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1. INTRODUCTION

The purpose of this note is to outline some
problems of weak intseractions of elementary
particles, trying to show how they are connected
with nuclear S-decay. It does not pretend %o be
complete or exhaustive, it merxely tries %o
egtablish rslations and a general framework for
various topies included in the Symposium.

The understanding of many problems of weak

teractions has been obtained by the mutual

guidance and influsnce of two fields seemingly
wide apart, weak decays of elementary particles
and nuclear S decs8y. Nuclear § decay, bsing
an extremely complicatsd process going on in an
intricate interplay of weak, strong and eleciro~-
magnetic interactions of a many-body system, is
certainly more difficult to interpret theore-
tically than the decays of a single elementary
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particle, Nevertheless, some vital information,
such as the nucleon weak coupling constant, is
for the moment accessible only through nuclear
decay measurements,

The general plan of this lecture i1s to out~
line the present status of the universal V-4
theory of weak interactions, stressing especial-
ly the details relevant %o nuclear problems. A
brief outline of the amazing historical develop-
ment leading to this simple and generally succegg-

ful theory can be found in Marshak’s paperl).

2. UNIVERSAL V-A THEORY

This theory attempts and succeeds, 8t least
qualitatively and %o a growlng extent gquantitative~
ly, in describing all wesk processes by & gingls

gimple interaction HamiltonianZ)

which is the producet of currents containing hadrons
and leptons, J, andlfx , respectively.

As it is well known, experiments support the
V-A transformation properties of the current, as
predicted on the basls of various symmetry

argumentaz-s)

. The leptonic current is symmeiric
in maon and electron contributions, sach paired with

& different neutrino Ve and v,
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Z)‘:\ve s (2 +y5) *"e RN (l+y5) vv“ . (2)

The structure of the leptonic current has been
rather well established by studying the muon

decay whsere the measurement of the asymmetiry pars-
meters) atrongly supports the V-4 form. The mmon-
slectron universality (i.e, symmetry) can be
agcertained by comparison of the »eua and - By,
decay rates of pions, kaons, A, and I particles.
The agresment betwsen exparimsntal measursments
and theoretical predictions 1s always within the

gxperimental errorl).x)

To complete the picturs,
one would like to have some dirsct evidence of
the self-current interaction ag

et v 0™ » v+ 7
) s’

which 1s claimed %o play an important and nsces-
gsary rols a9 a star cooling mechanism7’8). The
existence of the two nsutrinos is confirmed by
observing that the neutrino produced in the decay

ﬂ*"ll.b'l'v
"

can induce

As an axamplel’s)

Thaory Zxperiment

Mot » et - -
*ve) L 1.3.207%  (1.2420.03)-107

§ C ARSI vM)

K" * e 5
ME -+ rre) 2,47.107° (3 * 1.89)+107°
PE* » ut o v,
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VB+Z\"(Z+1)+#” 9

6)

whera 2 symbolizes some nuclei, but never
v, + Z/h (2 +1) + 0 .

In order to account for semileptonic decays of
nucleons and atrange particles, & special structure
of the hadronic current being a member of an SU(3)

octet of currents was proposedg) %)

J.A(x) = co8 9 (Ji’ + iJ.f) + 8in © (Ji + iJ.i) . (3)

The angle & =~ 0.26 was introduced in order %o
explain why strangeneass changing semlileptonic decay
rates are gystem@tically lower by & factor of about
2C comparsd to those of strangsness conserving de-
cays. Thare is & vast amount of facts concerning
gemileptonic transitlons that can be explained by
this assumption, notably the [aI] = 1/2 and ths

48 = AQ rules, which sesm to be almost validl’7’

s \
3’9)’{1’. Parthermors, the interaction Hamiltonian

{1) tozetner with recent ideas concerning the current

#) Iindices 1,2,4,5 denote transformation properiies

under SU{3). 1+12 corresponds to T+iTs, i.2. the
first combination transforms asg # particle. The
second combination transforms as K*. Under the Lo~
rentz group %they behave as V-A, typical terms being
DY 4 (L+¥5)n or fy (l+y)a  etc.
m)The recent measurements of X% ~# +f+y decays ara
in agreement, elthough small viclation is possible
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1) 2)

and the soft plon apgroximationl has

algebml
woen succegsfully used to eatablish relations
among various nonlsptonic weak dacayal’7).

The invesgtigation of the space~iime transforma-
4ion propertiss of hadronic currents meets with many
axperimsntal and theoretical difficulties. The
meagurements of elementary particle decays and of
a free neutron decay are difficult. On the other
nend it 18 also rather hard to extract soms informa-
tion from nuclear g decay. Various angular cor-
relation measurements sssm to support strongly the
V=4 form for J, {(refa. 1,6)., It should also be
noted that the ratios quoted in the Icotnote on p.27
follow only if the contriduting hadronic current
transforms aa V-4, A recent analysislB) of 17~
» A° » e +v also seems %c ba in agraement with
V=4,

According to the interaction {1) the coupling
congtants in gemileptonic decays of nadrons should
be the same as the one measured in the muon decay.
The only difference can come from ithe scale factors
introduced by strong and elsctromagnetic rensrmaliza-

"~ tion effects and corrections. As 811l of these offscts
have to be accounted‘for, the task is not a very
gimple one. Strong interaction effects can be
estimated by the conserved vector currsnt (CVC) and
by the partially congerved axial veelor current
(PCAC) hypotheses. Additional details comnscted with
thege hypotheses will be discussed in sections 4
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and 5, respectively. Definite information about the
nagnitude of the weak coupling constant can be ob-
tained 8t present only from nuclear g decay, whils
gome strong interaction renormalization effects
are sgtimated by combining these results from
maclear £ decay with the free neutron decay dataX).
To complete the material already pressnted in somse
contributions to thia Symposium, in section 6 we
shall briefly mention some additional correctiona
needed in analysing nuclear g decay. The results
concerning the coupling constanis seem to support
the total uhiversality and symmetry within a few
percent, as formulated in (1).

Experimental evidence seems to point against

the exigtence of neutral leptonic currents, which
o
2
+» There 1s no direct experi-

would lead to the processes such as Ko »u' +u”,

Kg » o+ 0" etc.lS)
mental svidence about neutral hadronic currents.
A possible experimental teat will be discussed
in gection 7.

To complete the picture, one should mention
the pogsibility that there is a vector boson W
which mediates weak interactions through a coupling

of the form

%) For additional information and a rsview of the
present situation sse contributions to this Sympo-
gium by G. Alaga, A. Nielasen and G. K&llen.




31

B = (Jl *‘x) #, +h.c. {4)

Experimental attempis to discover such a particle
have only ascertained that the boson mass m., is
larger than 2 BeV (ref., 6). In this comnection 1%

18 Interesting to mention a recent calculation of
the nonleptonic X dscay in the intermediats bosgon
model using Cabbibo s currents which reproduced thse
observed Kg dscay rate with my = 8 BaV (ref. 14).
The calculation is, however, based on certain ad hoc

agsumptions and approximetions.

3. SOME REMARKS ON ELECTROMAGRETIC AND STRONG
INTERACTION CORRECTIONS IN NUCLEAR g DECAY

Had a weak lntsraction Hamiltonian been in-
dependently sstablished from some other gources,
then ths study of nuclear g dscay could ssrve as
a tool for investigating nuclsons and nuclear
structurs and various interaction effecis. Not
valng so, we are in fact forced to do it in both
ways. e estimate non-weak effects on the bsasls
of a reagonabls hypothesis and then justify this
hypothasia by the fact that in combination with
the weak interaction Hamiltonian it does reason-
ably well desgcribe the ganeral experimental situa-
tion.

Part of the influence of electromagnetice

interactions can bs extractaed and described by an
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affective external field produced by charged atomic
nucleii), while the rast has to be calculated
using fisld theory or Feynman diagram techniques.ls)
We would like to stress that the first part
of the effect represents the collective contribu-
tion of all charged particles in nuelei, while the
gecond part is calculatsd as a8 y quantum exchange
process between an slectron and a particular nucleon
which has undergone 4 decay, making the theory
from the outsst dependent on the usual hypothesis
about the structure of nuclei. The first part of
the effeet is accounted for by the calculation of
the electron Coulomb wave function for the point

18) 19)

or finite size , or even for deformed nuclei

Electron wave functionsg get further modified by the

screenlng effect of atomic electrongeo)& As they
actually appear in ths transition probability as
)

operators inside the nuclear matrix alements y
an additional approximation 1s required to make the
calculations tractable, Soma recent discussions of

thes= problems show ths importance of a detailed

=) 7

In the papers by B, Stech and L. Schiilke one
can find s systematic and pedagogical report of

the approximations involved from the point of view ‘
of quantum field theory. Thelr results, although in the.
momentum space, are essentially equivalent with the
gtandard ones.

el As an example zee formula (15), section 4.
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knowledge and/or assumpiions concerning nuclear

21,22,23), nostly in the cases where the

gtructure
leading nuclear matrix element is hindered.

Naturally, the estimation of strong inter-
action corra2cotions is seven mors dependent on the
usual way of visualizing the nucleus as 8 conglo-
merate of particles, retaining almost all of
theilr individusl properties. Keeping this in ming,
ong can say that sirong internuclaon intersactions
nenifest themselves in, broadly spesking, three
different ways:

a) An individual nucleon interacts with
virtual fields of all other elemeniary particles,
{ag an example visualize the nucleon surrounded
by 1%ts mesonic "cloud™") which leads to coupling
conatant renormallization effscis and induced
terms in the effective beta decay interaction.
Additionel detailes concerning these effectls are
going to be presgsented in the next seciions.

b) 4 nucleon interacts with other nuclesons,
therefore one has to use nuclear wave fun;tians
in calculating bhadronic matrixz elementsz4},

¢) There could be special mesonic exchangs
effects, which generate two-body operaters. In

principle, they could generats many-body operstors.

Cne can argue, from analogy with nuclear forces, that

the two=-body contribution is a dominant one, For
example, in the nonrelativistic limit one could have
the following contribution to the axial vector

termzs):
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Hﬁ(exchange) =6, }:[gI(rij)(;ix }3)+ gII(rij)

1<
> -» Y @
r, {r, (e xa)
. il 132 i, ( ?ix ¥j) + othsr terms (3)
iy

and the summetion goes over the nucleons, gIJIare
gome arbitrery unknown functions, estimable either
on the basis of some crude field theorztical calcula-~
tion or treated as free parameters, Seversl atismpis
to estimate 8 possible contridution of (5) give an
order of magnitude of zabout 10%, but the regults

are not yet conqlusivezs). Somewhat releted is also
the treatment of the whole nucleil as an elementary
particle, which could automaticelly include exchange

correctionses).

4. CONSEZRVED VACTCR CURRENT

27)

Ihs conserved vector current hypothesis has

mgt with considersble succesg. Its predictions

>

about the abs2nce of strong renormalizaticn effacits
28)

and the wezk magnetism term

identification of CVC with the isospin current I+

are connected to the

or I, just as ths electromagnetic current can be

identified with 13. The corresponding form factors

can then be rzlated




35

¢ playim> = T () (G vy + Fyk®) o, k) u (0)

(6)
= (g =q’)
2
6(a) = & F5(a°) (7)
2 Yp " fn F.(q%) (8)
7(q7) = @ o el

These formulas are strongly supported by the expe-
rimental verification of weak magnetism effecta,
due to (8), in the study of the decay of the
triplet lzB, 120* and 2N,(rsf. 29). There is also
go0d agreement between the theoreticel and expe~
rimental values for the lifetime of the dacay
e L (raf 6) which, when electiroe
magnetic corractlons are neglscted 6), has & con-
fridution from Jx only, The relsvant number for

ths ratio L7 27 *e' +ve) 45 (1,0040.02) 10"

k(ﬂf* - IJ‘)

V)
ag predicted and (1. 14+O 09)-10 -8 ag found sxpe-
rimentally., In view of this one cam also under—

8

stand the near equality of weak coupling constants

from u meson dscay, Gu, and from the decay of

140, Gﬁ . Leaving a detailed comparison to othsy

contributors, we would like to noie that Cabidbdo’sg

9) . =)

theory”’ predicis

=)

Electromagnetic corrsctions are nsglected.
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=G, cos ©. (9)

The exact value of s 1is still unknownx), which
together with uncertainties in theestimation of

G

electromagnetic corrections, and recently measursd

29) leaves this problem

variations in £t values
open to further research.

Prom the point of vies of SU(3) theoxry the
vactor current, transforming as the F type coupling,
is divergenceless only in the limit of exact sym-
metry. (When, for example, all baryon masses and
all meson masses ars equal.) Even without slectro-
magnetic interactions, the intermediate strong
symetry breaking effects could cause modifica-
tions. There are arguments that the renormaliza-
tion happens only %o the second order in the sym—

metry breaking interactions33)

. Ag the isospin
symmetry, which is a subgroup of SU(3), seems to
be broken mainly by slectromagnetic interactions,
ons doss not nead to worry about any such effects

in nueclesr g decay.

29)

x) have noticed

that 8 spreads as 0.17< e £ 0.21 when various £t
values are fitted, N. Brene et al.3o) obtain &=
0.268, while on the basis of KQQ data3l) 8 =

0,22, For a very critical report see ref, 32 wherye

For example: Fresman et al,

also the measursment of the branching ratio for

the neutron two-body weak decay ls suggesbed.
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The CVC hypothesis has also been uged to
obtain the relation among nuclear matrix elements
in nuclear £ decay34’35). The continuing equa-
tion in the presence of an external elsctromagnetic

£islds 'Ay reads’’r36)
0, I, =iiedl, A . (10)

Here, JZ ig differsnt from JZ (A“ =0), because
it contains the derivative termsa. It does represent
the actual current contributing to nuclear 5 decay.
Jging (10) and the standard fcrmaliaml7'26) the fole
lowing relation for nuclear matrix elements is
darived
-1k7
(o5l #3(R) AT “le) =0 . (11)
k

éi and éf correspond Eo the 1nltial and final
nucled, respectively, R 1s the cenire of mass co=-
ordinate, and the gummation goes over all indi-
vidual contributing nucleons. ku =[E, i(ﬂo~vcﬁ
ig the Coulomb fi21d modified momentum transfer.
VC, wbhich takes care of the Coulomb field influence,
can be averaged over the nucleus using the method

33,34,37)

of Ahrens and Feenberg , or it can be kept

ingide the nuclear matrix element in the cases wheys

the radisl variation is important22'3%)

. Recently
J. Pujita hag proposed & possible test for the
Ahrens~Feenberg approximation based on ths inve-
stigation of suitable # and vy transitions39).

A simplified form of relation (11), with the



gummation over the individual particles omitted
e - -1;-»
<,k° e-ikr>+<'5ke_1r > =0 (12)
can be written after a straightforward angular
momentum algebra as

M
(~1)J< (WO-VC) YJJ ,jJ(kr) > =

o 2 +1 V2 e+l . M
- 2_1 c1()»20 2J +l] (-1) ko< Iy (kex) VSC >
2

M H m
V?C = Z c’illem al YC
Uy B

jc(kr) is a spherical Bessel function,

For ¢ =0, J =1 relation (13) goes into the
well-kfiown formula for the 1™ = 0% transition34’35).
In the nonrzlativistic limit, the substitution

a‘i > - -;—1- is suggested by the Foldy-iiou-
thuysen transformation.

According to somse opinions4o)

the differsnce
between CVQ theories and non-CVC theories where
the exchange mesonic effects are presgent, seem

to be too small to meke use of this formula for
the experimental test of CVC. However, if CVC ig
agcertained otherwige, 1t certsinly can be used '
to establish the connection among nuclear matrix

elements, thus limiting the number of parameters
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in the analyeis of the experimental dataze). In

$his connection one can also think of an al~
ternative formula, which is derived as follows.
The effactive fourth vector component inter-
action Lagrangian for p decay is of the form

>3,

ikr

’

v 3 -ifii-' i .3 ,
Lnt(J4)=/dk<e > [ @z L(z) e (14)

Ly(z") = v (z7) Yy v, {7 ,

where &e(r') and wv(r') are elsciron and neutrino
wave functions; respectively.The former contain
all influences of the Coulomb fisld, Using (12)

to replace the nuclear mairix element and in-

tegrating over the momentum ¥k, one obtains
- >
(‘»;‘-VC) < Lv(r) > == < 4{a 7)) Lv(r) > . (15)

Thus in the whole interaction Lagrangisn for
vector transitionsg one would have one operator z
only instead of 1 and 2 . The actual lepton ope-
rators had been connectsd before any multipole
expansion has been made (instead of connecting
only some terms in the multipole expansion)

which can probably be of advantage in some nuclear
situations., The weak point of the above replace-
ment formula is that VC’ generally some fumetion
of 1, cannot be left inside the matrix olement
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and gome stimation of 1it9 average value has to be

dons.

5 PARTIALLY CONSERVED AXIAL VECTOR CURRENT

The PCAC hypothesis4l) geems %to have an impregsive

support from the Goldberger-Treiman ralation42) and
recent successes of Adler and Wsilsberger in calcula=-
ting the axisl vector coupling constant from the

43). It also seems to

pion-nucleon scatisring data

work satiasfsctorily in connection with soft pion
12)

methods

particle decay rateal). The basic PCAC relation is

, &iving connections among elementary

2

m

i i _ T
auJ“-c ¢,r C-W R (16)

where J“5 is the hadronic axial vector current,
i nmarks the isospin component, ¢: the pion

field, and fﬂ ls proportional to the amplitude

for the decay w~»,sv. Combining (16) and equal

time current-current commutation relationsll’lZ)

43)

Adler and Weissberger obtained the relation

A |

2
o) = | L (W) -7,

2
, (17)
where 8.n is the pion nucleon coupling constant,

+
and ¢~ 48 the total # p crosa section for a pion
of zero mass. The most recent calculation of the

r.n.8. (ref, 44) gave the result
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G
| 21 =1.16 ,
A+ 2

v
which could be compared with the most recent
measurement described in Nielsen s contribution.
Although the amount of renormalization is in
the right direction, there is some discrepancy.
Some corrections, rather hard %to esiimate, must
be done when using real scattering cross sec—
tions in (17) instead of those with m_= 0. It
ghould be noted that the Adler-— Weisberger reia-
tion determines only the absoluts magnitude and
not the sign of the GA/GV‘ratio.x)
firmation of PCAC geems to follow from the PCAC
43046) pson
gseena to bs satisfied exberimentally. Roughly
apeaking, it follows from the fact thai because
of (16) the pion nucleon scattering smplitude
should be of the form

Further con-

congistency condition rsquirement

out in\ out in
Ot ) s (R sy ) 09
In the 1imit g+ 0 only the ferms with singulari-
ty survive. The contribution from these pole
ferms can be located thus leading %o the require-

ment

%) Recsnt group thsoretical srguments, based on the
partial chiral symmetry introduced by iweisberg

g
hag led to estimate §$ = - ;%%; , see J. Schwin~
ger, Phys, Rev. Lett. 18 (1967) 923.
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2
4
xR 2 rdr 5,00y 00, (19)
mpooT o
A(*) is the imaginary part of the forward scatteopr-

ing amplitude, again for zerc mass plons. This
requirement seems to be satisfied within a 10%

accuracy. Actually, the whole amplitude T(+) =

= A(+) + @ B(+) should vanish as a consequsnce
of PCAC, which is already well satlsfied with itis
physical threshold value in the scattering length
approximation45’46)
migtically, the fulfilment of the consistency con-
dition could be accidental.

In the case of AS # O transitions, ceused

by this part of the unitary octet currsat which
+

. So speaking extremely pessi-

transforms as X, one can slso formulate a similar
PCAC condition, the K meson playing the xole of a
pion. Although this has been dsed in applications
(gee for example ref, 14)), the consistency con-
dition analogous to (19) fails in the scatiering

length approximation45)

and gives a largse nagativg
mamber. More elaborats calculations either dis-
agree46) or ars incbnclusiva45). The Adler~Vsig -
berger type of the integral has also been
egtimated several timaa46), being impdrtant in the
test for Cabidbo’s thsoryg), but the results ars
again lnconclusive. The situation is much more in-
volved dus to the blgger mass of the kson and the

existence of the unphysical contributiomns to the




integrals, all necessitating corrsctions and
46)

agtinations whoge validity is always douotfu’és’

furthsy important featurs of the PCAC

nypothesis is the prediction of the induced psgeudo~

42)

gealar tarm , giving in nuclsar g decay or ir

capture the contribution with the effactive

counling constant

24 g .
CA o —

g =73 7 o, & = 5.
m, +m, v

o~
Py
(=]

<

n, being the mass of ths eslsciron or ths mon,
regpectively. The numerical estimation shows shat
walle the tarm 18 important in muon capsturs whare
gp = {7-3) g, 1% should be completaly nsgligidle
in p descay whers 8p = 0.04 g, The analysis of
the 0° » 07 # transitions and allowed transitions
ghowa that the results ars fairly insasnsisivs 3o

iva pgeudo=

ct

the much greater gtrengsh of the ef

48 \ -
acalar coupling constan t,4" ) the aof

2gtive

H,

limit veing

Recent measursments nnrzormed by the Heidszlber;

group49) d0 not gsem to aluu giznificantly ths

UQ

e}

g2
limits. Some adiitionzal information can s in~
Tarred from the absolute measurement of ths & -

. - ... 32 43)
longitudinal polarization in the ~“P decay ”’.

In the energy range 200-5C0 kaV it is almost cone-
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stant, while thy existence of the large gP would
lead to an energy variationao’sl). Until recently
ths results based on muon capture gave elther

large limits

5 < vgw < 28 for example in ref, 52
A

or even indicated that there must be & contribu-
tion from the induced tensor53), the dlscussion of
which will be given in the next ssction. In muon
capture the theoretical analysis is much more in-
volved, as ono has to estimate somehow some rather
complicated nuclear matrix elements in order to ob-
tain information on coupling consianis.

Some very recent esltimatliona geem again %o
speak in favour of the general agreement between

theory and sxperimen154)

; wWlthout any need for the
induced tensor contribution. For illustration,
using Migdal s theory to sstimate nuclear matrix

alements and adjusting the parameters of the re~

gidual interaction, . Rh094) could fit all datas with
5‘-—5’1 <10
&

and without any G parity irregular terms.

All conclusions about gP depend on ths treat-
ment of the pseudoscalar matrix element, for which
the nonrelativistic approximation mugt be introe
duced, creating certain amgibutiaa47’48). It is
worth asking whether anything about nuclear matrix
alements could be learned from PCAC itaelf. When
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she Coulomb field 1s switched on, Adlar36) gave &

genersl argument that (16) ought to be replaced by

’

# (e1)

P 1

(8,-1084,)J5 =¢

wpere C~ can have only second order electro=-
magnetic corrections. If these corrsctions bahavs
in & similar way as radiative corrsctions %o
nuclesr £ dacayls) then it is vaery resagonable to

guppose that C' = C within a few percent. As the
41,55}

left hand side of (16), according to some models
contains derxrivatives, one actually has to make tha

replacemant
Iys (au) - J (au ~1is AM) .

It does not have any pracﬁical consaquences becauvse
Ju5 18 the actual operator appearing inm nuclear
problems.

If one were able to estimate < f!¢v! i> for
complex muclel, then the relations among ths axial
vzctor and maybe even pssudoscalar malrix slsments
would be sgtablished. This follows from the fact
that on thsz bagis of the general invariance srgu-
menta, <f[¢vl i > must coniain a term proportional
to the pssudoscalar matrix element < £|Pli> . The
actual value of this fterm is going to be inferrsd
only from futurs pion nucleon scattering or pion
capture experimenis. The first, moss crude spproxi~-
mation would be to locate the nuclsons in thes nucleil
ag completely independent. Then (21) can be approxi-
mated as




&
4, 2
w < £lPlis (22)
ku<f!‘Ju511>” m2 +k2

T

k, = (€, 100,=V5))

and converted intoSS)

< B ysLS(r) > = 'é;;;h i;VLS(rb + <(’rVO~VC) Y5Ls(r) ><]2 .)
3

As (23) terms ought to be an expression which would
hold for any Fermi gas of independent nucleons, ir-
regpeciively of PCAC, ome is left with doubts about
%he validity of the approximation mads in deriving
(23).

In connectibn wlth PCAC one should also mentlon
the works of Kim and Primakofsz), who treat nuelei
ag composite particle§ desgcribing all processes by

form factors are thsn established by the use of
PCAC, An example is

general form factors™’ . The relations among the

%) Actually the matrix elements of currents are

17) and Coulomb cor=

described by form factors
rectiong are treated sgeparately. Otherwise, the
decay would be & general parity nonconserving

two by two body process involving a much larger

pumber of invariant amplitudes.
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G
6, (8> ) I i f 7 Uy, 24)
b - ?
¢, (» -p) % np

whare the upper quaniities refer %o atomic nuclei
and the lower onsg to nucleons. On the laft side
one has the axlal vector coupling constant and on

the right side the pion coupling constent, G_ . o
if

nad to be esiimated in their calculations. In the
game Spirit they wsre able %o derive the analoguse
of the Adler— Welsbsrger sum rule (17) involving
integrals over the total cross seciions for a
pion nucleus reaction. The result was shown to
depend on the contribution from mesonic sxchange
currents, Kim and Bamsé) made an attempt to commect
thé currsnt-current commufatorll) with the total
muon cepturs rate in Hel, Although the calculation
met with considerable numerical guccess one should
keep in mind that they assumed the equality of all
form factors involved, the validity of the closuxs
approximation, and finally they approximated the
bilinear product of nuclear matrix elements by an

equal time commutator.

6, INDUCED TENSOR

Historically it all started with the per-—
gigtent claim of ths Bloomington group57) that all
theoretical spectrum shape factors ocught %0 be

mltiplied by 1+b/W (b = 0.2 and ¥ is the elsctron
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energy) 1o owdes to f£it measursments. It 1s
sxtremely hard to account for such s factor in

the standard theory, because all limaginable in-
duced terms can only produce factora of the typse
1+ b/ 4 aW (ref. 50), the slgn varying with the
charge of the emitted lepion conirary to the expe~
rimental expectatlon. In my knowledgs, Kuchowiczss)
we@ the first to suggest to iry the induced tensor
term, which served to work in the righ direction.
His proposal was done using the plane wave approxi-
mation for electrons, Fortunately <for the theory,
there sre also many meagurements not requiring the
horrid 1 + b/W factor.

The interest in the induced tensor term has
besn revived recently by the already mentioned
mon capiure discrepancies and by ths great expe-
rimental difference asmong £t values of two mizror

transitions 123 and 12N (pef. 59)1). According to
even when all possible

a very detailed analysisso)
corrsctions and charge dependent effects are taken
into account there 18 8till a 3% discrepancy with
experiment {There ars, however, some more optimisiic
estimateaél).) The difference in ft values can be

accounted £or°9?%%) by the introduction of the in-

There is & claimso)

ing the -4 leptonic decay are sasily account-
61)

%) that some resulits concerm-

8d for by the iniroduction of wrong ¢ parity

currents.
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guced tensor term of the same order of magnitudse

ag the one needed in maon captures3). The Heidel~
perg group measurements of 0 0% transitions®?’

could also be reproduced by the induced tensor of
the same order of magnitude, 1f nuclear structure

63)

offects are neglected ~ . Most rscently it geems

that muon capture data indicate against the exlst-

ance of the induced tensor54). A detailed ana-

ly51364) of soms unique forbidden transitionsés)
suggests that if there is any induced tensor at
all, the sign of its form factors must be opposite
to that used in refs. 60,63,53) thus making any

induced tensor explanation even less probable,

7. NEUTRAL HADRONIC WEAK CURRENTS AND PARITY NON-
CONSERVING NUCLEAR FORCES
Recent expariments seem to give some svidence
that the effect of P nonconserving forces among
nucleons is presentss), but its intensgity if still
gomowhat doudtful. The initsresting part of the weak

interaction Hamiltonian density is

tWa _AD -
a° Ju Ju + C.Ce (25)

H
Here, V, A mean the vectors aml ths axial vactor
respectively, while a and b o1p2fer to the iso-
spin and other quantum numbers necessary for
identification. The study of the general invariancs

67,68)

properties shows that the exchange of the low-
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Fig. 1

agt mass
particles,

# andp msgon,
contributes

t0 the isospin
axchange AE =1
and A% =0 re-
gpectively.
The ¥ meson ex-
change can be
diagramatical-

1y pictured as in Fig. 1. The first vertex can be

estimated uaing SU(3) asymmetry from the nonleptonic

decays of hypsronsx

)

, while the strong vertex is pro-

portional to the well-kmown pion nucleon coupling

congtant. The p meson exchange domlnates the form

factors of the vector currsnt in (25), and 1t can be

pictured by the diagram of Fig. 2. The existing

23timate concludes that the main contribution comes

Pig, 2

%)

For example, 2 » N + 7 .

from the wesk
magne tism
term.,

It seems
that both con~
tributions,
by 7w and ¢
exchangse
could be of

the same ordsr
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: OJ{ magnituda @
By studying suitable y transitions, with ox

without isospin exchange involved, in principle one
couid discriminate batwesn the two contributionSX).
mmat, combined with the SU(3) symmetry assumption
and Cabibbo’s model, could allow us to conclude
gomething about the neutral weak hadronic currents,
The product of charged currents gives the contribu-
tions AT = 0,2 multiplied by cos & (8 is Cabibbo s
angle) end the contribution 41 = 1 multiplied by
gin 8 (ref. 68). If there are no nsutral currents,
which do give the AE = 1 contribution multiplied
by cos & , the Af = 1 affects should be weaker
than the 2Tl =0 onessa) by the factor %g 8=x 15.
The a1 = 1 rule for the nonleptonic decays of
radrons should be due %o gome dynamlc effects, a
conclusion which seems to have Blready been in-
directly supported by soft pion calculations.

The existence of currents with wrong G parity
or those producing the induced 4ensor term in
nuclesr g decey would initroduce the Al = 1 con=
trivution times cos 8 even with charged
currents only7o). The estiration of the magnitude
of this contribution is not yet available.

H, Barclay-Adams has remarked recsntly7l)
that the initial or final state interaction among
nuclsons scattered by HW ag estimated in the nuclear

natter model can seriously reduce ths magnitude of

%)
loB wasg suggaatedss).
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the effective force. Unfovtunately, he has itreatsd
only the p meson exchangs contribution, so the
important information as to how this would affect
the comparison between Af = 0 and AE =1 48

%)

migeing™ " .

8, CP NONINVARIANCE
Although sgeveral years have pagged gince the

discovery of CP noninvariance, the situation is
85111 not clear72) 73)
been supported by the discovery of (P violating

effects in the semileptonic decays of K° mesona74).

« The Kg » 27 experiment has

Apart from the decays of neutral kaons which con-
gtitute the system particularly sensitive to the CP
vielation, the definite positive evidence has been
missing in other decays. Small contributions of

the terms such asg 31-(£;x ;f) have been gearched

for in the g decay of the neutron75), lgNa (ref.,

76) and charged kaoh?7). (3 1s the angular momentum
of one of the spinor particles, and Py are their
linear momgnta). A genersl conclusion, when final
state electromagnetic interactions are taken into

account, is that the effect could be consistent with

=) The p and =« éxchange contributions have been

oalculated7l) for nonmesonic hypernuclear dscays,
where the responsible interaction is very aimilar.
The respective ratio is changed there by about 2
times. The change of the same magnitude would not
affect the suggested test.
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k the CP conservation. In the case of nuclear

gecay, the final state eleciromégnetic inter-
action would give the term of the same form, its
intenaity proportional to the weak magnetism term
and of %oo small & magnitude to be detected by the
present gxperimental accuracy. In the case of non-
leptonic decay 2% - D + # the presence of the

> > >

term P (JA x J 18 expected to come both

)
Y
fprom the final state pn interaction and from the

78)

¢p violation. The obgerved effects again could

ps in agreement with the CP conservation., Similar-
1y the situation is not cleasr in connection with
the existencs of the slectric dipole momentunm

(EDM) of the neutron, which cen exist only if bothk
P and T are violated79).

If the elsctromagnetic interactionso) is
responsible for the violation of T and C, then

the expected EDM would be of the order of

-~19 - ~12

negnitude up = Cva x 10 10 ecm (e

the electron charge, (., the weak coupling con=-

v
astant, oy the neutron mass). If the weak intare

action 1t¥self violates T, then Bo R eCV Mo gin ST

1072+ 107%% acm, waere o, =(180.2 + 5.5 )° from
neutron and

19
derived from other theories explaining the CP viola~

tion, the results varying from 1072 40 107%% cm

N measurements. EDM can also be

(ref. 81). The only iwo existing measurements give
the same abgolute magnitude with opposite signs:
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g (=2 % 3).10"22 ecm (ref. 82) and

up = (+2.4 2 3.9)-,10"’22 (vef. 83)® leaving
the very question of existence open.
The existing experimental uncertaintiss con-
cerning the CP violation are reflected in the
great profusion of theoretical modelg, attributing

it to weak interactions, gtrong interaction584),

gemlstrong interactionsSS), electromagnetic inter-
actionsso), guperwesk interactionsss)
effecta87). The difficulties are increased by the

fact that in most cases the experimental con-

or other

sequences of the CP violation cannot be predicted
without'involved, model-dependent, and not very

reliable calculations.
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