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In the majority of physical experiments
with polarized proton beams it is important
to have, apart from a high degree of pola-
rization, a small value of transverse spin
aberrations,1especially of the first cros-
sing moments ',

- The behaviour of the polarization vector
S in a magnetic field is described by the

quasi-clagsical equation2
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where e , my, are the charge and mass of par-

ticles, is the Lorentz factor, g 1is

the g romagnetlo ratio (for protons g =
5.586¥ B, and B, are the parallel and per-
pendlcular components of the projection of
the field B onto the momentum direction
(onto the z axis). The change of the polari-
zation vector in the field B 1is determi-
ned by the simultaneous solution of eq. (1)
and the equations of motion of particles.
For a beam with transverse nonzero emittan-
ce in its passage through a magnetic field,
nonuniform in space, the polarization vec-
tor becomes a function of phase coordinates.
For example, for a beam with longitudinal
polarization the incoherent parts of the
transverse components SX and S_ , which

are dependent on the coordinates of partic-
les, will be called spin eberrations and
the area occupied by phase points of the
beam on the plane: deviation x or y -
transverse spin component SX or Sy will

be called "spin" emittance. The "spin" emit-
tance characterizes the beam at the point
of view of maximum values of aberrations.
The moments of digtributions represent a
more accurate quantitative characteristic
of the quality of a polarized beam. Speci-
fically, in making experiments on the in-
vestigation of P-Parity Nonconservation Ef=-
fects in weak nucleon-nucleon interaction
in polarized protons scattering, of inte-~
rest are the first crossing moments of dis~-
tributions of SX and Sy with resgpect to

the x and ¥y axes:<SX-'y> and <Sy-x>,

which in the 3SIN experiment were of the
order of 10 °mm '. For obtaining polarized
beams of such a high quality it is necessa-
ry to take special measures both in the
source and transfer channel and in the 1li-
nac itself. However, the optimization of
the transfer channel in terms of the mini-
mum values of gpin aberrations in largely
determined by the linac. Firstly, for a
long time the spin undergoes changes preci=-
sely in the linac and, secondly, the linac
focusging system is practically determined
by other requirements: the intensity, emit-
tance, Ap/p of the unpolarized beam.
Therefore initially it is important to
determine aberrations which arise in the
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linac channel and then to optimize the tran-
gfer channel and source.

In the present report we consider a 1li=-
nac of Moscow Meson Factory type in which
it is possibleBto make experiments with po-
larized beams ~. Such a linac represgsents al-
ternation of the sections where focussing
or defocussing of the beam by quadrupole
lenses and acceleration occur. Hereafter,
for concreteness, we shall assume the beam
to be longitudinally polarized
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It is taken into account here that Ssz<<

T -2
SyBys S5;B,<<¢S,B_ and M= 1 + 5-2-—}( .
Let us differentiate the third equation
and substitute the first two equations into

it: 2
a®'s, (e M B)
S+ s, = O. (3)
d t me X :
The spin precession frequency SL = ;MB*
-]

depends on the field distribution funcition
and on the fact along what trajectory the
particle moves: B ~ G(t)-t(t), where G(t)

is the field gradient in the lens and 1(t)
is the deviaetion of the particle from the
axis. The condition for the absence of a pa-
rametric regsonence of spin precession for
particles in a beam can be written as

e M Lg G "o 4'\3 (4)
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where 1s the phase advance of radiel og-
cillations, Lf is the focusging period
and M, 1s the beam envelope. It is ful-

filled in a large energy range from 0.3 MeV
and over and is extended to the whole linsc.
Therefore the system of equations (2) can

be integrated in the approximation of small-~
ness of the values:

AS ~ S S
Z<<,i1 SX= —X-4<&_1 y:—l/\é&.
Z Sz sz

Since the linac channel possesses quad-
rupole symmetry, all further reasoning will
refer only to the plane x . We write simul-
taneously the integral equations of motion
and spin for one quadrupole lens:

663



Proceedings of the 1988 Linear Accelerator Conference, Williamsburg, Virginia, USA

L
~ ~ e M
SX = Sxo - S g By dz
moyp
9 (5)
d x _4dx = 8-S3 4z
dtfh at mox J
where L is the lens length and is the

relative particle velocity. The simultaneous
golution for a series of lenses can be rep-
resented as:
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or by regrouping the terms:
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Noting that the angular divergence of
the traaectory x / in the accelerating
gap is much less than that in the quadrupo-
le lens, we may assume that the expressions
in the square brackets are equal to zero:
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where K ﬁ—, c t.

Using the smooth approx1mat10n of the
golution of the equations of motion in the
accelerating-focussing channel, we obtain:

gx ST & (9
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Sinse our obgectlve is to determine the
contribution of the linac to spin aberra-
tions, then g%o = 0. Knowing the transfor-

mation of the phase ellipse of the beam in
the plane (xx) and substituting eq. (9)
into these transformations, we obtain func-
tiong of variation in the parameters of

3

"spin" emittance along the channel length.

In particular, for Sxmax we have obtained

the simple expression:

1/2
S, ay (j[l#t) / (1 + K2 - 2Kcosyﬂ)1/2

(10)

where V 1s the normalized emittance ang
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A is the wavelength of the accelerating
field.

In the same way we can obtain the first
moment s

vu sin
4X§o

Fig. 1 shows the behaviour of Sxmax
along the linac channel, which was obtained
by the numerical method. The results agree
with fair accuracy with the analytical ones.
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Fig.1. Behaviour of Sxmax
linac channel length.

along the

Owing to this we can draw the following
conclusions. Firstly, the final value of

Sxmax is determined by the parameters of

the linac at its entrance and by the norma-
lized beam emittance. Secondly, with increa-
sing energy the average value of S

changes slightly

= .y -1/2 # 211/2
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Fig. 2 (curve 1) shows a change in the

first moment < Sx' x > along the channel
length, which was obtained numerically.
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FPig.2. Behaviour of the first moments
along the linac channel length.

It is also well described by the function

(11), which yields the important conclu-
gion: the maximum value of the moment
<Sx-x:> is independent of the channel para-

meters but depends
meters V , X

only on the beam para-
o+ This can be interpreted
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as follows: the increase in the phase advan-
ce of the channel $b leads, on the one
hand, to a decrease'in the average beam ra-
dius and, on the other, to an increase in
spin aberrations (10). Therefore the only
pogsible way of decreasing the maximum value

of the first moment ‘CSX'X > is the f£ilt-
ration of emittance at the entrance into the
linac.

The crossing moment '<Sx-y> in the linac
arise in the magnetic fringe field Bz" xy

in quedrupole lenses. Obtaining analytical
expressions for them involves great diffcul-
ties, but it is obvious that the character
of the behaviour of the crossing moments is
gsimilar to the behaviour of the direct mo-
mets and their value should be decreased

by “'Bz/Bx' Fig. 2 (curve 2) illustrates the

behaviour of the crossing moment < Sx'y'>

along the linac channel length. The maximum
value of the crossing moment AS Yy > 1is

2-107 =3 mm for the acceleraulng-focu531ng
channel of the linac of Moscow Meson PFaciory
and for the beam emittance V = 0.15% cm mrad.

In accelerating a longitudinally polari-
zed proton beam in the linac there occur
transverse spin aberrations, the maximum va-
lues of the first moments of Nhlchzare.
<S x> and ASyy> about 4:10 7, <S “y>

and £ Sy-x > about 2:107 -3 mm for the norma—

lized emittance of 0.15 % cm mrad. The cha=-
racter of the behaviour of these parameters
ig quite analogous to the character of the
behaviour of the first moments of the usual
phase emittance along the linac channel. The
meximum value of the moments is independent
of the linac parameters and is only determi-
ned by the beam emittance. The change of po-
larization from longitudinal to transverse
does not give any special advantage. The cor-
regponding crossing moments are decreased

by a factor of two.
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