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:! Abstract : Theoretical and phenomenological approaches 
; to parity-non-conserving nuclear forces are reviewed* I Recent developments in the calculation of weak meson-

nucleon coupling constants, whose knowledge is necessary 
to determine theoretically the parity-non-conserving 

[ nucleon-nucieon potential, are described. The consisten-
\ cy of different measurements of parity-non-conserving 
I effects is discussed and the information they provide is 

compared to theoretical predictions. 

| 1. INTRODUCTION 
j 
! The study of nuclear parity-non-conserving (PNC) effects has been 
imotivated for a long time in the hope it would provide some informa-
•tion on the weak interaction |lj to which they are usually ascribed. 
ÎAt present, the nain goal of these studies has been achieved by 
'neutrino and electron scattering experiments which have established 
.the existence of the neutraJ current |2[ as well as part of its 
; properties J3|. Except for some experiments in atomic physics, all 
i other experimental information is consistent with the Weinberg-
\ Salam model of weak and electromagnetic interactions {4j. 
There are several reasons for the failure of these studies in not 
: achieving their original goal. These effects are small and difficult 
.to measure and their theoretical interpretation in the case of 
: complex nuclei, is restricted due to uncertainties in wave functions 
which have prevented us from making any definite statement. Further-
:more, uncertainties in deriving the PNC NN potential, which is a 
; necessary step in calculating these effects, have grown with time. 
iIn fact, this is e, fundamental uncertainty, and the reason for 
studying now nuclear PNC effects is probably to gain some informa
tion on the different mechanisms which enter in the derivation of 
this potential from the weak interaction, which itself is supposed 
to be kit̂ wn from leptonic and semi-leptonic processes. 
In the present review, we first describe recent progress in calcula
ting various meson-nucleon weak coupling constants with particular 
attention to the uNN coupling constant, which governs the long range 
part of the PNC force, and to the use of the SU(6) W symmetry to treat simultaneously the nKN and VNN weak coupling constants. Then, 
after a presentation of recent measurements, we shall discuss the 
consistency of several PN'C effects, assuming they arc due to a PNC 
force, but without further hypothesis as to their origin. In the 
last part, we will compare the information available from those 
^Laboratoire associé au c.N.R.S. 



measurements on the PNC NH interaction to the one calculated from a 
potential dominated by the exchange of ir, p and <u mesons. In the 
course of this review, only the Weinberg-Salam model of weak inter
actions in its SUM) version will be considered. 

2. THE THEORETICAL APPROACH TO PNC NUCLEAR FORCES 

A. The PNC nuclear potential is .usually assumed to arise from the 
exchange of low mass mesons : IT, P and u. Together with corrections 
due to 2v exchange, this potential should give a good representation 
of the PNC NN interaction for distances larger than about 0.8 fm. 
At shorter distances, significant corrections due to several mesons 
exchanges may occur. As indicated by the NN strong interaction, for 
which more information is available, such processes can be si2eable 
and therefore should not be forgotten, although they are unknown. 
The repulsive part of the Reid-soft-coré potential ]5| for instance 
,is one order of magnitude larger than the one expected from an u 
exchange. Although weaker, this feature is also evident from other 
better NN potentials which incorporate a theoretical calculation of 
the 2it exchange contribution-|6|. As shown by Durso et al. |7|, this 
feature can be explained by the simultaneous exchange of it and p 
mesons. While it is difficult to extrapolate these results to the 
PNC interaction, the possible presence of similar corrections should 
be kept in mind when measurements are compared to theoretical pre
dictions based on the dominance of ir, p and w exchange contribu
tions . 

In the following, we will-concentrate on these IT, p and 01 exchange 
.contributions which, as we will see, are not unambiguous. They are 
: determined by the knowledge of both the PNC and PC meson-nucléon 
'interactions, which we write as : 
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Because the relative phases of weak and strong interactions is mea
surable, we need to be precise cibout the Ys matrix which is defined 
here as : 
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The corresponding NN potent ia l , «hich i s the basic ingredient for 
calculations of PNC nuclear e f f e c t s , can be written in the non-
r e l a t i v i s t i c l imit as I 
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In the above expression of fcte potent ia l , the g ' s represent the 
strong meson-nucleon coupling constants. They are assutitsd to be 
pos i t ive and are given the following values : 

= 14.4 t » i ?» , 0.62 
4ir 9 4TI 

'The factors x v and x«-r which describe the strong tensor couplings 
have often been given the values 3.7 and -0.12 which result from 
an identification with the anomalous isovector and isoscalar magne
tic moments of the nucléon, but, at least for the first one, might 
be much larger |8]. • 

Among the different PNC meson-nucleon coupling constants which 
appear in exps. (2) and <3) , the TTNN coupling constant, f , has 
certainly received the most attention until now. On one hand, it 
determines the part of the PNC nuclear force which has the longest 
range. Because of this property, the corresponding contribution may 
be enhanced relatively to other contributions, while this is confir
med by calculations of PNC effects at very low energy, part of the 
advantage is lost at higher energies and in complex nuclei, due to 
the exchange character of this force. Or; the other hand, it is 
Known that f n depends only on the Ax=i part of the weak interaction. 
Since its contribution from the charged current |9|, which contains 
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the factor sin :9 c=0.05, is small, it essentially depends on the 
properties of the neutral current whose the contribution, which 
contains factors sin a0 w=0,25 and (l-2sin26w)-0.5, is not similarly 
suppressed. 

The other coupling constants which appear in (3) are h £ r l ' z , h'' 
and h'** , which govern the short range part of thB potential. pThe 
indices represent the isospin components of the weak interaction 
to which they refer and the vector meson from which they originate. 
Except for hp' r which corresponds to a tensor coupling, these cou
pling constants correspond to an axial vector coupling. They are 
sufficient to represent all the spin-isospin components of the 
force which are important at low energy, or equivalently, the tran-

• sltions : 

(pp, nn, pn forces) 

(pn isoscalar force) 

(pn isovector force). 

B. Before describing the recent developments in the calculation of 
: PNC meson-nucléon coupling constants, we first review the methods 
which have been used extensively in this field. One of the methods 
employs a factorization approximation |l0-l3| which consists of 

: identifying with a meson field any quark-antiquark pair appearing 
; in the hamiltonian with the appropriate quantum numbers. This 
| approach has been mainly applied to VNN coupling constants. It 
provides a theoretical determination of the magnitude as well as 

: the sign (relative to the strong coupling constant) of PNC coupling 
I constants. An other approach employs the strong interaction symme-
: tries» mainly SU(3)/ and information available from non-leptonic 
hyper on decays {9,L4|. It has been applied to estimate the ÏTNN 

- coupling constant, f f f / and, in contrast to the other approach, it 
provides neither a true theoretical determination of the magnitude 
nor information on the sign. An attempt to use the larger strong 
interaction symmetry, SU(6J W, has been made to calculate the VNN 
coupling constants |15|. However the results contradicted those 
obtained with the factorization approximation. While the coupling 
constants obtained with the above methods have been extensively 
used in making predictions, it is clear that they have not been 
derived consistently and that some effort is necessary to reduce 
the present gap between these approaches. , 

Recent progress in this field arises partly from the necessity to 
overcome the rather arbitrary assumptions which have been :iiade in 
the first estimates of the TTNN coupling constant, £ ï ï, in gauge 
models of weak and electromagnetic interactions |l6,l7j. Indeed, in 
these models, the neutral current is no longer of the V-A type and 
furthermore contain a SU(3) singlet part, which prevents us from 
making a definite prediction for f^ from our only information on 
hyperon decay amplitudes, as was the case with the first models 
of weak interactions. Present assumptions are now relying on an 
analysis of the strong interaction at the quark level and thus 
should provide a better estimate of f . The new interest for the 
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calculation of f* is also due to a better understanding of hyperon 
nonleptonic decays |l8|. It seems that their magnitude, which for a 
long time has escaped any satisfying explanation, can be reproduced 
by taking into account strong interaction effects as well as those 
due to the breaking of the su(4) symmetry. A precise determination 
of the relative weight of these effects, which have been shown to 
be coherent, is however lacking. The application of these methods 
to the calculation of f w has allowed to identify a new contribution, the derivation of which has a strong similarity with the factoriza
tion approximation used until now'for VNN coupling constants. Final
ly, part of the recent progress is due to a reexamination of the use 
of the SU(6) W symmetry. Until now, two parameters involved in this approach were undetermined and assumptions were necessary to make 
predictions for the VNN coupling constants. An analysis of the ten
sor ial character of terms associated to these two parameters has 
shown that they were describing the factorization approximation 
results, thus providing more reliable predictions. 
Before describing in more details recent works, we summarize the 
most important results. The sign of the TTNN weak coupling constant, 
f-jf, to which little attention has been given for a long time, is 
now predicted in any case and is positive in our notation. As we 
shall see in the fourth section,this is precisely what is required in 
explaining the sign of PNC effects measured in several complex 
nuclei. The magnitude is not so well determined. It depends on the 
size of strong interaction effects and on some details in estimating 
different matrix elements. An average expectation! which does not 
exclude values two times larger or smaller is : 

which is about 12 times the conventional contribution of charged 
currents. It has been shown that SU(6) W results incorporate the results obtained for VNN coupling constants in the factorization 
approximation and that corrections to this approximation may be 
large enough to change the sign of some of them. 

C. Since they provide a convenient framework to discuss past and 
recent contributions, we first give the expression of the PNC meson-
nucleon coupling constants calculated with the SU(6) W symmetry for the Weinberg-Salam model of weak and electromagnetic interactions 
|19| : 

f = — (- a sinaB„F(K) - - sinz6 E(K)' + o C> <K>) , 
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ÎThe d i f f e r e n t f u n c t i o n s o f K a r e g i v e n by : 
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Xn doriving the above expressions, the effects of the strong inter
actions, which manifest themselves by the presence of the factor K 
have been taken into account, su(4) breaking corrections have not 
been included in the effective hamiltonian, but it has been assumed 
there were no charmed quark-antiquark pairs in nucléons and mesons 
in calculating matrix elements of this hamiltonian. Terms involving 
corrections of the 2d or higher order in gluon exchange have been 
neglected and Fierz transformations have been used to reduce the 
number of unknown quantities. Finally a non-relativistic approxima
tion has been used in one unimportant case (term proportional to 
E(K)J. 

In the simplest quark model, the different quantities a, b and c 
appearing in (4) can be easily interpreted by looking at the tenso-
rial properties of the corresponding terms in the hamiltonian. The 
quantity a describes processes taken into account by the factoriza
tion approximation (fig. la). Its value is given by : 

10 /2 g p

 A 

« +1.9 x 10 (5a) 

The quantity b describes a process where the hamiltonian acts on 
two valence quarks of^one of the initial or final nucléon {fig. lb}, 
whereas the quantity c, which takes into account SU(4) breaking 
effects/ describes processes involving q q colored pairs in nucléons 
(fig. 1c). Numerical values of è and c can be obtained by applying 

(\ 
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T\ 
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Ê^3 P̂ =B 
b) c) 

Fig. 1 Some examples of quark diagrams contributing to meson-
nucleon weak coupling constants. The box represents the 
effective weak interaction. 

the SU(6) W symmetry, as above, to nonleptonic hyperon decay ampli
tudes and determining the signs as in ref. |2lj : 
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We now describe different estimates of the coupling constants. In 
doing so, we shall give more attention t.o the kind of contribution 
represented by the quantities a, b and c than to their values. Thus, 
they will be given their SU(6) W symmetry values as well as theore
tical estimates incorporating for instance the effects of the 
breaking of the SU{6) W symmetry. 

a. The first estimate of the TTNN coupling constant, fïï, in the 
Weinberg-Salam model by Gari and Reid |l6|, corrected as in ref.|l7|, 
did not consider explicitly the effect of strong interactions (K=l) 
and neglected quantities which could not be related without further 
assumption to hyperon decay amplitudes (a=b=0). The total result 
was : 

3/2 
(sina9 sin 26 1 -0.09 x 10 

In this calculation, neutral currents give a contribution which, for 
sin 20 =0.25, is 3 times larger than the charged current contribution, 
but has a different sign. 

Introducing a quark description of nucléons, Donoghue [20| conside
red the contribution cf diagram lb) , the other contributions being 
neglected (a=c=0). Using information from hyperon decays, and assu
ming that the strong interaction effects are the same in both pro
cesses, f is found to be : 

f = 0.2 x 10 

A much smaller value is however obtained when strong interaction 
effects are taken into account explicitly. 

In ref. |2l[, strong interaction effects are assumed to be taken 
into account in the wave functions. As in the previous work, the 
contribution of diagram lb) is related to nonleptonic hyperon decay 
amplitudes, whereas contributions of diagram la) is neglected 
(cf=0) . In calculating contributions of diagram lc) , it is assumed 
that terms symmetrical in V and A currents and antisymmetrical in 
color indices have their contribution enhanced, which corresponds to 
pick up, in exp. (4) of fv, c contributions which have the dominant 
behavior when K-+«. The amplitude is then written as : 

s i n 2 8 , 

3|cos0 sine # 
IO 

n'» -H^sin'e, i s l n ' B w > R-Zsln2» +l-2sin 2e I s" 1,"w \ 
+ # — r ï - r 2 - H^HO-

13\ I cose sinS I / 
(6) 



5 

Depending on which hypcron decay amplitude is used and on various 
corrections, the following range of values is obtained : 

+0.35 x 10" 6 < f < +0.6 x 10" 6 

TT 

The sign of fïï (relative to the strong interaction coupling cons
tant) , which was undetermined in previous calculations, is also 
predicted. Similar estimates retaining a part of the above contribu
tions have been made. Weinberg |22| considered the contribution of terms 
proportional to sin 28 c and (1-2 sin

zô w) in (6), leaving undetermined 
terms proportional to sin 29 w whereas Konuma and Oka |23J retained 
only the contribution of diagram lb) (first term in (6)). 

In the most recent estimates, effects of.strong interactions between 
quarks are taken into account explicitly and give rise to an effec
tive hamiltonian. Kfirner et al. |24| calculated contribution of 
diagram lb, they found négligeable, and of diagram la). SU(4) 
symmetry breaking effects are neglected. Their large result : 

t = +0.8 x 10"*° , 

is due to a large velue of the factor K=1Q, which characterizes 
strong interaction effects. Buccela et al. |25| also found a négli
geable contribution for diagram lb), whereas diagram la) is produ
cing two kinds of contributions. One of them depends for its estima
te on strong interaction effects and is found to be between 10 and 
23 times the charged current contribution. The second one, which is 
smaller, but not négligeable, has the same sign. It depends on 
SU(4) symmetry breaking effects and can be related to nonleptonic 
hyperon decay amplitudes. The total result is in the range : 

+0.6 X 10"° < £ < +1.1 x 10" f t 

A very similar calculation has been done by Guberina et al. |26|. 
Their estimate is : 

f n • +0.3 x 1 0 H 

and is much smaller, due to a different estimate of the matrix ele
ment <p|ud|n> as well as strong interaction effects. 

Two points are worth noting here. The last two calculations give 
formally the same result for the dominant contribution, despite 
different approaches : current algebra techniques in one case and 
factorization approximation in the other one. This is a rather 
welcome result as it allows us to unify methods which have been used 
in past years to calculate both the TTNN and the VNN coupling cons
tants. On the other hand, diagram lc) does not contribute, which 
may contradict some of the other estimates |21 f22| . In fact, appa
rent differences arise from the way strong interaction effects are 
shared between the hainiltonian and wave functions, and it can be 
shown that the expression of f derived by Buccela et al., who made 
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a first order treatment of SU(4) symmetry breaking effects, is the 
same as the one derived using the SU(6) W symmetry (exp.H)). Since 
it is consistent with thjg mjçst recent approaches, this expression, 
together with values of a, b and c given in eqs.(S) can also provide 
an estimate. For K-7, we get : 

The difference with higher estimates is due to the use of the SU(6) W 

symmetry which implies a value of the sum of quark masses, mu+iag, 
of about 18 MeV _£ i n s t e a i3 o f ^ M e V ) and a smaller value of the ma
trix element <p]ud|n> t£ g^-,75 instead of 1). 

b. Most derivations of the pNN and wNN coupling constants have 
relied upon the factorization approximation |12,13| and the corres
ponding results can be obtained by picking up terms proportional to 
a in eqs. (4). Assuming that the factor K; which characterizes strong 
interaction effects, varies in the range K=4 to K=7, we get : 

h* 

_£ , 
/6 

h' = 
P 

K 
h 1 = -.18 x 10"° 

Cd 

There is presently no dynamical calculation of contributions of 
diagrams lb) and lc) similar to those which have been described 
above for the TTNN coupling constant. We must therefore rely on the 
SU(6) W results |l9| £f we wanjt to have some indication about them. 
Using the values of a, b and c given in (5), we get respectively for 
K-4 and K=7 : 

h° = {-2.1 , -1.7) x 10" 6 , 
P 

2a--
/ 6 

h" = 
P 

h° = 

= ( - . 3 0 

( - . 0 4 , 

, - . 2 7 ) X 10 

- . 0 3 ) X 1 0 " 6 

2a--
/ 6 

h" = 
P 

h° = ( - 1 . 1 , - 1 . 2 ) X 1 0 " 6 

h' = ( - . 2 7 , - . 3 0 ) x 1 0 " 6 

The most stricking features of these results are the change in sign 
for h° and the enhancement of h£. Since we are using data involving 
a pion to calculate processes involving a vector meson, the above 
results may be sensitive to SU(6) synjnetry breaking effects. Thus 
an explicit calculation in the MIT bag model 119 ! has shown that the 
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actual value of b to bo used should*be zero when tho vector current-
p field identity is assumed, while this is consistent with tho 
result derived in the factorization approximation fll|r the fact 
that the strong tensor pNN coupling constant, X y m a v fae différent 
from the anomalous isovector nucléon magnetic moment shows that the 
above identity is not quite satisfied. In this case, SU(6) W results 
can indicate the direction in which the factorization approximation 
results should be corrected. The contributions due to quark-anti-
quark pairs in nucléons {diagram le), which are quite large, may 
also be sensitive to,SU(6) w symmetry breaking effects : they are 
reduced by a factor 4 when they are assumed to be a first order 
effect in gluon exchange. 

3. ANALYSIS OF NUCLEAR PNC EFFECTS 

PNC effects have now been observed in several nuclei. In some cases 
like 1 B 0 H f , 1 8 1 T a and l 7 5 L u , the observation has been confirmed by 
several groups, but in most other cases there is only one measure
ment. We consider these measurements and study their consistency 
for those cases where an expression of the effect has ieen calcula
ted in terms of the parameters of some effective PNC NN interaction. 
Before going to this analysis, we first present results of recent 
experiments (results of elder experiments can be found in réf. J27J). 

A. Recent experimental studies of PNC effects deal with electroma
gnetic processes, as in most previous studies* but also with pure 
nuclear processes. Two different groups have observed in the reac
tion n+ 1 1 7Sn-»- 1 1 8Sn+Y a large asymmetry of the emitted radiation with 
respect to the neutron' polarization. Assuming that the angular dis
tribution is written as : 

W(9) = 1 + a cos e , 

where 6 is the angle between the emitted radiation and the neutron 
polarization, they got : 

a = (8.9 ± 1.5ÏX10"4 |28| and a = (4.4 ± 0.6)xl0~4 |29| r 

In nuclear fission, Danylian et al. |30| have measured a large 
asymmetry of the emitted light nuclei with respect to the neutron 
polarization in the three nuclei, 2 3 4 U , 2 3 6 u and 2 4 0 P u , for which 
they got t 

A precise understanding of these effects is however lacking and 
therefore little can be learnt on PNC forces from them. 
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Among other processes in complex nuclei, attempts have been made to 
observe PNC effects in the following electromagnetic transit-ions : 

18 F ( 0 - 1-08 KeV 1 + ) , ^ 
Y 

19F (i UP Key r, . 6 

1 

21„„ ,1 2.789 MeV 3 . Ne I— • k» — ) 

In the first process, Barnes et al. |311. have measured the circular 
polarization to be Py=~{0.1±2.0) xl0"*3, which is within usual expec
tations. In 1 9 F , the accuracy of the measurement of the asymmetry by 
Adelberger et al. [32[ has been improved upon with the result : 
SY=-(8.5±2.6)xlO_5. m the third process, the circular polarization 
P Y has been measured by Snover et al. |33|. Despite a large errcr, 
the present value, Py=-(9±51)xl0~4, is an order of magnitude smaller 
than expected on the basis of usual models and might be a strong 
constraint for theory if the process can be calculated reliab3y. 

In contrast to most PNC effects, the above three have the advantage 
of essentially requiring the knowledge of one matrix element of the 
weak potential in each case, respectively <0 ,T=1,1,D8MeV|Vw|0+,T= 
0,1.04MeV>, <i",110keVtvw|A,g.s.> and <1~,2.78Mev|vwJi.+,2.796MeV>, 
which facilitates tht ir theoretical interpretation. Thus the effect 
in *8F depends on the AI=l part of the weak potential, whereas the 
effect in ^ F essentially depends on the strength of the p-nucleus 
PNC interaction since A~ and i.* states can be considered as proton-

20 2 2 21 
holes in _Ne. There is no similar result for Ne, but if one assu
mes that A and J-+ states are one nucléon hole in the A-22, T=l care, 

2 2 
then the contributions relative to the neutron and proton parts of 
the N-nucleus PNC interaction will be in the ratio 2:1, which is 
what we shall use in the following. 
Cavaignac et al. |34| have measured the asymmetry of photons with 
respeGt to the neutron polarizatiDn in n+p-*d+-y. Their value is : 

A = (.6 ± 2.1)xl0~7 , 

which is in agreement with usual expectations,, but not accurate 
enough to provide some information on the weak TTNN coupling constant 
to which this process is very sensitive. 
Experiments in elementary processes which involve directly the NN 
weak interaction have also been performed. The measurement of the 
asymmetry in polarized pp scattering at 15 MeV |35[ : 

A (15 MeV) = -(1.7 ± O.B)xlO"7 

is rather larger than expected. This value is not inconsistent with 
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the present upper lirait of 5x10" , measured at 56 1-teV 136 ( where the 
effect should be twice that at 15 MÛV. Finally a measurement of the 
asymmetry in pd scattering at 15 MoV has also been reported |35|. 
Despite a large error, the measurerrcnt : 

A^(15 MeV) - -{0.35 i 0.85)xl0 , 

Is not far from theory. 

B. The difficulty in reproducing PNC effects from first principles 
has motivated several attends | 37-39 j to find a parametrization for 
the PNC NN interaction to account for various measurements» Two 
different parametrizations have been used. One of them assumes that 
the weak potential is described by the exchange of ttt P and w mesons 
|37,39| and the corresponding weak coupling constants are parametri
zed. Although these coupling constants have an effective character 
-they depend for instance on the model used to describe the strong 
NN interaction- this approach does facilitate comparison with predic
tions for them. In the second approach j38|, PNC are described in 
terms of quantities which, in principle, are measurable, namely the 
NN scattering amplitudes at low energy. Because the parameters refer 
to the different NN amplitudes rather than to the exchange of parti
cles, it is closer to measurements and so, facilitates their compa
rison. Furthermore, chis approach provides quantities that any model 
of the weak and strong NN interaction should reproduce. 

There are at present more measurements than necessary to determine 
the parameters of the different analysis, but not enough to alleviate 
the effects of experimental or theoretical uncertainties. Thus some 
parameters may depend on one measurement or also on details of some 
calculations which were done approximately to get an idea of the 
magnitude of the effects. While the parameters so obtained cannot be 
excluded, some of them, which we shall consider in the following, 
can be determined better than others. 

T.'ie theoretical uncertainties which are relevant here and which, in 
contrast to those on the NN interaction, are not parametrized, arise 
mainly from calculations in complex nuclei. This observation 
suggests to consider PNC effects in those nuclei separately and to 
analyse them, as a first approximation, in terms of the strengths 
of the p-nucleus and n-nucleus PNC interactions, which are expected 
to take into account the main contributions J40|. These strengths, 
X]2 and X" , can be expressed in terms of the quantities fïï, X* , X 

and X which characterize the different contributions of the pn, pp 
and nn PNC forces to an effective interaction appropriate for calcu
lations in complex nuclei |38] : * 

«S - 5" 5 f* + Xpn + Xpp • 

The expression of various PNC effects in terms of f , xpn» xpn* XPP 
and X n n can be found in tabic I whereas calculations which have lead 
to these expressions and a comparison with other calculations are 
described in refs. |38 #<0; Equivalent expressions, in terms for 
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Table I 

Expression of PNC effects in terms of parameters of an effective 
potential |38a|. 

Proce ss Observable f n X* 
pn 

V Xpn X pp "nn 

l 6 0 ( 2 ~ ) * l 2 C + 0 l / i ^ e v - 1 ' 2 2 . 8 2 . 8 2 . 8 2 . 8 

1 8 F ( 0 ~ - l + > P Y -B460 - 7S0 750 - 750 750 

F < 2 2 ' 
« y ( o r P Y ) - 260 - 46 - 46 

2 1 N e ( i * | + ) P Y 
40600 -7200 -14400 -7200 -14400 

41K<f|!> P 
Y 

26 4 . 7 4 . 3 

I ? 5 - < R + > P

Y 
B» 16.8 11.5 

I 8 1 - c f 4 + ) P Y 
-8 .1 -1 .5 -1 .0 

P Y 
.0127 .012-, .0461 

n+p*a+Y 
a - .107 - .005 .005 

PP*PP AppdS^V) - .10 

pd»dp JL^dSMeV) - . 2 3 -.0195 -0.0001 -.0024 -.0146 

instance of zero energy PNC NN amplitudes, could be given, but they 
don't emphasize as clearly as the above ones the interdépendance of 
different processes.The simplified expressions for complex nuclei 
in terms of x£ and x^ are given in table II. Since there are seven 
measurements j the two quantities x[j and xfj should be determined 
better than any of the quantities fv, x* , X p p and X which enter 
in their definition. A least squares fitpyieldS : 

X*J - 3.34 X 10" 6 , Xjj = -0.66 X 10~ 6 . (8) 

Examination of table II shows that the discrepancy between the fit
ted value and the measurement rarely exceeds a factor 2, often used 
to characterize nuclear uncertainties. The largest discrepancy 
appears in ̂ 1Ne. Since this effect results from a cancellation of 
contributions due to the p-nueleus and n-nucleus weak interactions, 
a slight modification of their strengths could give a better agree
ment. On the other hand, the calculation by Millener et al. |4l| 
-indicates that the ratio of contributions relative to the neutron 
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Table II 
expression of PNC effects in terms of the strengths of the nuclcon-
nucleus interaction. 

Process Observable «5 »s FitUO" 6) Exp(10"6) 

1 60 ± / r e v _ 1 / 2 

a 
2.B 2.8 7.5 10 ± 1 

1 8 P pr -750 750 -3000 -700 i 2000 

1 9 P «T - 46 - 154 - 85 ± 26 

2 1 N a PY -7200 -14400 -14500 -900 t 5100 
4 1K PY 4.7 16. 20 ± 4 

1 7 5 L u Pt 16.8 56. 55 ± 5 

1 B 1 T a PY -1.5 -5.0 -5.2 t 0.5 

and proton parts of the N-nrcleus weak interaction could Ls twice 
the one used here, which would also give a better agreement. Finally, 
the better agreement in 1 5 0 , 4 1 K , l 7 5 L u and 1 8 1 T a Is partly "3ue to 
the fitting procedure which favors processes measured more accurate
ly, and one could certainly afford larger discrepancies for thera to 
improve the fit to the rest of the nuclei in table II. 

The determination of X§ ard xj) from seven measurements should not be 
too sensitive to differences in the nuclear part of the calculations. 
The strength of the p-nucleus weak interaction, XS ift4-s severely 
constrained by measurements in 1 9 F , 4 1 K , 1 7 5 L u ana l B 1 T a . In spite 
of differences in measurements or in calculations, this quantity is 
close to the one derived in ref. |38a[ and thus, is probably the 
most reliable known component of PNC nuclear forces. The quantity 
x|J is constrained in part by the measurement in 2 1 N e ; since the 
contribution of the n-nucleus weak interaction is favored in this 
process, its strength must be small and tend to cancel part of the 
contribution due to the p-nucleus weak interaction in order to 
explain the absence of a siseable effect. While the above features 
of the calculation are strongly supported by the calculations of 
Millener et al. j«lli, the evidence for them in the calculation of 
Brandenburg et al. |42[ is rather weak. In fact this latter calcula
tion shows such a large sensitivity to the nuclear model that no 
information could be obtained by studying this process. If 21y e ±s 

deleted in the fit, a small value of Xg is still found, but with 
a different sign. Thus the strength of the 'i-nucleus weak interaction 
given by (81 may not be as reliable as for the p-nucleus weak inter
action . 

t 
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Further information on PNC forces arise from elementary processes 
and, since the theoretical uncertainty apart from the one due to 
the weak and strong NN interaction is small here, it can be included 
directly in the analysis. The present measurement of the asymmetry 
at 15 Nov in pp scattering implies that the strength of the pp 
force, characterized here by X for simplicity, is t 

X = CI.7 ± O.ajxio"6 . , 

This number indicates that the pp force contributes approximately 
half of- the strength of the p-nucleus weak interaction, as it can 
be seen from (7) and (8). It also tells us that, in deriving expres
sions of PNC effects in terms of X§ and xjj, contributions of about 
20ft of the effect in 1 8 i T a and 175Lu have been neglected. 

The approximate expression of the asymmetry in pd scattering |43| : 

A (15 MeV} = -0.020 X^ , 

together with the present upper limits on the measurement implies 
xH to be between -2xl0~ 6 and 6x10" 6, which is consistent with the 
value derived from complex nuclei. The present upper limit on the 
asymmetry in thermal radiative np capture indicates that the TTNN 
coupling constant, f^, assuming that the corresponding contribution 
dominates, is smaller than 2.6xl0~6, This upper bound is too large 
to tell, for instance, how much of the p-nucleus weak interaction is 
due to the long range u-exchange force. At present, the last availa
ble information is the circular polarization of the radiation etnitted 
in the thermal np capture, PY=-(1.3±0.45)xl0~6. The present measure
ment is not inconsistent with information extracted from other 
processes since it involves a combination of two components of the 
pn force (transitions l s n - 3 P 0 and 3S 1- 1P.) different from the one 
which contributes to the N-nucleus weak interaction. The size of 
the first combination is however much larger than for the second 
one. 

4. COMPARISON WITH THEORY 

In comparison with theory, we consider information provided by the 
strengths of the N-nucleus weak interaction, polarized pp scattering 
and the circular polarization, Py, in the radiative thermal np 
capture. Theoretical predictions are obtained by assuming that the 
weak NN potential is dominated by the exchange of -n, p and u mesons, 
which should be checked by appropriate experiments in the future, 
and by employing to describe the strong interaction the de Tourreil-
Sprung potential j 44[ r which is close to what is expected if a quark 
description of nucléons is used. To calculate the different quanti
ties which characterize the strengths of the effective NN interac
tion appropriate for complex nuclei, we have used their relationship 
to the scro-energy PNC scattering amplitudes (38|, although the 
choice we made to describe the NN strong interaction allows more 
refined predictions. We thus have : 



X* = ±M3w + - M 2 (Û + v" - 2 — ) 
P" 2 /6 

M 2 y t , l r 2 . 4 - a Up'"" = 

-0.049(guh»" +g phj"") -0.057(9(ilh;'>(l+Xs)+gphJ"'
,<l+Xv)) 

M*w = 10.7 HC* = -0.040 (9^-g h')-0.05Bg h'' 

M'ïï = 10.7 MX t = -0.077(gi|)h^-3ç)php)+0.O42(gMh^l+xs)-3gphp(l+xv> 

If the pNN and uiNN strong tensor couplings Xv a n < 3 Xs a r e identified 
with the anomalous nucléon magnetic moments u v and u , quantities 

V Xn«' *Pn' *pn a n d 4'" o a n b e w r i t t e n a s ! 

h„ 2 

X(pp\ = - ° - 1 U 9 U

( h » ± h i ) - °- 3 29p < hp ± h!, + -jf > 

pn p p u ai p je 

V - +°-°«<9„hi - g ph p) Ï 0.058 g p h p'- 0.070gmh» 

(P) 
X,," = ±(5.5^-0.14,^-0.28gphp-0.069php') 

- « • « g x + o.669ph;) 

A value of Xjg much smaller than Xfj implies that isoscalar and iso-
voctor parts'of the N-nucleus weak interaction have the same magni
tude. This is what :s expected in the Meinberg-Salam model of weak 
interactions, where isoscalar terms are of the order of G, whereas 
isovector terms, whose the contribution is somewhat enhanced by the 
long range of the if exchange force they can produce are of the order 
of G sin*Q.v or G(l-2sin

a0w) . The main problem is to know v/hethcr the 
relative sign is such that the strength of the n-nuclous weak inter
action is suppressed. Assuming that the isovector part of this 
interaction, I(X^-X^) = 1.5x10""", is dominated by the TT exchange 



cont r ibu t ion would imply : 

f = +0.3 x 10 
71 

This sign is expected in the Weinberg-Salam model, whereas the magni
tude would favor the smallest estimates of this coupling constant. 
The isoscalar part of the N-nucleus weak interaction, ^tX^+xJJ) = 
1.5x10" , depends on pNN and wNN weak coupling constants in the 
following way : 

i ( X P + J») = -0.17guh» - 0.66 %h' -.. 

When these coupling constants are calculated in the factorization 
approximation, the magnitude of - T { X M + 3 0 i s reproduced, but the sign 
is opposite to what is required. SU(6) W results, which take into 
account corrections to this approximation give the correct sign and 
a magnitude 2-3 times larger. The right magnitude would be obtained 
however if a model of the strong interaction more repulsive at short 
distances, &s the Reid-soft-core potential, had been used, or more 
probably, if corrections to the factorization approximation have 
only part of their SUC6) w strength, as it is expected. 

The comparison with theory for the strength of the pp force, charac
terized by the quantity X p p derived from the measurement of the 
asymmetry in polarized pp scattering at 15 HeV (X p p=(1.7±0.8)xl0~ 6), 
is somewhat similar to the one for the isoscalar part of the N-nucleus 
weak interaction. This is not unexpected since, as we mentionned 
earlier, the pp force contributes a large part of the p-nucleus weak 
interaction. Coupling constants calculated in the factorization 
approximation lead to a value of X pp which is too small in magnitude 
and, most important, has the opposite sign, when corrections to 
this approximation calculated by using the SU(6)„ symmetry are 
included, the correct sign is obtained whereas the magnitude turns 
out to be two times too large. Again,more repulsion in the NN strong 
interaction at short distances, or su(6) w symmetry breaking effects 
would provide the right magnitude. 

The last constraining information is provided by the circular polari
sation, Py» of photons emitted in the radiative thermal np capture. 
Predictions based on the coupling constants calculated in the facto
rization approximation are too small by two orders of magnitude, as 
is well known,and the discrepancy is not alleviated by including 
corrections to this approximation calculated with the SU(6) W symme
try. Thus, the result of the comparison with theory for this process 
is quite different from the one in complex nuclei or pp scattering 
where some agreement seems possible. A confirmation of the measure
ment of the polarization on one hand and of the Weinberg-Salam model 
from leptonic and scmileptonic processes on the other hand would 
probably lead to a severe revision of our concepts about PMC MM 
forces. A possible issue would be the presence in the potential of 
further contributions, which, in contrast to those due to p and u 
exchanges, would not be suppressed in this process. This may be an 
explanation for the large effects found in recent calculations |45[, 
which, however, should be confirmed. 
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5. CONCLUSION 

In determining the theoretical PNC NN potential, most efforts have 
dealt with the PNC meson-nucleon coupling constants. Recent progress 
in this field arises from a better understanding of strong interac
tion effects in nonleptonic hyperon decays. If the most important 
contributions are probably incorporated now in the calculation of 
these coupling constants, a precise-estimate is still lacking. Thus, 
the nNN coupling constant, f n, which governs the long range part of 
the PNC NN force, varies between .3xl0~6 and 1,1x10"°. The isoscalar 
pNN and wNN coupling constants, which are the largest among the VNN 
coupling constants, vary respectively in the range (.9x10"",-2.Ixl0~fy 
and (-.2xlO"€,-1.2xlO-(>î f depending on the validity of the SU(6) W 

symmetry to estimate corrections to the factorization approximation. 

on the phenomenalogical side, PNC effects in several complex nuclei 
are reasonably well described from a N-nucleus PNC interaction domi
nated by the proton part, whereas the present measurement of the 
asymmetry in pp scattering indicates that half of the strength of 
this interaction arises from the pp force. It is interesting to note 
there is no evidence for a different origin of parity-non-conserva
tion in electromagnetic and pure nuclear processes. Because the 
circular polarization, P„, in thermal np capture depends on a combi
nation of components of the pn force which has a négligeable contri
bution in other processes, its present measurement is not inconsis
tent with information available from, other processes. 

The comparison with predictions for the different components of the 
weak force based on the IT, p and to exchanges shows that, apart the 
circular polarization in np capture, most PNC effects can be accommo
dated in the Weinberg-Salam model of weak interactions and are 
consistent with a set of coupling constants close to the average 
expectations from this model. This statement, which represents our 
present understanding of these effects, is far however from being 
definitive. Because in most cases there is only one measurement 
or a large theoretical uncertainty, no process is providing a firm 
information. Thus a new measurement, or a more reliable calculation 
may change the above picture in which, already, the circular pola
rization in np capture does not fit. In this respect, the measure
ment of the asymmetry in pp and pd scattering are probably most 
important. A confirmation of the sign and magnitude of the asymmetry 
in polarized pp scattering would indicate that corrections to the 
factorization approximation used to calculate the short range part 
of the PNC NN force are quite large and thus would give some support 
to those calculated using the 5U{6J W symmetry. Apart the interest 
for itself, a better accuracy of the measurement of the asymmetry 
in polari2ed p-d scattering, which has been shown to depend on a 
combination of contributions of pn and pp weak forces close to the 
one measured in odd-proton nuclei, would also provide information 
on the reliability of calculations in complex nuclei. 
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during the preparation of this report and Drs. J. Missimer, 
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