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ABSTRACT -
1y
The only mechanism conceived till now ) to depolarize
selected electron bunches stored in a single ring is reanalysed. It

is found that such a scheme appears 1o be impractical.



Recently, W.T.Toner proposed a techniquel) for
observing collisions between pqlarized et and unpolarized e~
in the single storage ring'EPIC. '][‘h’:itsi method consists in arti-
ficially producing a resonance between the proper freqﬁenc:y of
the magnetic moment of the particle and the periodic perturba-
tions due to few weak localized sole noidal magnetic fields, deli-
berately pulsed at suitable azimutal positions.

(Of course, with n bunches of electrons and n bunches
of pds’itrons stored, the field integral of the perturbation created

by one of these fields must have a time derivative of the form

(P;'[) o(t- k {_) cos [ a)c( %2_) y t] , (k any integer)

in order to act on the e~ bunches, leaving the e’ bunches unaffected
( ¢ is the Dirac function and T is the revolution period)).

. In thi-s":way, at every paé;sage through the perturbed azi-
muthal position, the magnetic moment of the particle is rotafed by
a'small angle toward the horizontal plane. Now, the existing hori-
zontal component of polarization is still affected by the depolariza-
tion mechanism due to the random mixing among electron trajecto-

2)

ries produced by synchrotron radiation”’, while the vertical compo-
)
nent increases owing to the emission of synchrotron lighft3). Thus,
if this proposal is to be useful, after a time of the order of the de-
2)

polarization time constant” ' one may expect tohave a more or

less significant depolarization.

In what follows we will discuss the spin motion equations
with inclusion of all the effects above. Reference is made to V. N.
4
Baier's paper ) for the basic theory.

In a reference frame (x,y,z) which is attached to the



particle and which rotates about the main field direction z with -
. -2 i . L -2
angular velocity wfz ) yres , the spin motion near the (g——z ) yre

resonance may be described in first-order approximation by the

S

equations

dSX 1

(1a) —_—= - e § = AS
ds NDP’ X y
dSy 1

(1b) ez AS + S~ —— S
ds X Z N’DZP Yy

. GISZ . A 1
(1c) B _ﬂ,sy - 1\-.[—1—; (SZ——,sZmaX).

Here, s is the number of orbit revolutions;
o E-E
A=25y B8

/revolution about the main field (z axis);

is the advance of angular precession/

7is the mean angular kick (about the x axis) received in one
revolution by the _po].arizétion vector by effect of the pertur-

bing field; 2

c 8 M€ 92 . s . .
NP’ = o 5%}%—‘ e2 o ";‘5 is the polarization buildup time
constantg) (expressed as a number of revolutions);
SzmaLX = . 924 is the corresponding maximum polarization value that
the circulating electrons can acquire.
At last, . /? 9% -2
NDP= (—J—EL) ( 7('&?32—) 02( —4)7— ) ) is the horizontal depolari-

zation time c:onstan1;2) (expf‘essed as a number of revolutions).
In this last expression (——]-;3%) is the fractional energy loss per revolu-
tion sufferred by the single particle;
4y is the r.m.s. value of the amplitude of phase oscillations;
a_ is a constant determined by the storage-ring parameters.

2
For the EPIC case at 14 GeVl) he numerical values of the coefficients



appearing in the r.h.s. of Egs. (1), listed in decreasing order of

magnitude, are Co
E~E E-E

‘ = ‘ 2 -—-——-—.—.-I:_e_—s_ «’2‘ " ( -73 o) 3 ______I‘_(?Ei_ = ’-5 ™
4=2x10 5 2x 10 " radif — 1077
1\11 =3x107% ;9= 3x10%rad
DP
1; -4x1077,
P

Assume for the moment that A4 do not depend on time. In such a
case the asymptotic behaviour of Sx s SV and Sz can be found merely

by setting

dS__x - dS E dS‘Z
Is =0 , "—‘X‘ds =0 d "&'E;— =0 in Eqs.(1).
We get | \
TS v M) (N )
(28.) SX‘_ - 5 SZ
1+ (NDPA )
N 71
(2b) Sy=‘ DP 5 ':SZ
1+ (N ..
( pp4)
SZ
S max
(2¢) S = , ,
z . (Npﬂ), (NDP n)
1+ (N__4)° | \

DP
so’'that we obtain with the parameter values listed above,

S = S (1-2 x 10°°)
‘Z Z . :

max

3

i. e, still- a full polarization.



Moreover, if we put 4= 0 in Egs. (2)’,; ‘we 11nd the last

1)

formula of ref. ' we rewrite here below:

S

L.Z -.3
S L (giving's_~ 1x107").

1+-(NP1)) ( Npp 7)

Indeed, in his derivation of eq. above, Toner restricted the analysis

to the case where 4 = 0.

E-E

_ - res
Our results mean that even with 5

n ':'_10’"5 rad this resonant scheme is irhpractiéal. Newertheless,

= 10-5 and

for thé sake of completeness, the effects of rapid variations-of 4
with time due to oscillations in energy will be considered very briefly.
Even with the most favourable assumption that E"Eresz 0,
we must take account of time variation in.4 owing to phase oscillations.
Hence if an electron tmdlergoes phase oscillations, multiple rapid cros-
s.ing4)vof the spin resonance occurs. The corresponding vertical depo-
larization time constant (expressed as‘ a number of revolutions) is
given. by (‘g'é—z“ )y ‘(’A)L?"“‘)

ND-_ 25 'nz

s

Taking —‘%,y-— =8 x 10-4 , M=3x 10-6 rad, we find at 14 GeV
ND =4,5x 108 revolutions, a figure uncomfortably close to

Pr

The author is unable to conceive any other usable depolarization me-

chanism.
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