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NONLINEAR EFFECTS OCCURING DUE TO FRINGE FILELDS
OF CYCLIC ACCELERATORS DIPOLES
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Kharkov Instibute of Physics and Technology,
310108 Kharkov, ULBHH

1. This paper presents the results of investigalior on a beaw
dycawics in cyclic acceleralors and storage rings with the regard lo the
dipole fringing fields. Bere the Hamiltonian formalism is used, the
disturbance occurs due to the fringing field. The Ramiltonian of disturbance

written down in ihe beaw-concomitant coordinate system has the form [1]:
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vhere x',px,z’,pz are the transverse coordinates and momenta;
Vv:5/0 is the aziauthal angle; ¥ is the sverage wachine radlus; Bp is the

magnetic rigidity of a particle; & zr(x',z'.v') are ihe components of
1

magnetic vector potential of dintu:‘x:nce [{ringing Tield in this case) in
the above beam-concomitart cosrdinale system. The Hamiltonian (1) is writles
down on the assumption thal (x|, qz21¢C P .

2. el us consider as a wodel 8 flat magoetic dipole ia which the

vertical fiefd component H!(z.s] bas the propertles:

bﬁzlz.il SBz(z,s)
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Bz(z,s):Bx(z,~5):Bz(-z,5):Bz(-z.-s). {2b}

fg93. {2a) are related to the homogenity of the field inside the
dipole and Bgs.(2b) to the existence of the symmetry plane (median plane)
aud the sirror symaetry of entrance {s¢0) and exite {5>0) edges.

sing the conditions {2) and to separate the variables we expand

Bz into even powers of z:
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BZ»BD%_ bn(s)z . 3

where BD is the field in the d_l:ole gap Bu:Bz{s:D).

[t follows from conditions roth=0, divl-0 Lhat the coelficients
buls) can be expressed in teras of derivations of this field on the wmedisn
plane bgts) aboul the longitudinai coordimate s; thus the aagnet potential

coeponeals withie Lhe “magnel” frame (x,z,2> ) obtain the form:
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where b;n-”( ‘l”):dzk—lbo( v )4 -1

To invesiigate the sobion described by the Hamiltomian (1),lhe

compnuents of vector Tare presented in the beaw-copcomitast coordivate
systen woving along the trayectory of the central particle (17,2 ,5" or )

which 15 Lilted by the angle o (s} to the “magnet” Tframe {x,n,s or o)
o (1) tﬂolﬂj’{buis) ds td.ﬂ, (hereo{u {3 the face angle of the wmagpel.

B:BO( 1+ J‘KIK), 18 is the energy dispersion. p is5 the radius of orbite
curvature inside the dipole. At small o (s) the componenis of i

concomitant coordinate system has the form:
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Difference between the concomitant and “sagnet” coordinates is

shown in fig. 1.
S0, the expression for the sagnet potential in voncositamt sysiea
are obtained. The appearesce of Ay 0 is equivalent to the appearenre of Bl

at the magnet edges directed collinearly with eqoal 2z coordizate.
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Fig.!. Orbits of equilibrivm particle near the wognet exit
angle, Sb: the caloulate onsel of fringing field Sp: the pole
edge boundary. S': the {ield virtual edge boundary.

3. After common used transfer to the wew canonical variatles a’,a’
( see {1} ),0 rs1 or 2 ) and coasidering the vertical beam shift about the
sedian plane by “”‘I)’ Fourler expansion of depeadent on 7% lerms, suenirg
over all 2M magnet edges under assumption that the Floquet funetion 1s

constant along the edge [ield, separation of asplitudes and phases in a,
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(a’:r,exp( i?yb; iy:ryexp( —l‘f,]) we gel the new Haailtomian function (6).
[t constsis of Lwe parts, one of them (the stabilising lerm) does not depend
on the azimulh , while another {Lhe resorant one) depends on tt:

2
w1 24
sy z———_—' )

U "f’ s 190w -

zrf" o ih, {2h-1)

0 Ay (2

(r)dv, (6a)

X k +1
2k-1 11
res B kz ]z:i 0;21 INHERIB L % \V(V.H Y

0 jb p=-

(k1) 19 o) v ),

! (e (6h)

o
,f,u by

vhered:“. (2i-Dare¥(ar }+ 'f‘—pv"},mv'.)[ is the avdule of the
vertical Floquel fuaction at w-th cut end, v ' is the vertical tune. [t wmay
by shown that the terss responsed to px‘x' ran excite the 2a \)z.*’ \)x:p-type
resonances (n and p are integers), which usually are too weak becouse their
dependence on the difference between the laltice fuactions at eatry and
erite ends of a dipole. We do not consider terms k=0 in (6} becouse these
teras respound only for trajectory curvature in mageetic field.

Stabilising part of the Bamiltonian U“ deternines the dependence
of betatron tuses op amplitude {2 3}:
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ihe aaplitude funclion value at w-th edge of dipole.
Besonant part of Baailtonian (6) ures indicates on Lhe possibility
to ercite the oy
describes the well-keown fact of llnear diminishirg in \)x 4.

Thus we have shown, that curvature of particles trajeclorles  at

. p-trpe resonance. Whem k - 1, J = 1 the expression (7}

the dipole edges give rise to the monlinear romponent of Bl Field in
copcomitant coordinate system and, as a result, to the resonant condifions
(with pulsing beaa dimensions) as well as to the shift of vertical betatros
tune \G»

(. To use the results oblained in modelling codes the fringing
ficld can be considered as & thin lens approxisation and the wotion
equations from (1) after inlegration over Lhe fringing field lemgth have
oblain got the fora at zQ:B:
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vhere v':dy/ds.
This ezpression describes both Lhe enter and exit edges of the

pagnet.

§. While chossing Lhe fonction bolsl it is of importance to take
into accoual the following conditions:
-homogeneity and contimeity of this  function over the
integration lenght;
-satisfaction to the boundary conditions b (s)
stgo(b) M (s)=-steard sy,

The suplest function which satisfies these conditions and allows

] e b(s)i——uo

one to describe the effects considered is the exponent as follows:

LAt s,
blsl: s ) 9}
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The parameter 2, can be evaluated by using a MLS method taking inlo
account the conditions of fleld integral (virtual border of field)
invariance. We have carried oul  the experiments to xeasure  Lhe
anplitude-freguency respense of heam transverse oseillatior i the N-10D
storage ring. A compariscn between theory and experimenl shows 2 good
agreesent. The field of K-100 dipoles has been described by the function (9)
with Sb:D; &:2.43 ew. For this  function bn{u) the t‘une shift ¥ . is

deternined by expression:
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As it is obvious when taking the positive tift nngleJo: 6/2)0 for
the monoenergetic beaw one can compensate the effects considered. The
phrsical aeaning of it is that by ohbaining the appropriate title angle to
compensate the well-knowa linear defocusing [4], the nonlinear edge effects
are also suppressed. For the expresslon (8) in the erponential fringing
fleld nodel the v ta:
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Linear decreasing of the vertical focosing force (k-0 i (10,11}
with gond precision is equal o the goantity detersined by well Yuown
expressions [4] being applied in the codes [5]).

§. The main results of the paper are as follows:

-The expression describing the magnet vector potential Tof Lhe
dipule magnel fringing {ield is presented; it is shown thal for tlhe flat
dipole this field is delermined by the fumction describing the vertiral
field comporent on the median plane.

-the tipes of resomapces eseited by fringiag fields are
determined; the expression for noulinear tune shifts as well as ones
describing these effects fo the thin lens approximalion are presented;

-1t is shown thal edge effects are due to the tilt of rparticle
trajectory with respect of the perpendicular to the dipole edge.

-1t Is shown that ponlinear effects can be compensated by seall
positive tilts of edges.

Theoretical predictions are proved by experimesial measurements
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