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Abstract

In order to measure the electron (positron) polarization
8t the facilities with colliding beams

finds the method based on
aeffects

» the most extensive use

orage ring on their
polarization, For fhe bunches of an arbitrary éonfiguratinn (the
vertical sizég of a beam have been Previously neglected) the rate
of particle loss of the beam, due tg ISE, is

determined. Some
shortcomings of the previous Papers are elimi

nated, An explicit
exXpression for the rate of particle loss in the case of small
relative energy losses,

where the difference between the crogg-
Bection of electron-

electron scattering and the Born one should

be taken into 8cecount, is also derived,




The radiative polarization has: begun used in research on
a variety of storage rings (the study of the reaction e'e™ - had—
rong /1/, comparison between the anomalous mﬂgnetic moments of the
electron and the positron /2/ etc.). Due to the use of polariz-
ed particles in storage ringsa problem of measuring of the polari-
zation of particles in storage rings becomes urgent. Several dif-
ferent methods of such measurements are known. Some of them are
based on measuring the azimuthal asymmetry in distribution of the
final particles, for example, in the two-particle annihilation of
the electron-positron pair /3/ (such an experiment is described
in /4/), or in scattering the polarized electrons on the circular-
ly polarized laser photons, or on the pﬁlarized electron target
/5/ (the first of these methods is used now at Stanford).

However, the method proposed in /6/ which based on the da--
pendences of the intermal scattering effects (ISE) in storage
rings on the polarization of particles has the most extensive use,
This has been applied at Novosibirsk. /7/, Orsay /8/ and Stanford
/9/. 1If the scattering in an electron beam occurs so that the
particles possessing a large transverse momentum and small lom-
gitudinal one in the beam-rest system (RS) are scattered at a lar-
ge angle and gain a large longitudinal momentum, then due to re--
lativistic transformation, in the laboratory system (LS) the lon-
gitudinal momentum can be larger than the rermissible deviation
of the momentum in storage ring. This scattering - sometimes call-
ed the Touschek effect - can be impartant‘elament of beam loss
in a storage ring. Since ISE depend on the polarization, the num-
ber of the particles outgoing from the beam depends also on this
polarization, that can be registered by the ﬁpprnprinta me thod.

In /6/ the expression for the number of outgoing particles



has be;an obtained in the approximetion when the amplitude of
vertical oscillations ie gquite small (2 plane beam) with the polari=-
zation effects taken into account. For this case, the agsumption
has been alsc made that in LS the ratic of the maximally permiss-
ible deviation of the momentum from the equilibrium one to the
energy 2: 'dp/g is small and the expaﬁaien is carried out in powers
of 12 . But actually these assumptions do not always fulfilled,
and therefore the solution of the problem without apprnximafions
mentioned above is of interest. Moreover, as this will be seén
- below, for very small values of ¥ it is necessary to take into
account that the cross-section of electron-electron scattering
differs from Born one. This paper is devoted to these subjects.
An attempt t.o congider the firat one of the mentioned problems
was made in /7/, but that result contains &an error.

Let two particles in the beam have the momenta /5:: and ;5;
in IS, respec._ti?ely. We define the vectors

e i_ - s : - [ = —»
= 5 (PtPs2) 9495 g (F=Fe) (1)

In a real situation, the spread of the longitudinal (along a beam
motion) momentum c¢an be neglected. The spreads of the transversal
momentum are small, compared to the emergy of particles in the

beam £ . In the following, we shall L regularly diuca_z,;d terms
P
f?’/g with this aCCUracy: l"'\? =0 ( i /pf )

#j = £F
E-&Ez
whera E{,EE are the energies of the particles under nnnnidarn-—

The Lorentz transformation with the valucity :

tion, performs the transition to their centre-mass-system (CHS).
=
If in IS the polarization of a beam is described by the vector &

*) Here and below we use the system f o *"“-'—'c“j.

)

then in CMS we have with the accuracy indicated above

Pia = 27> E<VGhil g =2 (3147 @) %)
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The values 0,,, &, 2;‘2 are defined in CMS, denotes the
momenta after scattering, Prom Eqs.(2) it is seen that the vectors

—

'5:.2 undergo 1::_1}: mtatioi during transformation ifito CMS.If in

LS the vectors 2‘2 and EE coincide, then in CMS the angle
between them appears:

s”#: =q-’-+f[ S [«-7‘“ %‘2

In /7/ it is assumed that 2‘,* -.,>' , 88 a result, thu formulae

{(5) of this paper are incorrect.

- - - :
Generally speaking, the vectors %‘:{ ‘3;‘ are different,

for example, due to spread in directions of the equilibrium pulu;
rization of the electrons in a storage ring. However, since all
of the valugs in the right-hand side of the expression for ?
in (2) are taken in LS, one can sée that the small differences .u‘r
2-:: from é:- do not affect the e : 3 ;.—é’-
s xpression ¢, .

Taking into account (2), one can find an explicit form of
the cross-section for polarized electrons using the invariant
cross-sections /10/. Integration over angles of the vector ?‘" can
be conveniently performed if one takes 2 a8 an axis of the

spherical coordinate system. Since we are interested only in the



particles whose longitudinal momentum is changed by a value

/
larger than ¥ , the integration over ¢,

condition that f?;;[ 3/02 5

gection:

| G i "'"}'2 |
e 4«@2#}{;} Eé‘ 2—*‘«192 ;Z*/ ——-} /9(2;&)

is performed under

As a result, we get for the cross-

where A ef/_ fﬁr‘ff ;5,}- ) ( 7 (._J}-[ ? -/7
i (4"’ “Y)bx '*"'(2’92*’}2/ > “3) + 972 x},,,,
ﬂi .—['(47*!)&- ?/ ¢2 ‘/&X ?f/xp) ?/9 ‘9(? -fi) 2
ﬂ (49 +£+T#)£x,+?z[@ ?‘Vé ""0)*?;?? 22:: (4)
ﬂg-‘-(Sqa-r—Z/éxo—

?ﬂéﬁ"/é% 8 gﬁ#i’?z/é’-ﬁo),
The number of events of interest per wunit time - ’u‘(g ) for

which a relative variation of the longitudinal momentum is larg-

er than 2 is expressed through the cross-section (3) as fol-

29’?3‘* —Vv',_.gz

where V is the beam volume in IS.

fows:

Vip) =

Tt is necessary to average the value v over the distribu-
tion of mdmenta in a beam, In the case of Gaussian distribution,

we have for V{f’)

Viy)- 2’;;}% f;a? = P{EJ,}(G 4,+q ﬂ_) (5)
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where I I_j_ are the modified Bessel functions of the first
kind; H’,& araths widths of distributions of the radial and ver-
tical momenta, respactively,,{\r is the number of particles in
the beam, T, is the classical radius of the electron.

For applicability of the formula (5) or analogous formulae
for other distributions of the electron in a beam, it is neces-
sary that the value l2 should he not too small. This is con-
nected with the fact that the cross-section (3) is taken in Borm
approximation. The applicability of the latter will be guaranteed
within the entire interval of variation of C? in (5) if 2)) af,: i
Let us now consider the situation when 2 L of . Then in the case

xmg a relative nontributian of the terms depending upon the

gpin is small. This is the nase if xﬁyg»;e cg’ ))g 3&2 :
Only at (9 '7)12)} Q or £>) ?)} Sx the dependence »  upon
the spin terms becomes essential., Let é’ = max ng g,;. then

% is given by:
\J: EVJ'Z {g, _.._.'?3... ({+a-{?(§")+5 //{-”
ihare
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Fig.1 The function }3(2) at gz» “2» gfnr
different valuee of Ze
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Fig.2 The dependence A(e) - on the parameter CVE
at ‘f; = 0.56 for different values of 2 .
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Fig.3 The function ©/(%) which takes into account the
difference between the cross-sections of the electron-
electron scattering and Born one.




