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Certain processes of (anti) neutrino absorption by nucleons should give rise to systems of
baryons and mesons with total strangeness zero. It is assumed that the weak interaction re-
sponsible for these processes is local, CP-invariant, and includes a baryon-meson current
which transforms in isotopic spin space like a component of a vector. A relation is estab-
lished between cross sections of similar reactions, resulting from the absorption of a neu-
trino or antineutrino respectively, and a method is indicated for qualitatively distinguishing
between the V, A and S, P, T variants in the weak interaction. Isotopic equalities between
amplitudes for various processes of neutrino or antineutrino absorption by nucleons are also

written down.
1. INTRODUCTION

AS is known, the processes that occur as a result
of absorption by nucleons of high-energy neutrinos
or antineutrinos may be divided into two categories.
For one class of reactions the total strangeness of
the strongly interacting particles in the final state
is the same as that of a nucleon (i.e., zero), and
for the other class it differs by unity. The follow-
ing are examples of processes of the first type

vin—op+ I, vdp—sp4at+ 1, v n—s A+ K1,
vtp—on+ U, vbnsnt a1 Y+ p—>A+ K4 IF

etc., whereas the following are examples of the
second type

v4+p—>p+ K+ 1,
v+ p—op+ K+

and so forth (I* denotes a charged lepton, i.e.,
either electron or y meson). Processes of the
first type, proceeding with strangeness conserva-
tion, are caused by the same weak interaction that
is responsible for nuclear B decay and u capture,
whereas the interaction leading to reactions in
which strangeness is not conserved appears only
in leptonic decays of K mesons and hyperons.

It is known about the first interaction that for
small momentum transfers it consists of the V
and A 4-fermion variants, and that the baryon-
meson current in it transforms like a component
of a vector in isotopic space. (1] This latter cir-
cumstance, by the way, cannot be considered as

‘_V_-{—p—>A—‘|—l+,

rigorously proven. The reason for this lies in the

fact that the decay of Tt mesons, as well as the B
decay of the free neutron and a majority of mirror

nuclei (it is precisely these processes that give
rise to most of the information on the structure of
weak interactions) is due to only the (+) compo-
nent of an isotopic vector. Even if the weak inter-
action were to include a current transforming like
a component of a second rank tensor in isotopic
space (such a current can, for example, be con-
structed out of the * and = operators), it would
not contribute to the decays mentioned. An argu-
ment against the existence of such a current comes
from the observation that it would contribute to the
decay of 014, which occurs between different com-
ponents of an isotopic vector, leading to a disagree-
ment between the vector constants in the decays of
pt and OM. This last consideration, however, is
of a quantitative nature, and furthermore the equal-
ity of the constants has lately become subject to
doubt. 2} m composite models of elementary par-
ticles it turns out, as a rule, to be possible to con-
struct only isovector currents, (3] however these
models themselves are greatly in need of experi-
mental verification.

Nothing definite can be said at this time about
the interaction of strongly interacting particles in
which strangeness is not conserved. According to
the Feynman—Gell-Mann scheme (13 the baryon-
meson currents are, generally speaking, sums of
isospinors of rank ¥ and ¥, In a number of papers
(see, e.g., the review article by Okun’ (%) the hy-
pothesis has been advanced that the isospinor of
rank %, is absent.

1388



ISOTOPIC STRUCTURE OF WEAK INTERACTIONS AND PROCESSES

A study of reactions resulting from the absorp-
tion by nucleons of neutrinos or antineutrinos would
give information about the properties of weak in-
teractions for large energies and momentum trans-
fers. A direct calculation of cross sections for
specific processes will not, apparently, be very
useful, because a large number of unknown form
factors appears in the calculations. As a result
the calculations, as well as their comparison with
experimental data, become difficult or in practice

_imposssible. A different approach seems more
reasonable, in which experimental consequences
of the general properties of the weak interactions
are predicted. It is from this point of view pre-
cisely that the neutrino and antineutrino absorption
by nucleons was discussed in the article of Lee
and Yang. [4]

In this work, as in (4, the consequences of
locality, CP invariance, and the proposed isotopic
structure of the weak interactions are investigated.
From the beginning we include in the considera-
tions all five possible variants of the weak inter-
action.

In Sec. 2 the strangeness-conserving processes
are investigated. The hypothesis that the baryon-
meson current transforms like a component of a
vector in isotopic space leads to certain relations
between the processes of absorption of neutrinos
and antineutrinos; these relations turn out to be
different for different weak interaction variants.
The difference between the V, A and S, P, T
variants turns out to be most pronounced for the
case when the energy of the neutrino or antineu-
trino in the laboratory frame is large is compari-
son with the transferred momenta. In Sec. 3 addi-
tional consequences of crossing symmetry for pro-
duction processes of an arbitrary number of 7 and
K mesons are described. Section 4 is devoted to
the establishment of isotopic relations between
amplitudes for various reactions.

Questions relating to the identity of electron
and u-meson neutrinos, or to the feasibility of
obtaining sufficiently intense beams of these par-
ticles, are not discussed in this paper.

2. PROCESSES PROCEEDING WITH NO CHANGE
IN STRANGENESS OF THE STRONGLY INTER-
ACTING PARTICLES

Reactions of neutrino or antineutrino absorption
by nucleons, resulting in the production of baryons
and mesons with zero total strangeness, may be
written in general form as

a) vt N—>B+1,
b) v+ N;— B, + I, oy
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where N refers to the nucleon in the initial state,
and B to the system of all strongly interacting
particles at the end of the reaction. The states
N; and B; may be obtained from N and B by ap-
plying the charge symmetry operator. If it is as-
sumed that the latter coincides with rotations by
180° about the first axis in isotopic space, then
this operation amounts to the substitutions

A—>A I, 20— 30
W ——19, K*e Ko, K K. 2)

To each of processes a) there corresponds a defi-
nite reaction b), and vice versa. The amplitudes
for processses a) and b) are simply related to each
other, in the same manner as in ordinary B decay.
If the weak interaction is local the matrix element
for reaction a) may be written in first order of
perturbation theory as

M = 3T (@O: (C; + Civs) w), @)

- Lenied
057,

pen,

E AR

where the sum is over the five variants of the 4-
fermion interaction, Oj are the spin matrices for
these covariants, and I'j are the matrix elements
of the corresponding baryon-meson currents taken
between the states of N and B; ;5 = iy yyysys; Ci
and C{ are the ordinary B-decay constants.

If CP invariance holds, and if the baryon-meson
current transforms like a component of an isovec-
tor, then accurate to within the possible appearance
of an immaterial common factor of (—1) the ma-
trix element for process b) may be written in the
form

My = T; (uz0m; (Ci — Civs) us), @)
i

where (after replacing N and B by N; and B,)
T'j is the same as in Eq. (3) and nj is determined
by (C is the charge-conjugation matrix)

C10,C = n,0r,
Tli={ Il i=4,8, P, (5)

i=V,T.
It follows from a comparison of Eqs. (4) and (5)
with (3) that the transition from reaction a) to b)
is accomplished by having

Cy, C,, C5, Cp, Cr change sign
and C;,, Ca, Cs, Cp, C;. do not change sign. (6)

In other words, terms involving interferences of
constants appearing in the same line in Eq. (6) are
the same in the cross sections for reactions a) and
b), whereas interferences between lines contribute
to the cross sections terms with opposite signs.
Let us restrict ourselves in this section to the
cases where in processes (1) the masses of the
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leptons can be ignored. In practice this is permis-
sible whenever the lepton ! is an electron. If fur-
thermore the energy of the incident neutrinos and
the transferred momenta are much larger than

the u-meson mass, then our conclusions are valid
also for the case I = u. In the case of massless
leptons the free Lagrangian is invariant under the
v5 transformation of the lepton operators, under
which in the matrix element (3)

Cs, Cp, Cr, C,, C;, C;  change sign,
and Cy, Cy4, C},, C’, do not change sign.

(7)

Therefore after neglecting m; the expressions for
cross sections for processes (1) cannot contain in-
terferences of constants from the two groups in
Eq. (7), i.e., interferences of the V and A vari-
ants with the S, P and T variants.

Let us consider now the spinor transformation,
used previously in application to leptonic decays: £s]

w, (py) = Vi (— p2) = Cur (p1),  wi (pr) — 5 (— pu) = Cuy (py)
(8)

and amounting, in essence, to a crossing transfor-
mation of the leptons. The transformation (8) is,
apparently, equivalent to the exchange

)

(one should also add m, <— m; except that we have
assumed that the leptonic masses may be ignored)
in the projection operator or in the density matrix
resulting from squaring the matrix element (3).

On the other hand, that matrix element remains
unchanged if simultaneously with the transforma-
tion (8) we require that

Cy, Ca,Cs, C5, Cp, C, change sign
and Cy, C,, Cr, C; do not change sign. (10)

Pye>— Dt

It therefore follows that the expression for the
cross section for processes (1) should be left un-
changed under the simultaneous transformations
(9) and (10). What has been said above is valid
provided that the ‘‘vertex parts’’ I'j that appear
in Eq. (3) are functions of only the four-vector
Py —p7, which is invariant under (9), and not the
four-vector py + p;. This is the case for a local
weak interaction, as well as in the case when a
virtual charged boson exists; we will refer to
this latter case as a quasilocal interaction.

A number of conclusions can be derived from
the invariance of the cross section under trans-
formation (9)—(10). To this end we observe that,
as a consequence of locality or quasilocality of
the weak interaction, the cross section for proc-
esses (1) may depend on the four-vector s
= (py + p7) not more than bilinearly. That is to
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say, the cross section divided by the statistical
weight factor may be expressed in the form

a(sqy) (sqz) + b + d(sqs),

where qq, qy and q; are four-vectors made up out
of the momenta and polarizations of the strongly
interacting particles in the initial and final states,
as well as of the four-momentum p, —pj;, which
is related to the others by the laws of momentum
conservation. The coefficients a, b, d are func-
tions of invariants formed out of the same four-
vectors. We do not include in Eq. (11) the term
proportional to s because

1)

2= —(py— p)? + 2 (m} + m2) =~ — (py— p)*.

Under the transformation (9) the vectors q; do
not, and the vector s does, change sign. It then
follows from the invariance under (9), (10) and the
circumstance that the coefficients a, b and d de-
pend on C; and C{ bilinearly, that the coefficients
a and b in Eq. (11) may contain only such inter-
ferences of the constants that are even under (10),
i.e.,
a,b~C3+C2 C%+C% C,C,+C,Cay,

Cy+C% C% + C3, CsCp+ CCh, C2+C3,

CsCy, CpCl, CsC, + CCp, CrCy, (12)
whereas the coefficient d should be odd:
d~CvCa+C,C,, CvC,, CaC/,,

CsCr + CC;, CpCr 4 C,CT,

CsC; 4 CCr, CpCL + CCr. (13)

Comparing now Egs. (12) and (13) with (6) we
find that in the case of a V, A interaction the co-
efficients a and b are the same for processes
a) and b) in Eq. (1), whereas d differs in sign.
The sum of the cross sections a) and b) will there-
fore not contain d, and consequently the interfer-
ence of the V and A variants may enter only
through the combination CyC) + CyCy, i.e., only
through a pseudoscalar quantity. The scalar part
of the sum of the cross sections on the other hand,
can contain the V and A variants only in the form
of a sum of squares, which is obviously larger than
the contribution from a pure V interaction. If the
Feynman-Gell-Mann hypothesis relating the 8-
decay current to the isovector part of the electro-
magnetic current is valid, then the V contribution
may be determined from experiments on electro-
production of the system B or B; from nucleons.
Such a calculation was carried out by Azimov (8]
for the processes v+ N—N+7+1[, v+ N— A +
K +1.

In the presence of the S, P, T variants the
situation for the scalar part of the cross section
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is the same as in the ‘‘pure’’ V, A case, i.e.,

a and b are the same for processes a) and b)
and d differs in sign. Consequently the experi-
mental comparison of this part of the cross sec-
tion for processes a) and b) permits one to test
independently of what variants mightbe involved in
the fundamental assumptions of the theory, namely
locality, CP invariance, and—which is most prob-
lematic—the isovector nature of the baryon-meson
current. For the pseudoscalar quantities, such as
the longitudinal polarization of the produced fer-
mions, the situation is different. Namely for the
caseof S, P, T, d is the same and a, b differ
in sign for processes a) and b), whereas for V, A
the opposite is the case. Consequently a compari-
son of quantities of this type in processes a) and b)
would allow, in principle, to establish whether the
S, P, T variants contribute at high energies.

Experimentally the coefficients a, b and d
can be distinguished by varying the momenta of
v(v) and [ in such a way that only the four-vector
s = p, + p; changes, while p, —p;, as well as the
momenta of all the other particles, remain fixed.
One can, in particular, in studying any of the proc-
esses (1) select only those events for which the
neutrino energy in the laboratory system E, is
large and is almost entirely transferred to the
electron (or u meson). In that case the only
large invariants in Eq. (11) are (sq) (with g
# py,—p7). I, for example, q coincides with the
four-momentum of the initial nucleon, then (sq)
=m(E, + Ej) ~ 2mE,,, whereas the invariants not
involving the vector s are of the order of either
Q? = (py-p)? or ~mV[QF[. For E, > V[Q?]
only the first term in Eq. (11), i.e., a, is impor-
tant. Therefore under these conditions the scalar
parts of the cross sections for a) and b) should
coincide independently of what variants are in-
volved in the weak interaction. (In the case of
the V, A interaction the cross section for each
of the processes a) and b) —and not only their
sum—appears now in the form of a sum of posi-
tive contributions from the V and A variants,
the first of which may be related to electro-
processes.) The pseudoscalar quantities should
have the same signs in the case of the V, A in-
teraction, and opposite signs in the case of S, P,
T. Thus again they provide a possibility for deter-
mining what variants are involved.

If we consider the cross section integrated over
all internal variables of the system B in Eq. (1),
then there remain only three independent vectors
in the problem: s = py, + pz, py —p7 and py, SO
that q = pyN and (sq) =m(E, + E7). At that Eq.
(11) means that the cross section depends quad-
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ratically on Ej, + Ej for fixed E, — E; and the
angle of emission of ! with, according to what has
been said, the terms in the scalar part of the cross
section linear in E;, + Ej being of opposite sign for
processes a) and b), the other terms being of the
same sign. This fact has been pointed out previ-
ously by Lee and Yang 4] in somewhat different
terms.

In conclusion we note that the cross sections
for the processes of (anti)neutrino absorption
resulting in a change in the strangeness of the
strongly interacting particles also have the struc-
ture of Eq. (11), with, for (sq) » mV[Q?][, the
first term dominating. In that case we again have
invariance under the transformations (9)—(10),
however no analogy of the type (6) between various
processes exists.

3. CROSSING SYMMETRY

From among the processes (1) we may select
those in which the system B or B, consists of
one nucleon and an arbitrary number of mesons.
In that case besides the relations between the vari-
ous reactions, that occur as a result of neutrino or
antineutrino absorption, described in the previous
section it is possible to obtain additional relations
due to crossing symmetry. Let us consider the
processes

@) v+ N1 N2+ A1,

B) v+ Ni—Ne+t+ A4 I+ (14)

where N; and N, denote nucleons in the initial and
final states, and A stands for a system consisting
of an arbitrary number of 7 and K mesons. A
differs from A in that all particles are replaced
by their antiparticles. If the initial nucleon in the
reaction « is the same as the final nucleon in the
reaction B, in the sense that they are either both
protons or both neutrons, and if the same is true
of the other pair of nucleons, i.e., if

Nlu == Nzﬁ, Nga = Nlﬁr (143.)

then the matrix elements of reactions o and B are
related by crossing symmetry. Let us denote the
momenta of the particles in reaction « by py,, Py,
P2, PA, P}, and those in reaction 8 by qp, d4, 9
da, q; (pp and gp stand for the totality of the
momenta of all particles in A or A) and let us
assume in what follows that Eq. (14a) holds. Then
the expression for the cross section of process
in Eq. (14) coincides with the expression for the
reaction «, provided that we make the following
substitutions in the matrix element for the latter,
i.e., in Eq. (3):
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P1 — Q2 p2— 1, pa — —({a,

pv—qn pt— Gy, m,< m. (15)

If the nucleons are polarized then we must add
to Eq. (15): &y <—my, &3 <1y, wWhere ¢j and nj
are the polarization vectors of the i-th nucleon
(i =1,2) in the reaction o and 3. The last re-
lation in Eq. (15) may be omitted if the neglect of
the mass of the lepton [ is justified. If such is
not the case then it becomes convenient to add to
Eq. (15) the transformation (9), (10), after which
the transition from « to B consists of the re-
placement (10) together with

P1 — G, P2 — 41, pv—> — qy,
pt——q Ce—>m). (16)

Let us consider in more detail the specific ex-
ample of ‘‘weak’’ production of a single ™ meson,
i.e., the reactions

a1)v-|—p—>p—|—n++l’,
0) v+ n—-n+ar+ I,
) v4+n—-pt a4 I,

pA - — qu
(Cl—"ﬂz,

B) v+p—op+a 4 I,
B) v+ nond a4 I
fs) v+ p —n a4 v

17

These reactions are related by the transforma-
tion (15) or (10), (16). On the other hand, the proc-
esses Py, By, B3 stand in the same relation to «;y,
oy, a3 as did processes b) to a) in Eq. (1), so that
the transition between them is accomplished ac-
cording to the rule (6), provided that the conditions
listed in Sec. 2 are fulfilled. It is easy to see on
comparing Eq. (6) with Egs. (10) and (16) that in
the case of the V, A interaction the expression
for the cross sections a3 and B3 should be even
under the exchange p; < p; and a change of sign
of py, p; and p;, whereas the cross sections «;
and a@,, or By and B,, should under the same
transformation go into each other. In the case of
S, P, T what has been said above remains true
for the scalar part of the cross section, whereas
the pseudoscalar part changes sign.

An experimental test of crossing symmetry
would require obtaining the dependence of the
cross section on the invariants that can be con-
structed out of the four-vectors entering into
Eqgs. (15) or (16) which is, apparently, difficult.

It may be that selecting events for which N, is
approximately at rest will somewhat facilitate

this task. At that in Eq. (17), as well as in the
general case (14), there remain after integration
over the internal variables of the system A or A
only three independent vectors: p,, p; and p; = py,
out of which one can construct three invariants:

Q* = (py-p1)% (py-p7) py=m(E,—E) and
(spy) = (py +p7)*py = m(Ey, + Ef). Under the
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transformation (16) the last two change sign. At
large energies E, and for |Q?| <« m(E, + Ej)

the dependence on the last invariant is quadratic

so that the transformation (16) amounts to a change
in the sign of the one invariant (p, —p;)+py
=m(E,—E7) only.

4. ISOTOPIC RELATIONS

If the baryon-meson current has definite iso-
topic structure, i.e., transforms as a component
of an isovector or isospinor of a given rank, then
the amplitudes for the various processes resulting
from absorption of (anti)neutrinos by nucleons
are related to each other as a consequence of iso-
topic invariance. Such relations are given below
for reactions with no more than three strongly in-
teracting particles in the final state. In the usual
manner there follow from equalities among ampli-
tudes inequalities among cross sections.

Let us consider first processes in which the
total strangeness does not change, and let us sup-
pose that the baryon-meson current transforms
like a component of an isotopic vector.

1) If the amplitudes for the reactions

A v+poptat+ I,
b) v+n —>n+ar+ I,
Ov+n-p+a® 4 I°

are denoted respectively by Ty, Tp, T, then the
relation between them may be written as

Te—Tp —V2T. = 0.

The same relation holds also for the processes

(18)

(19)

a) v+ p— 2t 4 K+ + I,
by v+n -2+ + K4 I,
o v+n—Z+ K+ I,
or

Qv+ p—->A+ K+ 4n+t+ I,
) v+n—->A+4+ K +nr 4+ [
v+n—A+4 Kt a4 I,

The inequalities for the cross section arising from
Eq. (19) are obvious.
2) In the reactions

(20)

QvV+pop+t+arta®4 I,
) v+p—on+at4 a4 I,
O v+nospart+a 4 I,
dv+n-sp+a®+ax4 I,
&) V+non-H4at a4 I (1)
the two pions may be produced in an even or odd
orbital state. If the corresponding amplitudes are
denoted by T* and T~, and if the Bose nature of
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the pions is taken into account, then

Te=Ti/ V8= —T!=T:—T)V2,

To=Ti=0, To=Ta—T)V2

In the total cross section the amplitudes T* and

T~ do not interfere. Consequently one obtains from
Eq. (22) inequalities for the total cross sections:
0y = 0y /4, 0g = 07/4, etec. If reaction (21) takes
place near threshold then T~ is clearly small in
comparison with T*, so that Eq. (22) gives for the
differential cross sections

do, =~ do, =~ do,/8 < (V do. 4V dsg)?/2,
V2do, +Vdo.>Vdos, V2o, +Vdos>Vdo.. (23)

For the total cross sections the relations (23) re-
main valid provided that

(22)

do, -6, , do, — 0, do, — 0, dop/2 — 0y, dos/2 — 0,

Since pions obey Bose statistics the amplitudes
T* and T~ may be interpreted as corresponding
to the production of the pion pair in a state with
even or odd total isotopic spin. In this sense
Eq. (22) is also valid for the processes

Q) v+p -2+ 4+ K41,

by v+ p -2+t K+ [,
Ov+n-s2tdna 4+ K41,
aA)yv+p—2+ar+ K+ I,
cyv4n-Z"+ar++ K+ I,

eyv4+n 2+ ar++ K+ I,
dv+n->204n 4+ K+ [,

e v+n >34 n+ K 4 I, (24)
with TS = +TE, T = +T§, T = +TE. The latter
equalities are a consequence of isotopic invariance
alone. In Eq. (22) the superscripts + refer now
only to the isotopic parity of the Zm system and
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have no relation to the orbital angular momentum.
Consequently T* and T~ can interfere also in the
total cross section.

3) The amplitudes of the reactions

ayv+p->E + K+ K+ I,

b) v+n->E + K"+ K + I,

) v+n B 4+ K+ K+ I 25)
are connected by the equalities (T* and T~ now
again refer to the amplitudes for production of
pions in even or odd states of orbital angular mo-
mentum )

T:=T:; =0, Ta—T:—2Ty; = 0. (26)

Since T* and T~ do not interfere in the total cross
section we get from Eq. (26) the inequalities

Voo, + Vo >Vos, V2,+Vo>Vo.

So far all the relations in this Section have been
written for processes involving neutrinos, i.e., re-
actions of type a) in Eq. (1). The same results are
naturally valid for the corresponding reactions of
type b) involving antineutrinos.

In conclusion we consider processes in which
strangeness changes. As was already remarked,
the baryon-meson current is in this case in gen-
eral a sum of terms of isospin ¥, and %,. In the
table are given relations between the amplitudes
for various processes in the two extreme cases
when the current has isospin %, or %,. Only proc-
esses satisfying the AS = AQ rule[!] are consid-
ered and only if they result in the production of
no more than two strongly interacting particles.
The two types of reactions in the last group in the
table refer to processes of the type g and «,

Eq. (14), and are connected by crossing relations.
Relations between cross sections for processes

217)

Reactions

@) v+ p—Z0-+1* or @) v+ prAtad It
by v+ n—sA4 a4 It

b) v+ n— 341+

a) v+ p—EO+ KO [+
b) V4 p—B- K+ I+
€) V4 nsE- 4 KO I+

a) v+ poZt - I+
b) V4 p—30 4 n0 [+
¢) V4 n—o30 4 -+ I+
dy v+ poZ- 4 ar 41+
e) v+ n-3 a0+ I+

@) v+ p—=p+K—+1+ or a) v+ p—p+K+ti-
b) v+n—p+4Ko4-1-
¢) v4n—n4-Kt4-i-

b) v+ pon-+Ko4i+
¢) v+ nont K-+

Relations between the amplitudes
when the current has isospin
s i e
T,=Tyy2 Ta=—Tﬂ/§
T,+T,—T,=0 Ta—__:sz—Tc
—_ 1 —
TeeTe, [To=2 (V2T T,
=vily Td = (T T4)
= V2 (Td_'Tb) - a’ . d
=Ta+V2Te
Ta_Tb—Tc =0 "TaszzTc
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v+ N—Z +1* were obtained previously by
Behrends and Sirlin. ["

The author is indebted to Ya. I. Azimov for
discussions.
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