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E11neHbKHl!: C .M., P brH.UIIH P.M. 0 CBH3H rronHbiX ce'IeHHl!: 

p e aKUHH Y:z+ !f2 -+0+0 C BHyTpeHHHMH 'leTHOCT HMH 'laCTHU 

P accMaTpHBaJOTCH peaKUHII THrra Y2 + V2 -+ 0 + 0 , -+ r .a e Y2 H 0 
-CIIHHbl 'laCTHU. noKa3aHO, 'ITO K03cpcpHUH8HT IIOH ~ p B Bbipa>Ke-

HHH .anSI IIOnHOro Ce'leHHH peaKUHH C IIOIIHpH30BaHHb!MI! 'IaCTHUaMB 

/ p H p IIOnHpH3aUHH IIY'lKa H MHW8HH/ IIOnO>KHTeneH, 8CIIH 
0 

IIpOH3Be.aeHHe BHyTpeHHHX 'laCTHOCTel!: paBHO -1, H OTpHUaTeneH-B 

npOTHBHOM cnyqae, 3TO CBOl!:CTBO IIOnHbiX C8'l8HHli MO>KeT Ob!Tb HC

IIOnb30BaHO .anSI Onpe.aeneHHH 'l8THOCTel!: CTpaHHhlX 'laCTHU, 

Pa6oTa H3.aaeTCH TOnbKO Ha aHrnHl!:CKOM H3biKe 

fipenpHHT 06-..e,QHHeHHOI'O MHCTHTyTa li,QepHbiX HCCAe,QOBaHHiJ . 
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E-1271 

Bilenky S.M., Ryndin R.M. On a Connection between the Total Cross Sections 
of Reactions Yl+Yl-+0+0 and the Intrinsic Parities of Particles 

Reac tions of the type Yl+Yl-+0+0 are considered, Y2 and 0 being the particle 

spins. 
.. -+ 

It is shown that the coeffic ient of ~ P in the expression for the total cross sectio 

of the reaction with polarized particles <.P. and P being the polarizations of the 
0 

beam and the target) is pos itive i f the product of the intrinsic parities is - 1 and it is 

negative otherwise. Thi s property of the total cross sections can be used to determine 

the· parities of strange particles. 
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!l,.,.,.nth inf·ll·•n; tl i·•ll lws app <'a red ahont the firs t experiments carried out on targets with polarizt>d hydrogen ' 1,2 ', 

T he degree uf th e J,,·.!roJl:en polari wtion in these experiments amounted to 20~. 

The usf' of polarized hydrogen tar11ets will essentially simplif)· eKperiments on tl•c measurement of rolurization 

effec ts in elastic proc·esses. For eKampl e . the proton polarization in If- p scattering nn be detennin erl hy 

mcasurinjl; th e left-right usvnnnctn• res ••ltin g from tlte scatterin111 on a polarized target. If tlte target is unpolarized , tl1e . 

proton polarization is determined by measuring the recoil proton asymmetry in a double scattering. A triple experiment 

on th e dc tf' rm inntion of the correlati on of polarizations in scattering is replaced by tlte measurement of tlte crolis section 

for th e seotterirtg •> f polarized pa rticl es J, r a polarized target and so on. 

The applicatiun of polarized hydroj!;cn targets also gives a wide range of po»sibilities to investigate inelastic pro· 

ccsses. In parti cul ur. in pape rs '3 ·' we l.ave slwwn that tlte investigation of inelastic reactions 

rr ~ p ... I (A) + K, 

(1) 

rc + P ... I <A> + " 

using a r o larized hydrogen target will allow one to detennine unambiguously tlte relative parities of strange particles. 

The suggested method consists in the measurement of the correlation of the sign of tlte left-riRht asymmetry reaulting 

from a pularized target with the sign of the hyperon polarization oceuring in the case of an unpolarized target. 

This metl•od is haaed on the symmetry requirements only and is valid for any reaction of tl1e type \'a+ 0 ... '·'l + 0 

where 0 and I' 
I ~ are tlte particles spins. If the spin of = 

parity can be detennined from tlte reaction if + P ... K + :=· 
hyperon will tum out to be equal to 1), ita relutive 

II. In the present paf>er we shall consider other inelastic reactions on a polarized hydro111en tar111et. l 'e shall 11how 

that the comparison of the total cross sectiona for tlte reactions 

I (A) + p ... K +- " 

(2) 

'E+p->K+K 

with polarized protons and antihyperons, and unpolarized protons and antihyperona, respectively, allows one to deter-

mine the stra nge particle parities as well. 

·\ general express ion for the total cross s ection of the reaction can be easily obtained from tl1e requirements of the . 

invariuncc un<ler space rotations and re flexions . Besides, we sl10uld take into account tl1e fact that the eros~; sect ion 

•lepcnds linearlv on each of the polarizations. Let ~ and p be the polarizations of the beam and thf' target nnJ k 

he th e unit vector in the direction o f tl1e relative momentum of colliding particles (c.m ..... ). lls ing ti1esc quantities, '"' 

' '"" con>~truct th e foll ow ing general expression fur the total cross se('tion which satisfies the above require ments: 

:Jere (J 

0 

is tl1e tntul cross sectiun of tl1e reacti on for unpolarized particles, The coe ffidenh• u 

on the initial energy an<l their values are dete"nined by dynamics. 1\'e shall see , however, thut indcp'"' ' l"nt ly uf tl,. . 
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assumptions about dynamics the sign of the coefficient a is unambiguously fi x·· d bv th e produ ct of th e in trins ic 

parities of the particles involved in the reaction. 
... ... 

Thus, if we choose the target polarization P ortogonal to k , the co•nrm ison o f t ~;e total cross sec tions a 

and u 
0 

allows one to determine the sign of a and, consequently, the rela ti ve pari ty of the particl es involved. 

III. Now we proceed to the ·proof of this statement. The amplitude of the process (2) is written in the form : 

-+-+ T -+-+ 
II , ( k ~· k ) ¢ (u) X (u '} = ¢ M ( k ~ k ) X 

(T(T 
(4) 

where X (u ~· and k 
-+ 
k ' are the unit ¢ (u) are spin functions of the nucleon and the antih yperon , and 

vectors in the direction of the initial and the final relative momenta in the c.m.s. and T denotes transposition. 

Averaging the module squared of the amplitude (4) over the initial spin state s, we get the following expression for 

the differential cross section 

~ 
d w 

+ -+ -+ T 
Sp M(t', It) p M (k'; k )p

0 (5) 

"* 
Here 

-+ ... 

Po =%( l+u P ) 
0 

and p lfl(l+iJP) a re the density matrices of the beam and 

the target. 

From the invariance under space rotations and space inversion we get: 

M ( k-, k ) = RT M ( t, k ) R, 
R R 

(6) 

M ( k' , k ) = 1 M ( -k' - k ) ' 
(7) 

where R is the s pin rotation operator, I = IP ly IIC. 117 
is th e product of the intrinsic partities of 

... 
all four particles, k ~ and 

If we introduce the matrix* 

k' and k 
u RTu = R+ 

2 2 

kR are the vectors obtained as a result of a rotation from 

N ( k'; k-+) = u
2 

II ( k', t) then due to the relation 

from (6) and (7) we get 

... -+ + ... ... 
N(k';k) R N(k;,kR) R, (8) 

-+ .... .... ... 

N ( k ' , k ) = I N ( - k ', -k ) • (9) 

Hence i.t follows that for I 1 the matrix N ( k', k ) is a scalar: 

N(k ' ,k )=a +b;; n 
-+ ... 
k x k' 

I 't: X k' I 
(10) -+ 

n 

"' We us e th e s tandard r e prese ntatio n o t Paull matrices. 
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N ( k ', k) is a pseudos calar: 

.'Y( r , . ;; ,~ -- ·.: ;; k + d ;; K.~ , ( 11) 

The ex press ion ,,f th e cross section (5) in terms of the ma trix Nreads. 

da 
( k' , t) + (1/', 

. 
Sp N p N k ) p~ ' 01) 

d (d 

where 
T :2 ( l - ·• P., ) . P, -= 0 2 Po a - a 

2 

13v rneans of fnnnnlas (10), (l l) an d (l ~) it is easy to get the fo ll ow ing expressions for the differential cross sections 

o f th e n~a~ ti on under consideration for both cases: 

l. I ~ 1 

2. l ~ -1 

da 

dw 
; - P n l - I a\2 ~ P -

0 

2 ..... ..... ..... .... .... ..... .... 

- [ b[ ( 2 ( P n_. ) ( J; n ) - Po P ] - 2 lm ab* P x ~ n I . 

0 

+ 2 lm cd* ( P . ; + P . ; ] - 2[ c [
1 

( k . P ) ( k. P ) -
0 0 

- 2 [ d [
1 

( ~ P) ( -;. if, ) - 2 Re cd* (( k. P ) ( ; . ~ ) + ( ; . P ) ( k. ~ ) l I · 
... 

(13) 

(14) 

Integratin g (13) and ( 14) over the direc tions of 

sections for the reac tion (2): 

k ' , we obtain the following expressions for the total cross 

1. I = l 

2 .... ..... .... 
+V2 f [ b [ dw (k.P J(k P). 

05) 

2. I =- l 

2 2 2 ........ 
a=V2 ([ \ c [ +[ d[ ]dw +lh f [c [ dw P0 . P 

(16) 

.... .... .... .... ..... ..... 
The coefficients of I:, P and ( P . k ) ( ~ • k ) in the expressions for the cross sections have a si mple 

meaning. If the quan tization axis is chosen along the vector k , th en in the case I = 1 th e am-
t 

plitude of th e reaction M0 from the triplet state with zero projection vanishes and th e othe r ampli tudes 

are 

s 
M~-iff a. 

(17) 
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In the cusc 1=-l tl1c renl'tion fro111 the 11inglet state is forbidden nnJ the o.l!np litu<les of the reacti01n from th e 

triplet states arc 

At..' I 
:1. i9 

-ide 
t 

Jl .. ;.J2 c. 
0 (18) 

.. 
If t l1c target polarization is perpen<licular to the vector k . according tn iJ 7\ nn• l ' l :·l) the expressions for the 

l"ttt l e ros~< se ction s (·an ~~· written in the foi"TT: 

1. [ = l 

8 .. .. 
a = a0 - •, • a ( P0 • P ) . 

(19) 

2. 1·-1 

t .. .. 
a ~ a + \4 flo 

0 
(Po p ) I 

(20) 

where a 
8 

and ut ore tl1e total cross secti ... ns for the reactions from the singlet state and the tripl e t state with zero 
0 

proJection . reapecti vely. .. .. 
p p Thua, d1e coefficient of in the expression for the total cross sect ion is negati ve if the product of tl•e 

0 .. .. 
intrinsic parities is + 1 , and is positive in tt..e case I= -1 • . \ccordingl\', for Po p > () the total cross sec· 

tion for the reaction a is smaller than that a0 witl1 unpolarized particles in the case I = 1 • and a is .. .. 
larger than ao provided that I• -1 . If the polarizations p and P

0 
are known, this property of the 

croas section• may be used for the determination of tl1e intrinsic parities of strange rlarti cles. .. 
In the general case of the reaction with two particles with spin 1~ in the initial state it is not difficult to get ( P .. 

Is ortogonal to I' ) the followin111 relation between tl1e total cross sections 

t • .. .. 
a•a +\4(a -a )(p P) 

~ 0 0 • 

From this re httion it is evident that in tlte general case there is no connection between the s ign of the coefficient of .. ... 
( p P) and th~ intrinsie parity, independent of dynamics. 

c 

It slmuiJ J.,. noted tl,at the relative parities can be determined also in investigating the differential cross sections 

for the reactj ., .. (:!). \s it is seen fro•n (13), for I= 1 the ratio of the left-right asymmetry £ in the re-
P 

. 0 
" tion " ith a polari~ctl beam and an uu pn larized target to tile asymmetry • P in the reaction witl1 an unpolarized 

beam and a pola ri~ed target is 

In tlu~ case - I 

£P o 

t 
p 

this ratio is 

<P. 
__ _Q__ 

( 
p 

Po 

p 

Po 
p 

6 

(21) 

(22) 



Here we have s upposed that and p are directed along the nonnal to the plane of the reaction. 

IV . We note tha t our conclus ion about th e behaviour of the total cross sections is valid for any reaction of the 

3 4 + 
type 7'2 + V2 0 + 0 , e.g. the reactions p + He -+ He + TT , p + p -+ K + K • 

The product of the intrinsi c parities IP I I 
y K 

can be in particular detennined from the comparison 

of th e total cross sections of the reactions 

3 4 + 
p + He -+ He + K, 

1\. 

'L He 
3 4 

+ -+ He + K 

with polarized and unpo lar iz ed particles . 

In conclusion the authors express their gratitude to prof. Y a.A.Smorodinsky for useful discussions and his inte-

rest in the work. 
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