1 rt exper 1 nerrt I71 > arid 0 <pd.? f.01 t he 

wl ggl et- LKI cv. 042 in maac;ul~ell!rnt 5 [HI:) It 

should be noted that CJine should be rather 

careful when ccmpar 1 ng wi tt, LX1 , 521 rice the 

trajectory dlstor-tics11 1 II a superconducting 

wi ggl et- can be I-athe!- c; t f c.ng , alnil yet , the 

qua1 i tat-i ve agreement bet ween t tar f esul tr can 

be stated here with certainty. 

Vf most. interest is t.lhr ccmp~ 1 sc,n wi t ti 

the recul ts obt ai nrd with t!:c illstallat ICTr’i 

PELXY CLJI, which 15 c bar act er 1 zed by a 

relatively txigh T/al ue of‘ the -.,er t 1 <:a1 amp1 1 - 

tude f urctl on 13 c rl 5li? at rather small Fi 
2 

Cy.91d and CjilS. 4m at g=C:“rr; 8. Eh at g=3cl,G. 

Figure 2 shows dIt vcr sus. F’ in the F?ESSY undu- 
2 

1 ator. 

The tune Ehi 1.1. t-11* - I,> BES-IY as a f u~,r:tii>~~ 

Cl‘ the vertical rn1i t t nnce c czzz (3 rS is 
111 zmz 

5t,owrr in Fig.3. It is seen t=hat ttle cnlcula- 

tlons by the present method ~hcvhl fat-her good 

agreement. with the avai 1 at1 e exper 1 mental 

data. 

The express~.on corresponding t cl formu1 9 

c45 and set-vi rig t 0 take lnti! accour1t. the 

effects under cc3ns3 deraticm 1 n t tie cc~mput er 

codes that simulate the beam dynamics in the 

thin-lens approximation. hat the fnt--m 

Zk-i 

2naoHp 
x(1-‘--- H 1. iY> 

oh 

4. RESULT‘S‘ AND CONCLUSI C)NS 

1. Anal yt 1 cal exp,- es5 I o,ns are dew i ved to 

clescr 1 be noi- i near 1 r i rqe ef 1 PCl.c, i n plane 

undul at or s 
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Fig.2 dv_ versus fig1 in the BESSY undulator. 

1. experinlerlt. 2: tlheor-y[21, 3: calcu- 

latlon by formula C61. 
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Fi y. 3. Cependence of dvZ 01-1 L‘=, deter-mined by 

the action of BESSY undulator fringing 

fields. The solid lines - approximatlor, 

cl‘ the BETSY experImenta data[21. the 

dashed lines - calculhtions by 

fol-mulai71. 

2. Calculatloils of fringe effeits lr, plane 

u~~dulators by the methods of the perturbation 

theory show rather good agreement with the 

experimental data. 

3. The present method makes it possible 

to estimate the influence of undul ator edges 

on the betatron tune shift. and also to repre- 

sent rather simply the frlnglng field-excited 

perturbations as a thin-lens approximation for 

the use In the computer codes simulating the 

beam dynamics. 

4.It is demonstrated that the effective 

octupo1e field component acting on the 

vertical betatrun motion arises ever-1 at IB dx= 
x 

=O <one of the standard requl renv2nt.s to the 

undulator). but it can be compensated by a 

paper choice of the angle clo= ACd-n1/8np. In 

this case the undulator becomes transparent to 

a fixed beam energy. 
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