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We consider reactions of the type % + Y2 -- 0 + 0, where % and 0 are the spins of the par
ticles. It is shown that the coefficient of P 0 • P in the expression for the total cross section 
for the reaction with polarized particles (where P 0 and P are the polarizations of beam and 
target) is positive if the product of the intrinsic parities is - 1, and negative in the opposite 
case. This property of the total cross sections can be used for determining the parities of 
strange particles. 

l. Recently the first reports have appeared about 
experiments with targets containing polarized hy
drogen. [1, 2] The degree of polarization of the hy
drogen in these experiments was 20% and the tar
get was a single crystal of lanthanum magnesium 
nitrate with 24 waters of hydration. 

The use of polarized hydrogen targets brings 
an essential simplification to experiments for 
measuring polarization effects in elastic processes. 
For example, the polarization of protons in 1rp 
scattering can be measured by observing the left
right asymmetry of the 1r mesons scattered from 
a polarized target. If the target is unpolarized, 
the polarization of the protons is determined by 
a two-fold experiment which measures the asym
metry of the recoil protons. The triple experi
ment for determining the polarization correlation 
in pp scattering is replaced by the measurement 
of the cross section for scattering of a polarized 
beam by a polarized target, etc. 

The use of a polarized hydrogen target opens 
up great possibilities for the study of inelastic 
processes as well. In particular, we have shown [3] 

that the study of the inelastic reactions 

on a polarized hydrogen target will allow a unique 
determination of the relative parities of the strange 
particles. The proposed method consists in meas
uring the left-right asymmetry in the reaction with 
a polarized hydrogen target, and comparing it with 
the independently determined polarization of the 
final particle for the case where the target is un
polarized. This method depends only on the re
quirement of invariance under space inversion, 
and applies to any reaction of the type % + 0 - % 

+ 0, where 0 and 1/ 2 are the spins of the particles. 
If the spin of the :S is Y2, its relative parity can 
be determined from the reaction K + p - K + :S . 

2. In this note we consider other inelastic reac
tions with a polarized hydrogen target, and show 
that measurement of the total cross section for the 
reactions 

(2) 

with polarized protons and antihyperons, and com
paring them with the total cross sections for the 
same reactions with unpolarized particles also will 
allow a determination of the parity of the strange 
particles. 

It is not difficult to find the general expression 
for the total reaction cross section, starting from 
the requirement of invariance under spatial rota
tions and reflections. We should also consider that 
the cross section depends linearly on each of the 
polarizations. Let P 0 and P be the polarizations 
of the beam and the target, and k the unit vector 
along the direction of the relative momentum of 
the colliding particles (c.m.s. ). From these quan
tities we can construct the following general ex~ 
pression for the total cross section, satisfying the 
above requirements: 

cr = cro + a.PoP + ~ (Pok) (Pk). (3) 

Here a0 is the total cross section for the reaction 
with unpolarized particles. 

The coefficients a and {3 depend on the initial 
energy, and their values are determined by the 
dynamics of the process. We shall see, however, 
that independent of assumptions about dynamics 
the sign of the coefficient a is uniquely determined 
by the product of the intrinsic parities of the par-
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ticles participating in the reaction. 
Thus, if we choose the polarization P of the 

target perpendicular to k, the comparison of the 
total cross sections u and u0 enables us to deter
mine the sign of a and, consequently, the relative 
parity of the particles participating in the reaction. 

3. Now let us proceed to prove these assertions. 
The amplitude for the process (2) we write in the 
form 

Mao' (k', k} cp (a) 'X (a') = cpT M (k', k) 'f,, 

where x ( u' ) and cp ( u) are the wave functions of 
the nucleon and antihyperon, k and k' are unit 
vectors along the initial and final relative momenta 
in the ems, while the symbol T denotes the trans
pose. 

Averaging the square modulus of (4) over the 
initial spin states, we get the following expression 
for the differential cross section: 

da/dw = Sp M (k', k) pM+ (k', k) pr_ 

Here p0 =%(I+u·P0 ) and p=%O+u·P) are 
the density matrices for the beam and the target. 

From invariance under space rotations and in
version we get 

M (k', k) = RT M (k~. kR) R. 

M (k', k) = IM (-k', -k), 

(6) 

(7) 

where R is the spin rotation operator, I= IpiyiKI1r 
is the product of the intrinsic parities of all four 
particles, and ka and ka are the vectors into 
which k' and k are transformed by the rotation. 

If we introduce the matrix 1> N(k', k) 
= u2M(k', k), then from the relation u2RTu2 = R+, 
we find from (6) and (7), 

N (k', k) = R+N (k', k) R, (8) 

N (k', k) =IN (-k', -k). (9) 

It then follows that for I = 1 the matrix N ( k', k) 
is a scalar: 

N (k', k) = a + ban, n = [kk'l/j [kk']j. (10)* 

For the case I = -1, the matrix N( k', k) is a 
pseudo scalar: 

N (k', k) = cak + dax, 

X = (k' - (k'k) kl/(1 - (k'k) 2)'/'. (11) 

The differential cross section (5), expressed in 
terms of the matrix N ( k', k) has the form 

da!dw = Sp N (k', k) pW (k', k) p0; 
-- T 1 
Po = 02Po Oz = 2 (I- aPo). (12) 

1>We use the standard representation for the Pauli matrices. 
*[kk '] = k x k ', an = u · n. 

By using formulas (10), (11), and (12) we easily 
find the following expressions for the differential 
cross sections for the reaction in the two cases: 

1) for I= 1 

da/dw = + {j a! 2 + lb 12 + 2 R.e ab* (Pn- P0n) -I a I2P0P 
-j b 12 [2 (Pn) (Pon)- PoP]- 2 Im ab* ([PPo] n)}; (13) 

2) for I= -1 

-2 I c 12 (kP) (kPo) ~- 21 d 12 (xP) (xPo) 

-2 Reed* [(kP) (xP0) + (xP) (kP0)]}. (14) 

Integrating (13) and (14) over the directions k', 
we get the following expressions for the total cross 
sections for reaction (2): 

1) for I= 1 

+ + (kP) (kP0) ~I b 12 dw; 

2) for I= -1 

.a = -i-~!1 c 12 + j d 1
21 dw + +PoP~ I c j2dw 

+ -i- (kP) (kPo) ~!I d j2 - 21 c 121 dw. (16) 

The coefficients of P 0 • P and ( P • k) ( P 0 • k) in 
the expressions for the cross sections have a sim
ple meaning. If the quantization axis is taken along 
k, then when I= 1 the amplitude Mt for the reac
tion from the triplet state with projection zero van
ishes, while the other amplitudes are 

Ms =- iV2a. (17) 

For the case of I= -1, the reaction from the sin
glet state is forbidden and the reaction amplitudes 
from the triplet states are 

M t - 'de+' M1 • V2-±1 = + £ -"", 0 = £ c. (18) 

If the polarization of the target is directed per
pendicular to k, then in accordance with (17) and 
(18) the expressions for the total cross sections 
can be written in the form 

1) for I= 1 

(19) 

2) for I= -1 

(20) 

where uS and ut are the respective cross sec
tions for the reaction from the singlet state and 
the triplet state with zero projection. 
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Thus the coefficient of P 0 • P in the expression 
for the total cross section is negative if the prod
uct of the intrinsic parities of the particles is + 1, 
and positive if I = - 1. Correspondingly, when 
P 0 • P > 0, the total cross section a for the reac
tion is less than that with unpolarized particles 
when I = + 1, and a is greater than a0 if I = -1. 
If the polarizations P and P 0 are known, this 
property of the cross sections can be used for 
determining the intrinsic parities of the strange 
particles. 

In the general case of a reaction with two spin 
% particles in the initial state, it is not difficult 
to obtain ( P is perpendicular to k) the following 
relation between the total cross sections: 

cr == CJo + ~ (cr~- as) P0P. 

From this relation we see that in the general case 
the situation where the relation between the sign 
of the coefficient of P 0 • P and the intrinsic pari
ties is independent of the dynamics is no longer 
the case. 

We note that the relative parities can also be 
determined from studying the differential cross 
sections of reaction (2). As we see from (13), for 
I= 1 the ratio of the left-right asymmetry Ep0 
in the reaction using a polarized beam and an un
polarized target to the asymmetry Ep in the re
action with an unpolarized beam and a polarized 
target is 

(21) 

For the case where I = - 1 this ratio is 

(22) 

We have assumed that the polarizations P 0 and P 
are along the normal to the reaction plane. 

4. We note that our conclusion about the behav
ior of total cross sections applies to any reaction 
of the type % +%- 0 + 0, for example to there
action 

The product of the intrinsic parities can, in par
ticular, be determined by comparing the total cross 
sections of the reactions 

with polarized and unpolarized particles. 
In conclusion the authors express their indebted

ness to Prof. Ya. A. Smorodinski'i for useful dis
cussions and for his interest in the work. 
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