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TRANSFER MATRIX METHOD FOR CCMPUTING DEPCLARIZATICK EFFECTS CF A
POLARIZED PROTON BEAM IN A TRANSPORT SYSTEM

D. Repin, R, Hess, J.-C. Nikl&s, D.W. Werren
University of Gereva

ABSTRACT
We discuss transfer matrices T used in the expression & =
T « €. for computing the spin precession of relativistic protggg.
In pa%%icular ve give the matrix elements to first order approxime-
tion for guadrupcle, bending magnet with inclusion of entrance and
exit path, and & soleroid.

INTRODUCTION

With the recent develcpmeni of polarized iorns sources, pola-
rized proten beams of several hundred nfmp will soon be available.
The evaluation of depolarization effects in the beem transport sys~
tem mey be important because of the high degree of polarization of
these beams. In particulaer our study was motivated by an application
to the polarized proton beams of the swiss meson factory SIN.

SPIN TRANSFER MATRICES

We follow here closely R.R. Stevens and G.G. Ohlsenl) but

generalize their results to the relativistic case. The spin direc-
tion is referred in & frame attached to the beam line. The z axis
is along the beam line, the y axis is vertical and the x axis is
chosen to form a right handed coordinate system. Ve assumed the
seme firstorder approximations as in the beam optic? treatment .
Thus & beam transport element rotates the entrance spin vector Sin

into a new direction & according to
out
t tin S
S, 11 tiz tas .
S =t t t . o
v 21 22 T23 v
5, t31 t3o tas S,
out in

Clearly the matrix T should be unitary. Wote that the tj; elements
are depending on the particles coordinates, and that the trajectories
should be first computed.

Ir & magnetic field E the equation of motion for the spirn
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vector of a relativistic particle is given by3)

-

& = e (a‘ 9 - )

o= — 2+ o 3

at - ( 1)(%B, + B, )) (in the Lab system)
E} = (% B) Vs is the field compgneg+ parallel to the particle tra-
jectory, B, = B - Bﬂ * vy = (1-8")72 where B = v/c, m is the proton

st mags, and (£ - 1) is the anomalous magnetic moment in units of

§§~, g(proton) = 5,58,

The table I gives the transfer metrices T for several beanm
elements of interest. In our derivation®’ we approximated the field
at the end of the solenoid according to N.D. Edwards and B. Rose>
Actually these matrices are not exactly unitary so that the spin
vector has to be normalized at the end of the computation.

A compariscn of these matrices with those used for besm
optics shows that trajectory focusing terms have their analogues in
the spin matrices, that is exactly the same terms multiplied by the
factor G = [1 +(% -~ 1)¥). This is obvious in quadrupole lens or
entrance path of a bending magnet.

Furthermore in the horizontal bending magnet the t13 term
(= ~sinw,) corresponds to the expected mean spin rotation around
the y-axis, including a focalization effect X*G. The rotations sround
the x-axis (,23-term) or z~axis (tjp-term) are proporticnal to
wy ~ @& -1)(3-1), and thus differ from zero for relativistic parti~
cles on]y These terms are produced ty the fact that the magnetic
field in the reference frame of the particle is different from that
of the laboratory system. For a proton of 600 MeV, the quant1t1e=
{(y=1)X' or fy-l)f' ere small and thus square terms like ({y-1)X')2
are ﬁeglected in the given table. However, in the detailed deriva-
tion of these matrices we include such terms which may have
importence at higher energies.

Similer considerations can be made for the homogeneous part
of the solenoid. The same ampproximations to the relativistic terms
have been used.

Depolarization effects for the entire beam transport system
may now be evaluated using a Monte-Carlo method. Here the initial
beem is generated, i.e. trajectories and spin directions, and then
propagated particle efter particle through the whole system,

In the case where this formalism is used to evaluate small
depolarlzatlon effects, a different approach may be more convenient.
Writing g = Sav + AS we may consider Sav as the mean polarization of
the beam and treat AS as additional coordinates. Neglecting second
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order terms like AS'X, 4S°Y, ..., the spin computaticn mey be inclu~
ded in an extended optical matrix.

-+ . i —
P conventional C P
optics
X sTin \Aa
out in

where the elements of the spin part are depending cn gav’
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