


ozo:zg/ I pr.

‘E-1691

S,.M,Bilenky and R,M.Ryndin

ON THE REACTION p+p-f+f WITH
POLARIZED PARTICLES



1. Introduction

As is well known electron nucleon scattering experiments measure the elec~
tromagnetic form factors of the nucleon for spacelike momentum transfers. The form
factors in this region of momentum transfer are real and to determine them it is
sufficient to know the differential scaftering cross section,

The experiments on the study of the annihilation processes

- +
p+p -+ e+ e,

- © (1)

prp st 4T

are being presently made at CERN]‘. They yield the information about the proton
electromagnetic form factors for timelike momentum transfers, It is easily seen

from the unitarity of the S ~-matrix and the time reversal invariance that the

form factors are complex in this region,

_ Measurement of the differential cross section for reaction (1) with unpola-
rized initial particles permits one to determine only the squares of the modules of
the charge and magnetic form factors of the proton2'3. To determine their relative
phase the experiments with polarized protons and antiprotons are necessary, It
appears that such experiments become presentily possible due to construction and
successful application of a polarized proton ta.rget4— 6.

In the present paper we consider reactions (1) with polarized initial partic-
les‘x?. The expressions for the cross sections will be obtained in the one-photon
exchange approximation, We shall see that the measurements of the total cross
sections for process (1) with polarized particles could provide information on the

validity of this approximation.

2, Main Results

The diagram of processes (-1) in the one-photon exchange approximation
is given in Fig. 1

Here p and p denote the four-momenta of the antiproton and the proton, 9
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and gq° are the momenta of the positron ( ¢ -meson) and the electron (u —~:meson)
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Tire crose sectiens of processes (1) when one of the initial particles is pola-

rized have been obtained in refs'.2'3.
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The matrix element corresponding to this diagram is of the form
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Here a is the mass of the electron ( & ~meson),

,

q =-ig , q-=-iqg", k=p+p’y and j (0)
0 4 0 ‘
is the current operator in the Heisenberg representation, The matrix element of

this operator is 3
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where M and g are the mass and the anomalous magnetic moment of the

1
The form factors F, and F2 are connedted with charge and magnetic form
factors G, and G by7'8

proton, F and F,  are the Dirac and Pauli form factors (li‘l 0) = F, 0 =1).

2 2 L 3
G, (x°) = F (x )-4"'“# F (x ),

()

G, (kN = F (ru Fy(x) .

Using (2) 'and (3) we get the following expression for the cross section of

processes ( 1) in the general case of arbitrarily polarized initial particles:
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In' this expression A (q')= _qz‘.‘"_”” and A(-q)='_q_2':'_fﬂ'_ére the projection operators,
m im .
a is the fine structure constant, and p’(p’) is the covariant density matrix

of the proton:
"
PRI = AP H(L +iy 7)., (s6)
Y
where A(p’) = _P +iM — go
2iM #
is the 4- component pseudovector of the proton polarization ( the mean value of
the operator iy5 Y, ).'The matrix p(-p) is connected with the density matrix
of the antiproton p (p) by:
-
( ~ -1
pl-p)=-Cp (1)C , (7)

where C is the charge conjugation mafrix satisfying the conditions:

(i v, ¢ =~ LA (8)
c=-c, c*c=1.
where -~ denotes the transpesition, I the four-vector of the antiproton polarizat-
ion is denoted by E" then
P_(P)=A(P)%(l+'1yaf). (9)
From (:8) land (.9) we get:
)
p(=P)==A(=p) % (1+ iy £). (10)

The differential annihilation cross section in the can. system from (3), (4),
(5), (6), (10) lis
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Here & and k’ are the unit vectors in the directions of the antiproton and
>

electron (u” —meson) momenta, 6 _jis, the angle between k and k ,B is the
electron( ,‘_ -~meson) velocity, = [_[31{_],&_]] is the normal to the reaction plane,
E and D are the energy and the momentum of the antiproton, and 9 and

?’ are the antiproton and proton polarizations in their rest systems with the
same orientation of the axes as the orientation of the axes of c.m, system. If, eg.,

(¢ °, ifoe ) is the value of the polarization four - vector in the c.m. system, then

o b\ 2 E-M
£=9 + (PI)k
M

-

- P P. (12)
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The differential cross section (11) in the case of the unpolarized particle annihi-
lation ( F-Fuo ) coincides with that obtained in ref.z.

From (11) it is also seen that the asymmetry in the angular distribution of
electrons, arlsmg in the annihilation of polarized antiprotons with unpolarlzed .Bro-
tons ( ?-/ 0o, §oa0 ) is equal to asymmetry of electrons when § a0 , ¥d0
In refs, 2,3 it is stated that the asymmetries in these cases are equal in magnitude
and opposite in sign, Notice that this difference is due to various definitions of the
antiparticle polarization.

Integrating (11) over the directions of the electron ( &« -meson) momen

tum we get the following expression for the totgl annihilatoin cross section:
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Finally, we give the expression for the differential annihilation cross section
in lab, system:
do aa 1
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Here l(OA)=l-ecoa GA and .,I(ﬂﬂ, €=E,+ M, E and ?A are the laboratory energy
=

A
and the momentum of the antiproton, EA and kl'\ are the -unit vectors in the
directions of the_.antiproton and electron( g~  -meson) momenta, 6, is the
-

angle between k[’\- and k A C In the above expression we have neglected the

mass m .

3. Discussions

As is seen from the given formulas, the measurement of the differential
cross section for the unpolarized particle annihilation makes it possible to deter-
mine only the modules of the charge and magnetic formfactors |6 1 and |Gyl
The sine of the relative phase of form factors G, and G, can be detemingd
from measurements of the left-right electron asymmetry when one of the initial
particles is polarized, To determine the relative phase cosine ( and thereby to
determine the phase unambiguously) a study of antiproton-proton annihilation with
both particles polarized is needed.

The expressions for the cross sections have been obtained by us in the
one-photon exchange approximation. I is interesting to note that the measurements
of the total cross sections with polarized particles allow one to test the validity
of this assumption. In' fact, as is easily seen from the considerations of invariance

under space rotations and reflections the total cross section of any channel of

the reaction with two polarized particles of spin 1/ 2 in the initial state is/ 10/
Y
-+ - - > -
omo +a (§ P40 (F k) (PN, (15)
where
o= Y%(o +o )+%h o ,
(] o & t1
0,=%(at.6-o_) s o,=h(gro ),
and O, 0 %4y and o are the total cross sections for the given channel of the

reaction from the triplet state with the projections 0 and 1 and the singlet one,

respectively. In' the general case o, , © and o are independent, How-

1 2

ever, in the one-photon exchange approximation the annihilation occurs oniy from
] 3
S, and | D states of the proton-antiproton system. This means that

1
in the one- photin ap}?roximation oy, o0, and o , are connected by

7



CS=!75+ 301. (16)

The wvalidity of this relation can be immediately verified by eq. (13) for the to-
tal cross section. The experimental check of eq. (16) is one of possible tests

of applicability of the one- phdton exchange approximation.

The authors are indebted to prof. Ya,A,Smorodinsky for useful discussions

on this topic,
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