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PARITY NON-CONSERVATION 1IN NUCLET

D. TADKE
Institute “Rudjer Bofkovié®, Zagreb, Yugoslavia,

Abstract

A general weak-interaction Hamiltonian can be divided into

leptonic, semileptonic, strangeness-violating nonleptonic,

and strangeness-conserving nonleptonic sectors

S =1 $=0
By = Hy + Hgp + Hyp * Ry oo

The last sector can be studied by investigating parity-

violating (PV) nuclear forces.

The study of these forces 1is complicated and requires
four main steps |[1|

Weak Hamiltonian
Weak PV nuclear potential

Theoretical prediction of nuclear
processes
Experiment

The actual calculation of the potential is hased on the

diagram in fig. 1 and is described in detail in ref. [1}.

The parity-violating NNt amplitude is estimated on the

(1)

basis of the sum rules connecting it to the s-wave nonleptonic

hyperon decay amplitude

A% » 87+ x%) = ad) {2)
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AS|=1

If both HLL and Hﬁi-o transform as components of the

same SU (3} octet tensor, the sum rule is

3

PlaED) - 220 - A =0 . 3)

Here F depands on the particular H, and can be calculated.
For unified gauge field theories, simple-minded approaches
tried to obtain modifications of the sum rule (3) by

postulating octet dominance |[3,4|. In gauge field theories,
glAS|=1 5=0

octet tensors. Compared with the standard Cabibbo model |3,4],

and are no more components ‘'of the same SU(3)

the three-triplet model of the Lee-Prentki-Zumino type |5|
gives

FLPZ n 1 35 - 24 cos 29w + g

F )
c sin“e, 11 + g ‘ . "

g = st—l .

Here s and t refer to the reduced matrix elements of inequivalent
SU(3} octet tensors. An enhancement as large as 70 (t=0} is
possible. A model which employs an additional V «+ A anti-
symmetric tensor (a) is the Georgi-Glashow model |6}, for

which |4]

.

?GG - 1 2 - 1 + 93)

Cc sinz ac 11 + ¢

ne

' (5)

a = at-l N

If a=0, the model predicts an enhancement by a factor of 20

for almost any value of o. The enhancements occurring in the

LPZ and GG models are consequences of charged currents, while

in the Bég-Zee model |7| neutral currents are solely responsible

for the enhancement [4|

=105+

2
Tz, __1 v_ "
FC sin2 ec v Mi cos2 Gw
(6)
v
i-20 e

Here u gnd v are the reduced matrix elements of the non-
equivalent tensor operators. Flerz-transformation-based
identities |4|, which can be physically questionable,
determine the ratio v/u = 1/2, so the enhancement ig at
least by a factor of 10.

Straightforward analysis of the Salam-Weinberg
model, using four guarks only, leads to a very untransparent
expression |8| , which can be simplified only under ad-
diticnal assumptions |9]., A theoretically better-founded
advance comes through £heories using color as a symmetry
of strongly interacting gluons |10}. According t& retf. j11].
in the product of charged currents, the plece transforming
as a 20" representatiogiSU(d) is enhanced. In the product
of neutral currents, the piece transforming as a 15! re-
presentation of SU(4) is enhanced even more. As S5U(3) is
the symmetry of strong interactions, 20" and 15B have to be
analyzed as to thelr SU(3) content, which are given by non-
2quivalent ‘octet tensors 'r8 and ta, respectively. The en-

hancement is due to neutral currents |B8|

—ﬂ=1+1—2- [%-sinzew(2+x)l

[of sin™ ©
¢ (7

X = <t8>/LT8>.

Generally, one can expect an enhancement for the AI=1 part of

the PV potential.

=106-



Sum rules of the type (3) hold for the unphysical
amplitudes. Extension to the mass shell for nonleptonic
hyperon decay amplitudes and simultaneous fit of both s-
and p-wave amplitudes require construction of pole models
{12|. An additional préblem is to make an extension to
the off-mass~shell NNw amplitude in the case of complex
nuclear systems. Some preliminary analyses in this respect
have been made |13,12|. There is a hope that y-circular
polarization expe?iments are not crucially influenced by
such effects.

Calculation of the parity-violating NNV (vector-meson)

amplitude depends strongly on theoretical methods, as

this amplitude, in contrast to the NN# amplitude, cannot
be at the moment connected with any independently measured
éxperimental quantity. The usage of the factorization ap~-
proximation [14| is relatively simple and easily adaptable
to any H model. There are elaborate attempts to found this
approximation on current algebra |1|, on which some doubts

were recently cast |15

. However, approaches based on SU(G)W
symmetry |16| or the light-cone analysis of intermediate
vector-boson (IVB) exchange models |17|, provide persuasive
arguments for the importance of nonseparable (nonfactorable)
contributions. An example of such a diagram is shown in

fig. 2¢ for a simple gaugeée-theory model employing only one
strong, neutral, massive vector boson R. For a reasonable
selection of parameters, separable and nonseparable contribu-
tions are ccm!parab).!ei.B Ll‘his supports the Pirner~Rustgi ap-
proximation illustrated by fig. 3 [19|. A slightly more

sophisticated approach is to bind quark lines into vector

=107~

mesons |20{. Again, factorable and nonfactorable contributions
are comparable. A peculiar PV vector-meson-exchange effect is
predicted in the Salam-Pati model {21|, where colored strong
vector gluons are mixed with IVB“s. The effect is expected to
vanish if hadrons are coler (i.e., SU(3")) singlets, but

it can appear through symmetry breaking.

Multiboson exchanges and exchange effects from weak radiative
mesonic transitions have also been considered |22].

There have heen some suggestions to start with the geﬂéral
empirical potential as an input in theoretical nuclear-physics
calculations. At most, a semiempiric approach can be attempted
where some theory 1s used to give radial dependence and to
limit the number of possible forms and parameters to the
manageable one,

Experiments performed so far can be roughly divided
as follows: _

= circular polarization in y~emission

- y— emission asymmetry

- parity-forbidden a decays

~ parity viclation in N-N scattering.

In the case of complex nuclei, theoretical calculations

are very complicated |[1,2

. The results obtained using theoretical-
ly derived potentials are generally too small, although there

are indications that in the venerable case of Talsl

the sup-
pression due to short-range correlation and pairing corrections
might have been overestimated |23].

The measured y-circular polarization PY in the two-hody
problem

n+p+d+y (8)
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.vas estimated avoiding the perturbational approach. In refs.
|24|.and | 25|, the so-called Danilov | 27| approximation was
used, which consists in calculating the N-N scattering state
first and then finding the deuteron wave function through
the analytic continuation. Ref. |28| used the deuteron-nucleon
nucleon form factor carrying the calculatijon partly in the
covarjant form. hRefs. |19,26,29-32| solved the numerically
inhomogeneous Schrddinger equation, containing PV potentials.
The calculations were performed for a variety of strong N-N
potentials, local and nonlocal ones, with hard core and with
soft core, including also realistic phase-shift equivalent
. potentials generated by fixed-range unitary transformations
]33!, The results vary in signs and magnifude, lying in the
rancte (dependipg also on the Hw used)

|2 ) < 0.3-107% ,

which is atil]l almost an order of magnitude smaller than the
experimental ryesult |34|

o= -(l.3 0.45)-207% | (9

The calculation, as most calculations of PY do, involves
the difference of two large quantities, so the-variety of
signs is not surprisingr)On the other hand, 1t seems that
inside a given calculational procedure and for a given
PV potential, uncertainties in nuclear physics change the
result by less than a factor of two. As PY depends on the
AI=0,2 PV potential, the enhancements (4-7) can be tested
only by measuring y-asymmetry a versus polarized neutrons,
where the AI=1 contribution is important. However, the
theoretical cross section for the proceas (8) is not quite

correct |35].

*) After discusgions, most theorists now agree upon the result

-8
P, ~ (#)2.107% |52].

-10%-

Estimates |36| indicate that mesonic-exchange current
effects are not sufficient to explain the discrepancy. There
is a speculation that the centinuum 351 state 1s not orthogeonal
to the bound 351 state in the N-N system due to velocity-
dependent forces }35|. This can be found out by measuring
complicated polarizaﬁlon effecte, which do not interfere
with a or'PY measurements. If this 1ls the case, the AI=]
PV potential can also contribute to P* [371].

y-emission-asymmetry experiments have provided the mo;t

‘convineing confirmation of parity violation in nuclei |38},

The recently measured asymmetry of the 110-keV y ray in 19?

139}

a = -(18 # 9)-107°

has resulted in two calculations |40]| baseé on cabibbo “s

HW

@ = ~{6.4 + 2.2)+107° ,

a=-(4.24+ 1207,

&s both AI=0 and AI=1 potentials contribute, the enhancement
(4-7) of the NN# amplitude can cbviously help. I connection -
with this, a measurement of the PT for 1.08-MeV photons
emitted by 18F, which 1s expected to be produced by AlI=}l
PV potential, was suggested [41].

Measurements of parity-viclating asymmetry in the cross

section of polarized ‘protons on protons |42}

§= (1 + 41077 (15 MeV)

and on Be [43]

&= {5+ 9)-107° (6 Gev/c)
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have opened a completely new approach to the problem. (We hope
strangeness-violating scattering experiments will follow.)

Thecretical calculations have also been performed using various

H "s [44|. As p-p scattering receives AI=0,1, and 2 PV con-
tributions, i1t is difficult to understand why it is so small,
especlially when compared with the result (9). Speculations
about the large AI=2 (i.e., tensor) component in the PV po~
tential have been put forward [45,51|. This disagfees with

octet and singlet dominance |10,11

. It does not contradict
the finding for the o decay of the 2 (8.88-MeV) state of
164 46|, where the AI=0 PV potential is important. It
appears that this experimental result is in good agreement
with the separable'?—exchange approximation to Cabibbo“ s HW
|47!. However, thié wight be deceptive |48].

Speculatsons about the parity-violating NNy vertex were
also attempted [49].

Despite the apparent confusicon, advances have been made
in the last few ywars. In future, theory should strive to
improve the calculiation of the potentials, especially the
AI=0,2 part. More- precise scattering experiments can be of
great help. One should also persevere in trying to measure

Al=l transitions |50!.

=131~
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