
I 

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

ON TliE, P RODUCTION OF '_'SOFT" 1r . MESONS IN 

PION- NUCLEON AND NUCLEON- NUCLEON COLLISIONS 

. '/1('_~ I9J,i, -r 7'3, 16, c UA?'I· J.Ml 

ny6H a 1962 



S. ~l.Bilenky, R.l\I.Ryndin 

ON THE PRODUCTION OF "SOFT" 11 MESONS IN 

PION-NUCLEON AND NUCLEON -NUCLEON COLLISIONS 

06~eJ~HeHH~ R kHC · · 

lUI" f.li!JI X HCCJJt:.U,.IJlia 

6J.15JH10TEI-{A. 

D.y6Ha 1962 

E - 1069 



Abstract 

It is shown that in the limiting case of production of "soft" rr mesons ( k ... 0 k is the four- momenta of the 

rr -meson being produced) in rr- N and tl- N collisions the in variance under the time reversal leads to some consequen­

ces for observables which are independent of the dynamics. So, for example, the recoil nucleon polarization in the production of 

"soft" rr 0 mesons in rr - N collisions vanishes. 

A H H ~ T a U H H 

noK838HO, 'ITO B npeaenbHOM c nyqae pO)!{lleHHH "MeaneHHb!Xv 17 -Me30HOB 

k -+ 0 /r- 4 _ liMnynbc pO)!{ll8IOLI.lerocH rr -Me30Ha) B rr - N 11 N - N cTonKHos e -

HIIHX liHB8pH8HTHOCTb OTHOCii TenbHO 06paLI.leHiiH BpeMeHii rrpHBOllHT K PHlly He 38BHCHLI.lliX OT 

lliiH8MHKH c n e acTBHi! anH Ha6niOaaeMbiX senH'IHH, TaK, HanpHMep, rronHpH38UHH HyKnOHOB 

OTll8'1H B npouec ce pO)!{ll e HH H "MeaneHHbiX v rr0 
-Me30HOB B rr- N CTOIIKH .OBeHHH OK83bJBa-

e TCH paBHOi! HJnlO. 

npen pHHT H3ll8eTCH TOnbKO H8 8Hf'nHi!CKOM H 3hlK8 , 



1. The time reversal in variance imposes rather severe restrictions on the elastic scattering amplitude (see, e. g. 1 ) . In the 

general case of inelastic scattering this invariance leads only to the relation between the amplitudes of the direct and the inverse 

processes. We shall consider the meson production in rr - N and N - N - collisions and show that in those cases when the 

produced rr - meson energy may be neglected the T - invariance enables us to obtain some useful consequences for obser _ 

vables. The "soft" rr -meson production processes have been considered by Nambu and Luri~ 2 who have obtained, in the 

model with conserved axial current, "low -energy theorems" connecting the elastic scattering amplitude with that of production 

of a zero-energy massless rr -meson. Our consideration is based on the in variance requirements only; however, the results ob-

tained are also valid in the limiting case k ... 0 ( k is the four- momentum of a produced meson ) . Since real rr -mesons 

have a finite mass the relations considered below can not, strictly speaking, be satisfied in fact.Nevertheless, it should be 

expected that they are approximately true at rather high energies, when the energy of an additional meson may be neglected com-

pared to the energies of other particles. 

2. We first consider the 17 ° meson production in the reaction 

TT + p 4 TT + p + rr 0
• 

(1) 

The matrix element of this process can be written in the following form 

.:;; p 1q 1 k J SJ pq > =- (2rr)
4 

(2) 

U ( p ') /.~(pI q f k i p q) U ( p) 0 (pI + q I+ k - p - q ) • 

and q , q ' are the nucleon and meson momenta, k is the rr 0 -meson momentum, m is the nuc-
Here p , p 

leon mass and p = - i p etc. 
0 4 

As is known (see, e. g. 3 ) the emission of a particle with momentum k is equivalent to the absorption of an antiparticle 

with momentum k , i. e. 
!.\ ( p I q I- k; pq) = M ( p I q • ; p qk ). 

(3) 

This relation connects the amplitude of process ( 1) in the unphysical region with that describing the absorption of rr
0

( rr
0 

is 

the purely neutral particle) in the reaction 

(4) 

Now we may use the in variance of the S -matrix under the time reversal and connect the matrix element of process ( 4) 

with that of the inverse process ( 1). We get 
(5) 

< p 1q 1 )S)pqk > 

1 d 
'b 1 d 'th t -p /'and - q 1 

"' and reversed spins. The 
whe:e e.g., the state p' q' > , escu es nuc eon an meson w1 momen a 

minus sign in ( 5) is due to 
17 

° transformation properties under the time reversal. From ( 2), ( 3 ), ( 5) and the in variance 

under space inversion it follows that 

M (pI q I - k; p '1) = ( u + M ( p qk ;p I q I I u ) T 
(6) 
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Here U is the unitarity matrix satisfying the relation s 

+ u y u 
/1 

T 

YJl 

and r indicates transposition . Eq. ( 6) is s imi lar to the well -known crossing symmetry and connects -the amplitude of 

inelastic process ( 1) with that of the same process in the unphysical region. In the limiting case of production of il zero energy 

massless rr -meson we obtain from ( 6) th e following restriction on the process amplitude in the physical region 

.'.i ( p 1 q 1 
0 ; p q ) ~ ( 'J + A ~ ( p q o ; p 1 lJ ' ) U ) T . ( 7) 

In the real case of the finite rest mass of 11 -meson it may be expected that this relation will be satisfied only in those cases 

when the 11° -meson energy in c .m.s. is close to the rest mass J1 and the total energy of the system and the momentum transfer are 

much larger th an Jl • In the invariant form these conditions can be written in the form 

P·k 
v-s-= "' Jl , s >> 11 , I t I >> 11 

where · P "' p + q is the total four- momentum of the system, s ~ - P 2 an d t ~ - ( p 1 - p ) 2 

(8) 

Now we consider what consequences for the observables * Eq. ( 7) leads to. From the usual requirem ents of in variance we get 

the following express ion for the "soft" 11 ° - meson production amplitude 

l.i(p ' q ' o;pq) a y + b y y - ( q + q 1 
) 

5 5 
(9) 

where a and b are functions of the invariants s and . Dyusing (7)wehave 

b ~ f) 

and the amplitude reduces to one term 

M(p'q 1 o; pq) ~ ay$ (10) 

Such a simple form of the amplitude enables us to draw conclusion• independent of dynamics about the polarization phenomena in 

the "soft" 11 ° - meson production. The recoil proton polarization is found to be 

where 
I 

p - p 

f , 11 
0 

2K• e Kl1 

0 

0 
,t: 
~ 11 ( 11 ) 

.; is the proton polarization in the initial state and K is the un it vector in the direction of the momentum transfer 
11 Jl 
(we U!e the covariant description of the polarization / 4/). The polarization vani shes at all angles if initi al protons are 

unpolarized. It is interesting to note that for scalar 11 °- meson the condition ( 7) will be satisfi ed automatically an d the pol arize ­

tion will not vanish identically. Therefore the experimental confirmation of the vanishing of the polarization would be an addi ­

tiona! argument in favour of the 17 ° -meson pseudoscalarity 
5
. 

It is obvious that the abovementioned consideration can be directly applied to the case of the rr 0 - meson production in the 

reaction of the type: a + b-+a + b+ rr 0 where a and b are any particl es. 

So, for example, for the 11 ° -meson production in p - p -collisions (7) should be replaced by the follo wing rel ation 

------------ ·----·------- --
* 

Neglecting the dependence on the momentum k in the amplitude we keP.p . of course , k in the phase- space 

volume . 
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I I 
1.1 (p p 0 

1 2 

+ + 1 r T 

p I p ,J = ( u 1 u ' M ( p 1 p' 0 ; p 1 p 2 ) ll 2 u 1 ) 

where p 
1 

, p 
2 

and p 
1

, p ' are the nucleon momenta before and after collision and 
1 2 + 

the spin variables of the first and the second nucleons I /) 
1 

y ~ 1 
J U 

1 

ments together with ( 12) and Pauli principle we get 

(I) T I 
yll 

( 12) 

U 
1 

and U 
2 

are matrices af~cting 

. From the in variance require-

The polarization arising in collisions of un-polarized particles is non- vanishing in this case. However, the polarization cor­

relation C nn in the direction of the normal to the scattering plane vanishes. For polarized incident protons Eq. ( 12) leads
1
as 

in the case of the elastic scattering 1, 
6
, to the following expression for the reaction cross section 

a = a (1 + .; · 0. 
0 0 

(14) 

Here .; is the incident proton polarization, .; is the polarization arising in unpolarized particle collis ions. We notice that 
0 

( 12) is competely analogous to the relation for the scattering amplitude, following from the T -in variance in the case of elas-

tic collisions. Due to this fact we obtain for the cross section of "soft ' 1 TT - meson production by polarized protons the expr,ls-

sion ( 14). Respectively, ( 14) holds in more general case of the "soft" TT o -meson production in collisions of polarized 

protons with unpolarized particles with an arbitrary spin ( cf. (1)). 

3. We go over to the consideration of the charged meson production .In this case by transferring the " -meson from the initial 

state to the final one, we pass to the oppositely charged meson . Therefore under the time reversal we pass in fact to another process 

and obtain in this way relations between amplitudes of different processes. We consider, e.g., the reaction 

+ + + 
" + P ... " + TT + n, 

(15) 

when one of "+- mesons in the final state is slow. Acting in the same way as in the case of the neutral meson production we 

get the relation 

M + ( p ' q 'o; p q ) (16) 

where M + is the amplitude of the reaction ( 15) and M _ is the amplitude of the "soft" " production in the reaction 

+ 
" +n ... " 

+ + 1T +p, ( 17) 

or, due to the charge symmetry, the amplitude of the "soft" "+ production in the reaction 

1T + n. ( 18) 

On the basis of the invariance requirements we have 

M + ( p 
1 

q 'o; p q) 
(19) 

M (pqo;p 1 q 1
) a y + b_ y y.( q + q ') . 

- J $ 
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From ( 16) it follows: 

a+= a_ 
(20) 

b+=-L· 

This means that the differential cross sections of the reaction(15) and (17) or (18) are equal and the recoil nucleon polarizations 

are opposite . 

In a similar way it can be shown that the differential cross sections of" soft" rr meson production in the reactions 

p+p-+n+p+rr+ 

(21) 
n+p-+p+p+rr 

are equal. In some cases, due to the charge symmetry, it is possible to obtain restrictions of the type ( 7) on the charged meson 

production amplitude too. So, for example, the "soft" rr- - meson production amplitude of the reaction 

- + rr +p-+ rr +rr + n ( 22) 

obeys this requirement, and, consequently, the recoil neutron polarization vanishes. 

The authors are grateful to Prof. Smorodinsky for useful discussions. 
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