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It is clear that at each tower level, all graphs
do not contribute to the final result. To find the
subset of those which do is a major problem.
Two of us (B.H. and D.K.S.) conjecture that only
diagrams which are generalizations of the nested
Mandelstam graphs can contribute to the final
leading asymptotic form, ' and a naive calculation
along these lines does indeed generate (4). How-
ever, work in progress indicates that it is dif-
ficult to prove which of the Mandelstam nests
contribute at each order, because of the difficul-
ty of making statements about general pinch-
ladder structures at the N-tower level.
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A simple way of introducing second-class currents has been suggested by naturally
incorporating a tensor density in the theory. A possible exp1anation for large ( and &+
parameters in E» decays is also proposed.

In a series of interesting papers, ' Wilkinson and his collaborator recently suggested that ft values
of various nuclear P transitions are consistently different by 10'%%uo from those of corresponding mirror
nuclei and that we may have to introduce the so-called second-class current' in order to explain the
difference. Previously, the possible existence of the second-class current has also been advocated by
some authors' so as to explain certain data on p-meson capture by the nucleus as well as P decays,
although the conclusion appears to be far from definite. '

In this paper, we shall assume the existence of second-class current and shall propose a simple
model for it. To this end, we first assume the existence of a charged intermediate vector boson. Then
the standard weak-interaction Hamiltonian may be expressed' by

H, =gjj„(x)+i„(x)]W„(x)+H.c.,
where j„(x) and l„(x) represent hadronic and leptonic currents, respectively, and W„(x) is the vector-
boson field. Now in addition to JJ, given above, we postulate the existence of another interaction in-
volving the first-order derivative of W„(x). The most general form for it is evidently written as

H2=g T&,(x) W, (x)- W&(x) + 6&, (x) W, (x)+ W&(x) +S(x) W&(x). +H.c.,

where T&„(x), 6&„(x), and S(x) are antisymmetric tensor, symmetric tensor, and scalar densities,
respectively. Moreover, we assume that these new quantities are purely hadronic in origin without
containing any leptonic field.

Up to the second order in g, the addition of the new Hamiltonian H, is effectively equivalent to re-
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placing the original hadronic current j„(x) of Eq. (I) by

8 a
j„(x)-q„(x) =j„(x)+2 IT„,(x)-8„,(x)]- S(x).

Hence, the fundamental current-current nature of effective interaction is still maintained in our theo-
ry. Therefore, the usual ratio for (n e-v)/(w- pv) remains, for example, unmodified. Also, due to
the derivative character of additional terms in Eq. (3), the new interaction gives only a small modifi-
cation to the standard theory for reactions involving small energy-momentum transfers such as in
P decays. It should be emphasized that we are not introducing ordinary tensor or scalar interactions
since the leptonic part consists sole1y of the standard V—A current.

Our proposal is that the new term may account for the desired second-class current. In order to
see it in detail let us consider, for simplicity, the qua. rk model. Then explicit forms for j&(x), T&„(x),
and S(x) may be given by

j„( ) =-'V( )y„(l+y, )Q, q( ), T„.( ) =-'O( )ly„, y,](f,+g,y, )Q, e( ),

S(x) =e(x)(f, +fpy, )Q, q(x),

where Q~, Qr, and Q~ are some appropriate
3 &&3 matrices in the SU(3) space and where f~,

fr, f~, and gr are real or complex coupling con-
stants. In the ordinary Cabibbo theory we have,
of course, Q ~

= cos0(A, -iA, ) + sin0(A, -ik, ). We
assume analogous forms for Qr and Q~ with
different Cabibbo angles. If we exclude expres-
sions containing derivatives of quark fields, then
the simplest choice for &„,(x) is to set &„,(x) =0
identically, which we assume hereafter.

Let us first consider reactions with AS =0 (i.e.,
no change of strangeness quantum number). In

that case, it is obvious that the pseudotensor
part of T„,(x) proportional to gr gives the de-
sired second-class current. Indeed, the analy-
sis' by Wilkinson requires g~ to be of the order
of the inverse nucleon mass. However, in order
to maintain the experimentally well-satisfied con-
sequences' of the weak magnetism from the con-
served vector-current hypothesis, we must re-
quire fr =0, or at least a small value for fr
(more accurately fr cos8r, er being the new

Cabibbo angle). Also, present experiments ap-
pear to be consistent with fz=f & =0, although

the conclusion is less definite. As we have re-
marked already, our new interaction usually
gives a small correction to reactions with small

Q values. More accurate measurements for
Z'-Ae'v decay rates' as well as their angular
correlation distributions will be a very inter-
esting test of the present theory.

Next, let us turn our attention to AS= +1 transi-
tions. So far, leptonic decays of hadrons are

more or less consistent with the standard Cabib-
bo theory without the new interaction. However,
the experimental error is still large and we do
not yet fully understand the various problems
encountered in &„decays. Hence it may be
worthwhile to investigate possible consequences
of the theory.

First, we notice that the nonexistence theo-
rem' ' of the induced pseudotensor terms aris-
ing from the axial-vector interaction is no longer
valid unless the SU(3) symmetry is exact. Hence,
the presence of the new pseudotensor term pro-
portional to g~ in the AS=+1 transition would be
rather difficult to establish experimentally, un-
less g~sin8~ is reasonably large in comparison
with the induced one which is expected to arise
from the violation of the SU(3) symmetry. If
this is the case, then its presence may show up'
in some angular correlation measurement be-
tween, say, A polarization and neutrino direc-
tion for A-Pev decay. Also its existence slight-
ly affects the decay rate and angular decay dis-
tributions of the K„decay. Moreover, if frsin&r
or f~ (or both) is nonzero and fairly large, then
one can easily explain the experimentally ob-
served large ( and &, parameters of K» decays. '
Actually, one can obtain any value for them by
adjusting f~ and f~ suitably. Even if f~ is zero,
we can considerably improve the value of the
$ parameter, provided that we have relatively
large A, of the order 0.06-0.08, as some recent
experiments suggest. Setting
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with q „=P&-P „', we compute

&II(l ')
I 8.T„.(0) I (P)) = 4'(0+0 ') „+(m, '-In. ')e „)G(e'),

where G(q') is a, form factor for the vertex. We see from this expression that the tensor term increas-
es both A ~ and —$ 111 tile 1lgllt dll'ectioll. Assuming tile stalldard K+-dominance model fol' tile 01 dlllal'y
vector vertex, we can easily obtain &,=0.06 and $ = -0.67. It may be worthwhile to emphasize the fact
that such large values for $ and A, are very difficult, s'Io if not impossible, to explain by conventional
theories. Also, a nonzero value required for fr sin()r in order to obtain large A, and E may be helpful
in understanding preliminary experimental data, ' on A-Pep decay.

We have not discussed possible effects of CI' violation which may result if we assume that at least
one of gr, fr, f~, and fs is complex rather than real. This gives a simple way of introducing a, CI'
violation in K» decays, although the experimental situation on. this point is far from being clear.

Finally, the existence of the tensor current T»(x) may be welcome from the viewpoint of algebra of
currents. " It is well known that vector and axial-vector currents together with tensor and scalar
densities are closed under equal-time commutation to form the algebra of the U(12) group. So far only
vector and axial-vector currents are known to exist in nature. The scalar density may be present also
in the strong-interaction Harniltonian as in the theory of Gell-Mann, Oakes, and Renner. 3 Therefore,
the addition of the tensor current into theory fills the algebra of the U(12) group. The possible exis-
tence of the symmetric tensor density e»(x) in Eq. (2) may be interesting since it may correspond to
a charged counterpart of the standard energy-stress tensor.

Another amusing way of introducing the tensor current T»{x) can be achieved as follows: Suppose
that we have' a, Yang-Mills intermediate vector meson field W„( )(x) (n =1, ~ ~, 8). Setting

I' „„( )(x) =8„W„(")(x)-8„W„()(x)+g f 87W„( (x)W, (7 (x),

the free Lagrangian for the R" boson is given by

I., = --,' Z„„(")(x)Z„,( &(x)--,'m'W„'&{x)W„')(x).
Now» 1'eplace Fp„(x) by

I (")(x)=I" '"'(x)+g 7 '"(x)
in the above expression, where g 8 is a small numerical matrix. Choosing a suitable form for g 8,
this procedure induces the desired tensor interaction of the form of Eq. (2).

The author would like to express his gratitude to Dr. V. S. Mathur for reading the manuscript.
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The concepts of irreducible mass and of reversible and irreversible transformations
in black holes are introduced, leading to the formula E =m;, + (L /4m;, ) +p~ for a
black hole of linear momentum p and angular momentum L.

This note reports five conclusions: (1) The
mass energy of a black hole of angular momen-
tum I. can be expressed in the form

m'= m, , '+ f.'/4m;, ',

wher"e m;, is.the irreducible mass [geometrical
units: I.(cm) =-

( G/c s) 1„„„(gcm'/sec); m(cm)
= (G/c')I, , (g); ( /c = 0.742 && 10 BB cm/gj of the
black hole. (2) Insofar as one looks apart from
the atomicity of matter one can approach arbi-
trarily closely to reversible transformations
that augment or deplete the rotational contribu-
tion to the square of the mass. (3) The attainable
range of reversible transformation extends"
from 1.=0, m'=m;, ' to I.=m', m2=2nt;, '. (Con-
trast to the formula for mass energy as it de-
pends upon translation, E'=m'+P', where p is
unlimited; and with the formula for the squared
mass energy of a. meson!) (4) An irreversible
transformation is characterized (Fig. 1) by an in-
crease in the irreducible mass of the black hole.
(5) There exists no process which will decrease
the irreducible mass.

Roger Penrose has pointed out' a way to ex-
tract energy from a black hole endowed with angu-
lar momentum. It makes use of the "ergosphere"
(Ruffini and Wheeler; cf. Fig. 2, reproduced
from their paper4), the region between the hori-
zon (surface of black hole; boundary of region
from which no particle or radiation can ever es-
cape) and the surface of infinite red shift (coin-
cident with the horizon only for case of the angu-
lar-momentum —free Schwarzschild black hole).
A particle of energy E, is sent from infinity into
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FIG. 1. Mass energy m versus angular momentum
L for a black hole of specified irreducible mass m;,
illustrating the difference between reversible trans-
formations and irreversible transformations (which
increase the irreducible mass).

the ergosphere and decays there into (1) a parti-
cle which emerges to infinity with a rest-pIus-
kinetic energy E2 greater than Eo, together with
(2) a. particle ("rocket ejecta") which has an en-
ergy E„ that is negative as measured at infinity
(E, =Eo—EB), but positive in the local Lorentz
frame, and which is ejected into such a direction
that it is captured into the black hole, thereby
diminishing its mass. We consider the case
where all masses can be regarded as infinites-
imal compared with the mass of a black hole.

The energy E, as measured at infinity, of a
particle of angular momentum p ~ and rest mass
p. , having a turning point at r, is given by the

EXTREME
KERR

I 4 IRREVERSIBLE

I 3 TRANSFORMATIONS


