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1, In view of a fast increasing number of "elementary" particles e:xperirrents 

on the determir.!\tiori of intrinsic ·parities still remains an important problem of high

energy physics. At present experimenters have at their disposal rather intensive 

beams of ga= quanta, In this connection it is interesting to consider methods 

of the determination of the intrinsic parities In reactions of the type 

·y + a b + c ( 1) 

The suggested methods are based only on the requirements of invariance under 

reflections in the reaction plane 1 , 

To indicate the basic states of the photon polarizationx) we choose two 

real mutually orthogonal unit vectors e 1 and e 2 in the plane perpendicular 

to the photon momentum, the vector ; 1 being assumed to b e parallel to the 

normal to the reaction plane, The amplitude of the reaction ( 1), if the photon 

polarization is ; ( r = 1, 2 ) , is written in the form: e · M (ji"j}=[M(P,p}J 
r r obo

0
,u• obu 0 ,o.r 

and p' are the initial and final momenta in the c.m,s, and o Here 
... 
p 

o
0 

are the s pin variables of the particles, The state of the polarization of the 

photon is described by the density matrix p = \-\ ( 1 + t · r' ) , where r 1 are 

Paull matrices and e 1 are Stokes parameters
2

• In the chosen basis e 2 

indicates the degree of circular polarization, 

polarization, 

and e 8 are related to linear 

From the invariance under reflections in the reaction plane we get
3

: 

(2) 

X 

As the polarization direction we take the direction of the electric field, 
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Here I = - _.,....!..,._ , I 1 I , I are the Intrinsic parities of particles a , b 
1 ._I_ a b o 

and c , R: =· exp i "i ·It is the spin rotation operator of the particle a at 
a -+ p X p~ 

the angle " around the nonnal n = I P x if' I , R y is the rotation operator for 

a photon a nd so on. It is easily seen that In the chosen basis R ·y ~ r 3 • We 

emphasize that the transformation of the reflection ( 2) In the reaction plane is 

the only tra n s formation which contains the relative parity and does not change 

the argume n ts o f the reaction matrix. Consequently, all the relations between ex-

perirne ntally measura ble quantities contalnnlg. follow from ( 2 ) • Eq. ( 2 ) shows 

a ls o whic h Info rma tion on the state of particle polarization should be used to 

d e te rmine 

2 . We first consider the reaction ·y+ ~ -+0+~ where 0 and 1/ 2 are 

the p a rtic l e s pins . S o me proble ms of parity determination In such reactions have 

b een d iscussed in r e fs 4-
6

• For spin 1/ 2 the rotation operator at the angle " 

around the normal is i 0 .. • ii a nd the condition ( 2 ) In the case under conside-

ration rea ds 

... ... ... , .... ... .... ..., ... 
l o· n M(p ,p)o·nr

3
= M ( p ,p ). 

(3) 

In w hat follow s w e s hall c ons ider expe riments with linearly polarized beams of 

g arrrna quanta . 

The c r oss s e ction fo r a ny r eaction of the type ( 1) In the case of a 

linearly pola rized beam and an unpola rized target is 

a =a
0 

( 1 - P .y cos2 ¢ 
SpM r ,M+ 

Sp M M + 
( 4) 

He re o0 is the cross section for the reaction with an unpolarized beam and an 

unpolar ized targ e t ( P .y is the d egree of linear polarization and ¢ is the 

angle b e tween the r eactio n p la n e a nd the plane o f linear polarization). Hence, 

for the a s ymmetry w e get 

H e r e a+- and all 

0 L -a II 
A ~ 

a L + a II 
p y --"----

are the reaction cross sections for 

( 5) 

¢ ~ rt/2 and ¢ - 0 

( the gamma- quantum polarization v e ctor is perpendicular to the reaction plane 

or lie s in it). Using ( 3) 1 it may be easily see n that the coefficient for P ·y In 

( 5 ) is ID where 0 = Spa .. " 0 Mo·nM + is the depolarization parameter In the 
Sp M M+ 
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reaction with unpolarized gamma quanta. To determine it, polarized target experi

ments are needed, If the target polarization P is directed along the nomv.l .. 
( P = P; ) then ( 5) can be rewritten in the form: 

Here 

Py <U.; >~ op- .<o ..... D>_p_p 
A = I P ·y 0 = I T ----=---=-------''-----

o 1 + o -P 
( 6) 

is the polarization of the final fermion aris.in.g in the reaction with an unpolarized 

target and o-+ p is the reaction cross section in this case, Eq, ( 6) contains 

parity and experimentally measured quantities, Thus to determine two ex-

periments should be performed, In the first experiment one measures the asym

metry with a linearly polarized gamrra beam and an unpolarized target. In the 

second one the polarization of recoil particles in the case of unpolarized garrrm 

quanta and a polarized target should be measured, With the aid of ( 3) it is easy 

to get some other relations among observa.bles allowing to determine parity, 

3, W e consider reactions ·y + 0 -+ 0 + s , The operator of spin rotation 
3 

at the angle 11 around 
.. 
n for a s spin boson can be expanded in a 

complete set of spin- tensors T JM 

R • I a J ( s) T JO 

J eTen 
(7) 

'Ihe experissions for the coefficienis a J ( s) are given in re? (the quantization 

axis in ( 7) is directed along the normal). From ( 2) we get, e.g. the following 

r e lation among observables: 

l II 
A = o - o 

~ 
J JO 

II a (s) < T >
0 

, 

J even 

(8) 

where A 
JO 

< T > 
0 

is the asymnetry 
Sp T JO M M + 

Sp M M + 

in the reaction with polarized garrrm quanta, and 

is the average value of the operator TJ
0 

in the r e action with an unpolarized beam, 

4 , We give the simplest relations which allow one to determine the relative 

parity in studying polarization effects in reactions such as 

From ( 2) it follows 

5 

0-+ + 
p 

0 ,.. 
-P 

·Y + ~ -+ 0 + s 

(9) 



where < TJO > .. is the average value of TJo in the reaction with an W1pOla-
P 

rized beam and a polarized target.. In an analogous way we find 

u
1 .. - uiL - u 1 +ull JO 
P P -p -Pall: (-i)aJ(s)<T > P P 

a f + o II .. + o L-+ + at... J odd 
0 y 

P p -P -P 

(9a) 

Here < TJO > 
0 

is the average value of T JO 

rized beam and an unpolarlzed target, and 
l u .. 
p 

in the reaction with an W1pO!a

and u IL are the cross see
P 

tions for the process in the case of a p olarized target and a linearly polarized 

gamma beam, 

5, In conclusion we make some remarks, 'lhe first of them concerns the 
JO 

< T > , In the case procedure of the determination of the average values 

of a half-Integer spin (Sections 2 and 4) < T JO > can be determined from the 

angular distribution of the decay products if particles of spin s 

non- conservation of parity, according to the scheme s.. )I + 0 

decay with 
7 , In the case 

of integer s pin < T JO > can be also determined from the angular distribution of 

the decay products if a particle of spin s decays according to the scheme 

s.. 0 + 0 (with conservation or non- conservation of parity) or s .. 0 + ·Y . 

'I'he second remark is related to experiments with completely linearly polari

zed beams, Note first of all that completely linearly polarized photons with electric 

(magnetic) vector parallel to the normal are described by the eigenstate of the 

rotation operator R.y corresponding to the eigenvalue + 1( -1) , Hence, it follows 

that for such photons the operator R ·Y in ( 2) can be replaced by + 1 (- 1) and 

the condition ( 2) takes the form of the invariance conditions under the reflection 

in the reaction plane for the reaction 0 + a .. b + c which differs from ( 1) by 

the replacement of a gamma quantum by a boson of s pin 0, Consequently, expe-

riments which should be rre.de to determine parity in reaction ( 1) with a comp

letely polarized gamma beam the polarization of which is orthogonal to the reac

tion plane (lies in it) , are identical to the corresponding experiments for the 

reaction 0 + a .. b + c 
5•6 • In particular, in the reactipn ·Y + 0 .. 0 + s for 

the determination of parity and spin the maximum corrplexity rrethod suggested in 

ref
8

, can be employed, 

Finally the obtained relations can be used, in principle, for the determlna.

tion of the degree of linear polarization of garn.rre. quanta, For e:x.anple, eq, ( 6) 

means that the analysing power of the reaction is 1D and, consequently, it 

can be determined in the reaction with an unpolarized gamma quantum beam and 

a polarized target, For this purpose it is convenient to use reactions such as 

·Y + p .. A+ K + . 

6 

I 
\ 



The authors are grateful to L.I.Lapidus and Ya.A.Smorodinsky for useful di&-

cussions, 

References 

1. ~ohr> NucJ..Phys. !9.. 486 ( 1959 )._ 

2, A.H.Axaeaep, B,5.5epecTell1tBI, KaaBTOB&II aneltTpOJlHH&MKK&, MocltB&, 1959. 

3, S,M.Bilenky, R.M.Ryndin, Phys,;Letters, :!1.. 159 ( 1964), 

4, M.J.Moravcsik, Phys, Rev., 125, 1088 ( 1962)• 

5, M.Kawaguchi, Nuovo Cimento, ~ 1114 ( 1964), 

6, P,L,Csonka, M.J.Moravcsik, M.D.Scadron. Phys,Letters, :12.. 353 ( 1965 ), 

7,N;,Byers, S,Fenster, Phys, Rev, Letters, 1b 52 ( 1963 ), 

8, M.Peshkin. Phys;,- Rev., 133, 9128 ( 1964), 

Received by Publising Department 
on July a, 1965. 


