virtue of (3) the same expression as if the nucleon were not to participate in the strong in-
teraction, i.e., a diagram similar to that of Fig. 2, and the terms proportional to 1n(AZ/n2)
turn out to be the same in Figs. 3 and 2, and thus cancel out in the ratio Gu/GP'

As a result, we obtain (see {1]) for the ratio of the constants G“/GB

0
G 3 e? A2 3e® A 3 m® ¢
-—“=[1+-——1n-—-———1n-—5-+—-—ﬁ]—10i-, (%)
GB 16 x w2 hx 2E 10 p® GB

where AB ~ M ig the cgtoff parameter due to the strong interaction, E the energy released in
the B decay, Gu and GB e >
Cabibbo theory by the relation GB = Gucose. Substituting in (4) the values A%/p® ~ 103,

= M, E = 2.3 MeV (the B-transition energy in 0), u > 3 BeV, and sinf = 0.22, we get
(Gu/GB)theor = 1.022. This value should be compared with the experimental [4] (Gu/Gﬁ)exp
= 1,011 + 0,005. It must be borne in mind in this comparison that terms of the order of e2,
which do not contain the large logarithms In(AZ/u®) or ln(AB/QE), have been neglected in [4].
In addition, as shown in [1], the corrections due to weak interactions lead to a decrease in
the ratio GH/GB and are of the order of 10™3 (u/M)2.

The presence of relation (3) leads to entirely different conclusions than in [1] with

the bare constants of the p and B decay, connected in accord with the

regard to the magnitude of the radiative corrections to the ratio GH/GB’ including the case
when the W boson has a nonvanishing magnetic moment which is not small. Namely, the radiative

corrections turn out in this case to be of the order of e®1n({A?/u®) and not ,/e® as found in

(1].
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We are considering a case when the W boson has no anomalous magnetic moment.

STRUCTURE OF ISOBARIC ANALOG STATES IN HEAVY NUCLEI
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Isobaric analog states have been recently observed systematically in various nuclear
reactions for practically all nuclei with N # Z, thus pointing to a common microscopic nature
of these states. Since analog states appear in particular as narrow resonances in the neutron
spectrum in the direct (pn) reaction, it is natural to assume that these states constitute,

with respect to the target nucleus, collective excitations of the proton-neutron hole type.
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It will be shown below that such a description, at least for heavy nuclei, makes it possible
to determine the energy of the analog states and the excitation cross section in the simplest
nuclear reactions.

To investigate the collective excitations of the particle-hole type with small total

angular momentum, we can use the methods of the theory of finite Fermi systems [1l]. Let
p(n)
O
the wave functions of the single-particle states of the protons (neutrons) in the shell model ,

ef(n) and Qf(n)(f) be the energies reckoned from the corresponding Fermi boundary e and

and let F be the amplitude for the scattering of quasiparticles near the Fermi surface in the
particle-hole channel. With accuracy ~(N - Z)/2A we can represent this amplitude in the
form [1]

= > > > >
F = 3Veg(f + £'7372)8(Ty - T2), (1)

where V is the volume of the nucleus, P coincides with the density of the single-particle

levels at the Fermi surface for a potential square well, and 1 + f' = 3658 (g is the coeffi-

cient in the symmetry energy, E = B(N - Z)2AY). Then the equation defining the density
matrix ps and the energy ws of the collective state of the proton-neutron-hole type takes the
form
n s n ~ 5 [ ¥ * o
(ef - €2 - ws)plz = (o} - nz)f'Vpolg“pJCPl@é%@*dr s (2)
)
where ns(p> are the occupation numbers for the neutrons (protons). It is natural to set in

correspondence with the analog state the excitation that results from the replacement of a
neutron by a proton without a change in the shell guantum number and with a total angular
momentum equal to zero. For sufficiently heavy nuclei (N - 2 >> AY/23) the solution of Eq.

(2) corresponding to the analog state is

plz = Bra(r} - m2)(N - 2)7Y/2; o = (1+ £')ae, = bp(V - 2)a%, (3)
where
Ne. = €n - €f = (4/3)e (N - )AL
0 0 0 0

From (3) we see readily that for nuclei with approximately equal proton and neutron binding

energies we have

w = dE/ = OF (4)

C’

where AEC is the Coulomb energy per proton.

With the aid of the density matrix (3) and the scattering amplitude (1) we can easily
calculate the matrix element that determine the cross sections of the simplest nuclear reac-
tions with excitation of the analog states. For the direct (pn) reaction the corresponding

matrix element is
_ a * > K - * >
Fk'—»k = f'Vpdl Eaplzﬁkwk'¢e{¢2dr = f'Vpd’(N - Z) 1/2\/(chpk|n(r)dr, (5)

where Ppa and @k are the wave functions of the continuocus spectrum calculated with the aid of
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the opticel model, for the proton and the neutron respectively, and n(r) = % (n} - nzll) loa ]2,
1

In this case the cross section integrated in the resonance region over the neutron spectrum

connected with the excitation of the analog state ("sum rule") is equal to

do 1 ME'V)2 k v
Ek = (Zn)2 (AI% ~ Z%Dg i \/¢;¢k|n(r)dr| ) (6)
where M is the nucleon mass and € = €pr = Do

Let Mo be the wave function of the odd neutron on the Fermi surface in the nucleus
(N+ 1, 2). Then the matrix element corresponding to absroption of a proton by a nucleus
(N, z) with excitation of a state analogous to the ground state of the nucleus (N + 1, Z) is
obtained from (7) by replacing Py with Mg The "sum rule" for this reaction is

£')2 M * 2
fck,dek' = 2x -(-I(\I—_'%S—pg L lﬁk,qo)\on(r)d;' 3 (7)

vhere €t =@, - F«E, and E% is the binding energy of the proton in the nucleus (Z + 1, N).

From the point of view of the microscopic description, other collective excitatiens,
of the proton-neutron-hole type, can exist besides the analog state. Interest attaches to
states with energy lower than AEC. The state 2+, and also a ot excitation with another den-
sity matrix that does not reduce to a constant, may be observed in this energy region.

(11 A. B. Migdal, Nucl. Phys. 51, 561 (1964), Teoriya konechnykh Fermi-sistem i svoistva
yvader (Theory of Finite Fermi Systems and Properties of Nuclei), Nauka, 1965.
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The philosophy underlying the modern application of group theory to strongly-interacting
particles can be formulated as follows: The Lagrangian (or some other unknown formuletion of
dynamics) has a definite symmetry. A complete dynamic claculation is beyond the limits of
modern theory. However, divergences or similar difficulties which hinder exact calculation
do not break the symmetry, all of the consequences of which should be satisfied in real
physical processes. Violations of symmetry are small and can be regarded essentially as
first-order perturbations estimated from the eigenstates of the symmetrical theory.

In this note we formulate most positively a contrary point of view: Quarks exist, but
there is no similarity or symmetry whatever between the strange A quark and the p and n
quarks l).

The basis for this point of view is an analysis of the masses of the mesons and baryons

[1], which leads to the conclusion that the spin-spin interaction between A and p or n is
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