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Abstract

This paper describes fringe effects in
plane undulateors using the methods of [11. The
undul ator structure is practically a series of
fringing fields. A c¢hange of the vertical
field component along Lhe azimuth 1s describec
by the sinuscid. Theoretical results are
compared with the results, obtained at BESERY
[}, 1t is <hown that these resulls are in
good  accordance.  The questicns of decreasing
the nonlinear effects are discussed.

1 INTRODUCTI ON

The effects occurring due ta the influen-

ce of the fringing ftelds of magnet elements,

in particular, of dipole magnets, on the beam

dynamics in cyclic accelerators may be signi-

Ficant for a small radius of curvature o (3]

These effects are usually investigated by the

following procedure: first, on the basls of

the known flield Cmeasured or calculated) Lhe

particle orbit 1= reidentified and then Lhe
fteld components in the beam concomlitant
natural coordinate system are expanded in a
series about the degrees of deviation fron
this orbit, and the equations of motion are
numerically integrated 13,41, This classical
approach is however rather cumbersome. It ig

particularly difficult to wuse 1t for the

multtel emnent systems as  ls Lthe case with

undulators. It has been proposed in [1] to

apply the methods of the perturbation theory

[$] for tnvestigating the fringe effects. Here
the results of applylng these methods to the

case of plane undulators are reported.

£. RESEARCH METHOD

At a small angle of particle deviation in

the fringing fleld, als), the orblt displace-

ment can bhe neglected, and the particle may be

assumed to experience perturbations on each of

the dipole magnet edges. These are caused by

the rotation of the fixed coordinate system,

in which the field is expanded relative to the

orbit co~-moving coordinate system. An

expression has been derived for the tune shift
of vertical betatron ozclllations versus their

amplitude. For amall edge angles « this
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expression is written to an accuracy of aZ
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wher e BO it the magnet gap;
R - average machine radius;
B o~ magnetic rigidity of the particle;

S particle oscillation amplitude on

the azimuth of the f'ringing field,

|Vm|=ﬁ . 7 2F - Floquet function rmodu-
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lus at the magnet edge;

Om(s) is the vertical fistd component
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The summation is taken over 2um edges of M mag-

nets. Expression €10 12 written for Lhe

magnets with infinitely wide poles under the
assumptions that |a_ |« and (5 =const over the
z Tm

fringing field length.

3. FRINGE EFFECTS IN PLANE UNDULATORS

The magnetic field components of a wide- pole

plane undul ator are described 1n the {xed

coordinate system by the following expressions
[B):

:O;
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CEd
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where A Is the undulater period (Fig. 12,

After expanding the hyperbolic functions in

terms of 2z as a thin-lens approximation, the

perturbating fleld is descr i bed by the

expression
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Fig.1. Schematic view of the plane

undul ator

This rfield causes the tune shift of vertical

betatron oscillations
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It is seen that at ao = AC4-n) - 8Brne for the mo-

nochromatic beam we have dv =0.
z

Generally, rectangular-pole undul ators

with ao = ¢ & are used, where ¢ is the bending

angle Iin the magnet array. In this case the

expression for the tune shirt iag
2
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The measurable paraneter 1is =z {.e., the
m

greatest particle deflection froem the orbital

plane Cenvelope). Pubting |V |'= O over the
m

fringing fieid length we can make the substi-

2 2z 2 2

tutlonm: la, |7> ="» jv_|°. Then the ex-
m m O m

pression  for the tune shift of the mono-

chromatic beam has the forms:
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On measuring the beam envelops at an artltirary
2 2 .

point :, we carry out the change AR A I |
m . m L

in expresasion 7).

The o . values calculated by fornuala C62
z

were found to be O.03G for the undulater SUPEER
ACO (0. 03 in experiment{7]1d and O 043 fo the

wiggler DCI CO.042 in measurements (812, Tt

should be noted that one should be rather
careful when comparing with ©DXI, since the
trajecteory distortion 1In a superconducting
wiggler can be rather strong, and yet, the

qualitative agreement between the results can
be stated here with certainty.

Of most interest is the comparison with

the results obtained with the installatlon

RESS [21, which 1 characterized by a
relatively high value of the vertical anpll-
tude function [t(:ﬂﬁm) at rather small P
(Y. amd and K16 4m at g=%cm; B Sm at g=3cmd.

Figure & shows dp_ versus g in the RESSY undu-
lator.

The tune shirft < 1in BESZY as a r'unction
Czlx £ 3 is
m Im =

of the wvertical emittance £

shown In Fig. 3. 1t (s seen that the calcula-

tions by the present method show rather good

agreement. with the avallable experimnental

data.

The expression corresponding to formula

(4> and serving to take into account the

effects under consideration in the computer

codes that simulate the beam dynamics in the

thin-lens approximation, has Lhe form
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4. RESULTS AND CONCLUSIONES

1. Analytical expresslons are  derived Lo

describe nonlinear fringe etftects in plane

undulators.



vert, tune shift dUzﬁO2

Flg. 2. dv_ versus p(gd Iin the BESSY undulator.
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Fig. 3. Dependence of dv  on £ determi ned by

the action of BESZEY undulator
flields. The solid lines

fringing
- approximation
of the BESSY experlimental datalzl,

dashed

the

lines - calculations by

formul a7,

2. Calculations of fringe effects in plane

undul ators by the methods of the perturbation

theory show rather good agreement with the

experimental data.
3. The present method makes

it possible

toe estimate the influence of undulator edges

on the betatron tune shift, and also to repre-
sent rather simply the fringing field-exclted
perturbations as a thin-lens approximation for
the use in the computer codes simulating the
beam dynamlics.

4.1t is demonstrated

field

that the effective
the
vertical betatron motion arises even at fodx=

the

octupol e component acting on

=0 Cone of the standard requirements to

undulatord, but it can be compensated by a

proper choice of the angle o= AC4-nd2 - Brp. In
this case the undulator becomes transparent to

a fixed beam energy.
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