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where, for the make of definiteness, it is assumed that the
rotation axis of a snake spaced at &={), is directed along
. the velocity. '

—de - .
The deviation Zrﬁl is maximum at the moments of accele-
ration procese when

‘VZ;(?):‘f))&*PM' (8)

tug
Let us give a formula for deviation 94 at the pointe (8) ne-
ar the snake at & = (the point of maximum of 5‘}?(9) in

our example)s
 d
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Thus, the insertion of a large number of snskes suppresses the
effect of characteristic resonances and provides the adiabati-
city conditions upon acceleration: {5-!?] << 4 at

M L
V2
(of course, the choice-of the angle ¥ , betatron frequency
L% y and number of K is assumed to be optimum, i.e. such that
the denominastors in eg. (S) would not be small).

The influence of perturbations, which are due to the im-
perfectness, is determined by a formula similar to (9) where
the amplitude of free betatron oscillations A, should be
substitutes for the induced &, (see egs. (4) and (6)). Thisg
is justified by a slight variation in the amplitude A (8)
on lengths of the order of the distance between the snakes be-
cause of the resonant nature of the distortions of the cloged
orbit. In view of this, a sufficient number of snakes suppres-
ses the perturbation of polarization by the imperfectness of
the magnetic gystem as well,



2, One can suggest the other effective method of suppres-
sing the powers of characteristic resonances (2) (3) by means
of a specially arranged correlation between the spin flips in
magnets and betatron oscillations inside the period of magne-
tic gystem. Let us demonstrate the principle of this method
regsonances ‘y"ai::'";); ‘ff’ﬂ/ «» The powers of resonances are

proportional to the factor
27/

F= [+ exp(ivi)db (10)

Thig factor can be decreased down to a falrly low value by an

appropriate choice of the magnetic structure. As an example,
such a magnetic structure is given in Fig. 1.
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Fig. 1. The structure of magneiic system period:

F?r D:;, are the focuesing and defocusing aquadru-
’ poles,

o is the bending megnet. The focusing
aystem period is egual to 2% /(3A) -

Integrating over the parts of (10), one obtains

% - ! g G
F=f explnit)- f/+ £, (1—exp v 2 ) :

Fa

where 27V,/A  is the angle of spin rotation by a dipole
magnet 4 7‘; is the value of the derivative of the Flo-
que solution in the dipole. The first two terms are cancelled
at the points of spin resonances (V,=-1; + F/Ilf" ) and, hen-
ce,

F= 4y (1-e1p %2

Choosing ])2 near A/ , one can reduce the powers
of characteristic resonances approximately by a factor of

W]ﬁr*ﬂf {and the powers of resonances ‘1)0:: 1/’2 -;‘-Pr‘v/ s t00)e
It is noteworthy that the point \)& = /‘l/ does not mean a re~
sonance for betatron ﬁlcrtion but lies near the stability center
80 that the number of focusing system periods is 3N. Therefore,
it is possible, in prineiple, to eliminate completely the cha-
racteristic resonance effect.

Wote that the reduction - -in the powers of the main reso-
nances by the method described above permits one to confine
onegelf to the uase of two snakes only in order to remove depo-
larization.

3. Once more possible method is based on bresking the
correlation between the spin precession and the vertical oscil-
lations of particles +via modulation of the angles of gpin flip
by dipole :nag,neta*. Let the value of field in dipoles be modu-
lated according to the law

W - 4+ heosle

where Jq, = const is the modulation amplitude, £ is an
integer. The modulation freguency gf mugt be high enough in
order that the spin perturbation by radisl fields be small on
the length 271/f . With these conditions the characteristic
resonances are splitted into series of modulational ones

Vﬂ:i})i*fpﬂ/+?/£ (g,:c?)ﬁ{_-f—,..)'

with powers decreased hy 1}(]).:&/19 times ( .7?,. ig the Bessel
function). For a substantial decrease of powers (by ;,ﬂ'p;j,/g
timeg), it ie necessary to satisfy the condition 1}0}7 4 "

The degcribed methods allow one to considerably increase
maximally attainable energies of the beam at which the adiaba=-
ticity conditions necessary to conserve the nolarization in
the acceleration nrocess are satisfied.

*) The Ldea of tiis method has been sugeented by V.I.Dalbekov
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One of the basic prohlema.in getting ﬁp'fﬁé.experiﬁents
with polarized particles in accelerators snd storage rings is
a prevention of depolarization on spin resonances intersected
upon beam acceleration. At the resonance points the frequency
coineides with the combination fre-
quencies of orbital motion. It is known that a decrease of the
degree of polarization by some resonance is small when the
crosging through it is fast, or, otherwise, adiabatic. At high
energies one does not managed to provide a sufficient rate of
intergection of the main resonances. The methods which provide
the adiabaticity during the entire acceleration process are
more promising. The parameter édiabaticity depends on how much
generalized frequency of spin precession (determined by all the
gtructure of magnetic field with the perturbations taken into
account) remains far from the regonance values. So, introducti-
on of magnetic fields which change the sign of the vertical
component, of polarization in one or several parts of an orbit
makes the value of the generaslized precession frequency close
to a constent (energy-independent) one, thereby sllowing a
maximal increase of the adiabaticity parameter. Using such mag-
netic structures, called "Siberian snskes", would make it pos-
sible to substentially increase an energy of polarized partic-
leg.

of spin precesgion ﬂ

The schemes of acceleration with the help of one or two
enakes have been previously considered /1-3/. The perturbating
fields associated with the imperfectness of the main magnetic
structure and with the spread of particle trajectories in the
beam have assumed to cause only a small perturbation of the spin
motion corresponding to the caleculated closed orbit. These per=-
turbations grow with increasing a maximum energy and the size
of accelerators and their effect on the spin is comparable that
of a snske. An analysis of the possibilities of conserving the
polarization in such situations becomes in an energy renge of
the order of 1 TeV or higher, as, for example, in the UNK
(8S8SR) and FNAL (USA) projects.

At high energies the main perturbating influence on the
spin ie exerted by the radial field Fﬂr - In accelerators wi-
thout snekes, the powers of spin resonances %/, - are deter-
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mined by the correlation between a change of this field on a
particle trajectory and by the spin precessgion in the vertical
rield H,

3 r]) d
v s
Wpsz 2L H o€ (1)
- <P$;?<i = '%;=L& ?
whefe ‘;)gz 3"({?-—,2;}/_2 is the spin precession frequency in_the

vertical field (in units of revolution frequency), olfB)= [ Z.d?
is the angle of rotation of a particle velocity on the g}bit.nxi
ig the vertical magnetic field in units of its average value
{H:> , B is the total azimuth of the particle, the bra-
ckets <'m> denote the averaglng aslong the orbit {(over the
azimuth £ ), Pﬂ is the intfeger combination of the freguen-
cies of orbital motion. The quantity 2T Jwk| has a
sense of the angle of spin rotation in the vertical plane per
revolution of a particle in an accelerator under the stationary
conditions in the resonance region (when JY-V,[<c ;w:k,[")n

The most powerful are resonancea with free vertical oscil-
lations:

V= EtUr PN (p=0,21..) @

( \)i.l ~is the betatron frequency of vertical ocscillations, A/
is the number of periods of magnetic structure on the orbit
which is assumed to be large) and also the integer resonances

o= K (K22 Y+ pN) (3)
connected with the vertical distcrtions of the eguilibrium or-
bit.

For intrinsic resonances (2), the power /. is equal to

| C!ﬁ(fﬁewxd for resonances ,=-V, +Fﬁ/
wx =V‘ Xy

7 (4)
I {If('}: e! "‘m{> for resonances y’o — 1}2 +PM}

where -f(g):{(ga.z;’:)e&p(,zﬁr‘ui) "~ ig the normal solution. The
Floque eguations for vertical betatron oscillations

- o e

Z-af+ a4 (5)

where 27 R is the orbit perimeter.

The system of natural resonances is so strongly rarefied
becauge of large N that their powers are always, in practi-
ce, small compared t¢ the distances between the neighbouring
regonances. Thig means that the perturbation of verticel pola-
rization is small when a particle paﬁseé a path of the order of
one perieod of magnetic structure. However, we do not assume the
smallness of a change in polarization for the period of partic-
le revolution (ﬁf’?‘fwsi‘% 3

Integer resonances (3) are also grouped, over their power,
near the intrineic ones because the harmonics, which resonate
with frez oscillations, are most clearly expressed in distorti-
ong of the equilibrium orbit. A formula for vertical deviation

25 can be written in the form similar to (5) with substitu-

tion &
ey *
el erﬂ_i‘jﬁ‘?{ 49 (6)

where Xx is the radial magnetic field in terms of (HE> ®
In practice, at a large number of the magnetic structure ele-
ments the spectrum of perturbating field @ i & homogeneous.
This enables one to consider the induced amplitude &(8)

ag a function slightly varying on the period of betatron oscil-
lations.

Ag long as the powers of the strongest resonances remain
emall ( |Wk| << 1 ), the depolarizing effect of all the pertur-
bations can be prevented by introducing one or two Siberian
snakes. At a fairly high energy the smallness condition of
will not be satisfied ( |{We/2 {). In thie case, the influence
of the perturbating radial fields is comparable with the gnake
effect and, therefore, introduction of one or two snakes does
not guarantee the congervation of polarization upon accelerati-



on. A comprehensive analysis needs to elucidate the possibility
of avoiding depolarization such an analysis has to take into
account the effects of adisbaticity violation by combination
resonances of higher orders.

It is possible to supprese the influence of strong reso-
nances, bresking the coherence of addition of spin perturbati-
ons along the orbit. This is performed by the methods deseribed
below.

1. Let us examine a situation when M pairs of gymmetrical~-
1y located snakes, which reverse the vertical polarization, are
introduced into the straight sections of the periodical magne-
tic system of an accelerator. The rotation axes of polarization
of the smnakes in each pair constitute & certain energy-indepen~
dent angle : « In such a system, the equilibrium polari-
zation N,(0) 1is vertical outside the snakes and alters its
sign after the passage of a particle through each sneke. Here,
the generalized spin frequency is equal to

=M
iy (7)

The spin perturbations described by parameters 2/
cause the deviation of the precession axis, 5?1‘-'—' ﬁ'a‘&: y and
shift the precession frequency, SEJA,(EFFJE « If in the pro-
cess of acceleration the deviation of f7 remains small,
one can turm out the precession frequency YV  from all dange-

Trous resonances by an appropriate choice of the angle ?’ .

The deviation of the precession exis isg calculable accor-
ding to formula /Ref. 4/:

&
= ¥
S = Im ;;'jpia:?' A6
— ?
L ey
where ?(¢9+2:}:)= ?fae “’” are the solutions orthogonal with

regspect to e s which are written, outside the snakesa, as
folluws{

M8 <0
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