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Various inelastic processes at high energies are considered in that region of the other kine
matic variables where the asymptotic amplitudes are determined by fermion Regge poles. 
The amplitudes for the corresponding processes are obtained under the assumption that the 
elastic and inelastic amplitudes have the same type of structure and that they can be de
scribed by specific pole graphs corresponding to reggeon exchange. In the single-pole ap
proximation, relations between the asymptotic differential cross sections and a number of 
isotopic relations are obtained. 

1. In the investigation of the spin structure of the 
amplitudes for various processes at high energies 
and at angles corresponding to forward and back
ward scattering on the basis of the Regge pole 
hypothesis, it was found that the asymptotic am
plitude can be described by a specific second 
order pole graph, if only the contribution of a 
single pole is taken into account. [1] The internal 
line of this graph corresponds to the reggeon ex
changed between the particles participating in the 
reaction. The vertices of the graph correspond to 
certain quantities whose spin structure describes 
the transition of the pair of particles into the reg
geon. The mass of the reggeon is given by ..fU or 
.ft. depending on the scattering angle ( u and t 
are the usual Mandelstam variables). The form 
factors in the vertices are determined by the 
residues of the partial amplitudes. 

One can say that the scattering at high energies 
is described by a pole graph corresponding to the 
exchange of a particle with variable mass -fU (It). 
variable spin j ( j is the function describing the 
trajectory of the leading pole) and variable inter
action constant, both depending on -fU (-/t). 

The asymptotic amplitude for processes of the 
type 1r + N - rr + N, y + N - N + 1r, y + N - y 
+ N, y +N-Y+ K, etc., at high energies and 
angles ~ 180° has some specific characteristics 
which have to do with the fact that the partial am
plitudes with opposite parity have complex conju
gate poles. l2J Owing to this circumstance, the 
amplitudes of the above-mentioned processes can 
be written in the form of a sum of contributions 
from two pole graphs: one graph corresponds to 
the exchange of a reggeon with mass -fU and spin 
j (-iU), the other, to the exchange of a reggeon 

with mass -..fU. and spin j*.[!, 3•4] 

2. Let us assume that the amplitudes for in
elastic processes (i.e., processes which do not 
conserve the number of particles) in the corre
sponding asymptotic regions are determined, in 
the same way as the elastic amplitudes, by pole 
graphs with the characteristics described above. 
This can be justified as follows. Let us consider, 
for example, the process 1r + N- N + 1r + 1r and 
let us assume that it goes through two stages: 
first 1r + N- N* + 1r, and then the isobar decays, 
N* - N + 1r. Thus we have reduced the inelastic 
process (five-line graph) to a four-particle proc
ess. The asymptotic amplitude for this "reduced" 
process can now be determined in the standard 
manner by expanding in partial amplitudes, trans
forming the sum into an integral and separation 
of the contribution from the leading pole. 

However, since some particles of the "re
duced" process are unstable, anomalous singular
ities occur. One might think that these singulari
ties do not alter the character of the asymptotic 
scattering into large angles, since the fact that the 
Regge trajectories with opposite parity coincide 
for u = 0 and become complex conjugates for 
u < 0 follows from the absence of a singularity at 
u = 0. In the presence of anomalous thresholds 
one cannot guarantee the absence of a singularity 
at u = 0 for arbitrary mass ratios of the unstable 
particles, but one can always move the singularity 
out from the point u = 0 by changing the mass of 
the unstable particle. 

3. Let us consider the processes 

n+N-+n+N, n + N-+N+ (n+n), 

n + N-+ (N + n) + n, n + N-+ (N + n) + (n + :rt}. 
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The particles enclosed in the parentheses have 
a finite total energy in their center of mass sys
tem (c.m.s.), i.e., these groups of particles are 
formed as a whole at high incident energies. At 
high energies and for angles of the final particles 
~ 180° in the c.m.s. of the entire reaction, these 
processes are described by the graphs shown in 
the figure; the internal line of the graphs corre
sponds to a Fermi reggeon with the finite "mass" 
equal to Ill. At high incident energies this corre
sponds to the formation of an N or an ( Nn) sys
tem at angles ~ 180°. 

The amplitude for the elastic scattering of 1r 

mesons on nucleons at high energies and scatter
ing angles ~ 180° in the c.m.s. has the form 

Ad:;>= u (p2) (i/ -)'u) u(p!) a*2(f'U)ilr, 

Llj = [ s.l-'1, + ( -s) i-'1•] I cos nj, (1) 

where f is the momentum of the reggeon, (if 
± Ill) b.j corresponds to the propagator of the 
reggeon, a (/U) is a quantity corresponding to 
the vertex 1r + N- "reggeon", j (/U) is the 
trajectory, and the ± signs correspond to differ
ent signatures; u = f2, s = -(k + p1 ) 2 - oo. 

The amplitude corresponding to the graph b in 
the figure can be written in the form 

(+) (-) 
A:t•N = A:t*N -f- A:~•N, 

(+) A - -

An•N = li(P2)Vs(i/ -yu)[a(s', u', )'u) 

+ i~(s', u' l'~)q] u(pt)a("Vu)LlJ, 

(-) A - -

An•N = u(P2)Vs(i/+ yu)[a*(s', u' l'u) 

+ ib*(s', u', yu)q] u(p1)a*(yli)LlJ•, (2) 

where q = k' - k", k', k" are the momenta of the 
produced 1r mesons; the quantity a+ ibq corre
sponds to the lower vertex of graph b and de
scribes the process of nN scattering, with one of 
the nucleons replaced by the reggeon; s' = -(k' 
+ k" )2, u' = -(k' - p1 ) 2• We consider the case 
where s' has a finite value, i.e., the mesons are 
emitted under a small relative angle; then u' is 
also finite. 

The process pictured in graph c is described 
by the amplitude 

4 A (+) (-) 
• nN* = :tN* +AnN*, 

(+) -
AnN*= u(p2)[a'(s", u", yu) 

(-) -
AnN*= u(p2)[a'*(s", u", l'u) 

where q = k + k'; a' + ib' q corresponds to the 
upper vertex of graph c which describes nN 
scattering, again with one nucleon replaced by 
the reggeon; the quantity s" = -(k' + p2 ) 2 is as
sumed to have a finite value, i.e., the angle of 
emission of the final nucleon and the meson with 
momentum k' is very small; u" =- (k- p2 ) 2• 

Finally, the amplitude corresponding to graph 
d is written in the form 

(+) (-) 

An*N* = An*N* + An*N*; 

~ - -A A -

An*N* = u(p2)[a'(s". u", l'u)+ ib'(s", u".l'u)q'](if-l'u) 

X[a(s', u', l'~+ib(s', u', l'u)q]u(p1)LlJ, 

A~-;>N* = u (p2)[a'* (s", u", fu) + ib'*.( s", u", l'u) q'J(if +-f'u) 

X [a*(s', u', f'u)+ ib*(s', u', f'u)q]u(p 1)!1;•, (4) 

where s' and u' take the same values as in (2), 
while s" and u" agree with the corresponding 
values in (3). 

Using (1) to (4), we now compute the differen
tial cross sections for these processes, summed 
and averaged over the polarizations of the nu
cleons. Retaining only the terms which are im
portant asymptotically, we obtain a relation be
tween the differential cross sections: 

tda/dP)nN(da/dP)n•N* = (da/dP)n•N(da/dP)nN*, (5) 
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where dP is the density of final states in the 
corresponding reactions. 

In an analogous manner we can obtain a rela
tion between the asymptotic differential cross 
sections for the processes 

v+N-+N+n, v+N-+N+ (n + n), 

n + N-+ N + (n + :t). (6) 

Denoting the amplitudes for the two first proc
esses by (da/dP)y7r and (da/dP)y7r*• respec
tively, we have 

( da/dP)vn ( da/ dP) n*N = (da/ dP) nN ( da/ dP)wr.•. 

If we also consider the scattering of photons 
on nucleons, we have still another relation: 

(7) 

4. Let us further consider the isotopic rela
tions for these inelastic reaction mechanisms in 
terms of the isotopic spin of the leading pole and 
the final particles. These relations are more 
general than the Regge pole theory, as they are a 
consequence of the exchange of a state with defi
nite isospin. [I] 

First we find relations between the cross sec
tions for the following processes: 

:rc + p-+ (p + nO) + n

n-+p-+ (n+nll) +n° 

;c + p-+ (p +;c) + :rto 

:rt- + p-+ (n + :rt-} + :rt+ 

:rt- + p-+ (n + :rt+) + :rt-

a(p~), 

a(po-)' 

(J ( n.OO)' 

a(n-+), 

a(n+-). 

The group of particles enclosed in parentheses is 
emitted in the direction of the momentum of the 
incident 1r meson in the c .m.s. of the reaction. 

With positive mesons, the following processes 
are possible: 

:rt+ + p-+ (p + :rtO) + :rt+ 

:rt++p-+ (p+:rt+) +:rto 

:rt+ + p-+ (n + :rt+) + :rt+ 

a(pO+)' 

(J (p+O)' 

a(n++). 

The allowed values of the isotopic spin of the 
reggeon are 1/ 2 and %. Let us first consider the 
case of isospin '/2• If the pair of particles in 
parentheses has isospin 1/ 2, we have the following 
relations 

a(p-0 ) : a(p0-) : a(n00 ) : a(n-+) : a(n+-) = 2: 0: :1: 0:0, 

a(pO+) : a(p+O) : a(n++) = 1 : 0: 2, 

if the pair has spin %. we have 

a(pO+) = 2a(n00}, 

(Sa) 

a(p-O) : a(p0-) : a(n°0 ) : a(n-+) : a(n+-) = 1: 0: 2: 9: 0, 

a(pO+): a(p+0 ) : a(n++) = 8:9:4, a(n-+) = 9a(n++). 

(Sb) 
If a reggeon with isospin % is exchanged, the 

cross sections for the formation of a 1rN system 
with isospin 1/ 2 satisfy the relations 

a(p-o) : a(pO-) : a(nOO) : a(n-+) : a(n+-) = 4: 9: 2:0: 16, 

a(pO+) : a(p+0 ) : a(n++) = 2: 0: 1, (Sc) 

and the cross sections for the formation of a 1rN 
system with isosopin % satisfy 

a(p-O) : a(pO-) : a(n°0) : a(n-+) : a(n+-) 

= 18 : 9 : 8 : 16 : 9, 

a(pO+) : a(p+0 ) : a(n++) = 4:9:2. (Sd) 

It should be noted that a 1rN system with iso
spin 1/ 2 can not be formed in the reactions 1r+ + p 
-(p+7r+)+7ro, 7r-+p-(n+7r-)+7r+, since 
(n7r-) and (p1r+) have isospin %; the fact that 
the reactions 1r+ + p- ( p + 1r 0 ) + 1r-, 1r- + p 
- ( n + 1r+) + 1r- are forbidden independent of the 
final isospin is a consequence of the exchange of 
a particle with isospin 1k 

5. Formation of strange particles in the inter
action of 1r mesons with nucleons occurs in the 
following reactions: 

:rt+ + p-+ (A+ K+) + :rt+ fJA(++), 

JC + p-+ (A+ KO) + :rto aA(OO), 

:rt- + p ____.. (A + K+) + :rt- fJA(+-), 

:ct+ + p-+ (~ 0 + K+) + :rt+ a!, 

n+ + p-+ (L:+ + K0} + n+ CJ2, 

n+ + p-+ (L:+ + K+) + n° !13, 

:rt- + p-+ (L:O + KO) + Jto, a., 

n- + p-+ (L:0 + K+) + :Jr as, 

n- + p-+ (L:- + K+) + :rto a a, 

n- + p-+ (L:- + K0} + n+ a1, 

:n:- + P ____.. (L:+ + Ko) + n- as. 

The particles enclosed in parentheses are emitted 
in the direction of the incident 1r mesons; this 
group of particles may have isospin '12 and %. 
the reggeon has isospin 1/ 2 or % and zero 
strangeness. 

In the reactions with formation of a A hyperon 
the group of strange particles is formed with iso
spin 1/ 2, and depending on the isospin of the reg
geon we have 

erA(++): i"JA(OO): crA(+-)=2: 1:0, if TR = 1/2, 

aA(++): aA(OO): aA(+-)=1: 2:9, if TR = 3/2. (9a) 
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Table I 

T R I T KE I a, \ a, I a, I a, I a, I a, I a, I a, 

1/2 lj. 2 4 0 1 0 2 0 0 
s;2 4 2 9 2 0 1 18 0 

3f2 lf2 1 2 0 4 9 4 0 18 
8j. 8 4 18 16 18 8 9 9 

Table II 

0 lj. 0 2 1 1 2 1 2 0 

1 { lj. 0 2 1 2 4 1 2 
s;. 9 2 4 2 1 4 2 

The relations between the cross sections for the 
formation of l: hyperons are given in Table I for 
different isospins of the system of strange parti
cles Tl:K and of the reggeon. 

If only the hyperon is emitted in the direction 
of the momentum of the incident 7T meson, the 
asymptotic amplitude for these reactions is de
termined by the contribution from the poles with 
negative strangeness -1 and isospin 0 and 1. 
The formation of the A hyperons goes through a 
reggeon with TR = 1, and depending on the iso
spin of the mesons, we have the relations 

0 
0 

CJA(++): CJA(OO): CJA(+-) = 9:2:1, if TKn = 3/2, 

CJA(++): CJA(OO): CJA(+-) = 0: 1:2, if TKn = 1/2. 
(9b) 

The relations between the cross sections for the 
formation of l: hyperons are given in Table II. It 
is interesting to note that the reaction 7T- + p 
- l: + + ( K0 + 1r- ) takes place only via the ex
change of a reggeon with isospin 2. 

Finally, we consider the relations for the case 
when the K meson is emitted in the direction of 
the momentum of the initial nucleon and the hy
peron and the 1r meson in the direction of the 
initial 1r meson. The asymptotic amplitude for 
these processes is determined by the poles with 
negative strangeness -1 and isospin 0 or 1. If 
TR = 0, only charged K mesons are formed, and 
the relations between the cross sections have in 
this case the form 

If TR = 1, the ( l:1r) system can be formed 
with i so spin Tl: 7r = 0, 1, and 2, and the following 
relations hold: 

CJ1 : cr2 : Ci3 : CJ4 : Cis : cr6 : a1 : as = 0 : 0 : 0 : 1 : 0 : 0 : 1 : 1, 

if TE." = 0, 

CJ1 : cr2 : cra : !14 : as : CJ6 : a1 : crs = 1 : 0 : 1 : 0 : 1 : 1 : 2 : 2, 

if TY.cc = 1, 

a1 : a2 : cra : a., : as : era : CJ7 : as = 9 : 72 : 9 : 4 : 9 : 9 : 2 : 2, 

if TT.n = 2. (9d) 

In conclusion I thank A. I. Akhiezer and D. V. 
Volkov for a discussion of the results of this 
work. 

Addendum (August 20, 1964). At pr,esent it is 
impossible to verify relations (6) and (7) owing to 
the absence of the necessary experimental data 
on the differential cross sections for inelastic 
processes. As for the isotopic relations a test is 
possible in some cases. Thus the investigation of 
the reactions [s] 

~c + p-+ :rc + :rto + p, 

:rt- + p-+ :rt- + :rt+ + n 

(I) 

iii) 

at incident pion momenta of 2.16 BeV /c revealed 
an appreciable number of events of nucleon iso
bar formation in the forward hemisphere with re
spect to the momentum of the incident pion in the 
c.m.s. of the reaction. This leads one to conclude 
that the reactions go via the exchange of a baryon 
state. The fact that in the above-mentioned proc
esses only negative isobars and no positively 
charged ones are formed implies, according to 
(Sa) to (Sd), that a baryon with isospin Y2 is ex
changed. 

If we take into account that the formation of 
isobars in the reaction 1r- + p- JT+ + 1r 0 + p is 
more intensive than in the reaction 7T- + p - 7r-

+ 1r+ + n, we can conclude from (Sa) and (Sb) that 
the isobar is formed with isospin %. The investi
gation of the mass spectrum of the ( 1rN) system 
confirms this result; [s] in these reactions the 
isobar ~ (1920) is formed. 

An analogous situation was also observed by 
the group in Berkeley, [7] who investigated the 
reaction (11) with an initial pion energy between 
360 and 7SO MeV. At these energies, the isobar 
~ (123S) should be produced copiously through the 
exchange of a nucleon with T = 1/ 2 (this follows 
from the requirement that the ~ole be as close as 
possible to the physical region LS] ). Therefore one 
should observe the negative isobar but no positive 
isobar. This was the case in this experiment. 

Note added in proof. (November 30, 1964). After this paper 
had been submitted to press, the author became acquainted with 
the work of Ter-Martirosyan and co-workers, ["] in which the 
asymptotic amplitude of inelastic processes for scalar particles 
is investigated. It is shown in these papers that the functions 
a and b in (2) to (4) of the present paper must also depend on 
the angle between the momenta of the particles entering in the 
various groups. The account of this dependence does not affect 
the results obtained in this paper. The author thanks K. A. 
Ter-Martirosyan for directing his attention to this question. 
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