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Abstract whereBy is the field in the magnet gap;
Expressions for the tune shift of vertical betatron

illations versus their amplitude are obtained by usin B 2
osci ' > 9 ()= [by(9)dd +ap;
Hamilton mechanics methods. Conditions of resonance Bp 3

excitation are considered. Expressions to compute the

fringing field effects in the codes simulating beam
dynamics, and the appropriate coefficients for use in y
practice are given. The fringing field effect on a |
dynamic aperture is illustrated by the example of the | _
synchrotron radiation source ISI-800 designed in ' %
Kharkov. i =

1 INTRODUCTION

In calculations of accelerator magnet lattices it is general
practice to take into account only effective lengths of
magnet elements and the linear tune shift due to fringing
field effects of dipole magnets. However, in low- and Sy S, S,

medium- energy (hundreds of MeV for electrons) Fig.1. Equilibrium particle trajectories near the outer
accelerators higher-order edge effects may appe@agnet edges) is the calculated origin of the fringing

essential and give rise to an increase in effective beaﬂg : . :
: L . Tleld, sy is the mechanical boundary of the pagis th
emittance (luminosity), a decrease in the dynamic G oundary of the pagis the

aperture of the device (lifetime); they restrict theffective boundary of the field.

application of inserts such as wigglers and undulators in o ] o )

storage rings as synchrotron radiation sources. After substituting (2) into (1), expanding in azimuthal
harmonics, averaging over quickly oscillating variables,

2 CALCULATION OF DIPOLE-MAGNET separating the particle amplitude and phase

AND MULTIPOLE-LENS EDGE EFFECTS  (z=aV&? + cc, V being the vertical Floquet

) function), Hamiltonian (1) can be presented to consist of
2.1 The dipole magnet two parts: the resonant part that comprises the azimuthal
r;flngular dependence, and the stabilizing part where this
the form [1]: dependence is absent. The analysis of the resonant part
shows that the fringing fields of the dipole magnet can
= R*A _i(pr( FBA), (1) generate resonances of typefj-1v,=p and
dBp| dBp| (2j-v,+v,=p, ( andp are the integers). From the

where R is the average radius of machirp is the stabilizing part we derive the expression for the vertical
magnetic rigidity; Ay ;9 are the perturbing magnetic tune shift:

The Hamiltonian of perturbed motion can be written i

vector potential component®, , are the transverse _ R°B, (—1)k+1 2(j-1),2(k-j)
! Vz_vzo+ z YA Iz % ‘]kj
momenta. Bp &5 (2(k-1))itGi-2y
The perturbation is here represented by the fringing
(edge) field. Because of beam trajectory distortion at the (3)

dipole magnet edges (fig.1) the fringing field is ] )

described not by one potential component but by tw§herevxovzqis the working betatron frequency of the
components which are written in the beam co-movingachine;

coordinate frame as [2]
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B, is the amplitude function of vertical motion at2.2 The multipole lens

the mth edge of magnet |\(|=,/B,/2R); Zg is the The magnetic potential components of multipole lenses

vertical displacement of orbit, =a,e'® . can be written in the form [4]:

The summation is made over all 2M edges of M O

magnets. It is seeftom expression (3) that the effect of BA‘ = Z M(n+1)' ey O R(x 2
fringing fields can be reduced with the use of the edge D o ,
cutoff angle. OA =y ——= M(n+1)' bi(8) R % 2 (6)
In practice, it is generally sufficient to be restricted to E m
the efficient cubic nonlinearity in field: ==y ————b,(9)F )
, y EAS ZM(n—l)! n() n(xj
LV, =—H— klz B m;: (linear shift) (4) n+1-M
ArB°p with F,(x,2)= (x2 + 22) (x V.
BoRB 2 Here M is the number of lens pole paims,is the
Av, =- 1 —— zz , (nonlinear shift) multipole order. The imaginary part of expressions (6)
6r&"p t corresponds to normal lenses, the real part refers to skew
0 lenses.
Whereklz_[bO (s)_[ k(9 dsds After substituting (6) into (1) and appropriate
0 s manipulations it becomes evident from the stabilizing

o o part of the Hamiltonian that the edge fields of
ko :_[bgs)(s)_[ B(9 dsds quadrupole lenses lead to square amplitude dependence

0 s of betatron frequency. The betatron amplitude value is

In the thin-lens approximation, expressions (4) argiven by difference between the products to the 3rd

equivalented the form: power of the modulus of the Floquet function by its
derivatives with respect to inner- and outer- edge

DZD kz (5) azimuths. The analysis of the resonant part of the
@‘1 22% EO Hamiltonian shows that the edge fields of quadrupole

lenses can excite resonances of typenv,3 =k,

The coefficientsky,» can be calculated through the 2n(+v,+v,)=k. The edge fields of sextupole lenses
use of the function by(s)=1/1+ EXF( f(S)) , can excite resonances of type{2n+1yv, =k,
(f(s)= a+ bs+ c8+...)[3] written for the outer edge of @n+v, +2rv, =k, ny,, +ny,, =k, Vy 2 = k.
the magnet. Figure 2 shows these coefficients d%e stabilizing part of the perturbation Hamiltonian is
functions of the gag for the two-dimensional model of identically equal to zero for sextupole lenses.
the field. It is evident from the figure that with an, 3 plane Insertion Devices (ID)
increasing length of the dipole-magnet fringing field the
linear vertical tune shift increases, while the nonlinedn the infinitely wide-lens approximation with a cosine
one decreases. variation of the vertical field component along the
[-k1'(cm), -10*k2 (1/cm) ' ] azimuth, we obtain the expression to describe the tune
5 L i shift under the action of plane ID fringing fields that
manifests itself to an accuracy of the squared amplitude
as:

D 2,2
ov, = el [ kGl )

i . 7
s L ] 81'sz2 4R O 0

. ] wherelL, is the ID lengthK, =2TUA, (A is the period);
. 8y is the oscillation amplitude.

The corresponding expression to calculate the effects
5 6 considered in computer programs simulating the beam
g, cm dynamics is of the form
Fig.2.Edge coefficients versus dipole magnet @@Lp.

solid line,ky - dashed line.



z0 side of lower (higher) frequencies. 1.- calculation by

0 1 0
%H -0 K ; (1+ 222) 1%%} , (8) expression (5), 2.- experimental results.
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Fig.3. Vertical betatron frequency shift as a function of
squared amplitude. The circles (crosses) show the
experimental points at intersection of resonance on the



