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ABSTRACT

The possibility to extract from the experiment the necessary informations
concerning the neutral current contributions to the structure of the weak iu-
teractions that violate the parity conservation low is investigated. The parity
nonconservation (PNC) induced by weak hadron - hadron interactions inves-
tigated via low energy nuclear physics processes is reviewed. The low energy
nuclear physics processes considered here are: the resonance nuclear scattering
and reactions induced by polarized projectiles such as protons and deuterons,
emission of polarized gamma rays from oriented and nonorieuted nuclei and
parity forbidden alpha decay. Some comments on PNC nucleon - nucleon
(PNC - NN) interaction are presented. Explicit expressions for some PNC
observables are rederived. Applications for specific scattering, reaction and
decay modes are done. New experiments are proposed.

MIRAMARE TRIESTE
July 1995

1 Introduction

The existence of the neutral currents other than the familiar electromagnetic currents was
predicted as early as 1958 by Bludman [1]. who constructed a model based on a local SU(2)
gauge symmetry. This model incorporated both the charged (entering the @ - decay inter-
action) and neutral currents. The space - time structure of the neutral currents in this first
model was of a pure vector minus axial vector (V - A) type. Thus they could not be identified
with the electromagnetic currents which are of a pure vectorial and parity conserving type.
There was no unification with the electromagnetisin in the Bludman’s inodel. A model truly
unifying weak and electomagnetic interactions incorporating two kinds of neutral currents
{electromagnetic and weak) was invented by Glashow [2] and by Salam and Ward [3]. This
model is the SU(2) ® U(1) - model. As it is stated in this last model, there is no mechanism
for the mass generation of the intermediate vector bosons. Thus the relative strength of
weak neutral - current interactions to that of charged - current interactions is a completely
free parameter. This problem was settled by Weinberg [4], who incorporated the idea of
spontaneous breakdown of local gauge svimmetry [5], [6]. into the SU(2) & U(1) - model. An
analogous mechanism was proposed by Salam [7]. The mass of the intermediate boson (Z)
that mediates the neutral - current is related in a definite way to the mass of its charged
counterpart (W). The above relative strength was therefore fixed once and for all, in this
version of the SU(2) s U(1) - model, predicting iu this way the structure of the weak neutral
currents (as a mixture of vector and axial vector currents) and its strength of interaction.
Thus the SU(2) & U(1) - model becanie a single parameter (sin*fy ) theory. With the dis-
covery of neutral currents in 1973 [8]. this standard SU(2)®U(1) field theory, stood out as
a strong candidate for an unique theorv of electroweak interactions. In the following years
a great progress has been made in understanding the weak NN interactions, especially after
the experimental detection (9], [10] of W* and Z" bosons, mediators of the weak force.

The weak interactions between the nucleons and especially those components with
dominant contribution of the neutral currents can be studied only when the strong and
electromagnetic interactions between the nucleons are forbidden by a symmetry principle,
such as Havor (i.e. strangeness (S) or charm (C)) conservation. According to the standard
theory, the neutral current contribution to AS = 1 and AC = 1 weak processes are strongly
suppressed [11], [12] and, therefore, the neutral current weak interaction between quarks can
only be studied in flavor conserving processes which can be met in the low energy nuclear
physics processes. The isovector part of the charged current weak interaction is suppressed
by tan?§c [11] {12}, where 6¢ is the Cabbibo angle, therefore the isovector part of the weak
interaction contains mainly the neutral currents. Thus, the PNC nuclear physics processes
determined by an isovector PMD are very important for studies of the neutral currents.

The search for parity nonconservation (PNC) in complex muclei, and especially in
cases where an enhanced effect is expected from the existence of parity mixed doublets
(PMD) [13 - 41] has a long history. The enhancement of any PNC effect is predicted by
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several reasons, the most important being the small level spacing between states of the
same spin and opposite parity in the compound nucleus involved. The second one arises
from the expected increase of the ratio (f) between parity - forbidden and parity allowed
transition matrix elements caused by the nuclear structure of the states involved. Usually
such enhancements are offset due to correspondingly large theoretical uncertainties in the
extraction of the PNC-NN parameters from the experimental data. As a matter of fact the
same conditions which generate the enhancement complicate a reliable determination of the
nuclear matrix elements, theoretically. Therefore, it is necessary to select exceptional cases.
in which the nuelear structure problem can be solved. This is the case for closely spaced
doublets of the same spin and opj osite parity levels situated far away from other sinilar
levels. In this case the parity impu.ities are well approximated by simple two state mixing.
which simplifies the analysis and isolates specific components of the PNC-NN interaction.
Bearing in mind. that for PMD’s the ratio ﬂfﬁd‘ {(which estimates roughly the correspouding
PNC effect) usually is of the order of 1078 for AE > 1.0 MeV we can define a specific
enhancement factor: F = 10°%- “—’b‘f‘ - f, where f is a ratio of the decay(formation) amplitude
corresponding to the small lifetime (large width) level to that of the large lifetime (small
width) level.

The effects related to the PMD should help to determine the relative strengths of
the different components of the PNC nucleon - nucleon {(PNC-NN) interaction [13]. {16}
[14]. [15). Due to the generally small values of most of the contributing terns to the PNC
matrix clements, PNC dealing with low energy nuclear speetrim should essentially involve
the strength of the nucleon - nucleus weak force. As weak interactions do not conserve
the isospin. this strength may be characterized by two numbers. relative to the proton
and ueutron forces respectively, or equivalently to its isovector and isoscalar components.
Moreover. the main contribution coming from the isovector part is assumed to be due to the
one pion exchange term (the long range term), while the main contribution coming from the
isoscalar part is assumed to be due to one p - meson exchange term (the short range termn.
At present no experiment is possible to invent in order to be sensible to other contributions
to the weak hadron - hadron interaction potential. Therefore, in principle two independent
experiments should be sufficient for the determination of the above nucleon - nucleus weak
forces. They may be those looked at in ""F. whose theoretical analysis [21]. [22]. [16] shows it
is dominated by the strength of the proton - nicleus weak foree [20]. and in "F. which is well
known to be dominated by the isovector part of this force. The first effect. experimentally
observed [18], [19] is accounted for by the “best DDH values™ [13] of meson - nucleon weak
coupling constants. The second one is not, although it is compatible with the largest range
of their expectations. Several cases have been proposed theoretically, but only few of them
have been experimentally investigated: only the HE experiments (average of b investigations
[49]. [50]. [51], [52], [63]) [16] gives a reliable upper limit (i.e. ~ 10 7} for the weak pion
- nucleon coupling constant. The result is nat in contradiction to the predictions of Refs
[13]. {14]. [15], especially, if taking into acconut the wore sophisticated recent shell model
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calculations [26]. [40]. which indicate values for the circular polarization much smaller than
~ 10-*. In addition, if vie takes into account the analyzing power (~ 2 - 1077) {17] of the
Compton polarimeters, this would require a precision o 1.2 - 107" in the counting asymmetry
and that it might be very difficult to maintain the systematic errors lower than this limit.
Therefore, additional investigations are necessary, especially with independent observables.

This goal was a challenge in the past 15 years. Several pairs of experiments have been
proposed in order to separate the isoscalar contributions of the PNC weak force from the
isovector ones. Among them we mention the cases presented in Table 1.

The above selection could be reasonable due to the fact that the shell structure
problems. for one nucleus or two addiacent mirror nuclei in selecting the relative weight of
the isovector and isoscalar terms entering the structure of the PNC weak force. should not
be too different. Unfortunately. the lack of such "pawr” experimental data does not allow
us to extract with high aceuracy the isovector and isoscalar components directly from the
experiment.

Investigating the PNC meson - nucleon vertices within the framework of a chiral
effective lagrangean for 7, p and & meson exchange and treating nucleons as topological
wlitons. the weak TN coupling constant (hy) is found [15] to be considerably smaller {(2.0)
10" ¥ than the standard quark model results ((1.3) <107 Ty [14]. both restricting the often
used Desplangues. Donoghue. Holstein (DDH) - values [13] significantly. Such a controversy
stimulates us to investigate experitients sensitive to h, with larger interest.

2 Nature of the Hadron - Hadron Weak Interaction
that Violates the Parity Conservation Law

In 1957, the same vear that PNC was discovered in 4 and g decay Tanuer [77] reported
the Hrst research concerning the parity violation in the hadron - hadron interaction, namely
the parity forbidden o - decay of *Ne (“Ne(J™T = 1%0, E; = 13190 V) —1% O + ).
Then it followed the Feynmann - Gell-Mann {78] universal current - current theory of weak
interactions, in which it is predicted, in addition to the known weak processes of 4, i and
hyperon decay. a weak parity violating interaction between the nucleons, experimentally
established by Lobashev and his co - workers [79], [64].

According to the standard SU{2)eeU(1) theory of electroweak interactions and quan-
tum chromodynamics (QCD), the nuclear PNC effects arise through the weak emission and
absorption of the gauge bosons W* and 7° by the quarks in the hadrons. Actually. due to
the large masses of the gauge bosons. this elementary weak interaction is of extremely short
range. On the other hand. at low energies the nucleons are prevented from coming close
together. owing to the hard core in the strong nucleon - nucleon potential. A gauge boson
emitted by a quark is subsequently absorbed by a quark belonging to the same nucleon.
Therefore. the exchange of a gauge boson between distinet nucleons is a highly improbable
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process. As a result, the nucleon passes into an excited state of quarks. which. at low en-
ergies, can be reasonably assumed to be a meson - nucleon state. The meson appears to
be emitted by the nucleon through a weak PNC process, with an effective coupling con-
stant which includes all the element ary weak (h{27) 1} and strong (gl21 ) interactions of the
quarks contributed to the emission. PNC process in nuclei arises, therefore, through a weak
PNC emissions and absorption of low - mass mesons (7, p and w) by the nucleons nside the
mucleus, neutral scalar mesons being excluded by CP conservation [16. 17, 80].

The magnitude of the weak interaction can be estimated e.g. from the charged weak
Haniiltonian [17]:

. . . “Aywrig
Hy: :gz/(lJ;l'](l'{;l“z»j“(Il)(’, "2 jI(J'-,_) i1

The mass of the W - boson is very large, and the associated length very short, at the nuclear
AMyrpo

scale: My ~ B0G eV, Myt = 22107 fm. [9], [10]. One can. therefore. approximate ¢ = 7o
with a & - function, and the above equation ( 1) gives

G oy
Hy = ﬁ / 41“.1‘,(1“1:2./'“(.1',)JI(J'Q‘) (21

with G = 47v2¢%/ My, thus the weak coupling constant is of the order of & = g7 My
[n the low energy regime of interest to us, the hadronic weak mteraction can be
described by a phenomenological current - enrrent Lagrangean [90], [91]
Gr

My
T g
L= \/_( ¢t (\I/(()\H(

where Jo- and Jy are the charged and nentral cnrrents. respectively and

208 0 b 1

(1'[.‘ T
= T O g )
V2 20 sinf oy
where o = ¢2/d7 is the fine structure constant. Ay and M are the masses of the heavy
Wt and Z bosons, respectively, while 6 and fy- are the Cabibbo and Weinberg angles,
respectively.
The charged current Je: has two components:

) . |
Joo = cos By + sin e gy i5)

The superscripts 0 and 1 stand for the amount of the isospin transter (A7) The neutral
current Jy also has two components, J9§ and J}, which transforms as AT = ) and 1. respec-
tively. All the components of the charge and neutral currents, except the J\y- component
of the charge current, transform as AS = 0, where 8 is the strangeness quantim minber.
The component J- is not very important because it is suppressed by tan“ 6 {11] 1121 On

the other hand the AT = 1 neutral current contribution is not suppressed. Therefore. on
these simple grounds, we expect the neutral current to dominate the AT = 1 PNC nucleon -
nucleon interaction. However. the strong interaction can significantly alter the PNC matrix
elements, so this qualitative isospin argument may not be always valid.

The carliest experiments [79] have used the knowledge of low - energy nuclear inter-
actions and looked for the very siall (= 10°%) parity - mixing of levels at the magnitude
expected on the basis of previous studies in the language of meson exchange [93].

It is well known that the parity conserving (PC) nucleon - nucleon force can be de-
scribed reasonable well in terms of a coherent superpositions of diagrams for meson exchange.
In a similar fashion one generally represents the PNC - NN potential in terms of a sum of
diagrams involving exchange of a single meson between pairs of nucleons. There is an im-
portant difference in this case, however, in that one meson - nucleon vertex is weak and one
is strong. As far as CP violation i negligible [80], the PNC - NN porential is determined by
7. p and w exchange.

Since the strong coupling constants are empirically known. one finds a form of the
PNC - NN potential in terms of seven weak coupling constants (b .. where AT - refer to
isospin changes). All the physies of W and Z exchange between the quarks of the nucleons
and mesons is hidden inside of these weak coupling constants [13]. [14]. [15]. [94]. The shape
of this PNC interaction potential is determined by the nature of the exchanged meson.
Coming back to the approaches to get a handle on the weak coupling constants
) some comments could be in order here.

Within the standard model, one needs to caleulate the weak meson - micleon vertices,
Only a few calculations based on the quark model [13], {14], 58}, [59]. [60]} exist. In the
Refs. {13], [14] the authors emploved a SU(6) quark model to <dl(111atv six weak meson -
nucleon coupling constants (W34, ). denoted: T h h{Y W hEY hT These caleulations
start from the observation that there are (‘hh(’lltldll_\ throo t}l)o:» of <hag_,1(uus. which can
be categorized as factorization, quark-model and sumn-rule contributions. Renormalization
group techniques and baryon wave functions based on phenomenological models are needed
to evaluate them. This introduce a variety of uncertainties (= 300%). which lead DDH in
Ref. [13] to introduce a “resonable range” for the values of the weak meson - nucleon coupling
constants. In particular the weak pion - nucleon coupling constant (/i) is very sensitive with
respect to these uncertainties, for instance, the values of h, differ by a factor of 3 in Refs.{13]
and [14], whereas h,., are more stable. By using a nonlinear chiral effective lagrangean
which includes 7. p and w mesons and treating nucleons as topological solitons Kaiser and
Meisner [15] obtained slightly different values for strong and weak meson - nucleon coupling
constants as compared to the results from the Refs. [13], [14]. The largest discrepancy
conserns the weak meson - nucleon vertex coupling constant - h,, which is 20 times smaller
than the "best value” given in the Ref. [13]. Moreover Kaiser and Meisner [15] obtained in
addition the 7t* weak meson - nucleon vertex coupling constant - (h' ) (1 with a quite large
value. giving a comparable contribntion to the pion term in some Pl\( processes (see for

(}IAI

meson

6



example Refs. [46], [47]). For comparison we inserted in the calculations of the PNC matrix
element above mentioned the coupling constants of the weak meson - nucleon vertices hy. I,
and h,, calculated within different models of weak interactions and summarized in Tables 2
and 3. The first column of Table 2 contains 237 obtained by Kaiser and Meisner (KM} [15]
using his model parameters as follows: the pion decay constant fr = 93 MeV. the "gauge”
coupling constant g, = 6, the pion mass m, = 138 MeV and three pseudo - scalar - vector
coupling constants (see Table 1 of Ref. [15). Table 2 of the same Ref. {15] includes the
strong coupling constants also). The second columm contains the often used Desplanques.
Donoghue, Holstein{ DDH) [13] "best” values obtained within a quark plus Weinberg - Salam
model. In the third column the fitted from experiments values of HAT hy Adelberger and

m

Haxton [16] are listed. In the last column the values obtained by Dubovik and Zenkin {DZ)
[14] within a more sophisticated quark plus Weinberg - Salam (SU{2) = U1} o SU(3)¢
) - model are inclided. We consider these values as more ” resonable” values, taking into
account that theyv are sustained by comparison with the experimental data. given in the
conprehensive review of Adelberger and Haxtou (AH) [16].

The Kaiser and Meissner [15] approach is based on the soliton picture of the barvons.
which takes into account important non - perturbative effects of QCD at low energies. The
fact that the barvous may emerge as solitons from an effective meson Lagrangean with
its intrigning connections to the chiral anomalies was suggested by Skvrine [81] and it has
met with remarkable suceess in a varicty of applications [87). [84]. [33]. [#51. (86]. The
Skyrme model deals with an effective theory of mesons. specifically with pions. and how to
obtain baryons and their interactions in such a theorv. The broad interest of this model
has found recently in the theory of strougly interacting particles is due to the speculations
that effective theories of mesons may provide a link between QCD and the familiar picture
of barvons interacting via meson exchange. This last picture has proven very useful in the
pastfor energies up into the GeV region, because in this low" energy domain QCD becones
forbiddingly difficult due to the rising coupling constants, which poses a major obstacle to
a satisfactory description of the dynamical behaviour of the elementary quark and gluon
fields of QCD at the relevant large distances. Some non - linear field theories may have
special solutions (solitons) and this lead to the Witten's suggestion [82] that baryons may be
regarded as soliton solutions of the effective weson theory without any further reference to
their quark content. This approach includes two distinet aspects: 1) the relation of the form
of the effective not - linear meson theory to QCD and 2) the treatment of the structure of the
baryons, which results from the effective Lagrangeans, their interactions atong themselves
and their interactions with antibarvons or with mesons. Fortunately the second aspect may
be considered quite independently from an eventual answer to the first question, which is
quite difficult at the moment, because the underlying symmetries and the restrictions to
low energies put limitations on the possible forins of the effective Lagrangeans. Most of the
results it is assumed not to depend on the specifies of the chosen Lagrangean at all but will
simply reflect symmetries and the fact that baryons are considered as soliton confignrations

in the basic meson field theory. Of course, not knowing the true effective theory we cannot
expect quantitative agreement with the experimental data, however, if the whole concept is
to make sense, we should certainly expect that essential features of barvon structure and
interactions should at least qualitatively be reproduced. In addition to the above mentioned
sources of incertitudes in calculating the weak meson - nucleon coupling constants (hﬁ,ﬁ,ﬁg"),
the chiral - soliton treatment of the problem, in spite of its nonperturbative aspect, contains
other shortcomings such like: a simplified quantization procedure, leading to higher masses
and strong coupling constants for the nucleons, restrictions to two - flavor sector, the three
- flavor sector being more appropriate because of possible strangeness admixtures to the
proton wave functions.

Such a controversy greatly stimnlates the investigation of possible experiments sensi-
tive to the value of h,.

The, usually known. PNC - NN potential [26] has the following form:

Hpne = Y. VIVAT)y = > Fsfin (6)

s pa AT S=Tpw

where \"ff’"“'" (A T ) are different meson contributions to the total PNC' - NN potential
(Hpne):
VINOYAT = 1) = anhwfl,j (7)
v 2\/§ .
N 1 »
‘Ipi e (AT = 1) = ’;g/)}’&;“[fl.p - f:l./v + (1 + ,“'1')_/‘3,/)}
VINOAT = 1) - - T;"/w‘hi-lfl,w' + faw H (14 p) ol

JONC A 1 e
‘VI)I/ e (Ar = 1) = —5_{],,}1‘[}] f[w,

VINCAT = 0) = =g b0 (1 + ) fap + fo0)
VINCAT = 0) = =gl (1 + g6) fou + frs

VIVOAT =2) = 72-\/—6f;p/lf,((1 + tto) fup + fop)

in which

fos = i % LG+ ) T (®)
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fas = m(ﬁ; + 71, )i(07 x 73) - U(r.my)
1 o =
fas = m(m — 1y, (01 + a2) - (T )
1
fux= g7 Al x oa] ()
1
fou = gy 7 G )
1 e
fos = —QMN'[(TI X dy) - d(F m,)
. 1 -
i = ’1\[1\/( | —ay) - Tromy)
1
fas = = [37(1),7(2), = T(1) - T(2Ye[d (1) x F(2)] - a7
QMN
foo= 2’\1N ——[37(1).7(2). — (1) - F(2)[F(1) = F(2)] - 57
with
o Lo .
a{romg) = [(1}1 — ), T—(’.l'p(*"]“l')] )
Arr
() = {7~ ) ) 1
(e omy) = {(pL — pa). ——erpl—mgr (101
(7, my m P2 4”(1]( mertty i
Here
= 1345, g, =279, g, =837. 7= M- e g = 3.7 and j = -0.12 .

Recently. it was proposed [95] a new parity violating mechanisni, specific for nmeleons
bound in the muiclens and it was shown that this mechanisi generates a new term in Hpye
sometimes of the same order as the above proposed terms. This mechanism consists of weak
emissions and absorptions of mesons by a single nncleon in the presence of the strong nuclear
field. This PNC process is forbidden for a free nucleon by the time reversal invariance. it
can oceur. however, for a nucleon interacting with a nuclear field. A similar situation occurs
in quantum eclectrodynamics, where the interaction of a bound electron with the radiation
field leads to a modification of the Coulomb potential, responsible for the well known Lamb
shift {96).

The shape of this single particle PNC interaction potential depends on the choice of
the relativistic potential V# . S (sce Ref. [97):

1 , . , .
g (5 Ju = 2M f,5> N ERERE ( Uy + 2M rr,b,,) Fr) V=0 =123

(11)
describing the external field and not on the nature of the exchanged meson. Its expression
is [95]:

U
CM _ (”1 : n .
Vone = VR (1-\[+Lls‘”7n {(7 7 AL} (12)
Here 7 denotes the momentum operator of the nucleon. The (aT') coupling constants depend
(A7) L[y o jay iyt e ometimes : . f the isosbi
o hi ) o LR b s hp, HEP R Y and sometimes on 7y - component of the isospin.
This new PNC term (30) shonld be added to the PNC matrix elements with no isospin
change and. hence, it does not contribute to the isovector PNC matrix clenients. A crude
estitation of the magnitude of this new contribution to Hpne, e.g. «)f the term containing
the 11“ is given in the following. Defining the ratio between the '\l, N (/1 ) and Mffg{{(h/)
by R‘ Caprini and Micu [95) found R = A? where v is an overall m]n(tmn factor due to
; gy A
short range correlations. ratio. which. for instance in the case of YN PADT s o 11
In view of these results it mav he interested to reconsider other meson exchanges than
those permitted by Barton's theorem (80].

3 Shell Model Predictions for Parity Mixing Matrix
Element

The caleulation of the PNC effects in the nucleus is usually divided into four 1)arts The
first part belongs to the clementary particle physics. In this part the weak ( lon .‘;") and
strong (gm n) meson - nucleon coupling constants are caleulated starting from the quark
structure of the hadrons and their elementary interactions [13], {14} or by applying effective
theories of mesons and baryons [33]. [84]. [86]. [87]. [85]. such as the soliton picture of the
nucleon [15], which takes into account important non - perturbative effects of QCD at low
energies. These coupling constants enter as input in the second part of the analysis, where
the quantum fluctuations consisting from meson emissions and absorptions in the nucleus
are explored and their effects are expressed as an equivalent nonrelativistic PNC nuclear
Hamiltonian {Hpxe). The shape of the PNC interaction potential (Hpyc) is determined by
the nature of the exchanged meson, while the information related to the weak interac tlon
vertex, the most unknown part, is contained in seven coupling constants hi&%) : hil, h
hi b, 1'}~ h W In the third part we need nuclear matter techniques. To compute
the PNC matrix elements (Mpye) of Hpye between nuclear wave functions we need to
evaluate the short range correlations (SRC) {88]. [89), [99], [98]. which describe the effect
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of the distorsion of the relative two - nucleon wave functions at small distances due to the
strong repulsive core in the nuclear interaction. The repulsion punches a hole i the relative
two - nucleon wave functions, near the origin and this has strong effects on two - body
observables, as c.g. those generated by Hpyer, which is of very short range { less 1.5 fm.
while the core radius is ~ 0.5 fm). The SRC act as a renormalization of Hpneo The matrix
elements of this Tenormalized’ potential between nuclear wave functions are finally evaluated
(the fourth part). in order to obtain predictions for measurable quantities. such as rates of
forbidden transitions (pscudoscalar observables: PNC asymmetries. analyzing powers and
cirenlar polarizations or directly the PNC - decay rates as. e.g., the PNC - ot - decay rates.
[16], [17], optical rotation parameters etc.).

In order to determine the range and the amplitude of the PNC observables around
the excitation energy of the PMD's we have made a shell model estimate of the PNC matrix
clement. using the OXBASH code in the Michigan State University version [61]. [116]. [110].
(111), [22), [21], [57). [112]. {113], {114], [115). [117] which includes different model spaces and
different residual effective two - nucleon interactions.

Mpye- =< J T E(MeV) | Hpne | 7T UE(MeV) > =
ST B (13

NI e

where

MINC =< J T E(MV) | fin | JTTE (MeVT) > 14

are ditferent nuclear structure matrix elements (in MeV).

It should be noticed fthat to extract informations about weak inferactions m any
tield. except may be the atomic physics. the available models deseribing the structure of
those quantuimn svstems are not accurate enotgh for snch a purpose. The nnelear structure
and reaction models. available soe ten years ago were not as precise as to extract the
informations abont weak interactions between hadrous that violate the parity conservation
low.

Generally. there are three steps for caleulating effects such as PNC i nuclear physies:
i) the first step may be the determination of the parameters entering the nuelear averaged
field and its effective residual interactions for describing the properties of the appropiate
quasiparticles, i) the second step is then the caleulation of these paramerers in terms of
models for the vacunm interaction and finally iii) the caleulation of the parameters entering
the models for the vacuum interaction from microscopic theory like QCD. The eftective
theories, such like the chiral - soliton one way lie, perhaps, in between i) and ).

Particularly the OXBASH code is situated along the first step of the above mentioned
program. To obtain the effective two - body interactions (ETBI) we can c.g. use the G-
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matrix method [71]. [72]. {101}, {1021 [73]. [98]. [99]. [100} by solving the generalized Bethe
- Goldstone [98] or Bethe - Faddeev [99] cquations. The method is iterative [100]:

1) first, a complete set of single - particle (s.p.) states is chosen (in the OXBASH -
code, s.p. oscilator states are chosen):

2) the reaction G - matrix is then calculated and a first iterated ETBI is obtained;

3) the Hartree - Fock (HF) equation with this ETBI is solved to vield a first iteration
of the occupied s.p. energies and wave functions;

1) the generalized Bethe - Goldstone and Bethe - Faddeev egs. are solved in order to
establish the unoccupied state potential;

5) the Schroedinger eq. for the unoceupied s.p. energies and wave functions is solved:

6) the unoccupied s.p. basis is vrthogonalized to the occupied s.p. states found at
step 3) to give the first iteration to the unoccupied s.p. states.

Having in such a way a complete set of first iterated s.p. states we repeat a second
cvele starting with the step 2], After a numnber of iterations. depending on the fact how
good were the first chosen s.p. basis and G - matrix. we obtain the last iterated s.p. basis
and the ETBL

The ETBI obtained in such a wav is diagonalized in the last iterated s.p. basis (m
- scheme) or in a more sophisticated basis obtained by different coupling and projection
procedures [112].

The ETBI and the s.p. basis parameters can be extracted from experimental data
‘rllﬁ“,

Our caleulations use both procedures,

Iu these caleulations the ZBM. PSD, D3F7 and SDPFW model spaces have been
used.

Let us denote the shell model orbits as follows:
D 2
I ._I):; 1)%

orbits l.s% ps lpr s 1d
2 N 2
: X 9

Nt

Lf

wnber L 2 3 4 b} 6
lu these caleulations the ZBM. PSD, D3F7 and SDPF model spaces have been used:

model space  filled orbits  valence orbits

ZBM 1.2 34,6
PSD 1 2.3.4.5.6
D3F7T 12,34 5,7
SDPF 1,23 456,789

The abbreviation ZBM should be understood as the Zucker - Buck - MeGrory model
space {74). Tn the Ref. [74] the single particle energies were fitted 10 the values obtained
from the experiment, and the two - body - matrix - clements (TBME) were identified with
Kuo and Brown G - matrix elements (the F - interaction abbreviated as ZBMI) [69]. [70],
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[22]. Within the ZBMII we are dealing with the same model space as above. A fitting
procedure for two single particle energies and for 30 TBME in the A = 13 + 17 mass region
was performed (the Z - interaction) [22], [74]. {75]. REWIL makes a 33 parameter fit of
spectra in A = 13 + 22 mass region [103]. In the ZWM and ZBMO the two - body matrix
elements are calenlated by using a Hamada - Jonston G - matrix [111] and the Oxford Avila
- Aguirre - Brown [61] interactions, respectively. The center of mass spurious component in
the wave functions have been eliminated according to the prescription given in Ref. [117].

Within PSDMK the PSD model space is used and the interactions as follows: - for
P - space the Cohen - Kurath interaction [104] - for SD - space the Preedom - Wildenthal
interaction [105] - for the coupling matrix elements between P - and SD - spaces the Millener
- Kurath interaction {106] very close to the G - matrix one is used. PSDMWK uses the same
PSD model space and only the change as compared to PSDMK is that in the SD - space the
Wildenthal [113] interaction is used.

Within the D3F7 model space the single particle energies and the two - body matrix
elements were fitted. In the calculations we denoted different interactions as follows. The
HW - interaction stands for the Hsieh - Wildenthal interaction [61]. WO and W4 - for
another Wildenthal interaction as used in [114] and [113]. respectively and FEPQ stands for
the Federman - Dittel interaction [115].

[n the caleulations within the SDPF of the natural parity states the restriction to the
sd major shell was enough to be considered.

In most of the cases there are two types of contributious to the PNC matrix element:
one is coming from two body transition densities {TBTD), if all four orbitals entering the
two body matrix elements (TBME) are in the valence space [22]: another one arises from
the one body transition densitics (OBTD) if two orbitals are in the core. For instance in the
case of %0 PAID the only contribution to the latter one comes from the following matrix
clement:

< (1-*’1/2)'1(11’:1/’2)“2&/2 I Hpwe ] (hsi) (pa) S pre i15)
which turns out to be the dominant one in all described cases.

Since all the components [13]. [16] of Hpne are short range two - body vperators it
is necessary to nse shell model wave functions including short range correlations (SRC) to
caleulate correctly their matrix clements. bearing in mind that the behaviour of the shell
model wave functions at short relative NN distances is wrong. The correlations were included
by multiplying the harmonic oscillator wave functious (with fiw = —:% MeV) by the Jastrow

factor:

1 — eap(—art)(1 —i?)ia = L1fm % b =068fm * (16)

given by Miller and Spencer[63]. This procedure is consistent with results obrained by using
more elaborate treatments of SRC such as the generalized Betue - Goldstone approach [64].
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[65]. By including SRC the PNC pion exchange matrix element decreases by 40 <+ 50 without
including SRC, while the p{w) exchange matrix elements also decrease by a factor of 11 = %

3.1 The Lanczos Technique

Te OXBASH - code includes a powerful algorithms based on te work of Lanczos [107], [108)].
Some of the techniques we use might be equally effective for some heavy nuclear regions and
high spin. particularly when the spin is close to the limiting value in the chosen shell model
space,

The basic tool. the Lanczos algorithm. allows one to find the extremum (lowest and
highest) eigenvalues and associated cigenvectors of a very large matrix iteratively.  With
standard workstations. matrices of dimension = 10° by 10% can be treated in this way. In
contrast, standard methods for fully diagonalizing matrices are usually limited to about =~
10% by 10% [109]. An even more powerfull aspect of this algorithm, due to its connections
with the method of moments. is that it can be nsed to generate inclusive response functions
and Green's functions iteratively. Thus the Lanczos algorithm has proven nseful in a wide
variety of the problems. including nuclear shell model, atomic and molecular structure, spin
- lattice problems in condensed matter physics. and Hamiltonian lattice gauge theory. In
what follows we sketch the algorithm, especially for nuclear structure applications.

Consider a Hamiltonian I, defined over a finite Hilbert of dimension N, and a starting
normalized vector | v, > in that space. We begin to construct a basis for representing

H=3 {w> Hun <tm | (17)
e
by
Hivy =0 >48 | v > (18)
where | v > is a normalized vector representing that part of 1 | ) = orthogonal to | ¢y >,
le.
Ay v == Z Hi, l e > o oy = Hy (19)
n#l
Proceeding
H ‘ Yy >= "jl l Ly > oy E iy > +x’f’2 | 'U";; > (2())
Hlvwy >= Byl vy > tag |y >+ e > (21)

and so on. Note that the term 4 | ¥ > must appear in the first line above becanse H
is Hermitian. Also note that | ¢ > does not appear in the sccond line above because
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everything that connects to H | ¢ > other than | v > is defined as | ¢y > Sunilarly.
H | ¢4 > will contain nothing proportional to | ¢y > or | gy >, Thus H has been cast in a
tridiagonal form:

a A 00
y'f‘ (b J'z [V
H = 0 3 ay Fy . i)

8
(8]

As an example, within ZBM [74] - model space as | vy > - starting vector. one can
use one from the following vectors:

| SO e (X:Tluxrzl\\
H [( lrl%):;l\,l,] . (B(s%)’l‘;,l.zh L (11)%)’,'-‘5,115}11 ) (233
T /

constructed within an oscillator single particle basis

If this procedure is continued for N steps, the full H would then be in tridiagonal form.
However. the power of the algorithm derives from the information in the tridiagonal Lanczos
matrix when the procedure is truncated afrer niterations, 0 < N ¥y (=10 N are
the exact eigenfunetions of H. then

N x
o [ e s e S e | by PP RN =) fIEGET P24

=1 =1
The distribution f{E). (¢ = 1., N} can be thought of a set of NV weights [ and measures £
(the eigenvalues) characterizing the distribution of | ¢y > in energy, e the f's determime
a complet set of moments. The trineated Lanezos watrix. when diagonalized. provides the
information needed to construet a distribution _(/(E,), (i = L ...n). with E, ~ F,. which has
the same 2n-+1 lowest moments in £ as the exact distribution fE) (0= 1. N In other
words, the Lanczos algorithm provides, at cach iteration, a solution to the classical mowents

problem [108].

4 Asymmetries in Resonance Elastic Scattering and
Nuclear Reactions

As a rule. in studving nuclear collisions indneed by polarized projectiles that populate a

PMD occuring in the compound nucleus excitation spectrum [62]. the largest magnitude of

the PNC offects can be observed [76], (28], [29]. [30] for the projectile energy around the
member of the PMD having the smallest (Cematty partial width (a nayrow resonance )
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I the vieinity of this narrow resonance the PNC analvzing powers (A; and Ay [31],
(32). [38]. [39]. [34]. [55]. [54]. alternatively the index L(b) it can be found as z(x) in other
works) have the following simple expression:

1 ST ~ S [N .
\, = D[“‘/,]Sr“””(b _F mall v 7)1 ,mull) l(‘fp(l(d)[,w + ff’(’\r'” (25)
where
e [‘ ; I,eu-_q«.
ey L — O 26
D TE - Kl 4 é[*/mgw) N [yall | Crns | (26)
and
AT - E{urq( + ll‘l«u./- D
Crane =1 Cra | e = B —_—t : (27)
o : V l"lur_:/e“l‘snm[[
51 eos B[S LTI+ S U (LDt #0071 )]
A\_:{ ])(((()h Hj XTHH (Iinllf”lty*l
ix a function on the PC transition matrix elements only (for L: v = 0. for by v = 1. and
e.g. for the proton channel (p) we wse the notations t,, = ];!;5.;111-1) expli€us - §ury))- The

coefficients alll (L(b}), B (L{h)) and ADCL(B)) are simple specific valnes of the geometrical
coefficients for the case we are investigating [31], (32, [38], [39]. [34]. [55]. [54).

The largest energy anomaly (A4, ). Le. the distance between the minbmun and
the maximum of the PNC analyzing powers of the excitation function in the vicinity of the
narrow resonance level is equal to the quantity Dy above defined aud it does not depend
on the PNC matrix element phase - opae and PC quantity phase o [31]

N

Diw = Dyt 30 VISCAT) | Dy | 3 KoMy (28)
ks

where VIV (A T ) (ineV ) are different meson contributions to the total PNC shell model
matrix element. The Fi, iu units of 107 are given in the Table 3 (see also the Table 2 of
Ref. {'20]). The My, nuclear structure matrix clements in units of MeV
. N .
The quantity D(,f[)h\ (in eVH
1 rlargf

O ey g pelarge . Lptargey -1 » S .
DH’/) - Z(L E + f)[ ) \b anulll | ¢ L (29)
2 M
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4.1 Parity mixing in “N

In the excitation spectrum [62] of the "N nucleus there are two PMD's lving at X7 MeV

and 9.3 McV excitation energy

PMDI1: (J° T = 07 1, 8.796 MeV; T ! = 410 keV and J™ T = 07 1. 8624 Mel:

1 = 3.8 keV): Mpne = 1.04 eV [55] (see also the recent result in Ref. [36]). f = \, :: L=
10.4 and the enhancement factor F is o 7000.
and

PMD2: (J7 T =27 0, 9.3893 MeV: I ' = 13 keV and J7 T = 27 11017225 MeV:

u

P20 = 0.135 keV): Mpye ~ 0.5 eVi f = v:—)ﬁ = 9.8 and the enhancement factor Fois >~
2500.

The ditference between the two PMD's is that the PNDI is essentially of the isoscalar
type. while the PMD2 is of the isovector type, hence, an interesting case for searching the
neutral currents in the structure of the weak hadron - hadron interaction.

There is only one experiment concerning the PNC effects in YN - onuclens. In the
following we try to explain this Seattle - Madison [56] experiment about the PNC effect
around the first PMD in MN investigated via BC(p)PC resonance scattering. The only
possible measured quantity was the longitudinal analyzing power. The experiment al aparatus

ras developed with symmetry and stability as major design considerations. The maximum
count rate attainable for this experiment was governed by the 3.8 KeV width of the 071
resonance. since the optimum target thickness is of that order and the maximum current on
target was less than 1pA. The experiment could be doue by counting the scattered protons
individually (expected rates less than 1M Hz). Siuce the clastic scattering is the only open
particle decay channel, the detector resolution was sacrificed for speed. It was used thin
plastic scintilators mounted on 5.1 ey PMT's. The relevant features of the detectors: ~
L0nsec pulsewidth, ~ 25 — 30% resolution. a stiff base cnrrent to gain stability. robustness
toward radiation damage. and large solid angle. It was used a four - fold (left - right. np
- down) detection geometry with eight detectors aximuthally symmetric about the heam
axis, four at 8, = 35 and four at 8, = 155", The maximum PNC signal was expected to
be the difference; A (8,) - AL(8)) = Ap(b - f) (the back - front PNC signaly. In such a
detection scheme there should be small systemetic asvinmetries due to position and angle
modulations that may be correlated with the beam helicity reversal. The back - front
PNC signal gives the self - normalizing systew and desensitizes the detector to small target
thickness variations. A target rastering device is used in order to desentizise the detectors
to the target irregularities. The long - term correction capabilities. for a typical two week
run, lead to the fact that the transverse asymmetries are kept to a Jevel of Pydy < 2107
Because of the energy modulations duce to the heam helicity reversal the measured sensitivity
was 0AL(b— f)/8E = 9-1075/cV; statistical aconracy of AE = 0.2} was achicved with
1.5 days of running time. Several measurcients were taken giving no « lear indication of any
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energy modulation. The measured beam parameters, sensitivities of the apparatus and the
false asvminetries are:

Svstematic contributions to Ay from coherent beam modulations.

ﬂ Quantity l Measured Value [ Sensitivity* ] Resulting False Asymmetry “
Spin Independent Effects
Intensity (AT/21) <5 1077 —21.10°% <10 16"
Position (5 £2) 10~ Tmm —1-10-%/min? ¢ <12 10°%
Angle —1.7 107 /mrad?

Width (AT'/T) PR 75 107 < 15 1077
Energy 03+ 060V 210 5/eV (06 £12) 1070
Spin Dependent Effects
(<é> <p>)-2 <25 10" Tmm -5.5 10~ 7 /mm 1 i7"
<a> <p> < 610" Tmirad 24107 % /inrad < 11077
< trpy > — < Pr > A= 0.02mmn —6.7- 107" /mm =13 1077

< ppr > — < Oypy > 2.0 107" /mrad

5 = pominal chamber axis. ¢ = displacement of beam on target from z-axis, @ =
angle of beam on target from z-axis. = polarization vector. * Sensitivities are for E,, (lab)
= 1158 keV, 25 g gm/em? BC traget

Fortunately there exist 1 ‘nagic’ energy were the sensitivity of both the trausverse
polarization gradients and energy modnlation roughly vanishes. The resulting longitudinal
analizing power is: Ap(h — f) = (.86 £ 0.59) - 107" with a systematic error estimate of
0.21-107%

The original calculations (A, ~ -2.8- 1075) [55] on which the PMD1 experiment in
HN system was based lead to an isoscalar constraint of opposite sign to the DDH prediction
[56] and in better agreement to the #'Ne than WE cages, if considering the nuclear part of the
caleulations without problems. It is interesting that in this case the theoretical value of the
PNC matrix element decreased along the time from 1.37 ¢V (obtained within a restricted
REWIL space [55], passing through the Haxton value 1.04 eV [56). [55] (addendum), [120]
{within full hw) and to our value 0.5 eV (within the PSD model space) or smaller [36]. Before
extracting a reliable value of ) conpling constant. we must have a confidence in the nuclear
structure and reactions considerations (shell model, scattering theorv) nsed to predict the
PNC effect.

The prediction of the analyzing powers depend on the models for nuclear structure
and nuclear reaction mechanisms. At present it is not known an unique model for both
miclear structure and nuclear reaction parts at the necessary level to deseribe PNC effects.
Therefore, when we calculate the PNC observables by using formulac. such like those given
in the Refs. [55], [54] [34], [38]. [39]. which should not depend on the phases of the wave
function used, they in reality will depend on these phases, because we are forced to apply
different models for different quantities entering the above formulac. As an example within
the OXBASH code we calculate the PNC matrix elements and the spectroscopic amplitudes,
but not the scattering phases and the partial widths, for which we are forced to apply
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models given by a specific nuclear reaction mechanisms. For the scattering phases we. for
instance, should incorporate in the optical potential terms which are not directly present in
the OXBASH - code. or at least they could have not the same form (as e.g. the spin - orbit
term or may be tensorial terms). The average field and the effective residual interactions.
present in the OXBASH - code, are so prepared in order to work within a bound state basis.
Tt does not contain contimiim or resonaiice s.p. states or more complicated states. such as
the continuum states for two or three reaction fragments. Moreover, the OXBASH - code is
based on s.p. oscillator potential, which always produces bound states. Some other codes
[118] are sowetimes based ou more realistic Saxon - Woods bound states hasis, liowever. the
continuum states are not incorporated in such codes also. The only approach, which take care
of both bound and continuum s.p. states, is the shell model approach to mclear reactions
[119], however, within this approach the residual interactions cannot be included easily and
the PNC observables cannot be estimated without incorporating the residual interactions in
the model caleulations.

If using our PNC matrix element (0.5 V) the agreement between the experimental
and the theoretical magnitude of the largest cnergy anomaly (AA ). 15 better, however
neither in [55] nor in onr work was caleulated the contribution from the recently proposed
in Ref. {95] s.p. PNC matrix element.

From these caleulations we may learn: i) the PNC matrix element 1s dommated by the
Y - terni. This becowmes three times smaller i the Kaiser aud Meisner ehiral - soliton theory
as compared to the DDH “best values™ {see Table 2 for a comparison with other theories
for weak vertices): i) the refinenents in the stricture part of the PNC matrix element have
been carefully discussed in Refs. [56] and [46]. The new s.p. terw proposed by Caprini and
Micu miay diminish the total PNC matrix element also. All these ingredients may reduce the
total matrix clement by 40 % and the /l'/', obtained in Ref. [16} could. in principle. describe
the experimental data [56]; 1ii) a new meastreinent of the longitndinal analvzing power for
this case is necessary to be performed i order to strengthen the conclusions based on the
experimental value of Ref. [56]. The new measnrement is proposed [120] to be done at an
angle Beyy = 1007, where the quantity alBear) - A3 (Bear) (proportional to the measuring
time for a defined precision) has a maxinum in the backward region.

The PMD?2 case has other problems.  Because of the small width (0,135 KeVi of
the 27 1. 9.17225M eV - level the energy anomaly of the PNC analyzing powers is a4 nouzero
quantity in a very stall [38] energy range (< 1 KeV) only, and it 15 of the order of some
anits above 1077 within the DDH + PSDAMIS (Millener - Kurath interaction) sy o1 If
considering the 2% PMD in "'N to be analysed via cirenlar polarization of 9.3593 MeV 5 -
ray we caiie to realize that this observable is equal to 104+ 10-% in the case of an unoriented
9=T = 0 state and with zero mixing ratios. This value has been obtained by ealealating,
within OXBASH - code (Milener - Kurath - interaction), the 9.3893 MeV o EL 4 M2~ -
emission probability {2.886 - 101267 1) and the 9.17225 M1 + E2 5 - eruission probability
(3.036 - 10'%s 1), The last value (V= 24k VY s in agrecment with the measured value
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(I, = 7eV) {121]. Unfortunately there is not a measured value for the E1 + M2 + -
emission. This high value of the circular polarization, can be explained by a high hindered
F1 transition. which is isospin forbidden. This measurement has, however, a very small
probability, because of an almost 100 S proton decay probability of the 270.9.3893M eV -
state. however. it could be performed analogously to the YE experiment.

4.2 Parity mixing in '*O
The 180 energy spectruti contains two isovector PMD's [62] one PMD (AL = 50K V) lving
at 13 MeV excitation energy [31]. [32] and the second one (AE =~ DRV s lying at 16.2
MeV excitation energy [38).
PMD1: (37 T = 2- 1. 12,9656 MeVi T = 1.6 keV and J7 7T = 27 6, 13.02 MeV;
‘ , R 12 .
O = 150 keV): My = 0.3 eV 311320 f = V/ﬁz’—;; = 3.5 and the enhancewent factor
p
Fis >~ 6000.
anud
PAMD2: 27 T = 11 1 16.200 Mels VY = 19 keV and J7 T = 1 00 16.20 MeV:
= 580 keV i Mpyve =~ 0.1 eV {
= 2500.
These PMD's can be explored by measuring two components of the vector analyzing
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T O L ,
33t = \/’I-ﬂ—‘ = 5.5 and the enhancement factor F s

power - A and Ay for which. a careful theoretical analvsis is done and the estimations are:
APMDY gAY = 0.9 00 7 31, APMDE 39107 and AJMP? = 231077
[38] for large angles (= 150%).

We want 1o discuss the tirst PMD o a miore detail, since it las been the subject of
our group special attention [31] as the best candidate for a new isovector experiment. The
0 rransition from the J7T = 2t state in 9O (B, = 12,9686 MeV. [, = (1.64 0.1) keV),
popidated by resonant capture of polarized protons (E, = 0.898 MeVi, to 20 () was
thoroughly investigated theoretically [31]. This transition has originally been mentioned by
Bizzeti and Maurenzig [122]. The . - transition is forbidden by parity and, partially, by
isospin selection rules. It. therefore. can predominantly be described by the isovector part of
the PNC-NN potential {mainly one pion exchange). thus being sensitive to the weak 7NN

coupling constant hy.

The excitation functions of the PNC longitudinal (Ar) and PNC transverse (Ay)
analyzing powers are expected [122], [54]. {34], [55], [28], [29] to show au energy anomaly at
the 2 1 resonance energy due to the interference of the forbidden (PNC: 271, 12,9686 MeV)
and atlowed (PC: 270, 13.020 MeV: 11, 13.090 MeV) resonance transition amplitudes as well
as a {PC: 070) background transition amplitude. The level strueture of the 50O nuclens[62]
enhances the interference effect hecanse of the close lying (AE = 51 keV') broad overlapping
9 state at B, = 13.020 MeV with Ty = (150 £ 10} keV.



Following the Refs. [41], {42], {43] it is possible to estimate the order of magnitude of
the weight of the admixtures from different 20 levels into the 271 level as a product

ESU2 = (B* 1 = E*'*) 7' <271 | Hpne | 250 > SK2 (30)

t~an an

where S}/2 is a SU(3) alpha particle amplitude [61]. The results are listed in Ref. [31]. From
these values we conclude that the assumption of a parity mixed doublet {271, 12.9686 MeV
and 2%0, 13.020 MeV excited states in '°0) is justified. In this case, the expression for the
PNC - T - matrices, obtained by expanding the exact Green's function [34], [55], [54] to first
order in Hpw¢. is certainly a good approximation. It is assumed that the projectile and
the target are parity eigenstates. Then PNC contributions from direct reaction terms are
ignored and only effects related to the closeness of the two resonances are taken into account.
The resonance parameters for the quantities entering in eqs. for Ay, are given in Ref. [31].

The parity mixing of the above mentioned doublet is of particular interest because:

(1) The mixing is sensitive to the AT = 1 components of Hpyc and especially to the
long range part described by weak pion exchange, taking the quark model picture. In this case
quantitative informations about neutral current contributions to Hpy are expected. Several
cases have been proposed theoretically, but only few of them have been experimentally
investigated; only the WF experiments (average of 5 investigations} [16] gives a reliable
upper limit for the weak pion - nucleon coupling constant. Taking into account the recent
sophisticated shell model caleulation [26], [40], the result is not in contradiction to the
predictions of Refs. [13], [14]. [15], however, additional investigations are necessary. especially
with independent observables.

(2) The polarization observables for the "N (7, a,)'?C reaction provide a favourable
way to determine the PNC matrix elements. The energy anomaly i the PNC analyzing
powers (A; and 4,) is magnified by nuclear stracture effects in addition to the 51 keV energy
difference between the levels involved. The magnification arises fron coherent contributions
of proton and « - channels. The quantity Cp ) describes the ratio between the PC - T -
matrix contribution to the PNC aualyzing powers and the (nnpolarized) cross section for
the (§, ) reaction (see Ref. [31]). The value of this ratio is about 6.1 in the resonance
region, being a measure for the coherence effect. The width of the 27| resonance level is
very small (1.6 keV) and acts as an enhancement factor. too. The ratio :JF has a value 3.4
and is another enhancement factor. as pointed out in Ref. [55] (sinilar vatios of nnatural
to natural parity level widths are of the order of 1072 (see e.g. Refs. {62])

(3) The cross section for the N (7, o) 2C- case is maximal at hackward angles [125],
Morecover, the normal PC analyzing power is negligible siall [125] i this energy region for
large scattering angles, which is a favourable situation for measurement. Farthermore, the o -
channel can be studied more precisely than it is e.g. the case of PNC elastic scattering (target
impurities, systematic asymnmetries due to energy modulations and transverse polarization
gradients [56]. reduced number of o - chaunels, ote.).
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{4) The PNC « - transition can be studied via the ®N(f. o )"*C resonance reaction
with two polarization observables, namely the PNC longitudinal and PNC transverse an-
alyzing powers A; and A,. Informations about the PNC matrix element can be obtained
independently from the excitation energy of each observable. Up to now only the case of the
9F(f, @,)'®O reaction has been studied experimentally [28], [29]. [30] giving an upper limit
[28] of the corresponding PNC asymmetry.

(5) The theoretical models, included in the OXBASH code. are resonably good (see
Ref. [31], [32]) for the levels of the mentioned 27,2% - doublet, since the even-even 'S0
nucleus is an often used candidate being well described by such realistic models. Especially,
the (first) excited J™ = 271 state can reliably be reproduced.

» These conclusions are based on the folowing investigations. Because of the small
proton energy the angular momentum can be restricted to £ < 2. Together with the spins
and parities of the involved nuclei the following four PC transition amplitudes are allowed:

N PR A1 iy .
ty = Tby = T?ou,pn»@ - T(llU,p(Jl!

- o+ .
ty3 = T(ll(],leV ty = Tn'zo,pn (31)

Two PNC transition amplitudes are taken into account:

. o+ - 2% .
T = Tf-z(,ﬂo; T, = T(fzu,pzl (32)

i

The general form of the PC resonance T - matrix elements is the following:

rerpli€s )\/ F/Jﬂv.s V Flj‘):{lls, (al?[)(lfjm l‘j (JJ)

E—E 417

Iy B
T s dilist =

while the PNC T - Matrix elements have the following expression:

T

dls.dilis
- S s . I R
”17’(1‘511’&&.[13-[)\/ < ST Hpne | J7 > v [ Mmf~’I)Ufmusl)

(E—E/ "+ TV ) E-E" +3177)

(34)

3(31) stands for al(p). &apyiss E’" and T77 stand for the a(p) - channel phases. resonance
energies and total resonance widths, respectively. E is the proton energy in the compound
system. The quantities /[0 are taken from experiments [62]. {125] if available; otherwise
they are expressed in terms of the OXBASH spectroscopic amplitudes [61]. geometrical
coeflicients and s.p channel widths.

The calculations within the OXBASH code gave the following results:
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— |= LT, =1 =50 erp) = 0495 kel ity
VT 2
[‘%l = I“f,*((’.l‘[}) = 3.4kl (37
[t turns out that T, = Ty. Contributions from the spin - orbit potential to the proton channel

phases and spectroscopic amplitudes have been neglected die to the low proton energy ok,
~ 900 keV).

In the following we discuss the degree of accuracy of the shell model calenlations
within the avaitable OXBASH code in order to substantiate the opinion that the experimental
results on PNC analyzing powers of the BN{ . v, ) 2C vesonance reaction with £, >~ 0 RO¥
MeV can be analyzed free from nuelear strieture nncertainties.

In order to predict the magnitude of the effect and to check the feasability of an
experiment to measire Ay, and/or Ay, around the resonance energy of the first excited 271
state in %O we caleulated the

2 271 12.9686A eV | Hpne | 270,13.0200M eV > 13581
matrix clement using the OXBASH code in the Michigan State University version [61]. which
includes ditferent model spaces and different residual effective two nucleon interactions

Two ditferent model spaces have been nsed: the ZBA and PSD model spaces {see
seetion 3). [ order to maintain the matrix dimensions at a nonprohibited level, the nneleons
have been considered to be frozen i the Ty orbit: thus a fixed (1sy,2) Y 1py, o) contignration
is assimed i all cases. Tt turns out that at least four part icle four hole caleulations are needed
[16]. [126], [127] in order to describe the 27 statesin 0.

Five different residual interactions have been used in ZBA model spacer ZBM L
ZBAM 1L REWIL. ZWMO and ZWAL Two different combinations of interactions have been
taken into account in the PSD model space: PSDMK, PSDMWIE While the center of mass
sphriosity is smadl in the ZBM model space. the mumber of spurions componients is high in the
PSD space, but the degree of spuriosity of every component is small, In PSDAMK +CN and
PSDMW K +CM the contributions of spurions components were climinated with a procedure
apalvzed in Ref. [117].

There are two types of contributions to the PNC matrix element: one s comng, trow
two body transition densities (TBTD). if all four orbitals entering the twa hody matnx ele-
wents (TBME) are in the valence space [22]: another one arises from the one body transition
densities (OBTD) if two orbitals are in the core. The only contribution 1o the latter vue
comes from the following matrix clement:
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< (sl Upas) 280 Hpae |l (Lsiyo) (paje) Lpia > (39)

which turns out to be the dominant one in all deseribed cases.

The TBAME have been calenlated with harmonic oscillator wave functions (hw=14
AeV is appropiate for A=16) [22].

The short range correlations (SRCY) of the shell model wave function were imple-
mented by multiplying the radial two hody wave function by a kind of Jastrow factor (sce
section 3). In the Table 2 of Ref. [32] are presented the nuclear structure parts of the PNC
matrix element . with and without SRC included and separately the single and two particle
contributions.

Moreover, recently [128], [129] the experimental measurenients showed a relatively
strong isospin mixing of the 2710 E, = 12.9686 MeV level with the 2 (. E, = 12.53 MeV
tevel in P07, Tn the Ref. [32] it was shown that the isospin impurity of the 27 T = 0. B,
— 1253 MeV into the 27 T = 1. E, = 12,9686 McV level does not change significantly the
results of Ref. [31]. f.e. the PNC analyzing powers increase their values with & 30% if taking
the sign of the isospin Inpurity as given in the eq. (1) o Ref. [32].

Iu these caleulations the staudard form for Hpner has been used (see section 2) with
the weak coupling constants given n Tables 2 and 3. The strong coupling coustants are
summarized in the last four colnns of Table 2 from Ref. [15]. The calculated PNC matrix
elements for different weak interaction models and different shell model residnal interactions
are <hown in Table 4. As can be seen. the results for different inferactions agree within a
factor of 2.5 and no large suppression appears when the model space is enlarged. The p and
< exchange contributions add coherently to the total metrix element inevery case 131]. {32].
The contributions from heavy mesons do not exceed 2 Z for the DDH. AH and DZ cases
but increase to 50% in the KA model, reducing the contribution of pion exchange. U this
model is taken at face value. the chance to observe a trace of li, is considerably decreased.

Considering the present discrepancies between the DDH-values [13] and the KM {15]
results, the couservative choice of the matrix clement < 271 | Hpwe | 210 > ~ 0.1 ¢V is
consistent with the DZ [14] - model and is also supported by AT = 1 PNC experiments [16].
In this case 759 of the value arises from pion exchange. The contribution of the new class
of diagrams in the PNC single particle hamiltonian, recently proposed by Caprini and Micu
(95!, vanishes for the proposed matrix element.

It is essential to compare the predictions of the above theoretical model with the ex-
perimental results for the cross section and the {regular) analyzing power for the “N(p.a)'*C
reaction. The resonance paraneters for the used PC T - matrices, taken from the latest com-
pilation {62]. The proton phases &, have been calenlated within a folding procedure, using
A realistic M3Y interaction [41]. The resnlts are very close to the Coulomb phases. The
o - channel phases and the background PC 070 T - matrix clement ¢ = texp( 1 ()
have been fitted to reproduce the Legendre polynomial coefficients for the cross section and
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the PC analyzing power of Pepper and Brown [125]. The expansion coeflicients extracted
from experiment and from the present investigation (see Ref. [31]) shows the quality of the
theoretical treatment. The calculation of the PNC analyzing powers Ay and A4y has been
performed with the same parameters. The PNC analyzing power shows a dispersionlike en-
ergy behaviour around the resonance energy, the form depending on the phase difference of
the coutributing matrix clements. However, the difference between the maximum and the
minimum equals to the quantity Dy, defined in eq. 26, Tt ix a very important fact that thix
quantity does neither depend on the phase dpaer nor on the PC phase o, of

In Figs. l{ab.cd) we show on expanded horizontal scale the predicted size of the
(nantitios relevant for an experiment designed to determine the PNC matrix clement by
measurement of A, and/or A, ar ind the narrow 21 resonance. The mformation on the
modulus of the PNC matrix clement can therefore be extracted from A, measurements.

On the base of these predictions an experimental proposal to measure the PNC an-
alvzing powers A (and Ay} in the BN (7, v )20 reaction is sketched in the following. At
backward seattering angles the (PC) analyzing power A, s very small or even zero [125,
whereas the cross section is maximal in the relevant energy region around B, (2 1= £, =
898 keV. This situation is favourable for PNC asyminetry measurements hecause several PC
asymmetry effects, superimposed on the PNC observables, are small if A4, is small. More-
over. this advantage coincides wit the maximum of the predicted PNC interference effect
in Ay (c.g. AA(Boa = 1607) = 2.6 10 Y. Although the size of the quantity Ap 15 smaller
than A, in many experimental cases, it has a comparable size near = 907, However. at this
angle the differential cross section appears to be smaller as compared o its magnitude at
large angles [31]. Therefore. and beeause of the solid angle restriction in the A, measurement
(detectors only i one reaction plaue) the observable A, i the more favourable one for the
realization of a PNC experiment.

The small width of the 27 - level at £, = 898 kel requires a thin "N target 1 AE <
1 kel for E, = 898 keV). cg. reakized Ly implanting " N- ions in the surface of a -
backing or preparing a thin TiN - farget laver, as has been used in Ret. 33, Another
possibility is the use of a NC pas target. It has the advantage. that the energy loss in
the target gas can be adjusted in a way that one is able to measure hve ditferent energy
points around the resonance energy simultanconsly. I this case up to 20 51 surface barrier
detectors (or parallel plate avalanche counters) can be installed in five rings aronnd a long
target gas tube e.g at O = (135 £ 24)° or f4 = (W0 £ 24)°, as well as at fower energles
with large solid angles (0.4 < Q< 0.6 <r). The azimuthal angles ¢ = 07,007, 180 and 2707
have been chosen to be sensitive for {on line) monitoring of spurious asymmetries cansed by
residual transverse polarization components of the beam. The scattered particles leave the
gas tube through aluminum foils (12 pn — 15 jom). which are nsed in front of the detectors
in order to stop elastically scattered protons and low cnergy o particles from excited e
states, providing background free ¢ spectra. The reaction energy can be adjusted precisely
by detecting the - rays from the BN (5. 4)' 0" reaction. These speetra serve a the sae
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time as a monitor for detecting carbon built-up products on the entrance foil of the gas tube,
to correct for this time dependent additional energy loss of the protou beam. The entrance
foil is a selfsupporting carbon layer of < 60 nm thickness in order to minimize the energy loss
and straggling of the proton beant. This is essential because of the small resonance width
of the 27 level. Selecting an energy resolution of the polarized proton beam of = +0.6 keV
provided by two narrow feedback slit svstems and adjusting the target gas pressure fo = 1.3
mbar. the measurement can be performed at five energies simultancously within the interval
I E‘[ < Fres < Eres b %I With an experimental setup of this type a statistical accuracy
of & 0.3-10 7 and & 0.5-1077 will be reached for AL(135£24)° and A (B0 £24)°, respectively,
after 48 pr.A-d of integrated beam charge. if the helicity of the proton heaun is switched between
+P, with 2. > 0.70. In order to achiove a sufficient experimental accuracy the experiment
requires a proton beam with high intensity. polarization, and energy resolution.  Due to
the low target gas pressure and the high energy resolution restricted by the small resonance
width. it is advantageous to improve the experimental set up by use of a differentially pumped
gas target without entrance foil.

The investigatious concerning the second isovector PMD in 'O have been performed
in the Ref. [38]. Wirhin the shell model code (OXBASH) with ZBM model space and different
interactions (see Table 5) we calculated the PNC matrix clement and PNC analyzing powers
(A; and Ap). The average value for the PNC matrix clement is 0.1 ¢V, The maximum in the
energy anomaly of the PNC analyzing powers (A, and A,) we got to be some units above
the 1077, value considered to be in agreement to the last measureients [56]. [19].

The parity mixing between members of the above mentioned doublet is of part icular
interest because:

(1) The mixing is sensitive to the AT = 1 components of Hpye and especially to
the part describing weak plon exchange, if taking the quark model picture. I this case we
may have quantitative informations about neutral current contributions to Hpne. There
i at present only one experiment [28] which is sensitive only to the AT = 1 component.
of the PNC - NN weak interaction and leads to the final a - channel - the g - decay of
13.482 MeV 171 state in 2*Ne populated by polarized protons. which gives in our opinion
4 nweh too large PNC longitudinal analyzing power (1.5 + 0.76)- 107* value. However,
the interpretation of this experimental result is clouded by nuclear structure uncertainties
hecause of the high degree of conter of mass spurious state cont ribution to the 2’Ne excited
states with J = 1 and it is not a case of simple two level mixing also. Large o - cluster state
structire contribution should diminish the PNC matrix element in this case.

(2) The observable provides a highly precise way to measure the PNC matrix clements.
The energy anomaly in the PNC analyzing powers (A;, and A4) 15 magnified by nuclear
structure effects also. in addition to the 9 KeV energy difference between the levels involved
in the mentioned doublet.  The magnification arises because of colierent contribution of
proton and « - channels. The quantity Crg) in the resonance region is about 0.1, value
which speaks about a coherence effect as in the PMD1 case. The width of the 1*1 resonance



level is quite small (19 KeV) and acts as an enhancement factor. The ratio I[J:~ = # plavs
also « role of an enhancement factor as elsewhere [10] x

(3) The cross section is smaller at back angles as compared to the elastic scattering
cross section, but larger than that at forward angles, however. the « - channel can select
cleaner the transition. The normal PC analyzing power is negligible small in this energy
region for large angles. Thus the experiment can be considered free of errors fron measure-
ments.

(4) The PNC vy - tramsition can be studied via PN( o) 2O resouance reaction
with two different observables. independently. namely the PNC longitudinal A, and PNC
transverse A, analyzing powers, which sometimes show different energy anomaly as function
of the scattering angle (see fig. 2(ab.e.d)).

(5) The theoretical models included in the OXBASH code are reasonably good at
least for the levels which are members of the mentioned doublet.

5 Gamma Asymmetries

The degree of cireular polarization (helicity asymmetry) of the emitted ~-ravs s given {(see
Ref. [132) chapter 9. § 3 eq. (9.38)) by a sum of parity nonconserving {PNCH and parity
conserving (PC) contributions:
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and the circular polarizations for unpolarized initial uneleus with zere and finite mixiug
ratios [133]. respectively are:

Mpwe [y (EDY
- 9. == . 31
Bo=2"Xg\7 7 \E! \

and

h+b2
P = {Po | 753 42
() (o w1+bi (42)

REYC s a multiplier due to the existence of the orientation of the nucleus in the initial
excited state when the mixing ratios o not vanish, which for instance in the case of A = 36
gamma transitions reads [46]. [47]:

3 N 71 bzv ﬁ
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where the F, coefticients are defined by

FOLL T T = (-1 (20 + 2L+ 2L + L
C(LL vl = W)W (LL'TL 0] ). {44)
(" i the Clebsch-Gordan coeflicient C(J o dy My AR AMS) and W is the Racah cocfficient.

The parity conserving (PC) ~-asymmetry is given by [132]:

RYCleost = { S0 Dolcost) B(2)[F(1122) + F{2222)6% +

PERE X
2R S Poleost) B (20 F,(1122) + F,(2222)8° +2F,01222)6]} Y, (45)
=020
where
B2 = (20 + 1)EC {202 MOM)p(M). (46)
A

pL ALY is the polarization fraction of the Af-state. which determines the degree of the orien-
tation of the nicleus.

Iu order to measiure a PNC effect one must find situations for which the Rf;(' part
in Eq. (40) vanishes. Two particular cases have this property: i.) The case of an initially
unpolarized nucleus for which By(2) = 1. Bsof2) = 0 and Fol LL'22) = &,,.. In this
particularly simple case P, reduces to the well known expression of the circular polarization,
(P, )un- 1i.) One may prepare a polarized state by choosing p(M) = éap for which, B,-13(2) =

O and RTC part vanishes.



Another observable which measure a PNC effect is the forward-backward asvinmetry
of the emitted gamima rays by polarized nuclei

Wi(d) - W(r -6}
W) +Wir—86)
This observable has been successfully used in the F case {18]. [19] in order to avoid
the small efficiency of the Compton polariimeters when one measures the degree of circular
polarization. If the mixing ratios are small (4,,8_ < 1) one can show that [36]

A (0) = (47)

AL0) ~ () [?4)('(1'1139) (4%)

The angular distribution described by this formula has a maximm for ¢ = 07 [36].

It has the advantage that the parity conserving (PC) circular polarization, R7C(#). can be

measured experimentally. For all these cases the (I, )y quantity essentially describe the PNC

offect. In all the above formulae 8 represents the angle between the emitted photon and the
axis of polarization (if any).

5.1 Parity Mixed Doublets in *F

In the excitation spectrum [62] of the ™F nucleus there are two PAMD's (see Table 1): one
lving at 1O MeV (AFE ~ 40K eV) and another one lying at 6.8 MeV (AE = 4 elV') excitation
energy. The difference between the two PMD’s is that the PMDI is of the isovector tvpe and
it can be investigated via the circular polarization of the 5 - ravs. while the PMD2 cannot
be interpreted yet, whether it is of the isoscalar or of the isovector type. because the isospins
are not experintentally known, however, it is a very favorable (F = 130000, see Table 1) case
for studying the structure of the weak hadvon - hadron interaction via the (gl p) resonance
seattering or (pL o) resonance reaction,

We want to discuss the first PMD case in somewhat more detail. sinee it has been
the object of considerable experimantal and theoretical work. Let us denote the upper state
(1.08054 MeV) (sce Table 1) by | @ > and the lower one (1041155 MeV) by LA > The
v - decay of the state | @ > to the gronnd state (JTT = 110) includes a parity conserving
(PCY E1 transition and a PNC M1 transition. The cireular polarization can be expressed as
follows:

_ fU:w 19)

where the ratio f of the reduced matrix e l(‘m('nts for the regular decavs of the members

of the doublet can be deduced (apart from the sign) from the known liferimes [62] aud energies
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The PMD lifetiines are in the relation: 7,(27.5 4 1.9ps) > 7,{2.55 £ 0.45fs), because
isospin selection rules forbid the the E1 (AT = 0) transition, but not the M1 (AT = 1)
transition. The circular polarization is, therefore, two orders of magnirude larger than the
PNC admixture coefficient ﬂi—lf;ﬂ» This is a good example of amplification of the PNC effect.
due to the nuclear structure. The M1 transition from the state | b > to the ground state is
one of the strongest known M1 transition (10.3 & 1.5W.a.). which further justifies the two -
level mixing approximation.

The experimental results are:

Caltech - Seattle [49] [ 1979 T P, = (—0.7 £2.0)- 10°°

Firenze [52] 1980 | P, = (— n 4 +3.0)- 107

Mainz [53] 1982 P, = (1.0 1.8) - (0"

Bini [51] 1982 | P, = (()2i0() 107
P =

Queens Cuiv. [50] 1982 0.15 £ 0.55) - 1077

If one takes into account the analvzing power (== (.02) of the Compton polarimeters,
this would require a precision ~ 1.2 10 % in the counting asyinmetry and it might be
difficult to maintain the svstematic errors lower than this limit.  The real value of the
circular polarization above mentioned could be some units above 107" if considering the
chiral - soliton approach [15] and. hence. difficult to be exactly measured. This PMDI1 case

BE could be considered a good example for the importance of the PNC matrix clement
given by the nuclear wmodel calculations in the first predictions of favorable cases. The
theoretical valne of 0.37 ¢V [16] comes out to be too large. More sphisticated shell model
caleulations [40] show a decrease of the value of PNC matrix element with the increase of
the number of valence orbitals, thus in agreement with experimental suggestions. however
11O CONVEeTIZeNnce secis to appear.

5.2 Parity Mixed Doublets in “F

We consider. however, the onlv excelent experiments in light nuclei. that concerns the asym-
metry A, in the 110 KeV ~ - ray cmission of YF with respect to the direction of the
spin of (%) - 110 KeV state, which is produced with large polarization by the reaction
ZNe(F ) 9F. In the particular case of (3)7 — () transition, A, = Al p((5)7). where
p((%)’) is the polarization fraction of the parent state and the asymmetry A(W” for total
polarization has the same numerical value as the cireular polarization P,

The experimental results are:

[ Seattle [18] ] 1982 [ ATV = (-85 +£2.6) 10"
[ Zuerich [19] | 1982 | AlT = (—4.5£3.6) - 10 " ]




The theoretical value of circular polarization can be obtained from the following
formula:
Mpne m(}%)’ - m(]%y
PR SR o
in which the reduced matrix element of the irregular M1 - transition depends on the
difference of static magnetic - dipole moments in the ground and the first excited state of
19F. The former is known, p((3)7) = 2.628n.n. [62], while the latter can be calculated with
reasonable accuracy [18], 121], {134} and comes out to be small, w((3)*) = —0.2n.m.. From
the lifetime 7 = (8534 10)ps of the 110 KeV level [62] we can estimate the E1 matrix element
and the small enhancement factor comes ont to be f = 11. The circular polarization then
can be obtained to be equal to (—8.9 £ 1.6) - 107 if using Mpyc = 0.46 ¢V [16], quite in
agreement with the experiment.

5.3 Parity Mixed Doublet in *Ne

One of the best support for the DDH “hest™ values comes from the study of the parity
violation in the transition: %_,T = % (2.789 McV) — %+,T =3 (gs.) in 2INe. According
to the analysis made by Millener et al [24] and subsequently by Haxton et al [21]. the effect
should be a priori determined by the strength of the neutron - nucleus weak force for its
largest. part. Wirh the DDH "best” values of the meson - nucleon weak coupling constants.
this strength is expected to be small, in agreement with the experimental absence of an effect
in this process. Said differently, the isoscalar and isovector contributions of the nucleon -
nuclens wenk force. which add to cach other m "F, would cancel in *'Ne. This, however,
supposes a sizeable isovector contribution. which is not seen in '™F at the expected level:
something mvst be wrong.

While the accuracy of estimations of the PNC effeets in light nuclei 15 not as aood
as originally expected, one has botl in ™F and "F some chieck about the relevant nuclear
structure by looking at the 4 - decay of *Ne aud "Ne, respectively. wineh involve an operator.
& - . very close to the one determining PNC effects in complex nuclei in the single particle
approximation [135]. There is no similar possible check in ?*Ne. Ouly the comparison of
the different caleulations can provide some information on the reliability of the estimates
While studies by Millener et al [24] and Haxton of al [21] qualitatively agree on the fact
that nuclear structure favors the contribution of the PNC neutron - nucleus force, a quite
ditferent conclusion is made by Brandenburg et al [25]. From the comparison of resulrs with
different strong interaction models, they concluded that the isovector contribution, whose
sign was changing with the model, is strongly seusitive to the deseription of the nucleus. In
the neantime. this isoscalar contribution was changing Ly more than an order of magnitude.
In this paper. we reexamine these claims on the basis of new calculations meluding the
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nuelear models they used. Our conclusion is opposite to their. The isovector contribution
is well determined in sign. while the isoscalar one is not. In particular this last contribution
may be negligible. In such a case the parity nonconservation in the transition: %7 T = lz
(2.789 MeV) — %+,T =1 (gs.) in ?’Ne, would be a process sensitive to the isovector part
of the weak force, like in the transition: 07, T= 0 (1.08 MeV) — 1*, T= 0 (gs.) in 18F and
the absence of an effect at the expected level in 2!Ne could be usefully correlated with that
in 8F.

The circular polarization of photons emitted in the transition ;.7 = 3 (2.789 MeV)

— %+.T = % (g.s) in #'Ne is expected to be dominated by the contribution from the

parity admixture of the 17, T = 3 - state at 2.789 MeV with the y.']‘ = é - state at 2.796

MeV. The relation of the circular polarization P, to the PNC matrix clement < 5 T =

2
1(2.789MeV) | Hpne | §7.T = 4(2.796MeV) > is given by:

| P,(2.789MeV) |= (1().5:& gé ) 1072t !

+
|< % T = %(2.789/\[("") | Hone | % T = %(2.796A’I(’V) >| (52)
The calculation of the weak muatrix element has been performed with the standard PNC
potenfial, arising from the exchange of 7, p and w mesons, together with various descriptions
of the effective NN interaction.

Due to the short range of the operators entering the Hpne the estimates of their
Inatrix elements are expected to be very sensitive to short range correlations (SRC). To take
thern into account. we introduced in the calenlations the correlation function of Miller and
Spencer [63], for even as well as for odd parity components:

flry=1—¢crpl~ ar? ) =brfyia = L1fin % b = 0.68 K (53)

This choice is consistent with results obtained by using more claborate treatments
of SRC such as the generalized Bethe - Goldstone approach [64]. [65] and should roughly
correspond to a NN - interaction close to the Reid - soft - core model for the 'Sy and
3P, components. The comparison with more recent models of the NN strong interactions
[66] indicates that the Miller and Spencer approach (53) overestimates the effect of short
range repulsion. From inspection of the 38, - component of the deuteron wave function,
one thus expect that the correlation function does not vanish at the origin. With the same
asymptotic normalization as in (53], 1t would be close to 0.1 for the Paris model [67] and
0.5 of the Bonn model [66]. Moreover, the correlation function (53) neglects the effect of the
tensor force. which admixes to the *S) - state a *Dy - component, that has also a short range
character. This effect is large and. depending on the transition amplitude, it is constructive
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or destructive [136]. In the case of the 7 - exchange contribution. dominated by the *P, -
38 (+3D)) transition, it compensates a large part of the short range repulsion [136]. At the
contrary, in the case of the isoscalar p - exchange contribution. a prior dominated by the
'P - 38 (43 Dy) transition, it provides further suppression.

The above improvements should be incorporated in definitive predictions. We will
not do it and will stick to (53). First, there is no end to playing with different models of
short range correlations. Second, there are other possible improvements due, for instance. to
the part of the exchange of a 27 contribution not included in the p. to vertex form factors.
to heavier meson exchanges, ete. Furthermore, the corresponding uncertainties will add to
those on the PNC coupling constants themselves. In our mind, it is more important to
make predictions that can be compared to other ones than to multiply them by looking at
modifications of rather minor relevance at the present time. The essential point is that the
PNC potential given by (6) can account independently for the various contributions expected
to dominate at low energy which are due to the PNC-NN transition amplitudes 'S, - ' 7 (3
amplitudes: pp, un and pn or AT = 0, 1 and 2), 35, -39 (pn. AT = 0) and *S, - *1 (pn,
AT = 1). A few clues as to the relevance of these amplitudes will be given when discussing
the results.

We present in Table 6 the detail of the contributions of the different components of
the PNC potential to the PNC matrix cleinent < %7 T = l(') TROMA | Hpne 11T =
( 796M V) >. To facilitate the comparison. we don’t introduce the coupling constants so

tlmt‘ what is given represents the raw tuatrix clements

17 L. - .
My =< 5 T = 5(2(8‘)4\1(“ ) ‘ fk._‘ ‘

EQ.’[‘: i(‘.Z,TF)UM(V\ (54}
2 2 i
where the operators fi , are defined by cqs. (8). For each of theni beside the total con-
tribution, we give the separate contribution of the core presently built by filling its orbits
lm and lp‘ It corresponds in the present case to a single particle transition involving
nucleons in orbits l[)l and 2*1 As a benchmark, we also give the resnlt corresponding

to a pure case, where the % am(l %* states would be considered as made of one neutron
moving in the ficld of an inert core (**C) and occupying respectively the above orbits 1py
and Zsl The comparison with full calculations may evidence specitic nuclear structure
offects Such as depopulation of these single particle states, pairing. possible departures to
the single particle approximation together with some suppression or cuhancement of par-
ticular contributions of the weak force. In reporting the results for various strong inter-
action models, we gzwc a particular attention to the mtrinsic sign of the weak matrix cl-
ement < {. (2 789MeV) | Hpne | y,T = l~(‘) 796 eV) >, Obviously. this sign
is not et 1suml)l(‘ since it deponds on the sign conventions used to deseribe the states
[37.T = §(2.789AMfeV) > and [+7.T = H2.796M V) >, However, the comparison of signs

obtained \nth different strong nmuu tion wodels may be relevant and some change way

indicate a strong sensitivity to particular features of the nucleus description. We. therefore,
carefully examined these results. The task is not a preori straightforward. One may imagine,
for instance, that the sign of the isovector contribution is not settled. as stated by Bran-
denburg et al [25], while the sign of the isoscalar contribution would be well determined,
or vice versa. For the strong interaction models used here. we found that the sign of the
largest contribution {at the level of the two body matrix elements) were the same up to a
common phase, leaving no doubt as to the origin of a difference in sign is the results coming
out from the computer. The results presented in Table 6 have been corrected so that the
dominant individual contributions be the same. Differences in sign between some of these
results therefore reflect differences in the physical description of the nucleus.

The microscopic structure of the nuclear levels of the parity mixed doublet has been
obtained by using the OXBASH code in the Michigan State University version [61], which
includes different model spaces and different effective two - nucleon interactions.

In these calculations the ZBM model space have been used. The abbreviation ZBM
I should be understood as the Zucker - Buck - McGrory model space {74] in which Lsa and
11)% are filled and the active (valence) particles were restricted to UJ%’ 25% and l(l.% orbits.
The single particle energies were fitted as in Ref. [76], and the two - body - matrix - elements
(TBME) were identified with Kuo and Brown G - matrix elements [69]. [70]. The interaction
ZBM-II was determined from Tahni fits for '°0 in the p and sd shells [75], while the ZWM
interaction was constructed using free micleon- nucleon potentials, with minimal corrections
from the experimental energy levels in A=16. 17, 18 nuclei [75]. [76]. REWIL is entirely
obtained by a fit of 134 binding and excitation energies of selected levels in A=13-22 nuclei.
considering the matrix clements of the Hamiltonian as free parameters [76].

The comparison with the predictions of the PNC single particle model, (colunn la-
beled "valence nucleon™ in Table 6)shows that the core contribution is supressed by a factor
3 - 4 for the isovector part. For some part, this factor arises from the fact that the y -

states and 3 - states are not described by pure configurations with a neutron in 2s1 and
1[)1 orbits respectively. For the other part, it represents a pairing effect. which, for the type
of <)pordt0r considered here. is usually acconnted for by a factor. wuy — vy, Indeed, the

dominant PNC contribution. due to the transition 251 « Ip% is cancelled for ~ 20 — 30%

2
by the similar, but time reversed, transition 1p; « 291

The situation is somewhat similar for the isoscalar contribution, but the pairing
effect is much more pronounced, since the contribution of the second transition. 1[31 — 281,
becomes comparable to the first one. and even larger in some cases, giving rise dither fo
a complete cancelation {ZWM) or to a change in sign in other cases (ZBMI). The relative
weight of these two contributions has been retained in classifying the different models in
Table 6. those on the left favorising a proton transition, while those on the right rather
evidence a neutron transition. In between. there is a possibility of a total absence of the
isoscalar contribution (ZWM), the isovector contribution being relatively stable and varying
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by a factor of 1. at most.

The examination of the contribution of the valence nucleons (1py.lds. 2s1) bs also
instructive. As all core nucleons generally contribute coherently to the si:nglv2 partivlv PNC
interaction, one might a priort expect that they would increase the core contribution. Look-
ing at Table 6 shows that it is true in many cases, for the transition 3G, =1 Py oas well as
for the transition *S, —' Py (after appropiately separating in this case the coutributions
arising from the transitions 3G, ' Py and 'Sy —* D, assuned to dominate). This is not so
however for the isovector 18, —* Py, trausition, whose cont ribution is small (ZBMII) or even
destructive (ZBMI). For the isoscalar 'S _% P, transition the situation is nuich more con-
trasted {(decrease for ZBMII and increase for ZBMI for absolute values). but, algebraically.
the effect always goes in the same d vection. Clearly, the results are very sensifive to strong
interactions in 'Sy and *S) states, whose relative strength in nuclei is not well determined
(see some discussions in Ref. [140] and some other references therein). The well known
pairing correlations between like particles tend to support the dominance of the first one.
whereas the existence of the deuteron as a bound state in the *5) - chamnel indicates that the
corresponding force should have the most important role. As for the core contribution. the
dependence of the behaviour of the results on the transition can be traced back 1o specific
pairing” effects and to a more or less destructive interference of the contributions of the
single particle transitions 251 - 1ps and the time reversed one Lpy - 251

The large variation oF the isoscalar contribution with the strong interaction model
makes it useful to present a few simple pictures which may oceur. Checking how much they
are realized in actual results is 110: casy and they are given as guidelines for future research.

. .

The first one supposes that the 5 - state is given by one ueutron i the valence orbit 281

moving in the tield of a core (*N¢), whose the 1py shell would not he completely filled.
2

In the single particle approximation, the PNC trapsition from the state %‘ to the state %7
oeclrs via a transition from the 2s1 nentron orbit ta the Ipy orbit. It is a particle like
transition. This picture seems appropriate to deseribe results obtained with the ZBMIT and
REWIL models.

The other schematic pictures are inspired by the Nilsson model and supposes sonie
relationship between the parity doublets considered here and the one m W where parity
_ monconservation evidences the character of a proton - hole like transition.  The parity
doublet in ?'Ne might be obtained by creating holes the deformed orbits [‘22()]—3* and
[101]17 of *'Ne. to which two inert micleons in the orbit (221]3" would be added. T'wo
extrenie possibilities oceur, depending this pair wsin T =1orT =0xstate. The first one.
where the hole is coupled to the T =1 pair. so that the total isospin is 1 = % gives Tise to
a result where the contributions of the neutron and proton single particle PNC iuteractions
are in the ratio 2:1 corresponding to the ratio of isovector and isoscalar cont ributions, -1
3. This picture, which apparently underlies results by Millener of [24]. where the role
of the neutron transition is somewhat enlanced (the above ratios are respectively 37 01

and -1 - 1.73). has no counterpart here. As mentioned above, results for ZBMIILL which
favor a neutron PNC transition. correspond to a particle transition and not to a hole one
as in the Millener ¢t al [24] calculations. To get it, the sign of the “pairing” effect for the
isovector contribution shonld change as it does for the isoscalar contribution. While the
present caleulations evidence a well determined sign for the isovector contribution, it may
be that the change in sign observed for the contribution of valence nucleous in some cases
{isovector transition 'Sy =% Py) is an indication that the picture underlying Millener ¢t al's
results is not completely absent from the present results.

Some tuclear aspects of the caleulations presented here have already been disenssed.
Further comments may be in order. especially in relation with othier works. Apart for the
sign of the isovector contribution we mentioned at length above, we essentially agree with
the results of Brandenburg cf al [25). whose models Z and F correspond to models denoted
here by ZWM and REWTL. The large sensitivity to the nuclear model of these results for
the isoscalar contribution. apparently nnnoticed, is further confirmed by present results for
the models ZBMI and ZBMIL Results of Millener et al [24] were obtained with a single -
particle PNC interaction, (constd - p). For wany transitions involving low cnergy states.
this approximatrion. possibly corrected for the finite range of the nucleus. has been able to
reproduce the cssential features of more claborate caletlations involving two - body forces (sce
for instance Ref. [137) and references therein). It is interesting to notice that the improved
caleulations by Adelberger ef al [16] for "F. 9E and 2 Ne evidence a single particle transition
character. while the description of these nuclei already reveals a complicated structure. In
results presented here. the above approximation still works, but 1o the extent where the
core contribution is the dominant one. Compared to F however, relatively large departures
appear, especially for ZBMI. where the valence nucleon contribution gives an increase n
some cases (factor 2 for the component f],,fll,:(l + xu), a decrease in other cases (a factor
1.8 for the component gph:,(l 4+ 1,1). This is perhaps an indication that 2'Ne is in some
transition region. making more difficult well defined predictions. A further support to this
statement concerns the character of Tole transition of Millener et al's and Adelberger et al's
results. which is confirmed here only for the isoscalar contribution (ZBMI and ZWM). Their
approach necessarily implies such a strueture since they allow for only one hole in the lp%
shell. The absence of restriction with this respect in present aleulations leads to a quite
different picture, since the isovector cont ribution is uniformly of the particle type transition.
In view of them. the above approximal jon appears to be a poor ouc. This does not mean
that the present results are free from criticism.  Studies in *F and WE show that some
suppression of the PNC effect occurs. due to the deformation of the micleus. which to be
accounted for. requires that particles in 1pa. 1d% and 1./’% shells be active ones (beside the
particles in 1py. ld% and 281 ). The possible transitional nucleus character of *'Ne precludes
to make a statement as to the precize role of these corections, but a provisional suppresion
factor 3, as in '¥F and WE gounds (uite reasonable. This should be kept in mind when
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making the comparison with the experiment.

After discussing some features relative to the nucleus desceription irself, it wmay be
appropriate to consider those related to the weak interaction. Differences between p and w -
exchange contributions reflect differences used for meson masses. Their ratio for terms having
the same spin - isospin structure is roughly given by the factor :—:é ( = 0,965 here ) corrected
for the effect of short range correlations, which tend to decrease it. For isoscalar contribu-
tions, this feature is more difficult to check, due to a dithicult isospin structure. Concerning
the short range correlations, one would expect that the difference between contributions of
commutator and anticommutator terms in the PNC potential reflects that one for a valence
neutron {the coliinn 5 of Table 6) dominated by S and P NN - transitions. The suppression
of sowe contributions partly invalidates the argument, especially for those dominated by the
ISy - *Py transition. where the P to D transitions acquire a relatively larger weight. These
last transitions are quite sensitive to the longer range description of g and w exchanges. due
for instance 1o the coupling of the p to the 2r contimuun [138]. Their miror role suggests
to forget themn at the present stage of the studies of PNC effects. Table 6 can thus be con-
siderably simplifacd to be expressed in terms of four elementary amplitudes [136]: 7 and
ol (1S, = By, isoscalar and isovector), i (*S) - 1Dy, isoscalar) and @ (28] =% P isovector).
where:

MAE = (g b+ ‘r/r,hl/l'l)h””,z -0.23 (55)
n
0.l 0.1 "\12 a3
gl (L4 xad gphy (14 3 ) g - 0.27
i\ n
. Al?
M= (g b — 39,0y —— - 0.23 56
(ot — 3y, "’)mm‘/{ (56)
0.1 . 0t ‘7\1‘3 Y
(=gl (L+ 20 +3g,0, (1 + \.~))I—2 027
dmmng
) Al?
Mg = —(_{/W‘hl‘ + g/,,h;,)l———; -0.23 — 107)
- ﬂ'HPP
A2 1 Al?
b 02T + —=goh! -0.11
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The factors 0.23. 0.27 and 0.11 incorporate the etfect of both the range (important for the 7
exchange case) and short range correlations. They may be changed according to the model of
short range correlations. For simplivity. we neglected the ditferences in masses between the p
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and w mesons. In the case of the 7 exchange, the factor has been partly estimated in nuclear
metter and incorporates the contribution of transitions P - D, D - F whose destructive role
may be smaller in light nuclei. thus enhancing the 7 exchange contribution with respect to
this estimate by 15 - 25 % . The results are presented in Table 7. The advantage of the above
amplitudes is to make quite easy the incorporation in first approximation of new physical
inputs dealing with the short range PNC - NN interaction (short range correlations, tensor
coupling between the S, and *D; components. other meson exchange. hadronic form factor
) without redoing all the calculations.

Further simplification iy obtained by using the strengths of the prpton and neutron
PNC forces:

! 3
XL =2 it et ) (58)
n ,,1 371) 1
Ay = A\Ib(kill + 51’ - — ) (59)

As mentioned previously, these quantities. which have been used in analysing varions PNC
effects in complex nuclei [136]. may not be so good to represent the PNC effect in 2INe.
They. nevertheless are usefull to catch in a glance the dominant character of some matrix
element: neutron or proton - transition. Expressions in terms of them are also given in Table
7.

In the comparison with the experiment, we retain the following features evidenced
by the estimates. The estimate of the nuclear part of the isovector contribution is rather
well determined. The isoscalar one, including its sign, is uncertain and has a weight rather
disfavoured compared to the isovector one (see Table 7). From the comparison of similar
caleulations with 3 decay in " and F. an overall suppression by a factor 3 1s quite likely,
but it should be kept in mind that the nuclear uncertainty may here result in an effect more
complicated than such a factor.

The circular polarization of = emitted in rhe transition T = % (2.789 MeV) —

v

+ o oo 5
T =  (gs.) in ?'Ne has been measured to be 23):

P,= {08+ 1.4)-107% (60)

The error is large. but in fact it provides an upper limit, which appears to be quite constrain-
ing. Combining results of Table 6 with coupling constants given in Table 3 ("best” values
of DDH and using the relation of I, to the PNC matrix element < 5. T= S(2789MeV) |
Hpne %+,T = %(2.7961\[(’V) > indicates that many of the individual contributions exceed
the experimental upper limit, or just reach it. Accounting for a possible overestimate by a
factor 3 leaves 2 contributions which may be of some relevance: the 7 - exchange and the
isoscalar p - exchange ones { respectively (10 - 20)-107* and (- 5.8)-10).
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While the isovector contribution in P, agrees in size (but not necessarily m sign)
with that obtained in similar conditions by Adelberger et al (12 -10 *) the isoscalar one is
smaller than theirs (- 12 -1073). The nice cancellation between the isovector and isoscalar
contributions in their results. which made them consistent with the upper limit on 2. does
not hold anymore.

Examination of the present results shows that the cancellation s not always present
(ZBMI) and that, in cases where there is some. the relative ratio of the 7 aud p exchange
contributions expected from DDH "best™ values has to be changed significantly. Fixing the
isoscalar pNN coupling at its “best” DDH value, in agreement with observations of PNC
effects in pp scattering at low energy (15 MeV and 45 MeV). implies that the corresponding
aNN coupling constant be reduced by a factor of 3 in order to match the experimental
upper bound on I, The resulting value (REWIL, ZBMII). Bl =0.15-10"" would be quite
compatible with the Hmit obtained from the upper bound on the PNC effect in the transition
07 (LOSM eV — 17 (g.s.) in "F (| by [< 015 1079, Thus. far from supporting the “best’
values of DDH. PNC in 2'Ne would add 1o that in F to favor a value of AL significantiy
smaller than the DDH “hest” value.

In discussing PNC effects in nuclei, the effect of the tensor foree which aduixes D,
component to the S state, is generally neglected. Its role is twofold here and tends 1o
provide further support for lower values of R In the case of the 7 - exchange. it leads to
an enhancement of the contribution of the *S, =% I transition, which compensates a large
part of the effect of the short range repulsion at short. distances {136]. The actual value of
h!

!, which may be extracted from the comparison of measurements to a theoretical estimate
more claborate with the above respect, should be accordingly corrected downwards. The
above statement is quite general and also applies to conclusions drown from the ~tudy of
PNC iu ™F {16].

The nuportance of the role of tensor correlations for the g - exchange contribution is
somewlat specitic to some of the present resilts for 2INe (REWIL. ZBAMID. As seen from
Table 7. the isoscalar contribution for those cases is dowinated by the *Sp =" Py transition.
Tensor correlations may reduce it by a tactor 3 - 4 (Reid soft - core case}. naking the total
isoscalar contribution smaller. This requires a lower value of the isovector contribution, and
therefore a lower value of A1, so that the destructive sum of the isoscalar and isovector
contributions still matches the upper limit on the circular polarization. I,

At this point. it may be appropriate to remind a few predictions for bl In this order,
the DDH approach is quite useful as it provides a general scheme, where many contributions
considered in the literature can be accomodated quite casily. Results are given in Table 8 for
different values of the factor K (K = 1. 4. 7). which characterizes strong interaction effecrs.
Partial contributions are also exhibited. They correspond to the sim rile contribution (re-
Jated in one way or another to the charge current contribution), to the parity violation in the
wave function. and to the factorization approximation. Earlier contributions calculated by
Weinberg 4] or Gari [65] would enter in the column indicated by We and Ga. respectively.
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Later contribution by Dubovik and Zenkin [14], Kaiser and Meissner {15) or Khatsimovsky
[60] may be considered as particular cases of DDH expectations. In spite of somewhat differ-
ent approaches in some cases, they compare well with them. The corresponding contributions
in the DDH scheme are underlined in Table 8 (respectively labeled by KM, DZ and Kh).
Contributions involving a (colored) strange content are given in the two first columns, the
first one corresponding to the charge current part of the weak interaction

As seen from Table & small values of A} are found for small values of the factor K
or/and in absence of strange content in the nucleon. This might represent a great achicve-
ment of studies of PNC effects in nuclear forces. However, it is difficult to neglect the strange
content of the nucleon at the present time where it appears to play sowe role in different
places [140), or to imagine that strong interaction effects (K # 1) are totally absent. More
probably. the explanation of a low value of h! are totally absent. More probably, the ex-
planation of a low value of A} is to be found in the incompleteness of estimates. Due to a
lack of information and because it was considered a second order effect in gluon exchange,
the contribution of an uncolored strange component s in the nucleon has not been incor-
porated in the estimates by DDH. As noted by [139] such a contribution could he cnhanced
by the presence of a large overall fuctor in the effective weak interaction. On the other
hand, this effective interaction only contains the dominant terms. Other ones wmay play
some nounegigible role in estimating the coupling constant hl.

We reexamined estimates of the cireular polarization of ¥ rays emitted in the transi-
tion % T = % (2.789 \MeV) — { T = % {g.s.) in ?'Ne, which involves the parity admixture
of two closed states % T = % (2.789 MeV) and %+ T = 12 (2.796 McV). New estimates have
been added to previous ones. From the study a different interpretation of the measurement
is suggested. Contrarily to the previous claim by Br: denburg ef al [25], we found that
the isovector contribution is well defined in sign, while the isoscalar contribution is not and
somewhat disfavored. This conclusion agrees with the recent result of Ref. [40] based on
much larger valence basis. Our conclusion is based on a c reful examination of the sign
of the dominant individual contribution. Such a procedure allows to rise the ambiguity as
to an overall sign that somewhat comes at random from the computer in calenlating the
wave functions. The difference with Adelberger et al {16] appears to be due to the quite
understandable restriction of their calculation to one hole at most in the P Qualitatively,
it sounds as if the total result would be the sum of two different contributions which, in a
deformed single particle basis. would imply the transition [220]%+ — [101}37 (dominant in
B and "F) and a transition implying the %+ orbit ([211]{'). such that the PNC matrix
element would read as:

o XY
2

The first contribution would mainly have a particle type character, while the second one

L XL+ XL XR - XA g, Xn — X%
Vg o g2 2D t Ny . Ny AN . N (61)

1
3
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would be a hole type transition. By varying continuously the ratio of these two contributions.
one would go from results similar to Millener et al’s [24] schematic ones ot =1.3%=0)to
those where a particle type transition wonld dominate (REWIL, ZBMIT) (32 > a?), passing
through the case where the isoscalar contribution would be absent (3% = %), This picture
is proposed to roughly illustrate present results. The difficnlty to perform calenlations in
extended enough basis to account at the same time for pairing effects (important iu the
present. resuits) aund deformation effects (important in Adelberger ¢t ul's results), which
both tend to reduce PNC transition amplitudes estimated here, invires 1o take with some
caution any definite conclusion.

Present results support an interpretation different from the one where the small PNC
effect in 2'Ne would arise from a "fine” cancellation of the large isoscalar and isovector
contributions as caleulated with the “best™ DDH values for the weak coupling constants.
The relative (or even complete) suppression of the isoscalar contribution necessarily imposes
an upper limit on the isovector contribution and therefore on the 7NN coupling constant.
k!, Although the conclusion cannot be as convineing as in MF. where some check is possible
from the 3 decay of ¥Ne. a similar limit, 2} < 0.15-10°°
could be obtained if the isoscalar contribution was shown to be totally absent in the present
PNC transition.

While a low value for the k! is quite consistent with DDH expectations. it supposes
inputs that are far from what conld be considered as best ones at the present time: absence

. is obtained. An even lower limit

of strange content in the nucleon and absence of strong interaction effects i building the
effective quark interaction in our opinion, the explanation for a low value of AL shonld he
rather found in the contributions, which were considered as negligible until now and. inany
case, difficult to estimate.

5.4 Parity Mixed Doublets in *Na and *'P

Two more examples for PMD's are presented here [27] and the charactenstic numbers are
glvern.

In the excitation spectrum [131) of the *'P mnclens there is a PMD. which can be
populated e by D8up, )P (17T = 21, 418265 MeV: 2 = 32 ks b = T2
versis J5 T = 270 . 414367 MeV; 7270 = 42 fs; b = 5 %), Mpye = 1O eV {average value),
f= 5—:%2—% = 14 and the enhancement factor F is == 36000.

Iu the speetrum [131) of the 23N, mieteus there is a PMD Iving ar 3.9 MeV excitation
energy. which can be populated e.g. by *No(j. VBNa: (J7 T :3*1, 3U147 MeV: ri 3 =
8 fs: b, = 82 % versus J7 T = 27 L 3818 MeVi 73 1 = 90 fs b = 20 %00 Mypve = 0.8 eV

(average value). f = b—f%% = 6.8 aud the enhancenient factor Fis ~ 3000,
[
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Different observables can give informations on PNC in the P doublet. Three of
them have been found to provide a sizable enhancement of the effect. They are the circular
polarizations of the 4.18 MeV. 4.14 MeV and 3.43 MeV v - rays from the 2*, T = 1 and
2= T = 0 levels to the ground state and from 27,7 = 0 to the second excited state (14, T = (;
E, =0.709 MeV), respectively. For all these observables the F - factors are: =~ 2000, 3400
and 36000 respectively. where Mpxe = 1 ¢V has been used.

Different ohservables can give iformations on PNC in the *Na doublet also. Two of
them are the cireular polarizations of the 3.85 MeV and 3.4 MeV 4 - rays from the E’ T = %
level to the ground state and from 5 .7 = % level to the first excited state (:'—‘,+ T = % E.

)

= (.44 MeV). The F - factors are: ~ 3000 and 1500 respectively, where M,,N(f: 0.3 eV has
been used.

In the Ref. [27] there are reported the caleulations for the the circular polarizations
of the 3.43 MeV (WP ()7 =257 = 1L E, = 4.144 MeV) — (%P (7T = 1700 E, = 0.709
MeV)) and 3.85 MeV (#Na* (7 = 1T = % C B, = 3.848 MeV — PNa(gs.)) gamuma
rays within different weak and strong interaction models in order jndge the experimental
teasibility.

Excluding the large DDH and small KM values for the PNC matrix clements one may
conclude that the acceptable values are {see Tables 7 - 9 of Ref. [27]. the AH [16] - values):

Mpne =< 27141827 eV | Hpne | 2714 1436M eV > 1.0eV. (62)

for the *P PNC - matrix clement and

<2
2

r+
Bt
RISV | Hpne | -)’ 5B BOHTMeV S 0BV (63)

o=

for the Na PNC - matrix element.

The ranges of the cireular polarization are: (£)ap = (0.04 = 1.46)- 10 Sand (1) ena
= (0.07 — 1.16) - 107%. Taking the more reasonable coupling constants from [16] or [14] the
values of P are: 0.7 107 for 7 and 0.6 - 107 for ®Na.

In the most interesting case (P77 =27 E, = 4.144M eV — WPt = 1T E, =
0.709AeV'}). the population of the J™ =2 5 B, = 4.14367 MeV level can be donese.g. by
using the 2515, v)* P reaction. Within this reaction there are about ten [160] resonance
levels, lying between 1.1 and 2.2 MeV proton energy, that decay to this excited level of *°P
nucteus. The greatest population (45 %) comes from the J™T =27 1: E, = 7.227 MeV level,
which is a member of another PMD (AE = 60keV) in the region of 2= 1.7 MeV proton energy
(131]. [160]. The F - factor = 200 has been obtained with the assumption that the PMD
level widths are equal (f =~ 1) to 1.5 keV and the Mpye > 0.1 ¢V. The first assumption,
however. is not quite good bearing in mind that in the experiment (160], the width of the
J7 T = 2+1 . 7.284 MeV level was not observed, while for higher levels, e.g. J© T = 170
_7.502 MeV, the smaller widths (3.5 keV) have been observed. If the small enhancement
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factor could be around f = 10, the new PMD in **F becomes interesting | F o~ 2000).
The second assumption is based on OXBASH - code estimations for similar cases in **P.
Exact calculations are not possible, because the isospins and sometimes the spins of lower
lying 2* and 2 states are not known. The difference between the two PMD's is that the
PMDT1 is of the isovector type and it can be investigated via the circular polarization or the
asymmetry (A,) of the v - rays, while the PMD?2 is essentially of the isoscalar type and it
can be investigated via the (7, p) resonance scattering or (7. 7). resonance reactions,

From 2 Si(,~)* P reaction a fraction of the polarization of the protons can be traus-
fered to the spin of the J* =2 ; [, = 1.14 MeV state and consequently the A4, can be mea-
sured. Its expected value should not be lower than 10 “1 4t can be measired taking mto ac-
count. the relatively large branching ratio: 45 % for the 3.08 MeVA-rav (7 =2 (FE, =7.224
MeV — J& = 271 E, = 4.144 MeV) . The small branching ratio (5 ¥} of the 3.43 Mev ~ - ray
(J7 =2 E, = 4144 MeV — J" = 27, = 0.709 MeV) is explained by a high hindered
E1 transition. which is isospin forbidden and therefore leads to high circular polarization.

5.5 Parity Mixed Doublet in A = 36 Nuclei

There is another pair of PMD’s which can be described approximately with the same strong
interaction models. one PMD. first proposed by Dumitrescu and Stratan [16} belongs to the
360 energy spectrum and another one to that of the *Ar (see Table ) P*CLPMDL (J7 T
— 0 1. 105105 MeV: 7271 = 2.6 ps versus J7 T = 2% 1, 195921 MeV: 7270 = 60 fs) [46]. [47]
and ®Ar PAMD2: (J7 T = 2 0, 4.951 MV 7250 — < 50 fs versns 7T = 27 002974 MeVs
7270 = 14 ps) [47]). Neglecting in the B0 case the isotensor contribution we are dealing
with two dominant contributions of the opposite signs. one isovector and one isoscalar. while
the * Av - case i a pure isoscalar one. The last two PMD's ave analogons 1o the PF - F case.
For exantple the *Ar PMD can be populated in the 35 ) Ar reaction (F), = 3.7 Ml
in analogy with the F - case, while the *°C1PMD can be poptlated in the PR 00 Cl
reaction (F, = 0.6MeV).

The caleulations of the PNC matrix clement were carried out with the shell-model
code OXBASH [61] in the sd-pf model space in which the 28, 7. 1ds o ddy 92p10.2ps 2 e
and 1y, orbitals are active. The truncations we made within this model space were
(1ddg/a) (2512~ 1dy2)" for the positive parity states and (2s1d)"¥(2p1f)' for negative par-
ity states ((04+1)hw caleulations). These truncations are necessary due to the dimeunsion
Jimitations. but we believe that they are realistic. The Brown-Wildenthal interaction [142]
was used for the positive parity states and the WBMB interaction [143] was used for the
negative parity states. Both interactions have been tested extensively with regards 1o their
reproduction of spectroscopic properties [143], [142]. The caleulation of the PNC matrix
clement which included both the core (inactive) and active orbitals has been performed as
deseribed in Ref. [22].

All the components [13]. [10] of the parity nonconserving potential ave short range
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two-body operators. Because the hehavior of the shell-model wave functions at small NN
distances has to be modified, short range correlations (SRC) were included by multiplying
the harmonic oscillator wave functions (with fiw = (45 - A5 MeV - 25 A% MeV) by the
Miller and Spencer factor [63]. This procedure is consistent with results obtained by using
more elaborate treatments of SRC such as the generalized Bethe-Goldstone approach [64],
[65]. The PNC pion exchange matrix is decreased by 30 + 50% as compared with the values
of the matrix elements without including SRC, while the p (w) exchange matrix clements is
much smaller (by a factor of 1‘ =4

The caleutated by Horoi [47] excitation cnergies of the first three 28 T=0 - levels in
AL are 1,927, 1410 and 7.174 MeV. The first two are in good agreement with experimental
lovels at 1,070 and 4.440 MeV The third 210 E,=4.951 MeV state { The state belonging to the
parity doublet) apparently is an intruder in the 2s1d {0hw) configuration. This conclusion
is also supported by the suppressed transition probability [144]. Horol included the 2hw
configurations in a rather reduced space (the ldsy, orbital is freezed and the 1f, orbital
i« not allowed) which we consider adequate for this problem. The 2k configurations have
been shifted down by 11.5 MeV so that the first 2+() state with a dominant 2hw component
{~ 80%) become the third 20 in the caleulated spectrum. The donpnant PNC transition
is ldgsy - 2p32 and the PNC matrix element is 0.122 eV (see Table 11, One must. mention
that this valie is more uncertain as compared with the 3C1 value due to the fact that the
third 240 state caunot be described eithier as a pure Ohw configuration neither as a pure 2hw
configuration. Iu the 360 case. the positive parity states are in very good agreement with
the experiment (e.g. the second 27 state has a theoretical enerpy 2.004 MeV. compared to
the experimental value of 1.96 MeV.) The theoretical B(EX) and B{MA} and mixing ratios
are in relatively good agreement with the experiment (see Table 1). for botl cases.

The results (up to a complex phase factor) can be summarized as:

Mpne(FCH = (1094 - hL = 0.205 - b = 0.304 Bl -

)

0.027 - hj,, +0.569 A% 4 0.323 - B 40015 h2) 10 7l (64)
andd

Mpne(PAr) = —(0.995- 1Y +0.443 - hg) - 107 A (65)

Here h2!,,, shonld be given in nnits of 1077 as in Table 2.
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6 Parity Violation in the Alpha Decay Process

6.1 Parity Forbidden Alpha Decay in 'O

[t has been shown that the regular PC alpha transitions cannot be satistactorily explained
within the R - matrix [146] or Fermi gas [147] models. This happens because either the R
- matrix theory of nuclear reactions cannot be rigorously applied to the alpha decay case
due to the large influence of the non - physical parameters [e.g. the channel radius [148}]}
entering this model. or because the interaction responsible for the alpha decay phenomenon
cannot be treated in the first order perturbation theory as in the Fermi gas model [147].

In order to describe the absolute o - decay rates we have come to realize that the
Landau - Migdal - Fermi liquid concepts [149] have to called upon. It was necessary to
introduce [43], [42] an effective four-nucleon interaction for the irreducible reaction amplitude
of the alpha particle formation in the four particle channel in order to acconut for moment uni
mismateh in this process. It became possible in this way to compute in a straightforward
mamner the favored and unfavored [42] and even the parity forbidden [417 o - transitions,
Moreover, the necessity of such an interaction suggested the problem of its implication in
nuclear structure: vibrational spectra, pairing © superfluid™ isomers (which we are lead to
believe that there were already experimentally observed in Samarium region). metastable 0~
excited states, odd-even stagering of the charge radii of chains of isotopes. superfiuidities of
the neutron and proton systems which may be generated by oue another. the existance of a
new supertluid phase - the a-like superfiuid phase besides the nsual pairing superfinid phase.
new type of first and second order phase transitions which wmight be observed in two-nueleon

and alpha-transfer reactions, characterized by their own critical temperatures. enhacement
of the probabilitics of some nuclear processes {e.g. o clusterization are significantly modified
in some cases such as o - decay of P isotopes [150] .

The theoretical descriptions of parity violating « - decay usually reguires two ingre-
diens: i) the caleulation of regular PC - v - decay widths, and ii) the ealeulation of parity
admixtures to the PC - nuclear states. It mayv be studied also the direet PNC o - transition,
involving a PNC « - transition operator. The last meuntioned approach. however. is very
complicated in view of the recent Fermi ligmd approach to the o - decay probleme In this
approach, as it was mentioned, we are dealing with a four nucleon operator responsible for
alpha decay process. The PNC - interaction potential (see Section 3). is usuallv obtained
from perturbation theory and, it has a two nucleon strueture determined by the nucleon -
meson - nucleon diagrams. Including tour nucleon interactions, the corresponding diagrams
are difficult to be caleulated if not at the moment impossible. The PNC - two nucleon
approximation should be a poor approximation as in the case of regular transitions.

Following the prescriptions of the Ferni liquid model of a - decay [42] the transition
operator responsable for the « transition is choosen to be

Theo = Nufﬂ(fl)é('f‘z)b(f:s) (66)

where £ are the usual Jacobi coordinates that describe the intrinsic motion inside
the a particle and &, ts the coupling constant of the vertex corresponding to the amplitude
of the a - particle formation in the four particle channel.

For the PNC a - transition from the initial state | J7T; > to the final state ,/}'[Tf >
{ where J. 7 and T stand for spin, parity and isospin of the state ) the corresponding « -

decay width has the following expression:

- T o o [, NALE R T -
Ui 0T — 0Ty ) = 2wl | / driy(r)g, ()] (67)
40
where
PR ~/;('I(, L < 4/7 ﬁ"]; Hpne ‘]lﬂ'Tl >
9t (rj= ; YT

< hlr = R on (Y G'{,j“/ ,y).l, [B(ENEIE F o umyy > (68)

with
-0 = (69)

and
) = ug(r) - / dr K (ror () (70}

rall

where the Pauli - kernel Aj(r.r) comes from the accurate antisvimmetrization and
normalization of the o - particle - residual nuclens relative motion wave function. such that
the @ (r) wave function does not contain spurious states.

[ts expression is

Rilrr'y = /' dr (R Km0 (71)

where

&F — PV Ko oy =<7 1= K| o=

< A(h(f" R(,)Q‘),,(,’j‘;\> ‘ 'A((D(xd)Aé(T - Iir” > (72)

Here £(r) is the 1" order Legendre polinomial and » =
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The theoretical descriptions of parity conserving o - decay usually requires three

DT Ty

ingrediens: i) the caleulation of the a - transfer amplitudes (g,J {r}) within some
mnclear structure model, such as e.g. the OXBASH - code. ii) the calculation of the nuclear
kernel (K(r.7")) and iii) the calculation of the a - nicleus channel wave function.

Unfortunately all these three ingredients. at the moment. cannot be calculated within
one single model. Approximations iave to be done.

In Ref. [11], the adopted strategy was not to use the 'free’ parameters (channel
radii, optical model parameters ete.). but those values. which were succesful in analyzing the
muclear structure and reactions in the region of interest. For instance one can sav that the
channe! radins was replaced by the constant s, however, by definition there are substantial
differences between the two parameters. The channel radius 1s a very seusitive paratneter ot
the surface of the residual nuclens, experimentally very hard to be determined ¢ one should
take into account that the channel radins is neither a mieleus radius, nor an exact sum of
the radii of the decay fragments, but it is a parameter of the R - matrix theory. defined. in
principle, by that interaction region of the two nuclei. were the mutual polarization effects
died). The & - constant should, in principle. desceribe. the form factor of the «a - particle
formation in the sudden collision of two protons and two neutrons that helong to the nuclear
matter of the atomie nucleus. Such a process, an o - clusterization process i the nucleus was
wot deseribed in the former R- matrix and Fermi - gas theories. Tlhese theoriex assuines that
the muclear stracture models shoubd solve this clusterization process too, e, the effective
residual interactions should lead to a space localizations of the two protons and two neutrons.
that belong to the future « - particle, in the structure of the model wave functions (see the
lectnre of A.Insolia in [151]). Our contact interaction may be too restrictive. however, 1t
contains the necessary amount of wowentum transfer. The « - chanuel wave functions are
generated by the realistic’ M3Y double - folding optical potential (152]. which one uses
o realistic’ offective interaction [153] derived from the G - matrix elements (see section 4}
based upon the Reid soft - core NN potential in the Snssex [154] version. This double - folded
optical potential gives a good acconnt of a representative sample of the available scattering
data. The densities entering the folding potential and the oscillator parameter entering the
Panli ¥ - kernel ave consistent with the wave functions used.

To extract the K - kernel from eq. (19) is a difficult task if using more or less realistic
wave functions for « - particle and the residual pucleus. If using the most simple strueture
wave functions for these nuclel, nawely a gansian wave function for the a - particle and a
Slater determinant of single particle oscillator wave functions for the residual nuclens the

problent can be solved [41]. For the o - decay of Y60 excited states into the prownd state of

the 20 nucleus the K - kernel has the following form:

KT, 17) = Z Ko -

)3

NpssauS) FSybag=s

S 15-‘4»;(‘ Jé( z

) (73)

@
ER
o = 0.306fm % for C and 4 = 047 fm 2 for a - particle. This chaice has been used
in order to reproduce the experimental rms radii for the two involved nuclel. H, are the

where ay = 4 ay = =6 ay = doay = —land = = The oscillator constants are:

Hermite polvnomials, 1?1 = ';z'— R o=r-r.

By using the above Pauli - kernel. the double - folded optical potential and the
OXBASH - code with ZBMI interaction (see section 4) we calenlated some regnlar o -
widths and we have compared with the caleulations of Apagyi, Fai and Nemeth [148] done
in the framework of the R - matrix theory, (with the channel radins 2. = 3.6 fn) and
with the experimental data [62]. The =.p. basis used to caleulate the densities for the folding
”"r.~./}f Iy

i

. . . . J,
potential and the aplha clusterization - amplitudes g;
appropiate Woods - Saxon potential. The ouly approximation made concerns the calenlation

(ry is determined by the same

of the K - kernel and the PNC matrix clements. where we have used the oscillator basis,
however, the size parameters are conslstent with the wave functions used
We caleulated then the PNC amplitudes of th - decay widths (see Table 10) within
different weak and the ZBMI version of the OXBASH - code only. The results in the Table
10 are caleulated according with the formula:
Tl = - LTAghl = LOTgh) (74)

which differ not very much from the formula [20]. {14]

P2y = —0.400 - 7.200 (75)
given in [20]. {14]. The experimental value of this o - width 1 [45]

Ve = (103 £0.28) - 1070V (76)
and the a - decay energy is £, = L71MeV 162].
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6.2 Parity Forbidden Alpha Decay in °Li

Another possible testcase to study uuclear parity violating effects is o - particle decav of the
O0FT = 1. EX = 3.56MeV excited state of $Li - nucleus. Do to the energy conservation this
state can only decay into the o + d channel (which opens at E} = 2.08Mel"). However. as
the total intriusic channel spin of the « + d system must be T = 1. the « - decay requires
the angular momentum of the relative motion L = 1 in the outgoing scattering svstem and.
thus in parity forbidden.

Robertson et al [155] have looked for v - dacay of this state, setting an upper experi-
mental litit of Upyve = 6.5 - 1077 eV, Theoretically, Robertsou and Brown ;156] caleulated
the v - decay width within the OXBASH code [61] Tpye = 013 - 10 " eV considering onty
pion exchange contributions. In this approach the structire of the a + d relative motion
wave funetion is derived by using a phenomenological parity - independent potential which
had been adjusted to (inainly positive parity) low - energy « + o scattering data. This
procedure is questionable, as the « + d potential is strongly parity - dependent. caused by
the Pauly principle. Altmeyer and Langanke [92] used for the relative o+ d problem the
microscopic Resonating Group Model (RGM) for six nucleon system with the Minesota NN
- potential [158] and including the fully antisymmetrized « + d cluster and psendocluster
states [157], where the latter have been introduced to account for specitic distortion effects
in the deuterow. The RGM has been chosen because it cousistently describes bound and
scattering states of the nuclear systems. The resulting PNC o - width was obtained to be
Ppaee = 0.028 - 1077 eV, two orders of magnitude lower thau the upper experimental limit
mentioned above., This value has been obtained withiu the first order perturbation theory
wsing for the nuclear states the cluster structure as mentioned above. As PNC interaction
was used ouly the pion contribution to the Hpwe- [13] incorporated in the effective Minesota
NN - potential.

The small value of Altmeyer aud Langanke [92]. above reported can be explained by
using in their model the two - body effective interaction only, which is not able to account
for momentunt mismateh in the o - decay process. The use of an effective four - body
interaction [159] conld increase the calewlated value of the PNC - width sometimes even
with two orders of magnitude [42].

The use of the pion contribution to the Hpwe [13] as the only PNC mteraction
potential may lead to a rough estimation of the observable we are looking for. The use of
the other components can sometime increase, but there are cases of cancelation effects of
different components of Hpye in the PNC matrix element, which can lead to very swiall
values of this quantity. We have to take care of the results of the chiral - soliton models [15]
of the weak hadron - hadron interaction, which decrase the pion contribution to the PNC
matrix element by more than an order of magnitude. I this case the value reported by
Altmeyer and Langanke would decrease by factor of about 20. very close to the experimental
value from the '°O case.
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7 Conclusions

The PNC nuclear physics processes determined by the isovector part of the weak hadron -
hadron interaction are very important for studies of the neutral currents.

Our understanding of the AS=0 hadronic weak interaction is based on a small col-
lection of high precision experiments (see for review the Ref. [16]) in the two - nucleon
systemn and light nuclei. which isolates the weak interaction via its parity noncouserving sig-
nature. The experiments have velded significant but inconiplete information on weak meson
- nucleon coupling constants, which are in qualitative agreement with the predictions {13],
[14] based on the standard model. although the pion coupling (A1) is much smaller than
expected. Unfortunately the measured observables need a complicate theoretical interpreta-
tion and the extraction of the weak meson - nucleon couplings from the experiment is not
model independent at present. Due to the generally simall values of most of the contributing
terms to the PNC matrix elements. PNC dealing with low energy miclear spectrum should
essentially involve the strength of the nncleon - muclens weak force, As weak interactions
do not conserve the isospin, this strength may be characterized by two numbers. relative
to the proton and neutron forces respectively. or equivalently to its isovector and isoscalar
components. Moreover, the main contribution coming from the isovector part is assumed to
he due to the one pion exchange term {the long range term), while the main contribution
coming from the isoscalar part is assumed to be due to one p - meson exchange terin (the
short range term). At present no experiment is possible to invent in order to be sensible to
other contributions to the weak hadrou - hadron interaction potential. Therefore, in principle
two independent experiments should be sufficient for the determination of the above nucleon
- nucleus weak forces. Therefore in this work we tried to select pairs of experiments for
which one uses more or less the same theoretical treatment. We investigated the possibility
to extract from the experiment the necessary informations concerning the neutral current
contributions to the structure of the weak interactions that violate the parity conservation
low. The low energy nuclear physics processes considered here were: the resonance nuclear
scattering and reactions induced by polarized protons. emission of polarized gamma rays
from oriented and nonoriented nuclei and parity forbidden alpha decay. Some comments on
PNC nucleon - nucleon (PNC - NN) interaction have been presented. Applications for spe-
cific scattering, reaction and decay modes have been done. New experiments are proposed.
The most favorable case, we consider the nentral currents investigation via the BN(F, a)'*C
resonance reaction that populate the 13 MeV, IT = 2% jsovector parity mixed doublet. The
energy anomalies for the expected interference effects, relevant for the experiments, have
been found to be A; = 1.4 x 107 and A, = 1.4 x 107% at 8 =150° and based on the con-
servative value of 0.1 eV for the PNC matrix element. Such an experiment together with
the PNC a - decay experiment (au isoscalar case) (45] would fix from the experiment the
isoscalar and isovector strengths of the Hpye - interaction.

We reexamined estimates of the circular polarization of v rays emitted in the transi-



tion {. T = % (2.789 MeV) — %+, T = % {g.s.) in ?'Ne. which involves the parity adnixture
of two closed states %7, T = % (2.789 MeV) and %+‘ T = % (2.796 MeV). New estimates have
been added to previous ones. From the study a different interpretation of the measurement
is suggested. Contrarily to the previous claim by Brandenburg et al [25]. we found that
the isovector contribution is well defined in sign, while the isoscalar contribution is not and
somewhat disfavored. This conclusion agrees with the recent result of Ref. [40] based on
much larger valence basis. Unfortunately a more precise experiment using the Compton
polarimeters compared to those already done [16] at present is impossible to perform.
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Table Captions:

Table 1: Several studied parity mixed doublets [27]. E, and ', stand for the ex-
citation energies aud total widths of the PMD levels, f - the ‘small” enhancement factor is
due to the parity conserving sector, while F - the "big" enhancement factor incorporates the
PNC matrix element (Mppe) also and Qer, stands for the measured pseudoscalar observable
(analvzing power. circular polarization or gamma asymmetry as explained in the cited ref-
erences). All the experimental data are taken from Refs. [62] or [131] except those for MHE
and 23Th, which are taken from Refs. [130] and [124]. respectively. The estimations for the
PNC matrix elements, if not specified, are performed within OXBASH - code [61]. Exact
calculations are not possible in somme cases because the isospins and sometimes the spins of
some lower lying states are not known or the OXBASH - code has not quite good interactions
for those cases. In the 3CH and %At cases, within the D3F7 model space (see Ref. [46]).
the single particle contributions to the toral PNC matrix elements vanish. Within a larger
model space, these contributions arc included and such caleulations show larger PNC matrix
clements.

(")The branching ratios b_ = 0.1564 for M2 + E3 transition and b = 0.855 for E2
transition are taken from [130].

Table 2: Weak meson - nucleon coupling constants caleulated within different weak
interaction models ( in nnits of 1077 ). The abbreviations are: KM = Kaiser and Meissner
[15]. DDH = Desplanques. Donoghue and Holstein “best” values [13. AH = Adelberger and
Haxton [16] and DZ = Dubovik and Zeukin [14].

Table 3: The expressions of the coefficients Fi o multiplying the matrix elements
M, . given in Table 3 is reminded in the first colunm. Numerical values (in units of 10°%)
are given for the “best”™ values of the PNC meson - nucleon couplings in the DDH approach
[13], as well as for the values obtained by Kaiser and Meissner {15].

Table 4: The PNC matrix clement for the PMDI in the 'O caleulated within
different weak and strong interactions. The abbreviations are discussed in the text.

Table 5: The PNC matrix clement for the PMD2 in the 'O calculated within
different weak and strong interactions. The abbreviations are discussed iu the text.

Table 6: Values of the matrix clementds A, for different description of the nucleus
(in units of MeV), Iu the first column, the coupling constants nltiplving these matrix
clements are reminded. The next columns contain results corresponding to models whose
description, whose description is reminded in the text. The results corresponding to the
oversiniplified model, where the states .'7* and ,—y are described by one ueutron occupyving
respectively the ‘2.\'% and 11)% orbits (wﬁh a P core) are given in the 6" - cohunn. Last
colmun gives the dominant character of the transition for the component under consideration,
For cach component the contribution corresponding to the C core ts piven in the first row,
while the second row incorporate the contribution of the valence nucleons.

Table 7: Expressions of the matrix clement < 5 T = 2TROMAY T Hpne |

1
2

(M

61

{ T = %(27961\1&") > i terms of the § - P transition amplitudes as defined in [136] (@
for 3§, =% P,. AT = 1; v for 'S, =* Iy, AT = 1; 1 for 38, =% P AT = 0 and #" for
1Sy —* Py, AT = 0, as well as in terms of the strengths of the proton - and neutron - nicleus
PNC forces (in units of MeV). As in Table 3, the first row corresponds to a 12C closed core,
while the second row incorporates the contribution of valence nucleons. The above results
obviously imply approximations such ax neglecting contributions from P - D transitions.

Table 8: Detailed contributions to the coupling constants #iL in the DDH scheme as
completed in Ref. {141]. Results are given for different values of the factor K. which accounts
for the effect of strong interactions. Three types of contributions are included, respectively
denoted: sum rule {related to the charge current coutribution), PNC in the wave function
and factorization. The results which later one should be compared with are denoted by the
initials of the authors. some earlier results by Weinberg [4] or Gari and Reid [139] would enter
in the column labeled We (A — ) and GR (K=0) respectively. Contribution imvolving the
{colored) strange content are given in the 2 first columus.

Table 9: Phvsical quantities and theoretical PNC matrix clements necessary for
calenlating v - cireular polarizations and asymmetries for the two PMD - cases studied in
the present work. The experimental data is taken from Ref. [131]. unless noted.

Table 10: PNC auplitudes of the o - whidhs for 0 {(J7T = 270,887 eV ) -
decay [in units of 1077 eVi]. More simple caleulations [20], {14} gives the values Vi = 0.780,
VU = 0280 and VEM = 1080 in units of 107° Vi,

tot
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Table 1: Several parity mixed doublets
Nucleus | 3777 | 1372 | Eu F2 m T f v F Qrrn Refs
(MeV) {(MeV) (keV) (keV) eV) (10%) 07
7B 270 | 2%1 [ 51103 5.1639 1 12 0.002 244 U1 4.6 il
SN ) at 15.065 14.05 0).86 165 14 09 ~1
BN BT 1153 | 115 430 1.7 0.9 =1
N 1 | 0¥l [ 8796 8624 410 38 104 1.04 6.3 0.86 [56]. [16]
N 2-0 [ 271 | 9.3803 917225 | 13 0.i35 | 98 0.5 25 135]
TIN 27) | (2% [ 1167 11.51 150 7 4.6 05 1.5
150 - (3)* | 9609 9.527 8.8 280 5.6 0.2 ~ 15
1PN B iF 112028 | 11437 | 8 114 2.3 0.8 ~13
%0 271 {270 [ 12,9686 | 13.020 | 1.6 150 97 0.1 19 [31]
170 - 1 6862 6.356 <1 124 > 1 0.6 ~1
70 - ¥ 1709 7956 | 270 90 1.73 0.3 ~ 15
BF O T 0F1 1108054 | 1.04156 | 275 ps | 255fs | 112 0.37 163 30 116]
BF 2- P €.809 6.811 88 3 5.4 05 130
oy 1711 1%1 To109s4d | 00 0.85 ns 11 0.46 46 71 [16)
s 31 (371 T iaser 1554 |00 5 43 0.4 L7
Ne i-0 | 171 | 11.240 11.2623 | 175 > ~ 0.5 > 25
ZNe 2=1 | 270 | L1601 11.885 16 > 1 ~ 08 > 08
TNe -0 | 171 _[13461 134814 | 195 6.4 55 02 5 150 28],
2INe ;*i TL 279 2.789 76 fs 117 ps | 296 0.006 296 0R {16}
N 3Tl 271 30147 j388 |86 90 fs | 3.35 0.5 17
P P 1270 [ 41826 41436 { 321 208 3.62 1.0 92
| 5P 7F7 [2°1 (7284 7.224 45 > 1 ~0.1 >02
Si 2¥1 [ 270 | 6537 60414 | <250 | 33 fs > 115 | 08 ~1
Y 2F1 | 21 | 195921 | 1.95105 } 60 Ts 6.6 > 01 >8 6]
T AT PN 2° 4.9512 4.971 SHUfs | laps | 216 >0.1 > 8 16]
HI 8" i 114161 | T.0R407 | 551 20aps | W07 () [~ 1077 107 -1660 123] i
2T I A P 0320 - K ~05 | 225 pea |

53

KST TRAM [ DDH | AH(fit) | DZ
hr 0.19 | 454 209 1.30
| 70 BT0] 1140 [ 577 | -8.30
h! 010 1-019 [-022 1039
Table 21587357 9350 | 700 | -6.10
| Ry 220000 [0.00 0.00
hY 140 1-1.90 [-497 ]-390
h 100 |-1.10 [-2.39  ]-2.20
Fis KM [DDH
For = 759:ltr 0.090 |2.16
F,= f%gﬂh,} 0.014 | 0.027
Fy, = —39,0,(1 + i) | 0.066 0.127
Fs, = 39,1 -0.014 [ -0.027
Fi.=—Tg.h, 0.437 [0.480
Fow = —5g.hL(L+ 1) 1 0.384 1 0423
Table 3| Fs. = —39.1 0.437 | 0.480
Fup = — 9,001 + 1) 1.850 | 14.94
Fy, = aqphg 1.032 | 3.180
Fow = —g h0(1+p,) |1.038 | 1.408
Fro, = —guhl 1179 [ 1.6
Fop = —39,h 0.307 | 0.0
= oz 0.38G | 2.542
= gl 0.139 | 0.541
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Table 4: (Mpye PMDI1 '°0)

[ T DD AH DZ |
[ Interactions [V, Vo VPPRTN. Vo Ve Vi Voo, N7
ZBA T 0287  -0.016  -0303 | -0.138 0028 -0.166 | -0.086 -0.021  -0.167
ZBM 11 0660 0.036 0.696 0306 0.061 0367 | 0189 0047 0236
REWIL 0.332 0,017 0.349 0151 0200 083 [ 0095 0023 00X
ZWM L0700 <0037 -0.746 | 0328 0064 0392 § 0204 0080 0251
PSDHDMK S0a%1 0014 -0.395 | U176 -0.029 D206 | 0409 0022 00131
PSDMK4+CM 0304 0.021 0.325 0141 0041 (182 [ 0.08T 0031 O 1in
PSDMWK 0437 0.020 0457 0202 0040 0242 | 120 0031 0156
PSDMWEK+CM | 0123 0.0256 (448 G196 D04y 0245 | 022 0037 0t
Table 5: Miwne
[N} DD Al T oy T
[ Toteractions [ Vo Vs VEW Vs Vo NPTV Vo N Vs Vo T
ZBMI 00064 00125 00189 | 01685 —0.0121 -0 [RO6 [ 00701 00240 -0.0941 1 00437 00182 -0.0619
ZBMO L0312 00328 -00640 | -0.7A84 00301 07785 [ 0344 DOBIR  0ad0d2 214 00469 -0.2610
ZWNM (L0239 -0.0194 -0.0433 | 057143 -0.0301 06017 | -h2643 -0u341L -0 2981 0. 1643 -0 0270 -0 0193
REWLL L00N19 00060 -B.018% | SD2BSL S0.0050  -0.2010 | 001312 S00F1T -0 128 | 0 0X16 00092 (L0908
ZBMII -0.0027 +60.0002 00025 | (L0644 +0.0007 00637 | -0.0296 +0.0011 15,0255 HEES! 0003 -0.0181
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Table 6
Coupling ZBMI [ ZWM | REWIL | ZBMII | Valence | Dominant
1
constant (Z) (F) neutron | transition
(l‘lc)
937"4? 0.1884 | 0.1579 | 0.2310 | 0.2592 | 0.733 (S, =% P}
0.2002 | 0.1657 | 0.2657 | 01.2967
ﬂh/ B
f;, 0.0116 1 0.0097 | 0.0142 | 0.0159 | 0.0458 | (S, " 1))
0.0146 | 0.0114 | 0.0174 | 0.0203
% (.0092 | 0.0077 | 0.0113 | 0.0127 ] 0.0358 | (35, —* )
0.0127 | 0.0101 | 0.0151 | 0.0174
75’—751‘1-(1+\,,) 0.0116 | 0.0097 1 0.0142 1 0.0159 | 0.0451 | (*Se —* 1)
0.0065 | 0.0059 | 0.0123 | 0.0142 o
—1g,0] 0.0098 | 0.0082 [ 0.0120 [ 0.0134 [ 0.0380 | ('Se —* I
0.0071 1 0.0064 | 0.0120 | 0.0137
—eh 0.0086 | 0.0072 [ 0.0106 | 0.0119 1 0.0336 | (S, =" 1)
0.0146 | 0.0095 | 0.0142 | 0.0163
;%1(1+\/5) 0.0110 | 0.0092 | 0.0135 | 0.0151 {00427 | (*Sa " 1)
0.0061 | 0.0056 | 0.0116 | 0.0135
—'ﬁzhl 0.0001 | 0.0077 [ 00112 | 0.0126 [ 0.0356 | ("\Sy " I
0.0067 { 0.0060 | 0.0112 | 0.0128
—g, b1+ ) | 00077 [ 0.0002 10,0083 | -0.0112 | -0.0676 BRI (NEE G Y]
0.0153 1 0.0032 | -0.0083 | -0.0105
g 0.0004 | 0.0000 | -0.0004 | -0.0008 — S T 5T
0.0045 | 0.0040 1 0.0034 | 0.0041 o
oL+ v | 00024 [ 0.0001 [-0.0026 | -0.0035 | -0.0213 AT (VTR
0.0087 | 0.0047 | 0.0009 | 0.0010
—g " 00040 T0.0001 | 00042 | 10,0057 | -0.0346 | —205% TRl TR
0.0003 | 0.0030 | -0.0033 | -0.0045
| SR—
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Table 7

Table 8

Kuo ZBMI [ ZWAL | REWIL [ ZBMII | Valence
(Ref. [70}) neurron |
M2 0.171 | 0.146 | 0.214 0.240 | (.68
0228 | 0179 10272 | 0.316
AT 0179 [0.150 (0219 0246 o7 |
| 0114 | 0104 [ 0208 1 0.234 N
A0 0.074 ] 0002 [-0.080 | 0100 |-06x ]
0.087 | -0.022 10135 1 -0.171 \
AL 0.080 10002 [0.080 011 [-06s
0216 | 0.089 1 -0.035 | -0.050 B
SHERS T 077 [014% 0217|0243 [ 069
0172 o141 Lo2sr 0275
SR “Toure 9 |- 0107 oo
- .21 0077 L0002 | 008t | -0107 |-0.60 |
i 0151 | 0.033 | -0.085 | -0.110 J
X7 0.02 0127 10075 [ 0066 [ 0068 [0 ‘
0161 | 0.087 | 0076 | 0.082
N 0.22 0060 | 0073 | 0050 | 0176 |6y
| -0.010 | -0.054 | -0.161 | 0192 | -
Sum rile | PNC oo the w.t.
S5 factor
=1 0= fo | 1 +0-33 I U I I B IS I TV
- CRAL L 1o
V= | hl=fo( 1+ 46-35 +O1 4+ 43y =25 10
D7 =040
=710l =fr I +6.0-43 05470 =300
fo=1038-10" We Ga Kh
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Table 9
Nucleus Il 34y
I E(MelT) - DR LOH9M Y 2P0, 4951 MV
7T Ef(MeV) 241 g, 200, LOTAI
7T, E(MeV) — L LOnIM e 20 40TIM L -
I}rT/.Ef(A\It'\') 201, g 210,197 MV
life time (7.) (60 4 15) =« < 50 fx
life time (7_) (2.6 £ 0.3) ps (14 £ ) ps
branching ratio (b, ) 94.4 % 15 % B
branching ratio (b.) 60 % (1009 %

mixing ratio (0, e

{(-5.2 £ 0.06) or
{- 0.19 4 0.06) [115]

nixing ratio (&4 Jineo

-0.24

0.41

mixing ratio ().,

(- 0.10 £ 0.10) [145]

mixing ratio (& o

0.009

B(ED),., Tix10 7 07 % 10 Tiife = 0)
B(E1)then 0.00% 0.0 '
B(M2).,, <25 —
B(M2) 40 2.5 .24
B(M ),w 0.08 (4, =0.2:0.003 (5, =-5.2) | 0.6 (it », = )
B(M1)heo 014 0.0008 B
B(E2).., 127 (&, =-02): 208 (8, =-5.2) N
B(E2) o 30 0.27
MEDE (eV) 0019 0122
MPPIT (V) bl = bl ppy | -0.057 0122
MEM. (eV) -0.023 0.067
f 8.3 324
F ) | 2000 24900
Table 10:
NI T R
[BMI I % T)Sd 0.170 0.723 ] 0279 0441 0.723 ‘ 0,202 0.118 (1.320 j
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Fig.1(a,b,c,d): Longitudinal and the irvegular transverse analyzing powers of the
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s 15 — p - () . NI
reaction PN(F.0,) ' 2C versus proton energy. for @ = 907 and 1507 around the proton end

EII’JAB ~ 0.9 MeV (Mpne = 0.1 eV),
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Fig.2 (a,b,c,d): Longitudinal analyzing power of the reaction °N(f.a,)'?C versus

proton energy. for # = 90 and 170° around the proton cnergy E,’,‘ 18 ~ 1.35 MeV (Mpne =
0.4 eV}
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