


1. INTRODUCTION

In this paper we continue the development of the quark-
nucleus approach to parity violation (P.V.) effects in few-
nucleon systems’ L2/  The reaction of the radiative capture
of thermal neutrons by protons np-dy, , in which there has
been measured the circular polarlzation of photons ( P
= (~1.30+0.45)-107% /% ), will serve as a concrete example.

Note, within generally accepted approach to the P.V. in
NN -system, one considers an exchange by a corresponding
meson and at one of the wvertices one takes into account the
weak interaction’%#5/ . The weak long-range NN-correlations
in this approach are defined by a » -meson exchange, and such
an introduction of the P.V. is apparently consistent with the
usual description of the strong NN -interaction by ths auc-
lear potentials, as the behaviour of the latter is well known
up to the internucleon distances R ~ 1 fm. The only problem
is to calculate the effective weak constant f‘;‘y’NN"ﬁ .

In the case, when the selection rules permit an exchange
by a vector meson {(the NN-irieraction at small distances

“HL ~ 0.25 fm), it turn out that the calculated P.V.

parameters are much lesser than the experimentally observed
ones* . So, one finds, e.g., PJ* = (10+100) P} (see
Table 1 here and §t in 7', further I} and the asymmetry in
the Pp - pp  scattering A;;p (45 Mev) = (-3.2+1.1)-107 "=
= 10 AR 745’ . Thus, for the p ,w -exchanges, the com-
patibility of the usual approach 45/ and of the potential
description of the NN -interaction, which is extrapolated
into the region R < 0.5 fm, is doubtful (see, e.g., ref.° ).
Here we develop an approach, which is more adequate to the
problem of describing the weak NN-interaction in nuclei 127,
We shall consider nucleons as the 3q -clusters, and np -sys-
tem at small R as the 6q ~object. The radlal dependence of

* However, a calculation of P, in np-» dy shows that the
esgential contribution is given by the 2r -exchanges . The
method of this calculation needs further investigation.
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Theoretical values of Py 10%8 iq np - dy
(-130+45)-1078 ) [1]
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6q wave functions will be restored by two phenomenological
nuclear potentials (see Ref."ol, hereafter II). Let us take
the weak interaction of quarks to be contact and consider
6q -states in the configurations s® and s‘pg. Their con-~
tributions to the wave functions of np-system (deuteron),
characterizing a probability of the fluctuon state, are cal-
culated in II by the quark transitional-invariant shell
model (TISM) ®%/with the oscillator potential’/!%’,To calculate
P, , we use two types of the radial wave function, the
behaviour of which differs considerablg at small R ("soft
core™12/ and "node” at R ~ 0.5 fm’1%, see Figs.l and 2
in I1). Thus we are convinced that our results are rather
stable with respect to the magnitude of the effect and to
its sign. This is due to the fact, that in the quark-cluster
consideration rucleons are really-spread (on the coordinates
of their gquarks) and the structure of 6q wave functions is
strictly fixed by the Pauli principle (see §1 in I and §3 in
the paper).

The paper is organized as follows. Paragraph 2 presents
a general scheme for calculating the P.V. amplitude of T‘El—
transition and of P, . The obtained results are discussed in
§3. The reasons for ‘increasing of P_ in the quark-nuclear
approach are also explained in this paragraph. In the con-
clusive §4 the restrictions to the probability of the admix-
ture of the fluctuon state in deuteron are discussed.

§2. CALCULATIONS OF TEI AND Py

Following papers"j/ we calculate the amplitude TEl
using the SEWM diacram for the direct exchanges by Wi, Z-
bozons between quarks of the 6q-states (Fig.):

M\ &)

6q) >. (1)
pv 1% 59

\)
Tgy =<V, @q) | w, {¥
Here w%% is the operator taking into account the electric
transition lSo —BSl prOQOftional to eGp; A is a helicity
of an emitted photon; 1ﬁ+ and Wd are the quark wave
functions written in the %iuster approximation (see II):
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where A is the antisymmetrizer in the permutations of
quarks from various nucleons, N, is the normalization
factor generated by A.
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Figure. The quark diagrams of the reaction n+p-+d+y
with the parity violation.

In the spin-isospin space of n- and p-quarks, the P.V.
part of the operator of the effective contact interaction of
currents of the i~ th and j-th quarks has the form:

G
Hf;vs-——coszﬂ l[r r, r r + ———l————rz‘rf] x
T i 2008%6 ¢

o

2sin®6 (3)
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H ,jv includes the contributions both of the charge and
neutral currents of SEWM,

Introducing the Jacobl coordinates, which are used for the
description of 6g -states in II, and summing the con-

tributions of the diagrams (Fig.), we may represent the
amplitude as follows

\) ih + 9 2 4 2 s ~{A) 2
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Here Su =83 (f,-f}) 1s the operator of the contact inter-
action of all the quarks in pairs (all in 2ll there are
6{6~-1) = 30 terms in ?: + 18 of them when quarks i and j
belong to various nucleons (3q -clusters) and 12 when quarks
()\) 1 (w (A) (A)) , s

i and j are in one nucleon); v, %
0 ﬂ. (l\.) =(0, - 1 y1+_‘)'20)'

w‘(j)‘)ﬂle y')(y 3 )HPVI . where Y

A=%1, , the curly brackets i, denote the anticgmmutaé{)r.
The nonrelativistic reduction of the matrix elements in

expr. (4) allows one to rewrite the operator w i in the
following form:

~(A e - -
j)-G ve (30526(;0I rj+ -1 7] )(”;\-"? )+
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where

ol -;—(o'tlo’), 't =-;—(1’t ir ¥).

Now we use the expansion of the 6q -state of deuteron over
the basis functions of the quark TISM (see II):

<n|¥, (6g)>, (6)
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where n 1s the number of excitation quanta.

As is explained in II, we may leave in % the low-lying
states n = 0,2 only with configurations 88 [6]* [28]1C5
and s4p9[42]‘[42lcs In view of the symmetry of the
operator in 1{j , the antisymmetrizer of the shell function ‘l’n
will also act as atn antisymmetrizing projector in the initial
state. Thus, in ¥ ) it is sufficient to take into
account the change of the normalization arising due to the

antisymmetrization, i.e.:

{+),
<, lF L Al¢(+) S B h__lo_ .
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‘ Note, that the operator W(A) can be represented in the form
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Here the numbers "18" and "12" are the combinatorial factors,
with which the contributions of the diagrams, of Fig. (a,b)

(the pairs ij belong to varicus nucleons (3q -clusters)) and
of the diagrams of Fig. {c,d) enter (the pairs ij belong to

Wi 128@, LT 1. (8)

one nucleon); mq =%—M“ , where m q is the quark mass of the

nonrelativistic oscillator model, 68 ¢ 1s the Cabibbo angle;
(cosgﬂc= 1) , 8y 1is % Weinberg angle (singﬁw = (0.2+0,3).
The matrix elements 'i'vu have opposite signs for the
radiation of photons of different helicity A = +1; this
gives through the interference with the regular amplitude

T of the magnetic transition the circular polarization,
e.g., at cos®9; = 1:

(6]

<8 =1 m;=%1|<T; =1 T, =0|w” 'BU =0>|T; =0> =
R e 1
=¥t (sin ow 'T)'
- = < =0 |w (P =
<8, =1 m, +1] Ty 0|wi(j s, =0>x (9
120 ey L
xlTu =1 Tzu =0> =+ 9 + 9 (Sl.ﬂ ow 1 ).

Leaving in ,tS]e expansion (6) the low-lying states only, we
rewrite T‘é‘l in the form

W eh OF = (A) ¢®
oA . eh T [18C ¢ T +
El 2ch ‘/-2—' B L 1(386)
- A)gko? (10)
={A)sdp =(A)atp
+C o208 TR0+ 12T 00 )1,

where C_. are the corresponding amplitudes of the fluction
states in deuteron (see II), and the amplitudes TE: are
defined as follows:

FOE ¥t gy mgN 3 Loy v >
g N° N

E1(38) 36 2 'N, lso (11)



To understand how our method works, it is useful to
analyze these matrix elements by reducing the 6q -states into
3q -subsystems. Then separating the pairs of quarks (ij) by
means of the two particle fractional parentage coefficients
(see Tables in I) and using the results (9), we obtain for
the contact interaction of two quarks from the same 3q -clus-
ter:

..()
Wylwp 51 ¥y > =0,

S =% () 3 =1
« z —
\‘I‘_ﬁ (e 84p I‘l’ > =
Sa=% % 8/2
=-<‘l'... w55 11 22 8 e ~Lyde (12)
e 1w, 80l¥, 18[ 5 (8in Gw 3 )](2”) ,

Thus, we see that the diagonal Ei -transitions are impossible.
The nonzero matrix elements correspond to the transiticns to
the twice p -excited nucleon~like states of the Ropper-reso-
nance type belonging to the 70-plet of the old SU g ~Symmetry.
Such states V¥ e appear in the fractional parentage expan—
sion of the configuration sip? only, but they are absent in
the configuration s% . Therefore, in paper /Y the matrix
element (12) was not taken into account. As we have found,
the contribution of (12) gives almost one half of P

Finally, we have the following axpressions:
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'Here the numerical factors after 1/N, are the result of the

averaging of the matrix elements (9) over the fractional
are the oscillator
functions of the quark TISM for the Os - and 2s-states on

the relative coordinate

parentage expansion;

®op (R)

R {their forms are given in II).
Using the usual approximate expression for P

and ® go(R)

(see, e.qg.,

/146

and the standa*d nonrelativistic amplitude of the magnetic
followiny formula

transition

The fluctuon amplitudes and P

So -

381, we can write

Table 2

in two rodels of

NN -interaction at small K : "core" and "node".
core(RSC) node(Fsi)
S (§m?) 6 7,56 9 6 7,56 9
=80 fsm) | 0,408 0,364 0,333 0,408 | 0,364 | 0,333
C (59 0,084 0,063 0,052 [0.052 | =0 0,008
C (s'p?) .098 0,075 0,060 0,122 | 0,141 | 0,116
Tt (wR)| 1,076 1,696 1,788 21,965 |-3,613 |-5,288
T 5 A (W ¥)] 0,220 |-0,313 ,331 0,078 | 0,273 [ 0,483
T\? m; (%) 1,660 [1,812 1,928 [0,292 [=0 ~0.833
TS W) [3,58°107° | 2,93 1079 2,53 10 0,65 107°
m—‘“‘ (m%)| 15,26 15,26 15,26 15,26
Py— -4,70 16 1| -3,84 1073,32 10‘"|’ -0,85 107¢
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where m =4-My, , E,=222MeV, u, =279, , p,=-191.
The orbital integrals in (13) have been evaluated for two
models of NN-interaction: "core" /12/ and "node" /13/ (the
expressions of the corresponding wave functions are given in
Figs.l and 2 in II). The final results are collected in

JYable 2. The stability of the results is checked with
respect to variations of values sﬂ120w and . . The latter
parameter is the single free dynamical one of our approach;
it defines tihie space spreading of the basis functions of the
quark TISM (the radius of ;52 quark oscillator).

We pick out the value =R = 0.36 fm since it has
been fitted by the electromagnetic nucleon form-fac-
tors in a large interval 0 5q2g25 Gev¥/c? /“ﬂ the proper

electromagnetic form-factor of quark Fq(qg) being added,
which takes into account effectively the contribution of p -
meson to the nucleon form factor:

F‘q(qz) = ——1——-——, m_=0.78 GeV. . (15}

1+ qz/m% g

In particular, a half of the nucleon radius is contributed
by the p -meson cloud. We consider the valent quarks of the
nucleon rest with R = 0.36 fm only. Just this 6q -state of
TISM is used by us as the most physical one.

We have seen also that the dependence of our
results on the Weinberg angle. is very weak. The variation of
sin® By from 0.2 to 0.3 changes P from 3.88-1077 to
3.80-10~7 in the "core" model and grom 0.86-10"7 to 0.84-1077
in the "node" model. Such slight changes are caused by the
cancellations of various contributions, each changing con-
suderably.

T We may point out two reasons of some more increasing in

P, within the framework of our approach. First, we may take

4



into account li‘q (4®) that will cbviously be equivalent to the
introduction of a direct interaction of p -meson with quarks
(/4/ , v.D. and V.Z.). This has to enlarge the values of P
due to the larger overlapping of the wave functions. Second,
if there existed a dibaryon with Mp=2My , the expression
for P, would have contained the increasing resonance factor.
Then, the dynamical calculations of the 6q -component would
be necessary within the methcd of resonating group (see dis-
cussion in 1II). This would have established the
relation of the parameters & and R with the spectrum of
baryons and dibaryons. In particular, it allows one to find
relative weights of 8% and s%? configurations. The cal-
culations of such a type have been undertaken already’19:.28/ |

§3. DISCUSSIONS OF THE RESULTS

First af all let us note ‘the differences of our method of
calculation of the P.V. effect from the generally accepted
approach/ 4/: 1) we have taken into account the contribution
of the direct W~ , Z ~exchange between the nucleons, which is
not reduced to any weak correction 19 the vertex of the
meson~exchange 74/, 11) the direct W~ , Z -exchange is
evaluated within the quark model taking into account the
identity of quarks from different nucleons of the system. The
latter clarifies the difference of our Eesults from the cal-
culation of ‘1%, in which the direct W-, Z -exchange is con-
sijered in the framework of NN-approach with the phenomeno-~
logical nucleon form factors. In our approach the region of
small NN-distances is "filled" by the really spread in the
space (on the Jacobil coordinates of quarks) 6q Fermi system,
the structure of which is essentially determined by the
generalized Pauli principle. Therefore, the dependence of our
results on the input data as the form of the NN-wave func-
tion Pyx(R) is weakened. Actually, the wave function IPNN (6Q
in the region R < R , depends not only on the form of @N R).,
but on the functions ¥y (3q); due to the antisymmetrization
of quarks from different nucleons, there arises
additional dependence on the relative coordinate R . Hence,
our results for Py in the “core" and "node" models are
similar (-4-1077 and -1:10~7 under the optimal choice of the
parameter Q= 7.56 £ %), in spite of the strong difference
in the behaviour of Pyy(R) at R<R, (in the "node" model
nucleons penetrate freely into each other and a fixed
position of the node at the point Rn < 0.4 fm, is used in
the NN-scattering problem as a boundary condition /13/), con-
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verse as has been mentioned in I, in the approach’/18/ the
amplitude Ty, is determined by the values of NN-wave func-
tions ®yy(R) and their first derivatives at the point R = O,
where they are not defined from a physical point of view and
depend badly on the choice of the model.

The calculations with p , w-exchanges 4
rough but analogical arbitrariness.

Now we consider the machinery of our calculations. In the
quark-~nuclear approach the magnitude of P, is a sum of
various terms with the different signs, arrd therefore the
differences in the spin-isospin structure of different 6q
configurations may influence the final value of P,. In
particular, the configuration stp? participates in the weak
interaction in a different manner in the "core" and "node"
models. Let us consider, for example, the contribution of

wt, Z-exchanges in side one of the 3q-clusters (the
Figure (c,d)). As we are convinced (see (12)), in this case
the matrix element is not diagonal with respect to nucleon
wave functions and is different from zero for the transit in
the orbital excited 3q-cluster with the configuration sp2[21]%
only. Such a 3g-cluster may be separated of the wave func- ’
tion with the configuration s%?2 in the form of a term
NOO(R)‘Pspg(3q) ¥ s3(3 , , where I' is a fractional
parentage' coefficient of the expansion q8-+q3xq3 (see
Table 1 in I). Just the function ®go(R) determines the
magnitude of the m? rix elements (12), since the overlapping

/ contain a less

1w

integral [®go(R) QN"&(R)dsk enters as a factor into its
expression. Hence, it fol](o)ws immediately, that in the model
- with the node function &DN}(R), , which is orthogonal to the

nodeless oscillator 0s-state by the definition 713/, the
given contribution is equal to zero. However, it is this con-
tribution that is essential in the "core" model and it
defines almost one half of P, . For the same reason the
overlapping coefficient with the configuration s® in the
"node" model vanishes (c g% = 0). Really, in the frac-
tional parentage expansion sq"-.qaxq3 of the s® con-
figuration all terms are proportional to the function QOO(R),
the overlapping of which with Q:""YR) is equal to zero.
The requirement of the orthogonality to the oscillator
0s -state in the "node" model has been formulated in paper /13/
under the assumption, that the contribution of the con-
figuration #'p® dominates at small distances in the NN -sys-
tem, whereas the contribution of the configuration g is
neglected. Now we see, the P.V. effect is sensitive to keen
details of the wave furction, whereas the data on the NN-

1



scattering may be described equally well in the "core" and
"node" models. Unfortunately, the data on Py in the "node"
model are unstable with respect to variations of the oscil-
lator parameter  (in the last row of Table 2, we see P, >0
for © =6 fm™ ). on the contrary, the "core" model results
are rather stable with respect to wvariations  (with
changing from 9 fm % to 6 fm™® the value of Py changes from
-3,3:10"7 to -4.7-1077 onlyl).

§4. ABOUT WEIGHT OF FLUCTUON IN DEUTERON

It is interesting to compare our values of the admixture
of the 6gq-component in the deuteron with other
estimations /16-20/ | Let us write conventionally

|d>=a|NN>+B]6>, (16)

where according to our work II, the weight of the 6q-com-
ponent ﬁe is assumed to be defined by the expression

B16g>=C g ¥ ¢ (60) + C ap2 tvs,,pg 69) + s

2 2 (17)
a=1, B2=!Csel + 10 azl” + s

Table 2 shows that B2 < 1% and B%Z 2%. These rather
moderate values of 2 for the deuteron give P), = -(1+4)
1077, i.e., the results tend to the experimental one P""p =
= (-13+44.5):1077 ¥ and have the right sign.

It should be emphasized, after ’5/, that although P;'p is
anomalously high, it does not contradict P.V. data on other
processes. Nevertheless the experimental errors in’%/ are
great, and it would be desirable to make them more precise
P;xp . It is also desirable to have the significant value of
the angular asymmetry e in npody and in the scatter:.ng
pp pp (it is known that: a, = (0.6+2.1)- .10-7/20/

(15 MeV) = (-1.740.8)-10~7 /8 (45 MeV) = (=3.2+1.1)-
-10‘7/8’) . Perhaps, we shall succeed in observing the con-
tributions of 9q -fluctuons by precise measurements of P.V.
parameters in p(M)d -»p(m)d, . nd-Ty and so on (it is
knowh that: apy = (0.3540.85)" 10-7/21’ ay = (5.0+2.5)-
<1078/2%/) | such a complex of experiments will help to decide
the problem of weak NN-interactions and will provide serious
restrictions to the probabllities of 6g- and 9q-fluctuons

12



in nuclei; this is very important also for understanding the
fluctuon mechanism of the scattering with high transverse
transfers Pp-

The estimates of the weight of the 6gq -component in
deuteron from processes with strong interaction give much
higher probabilities B2 . so, a number of extrapolations of
formulas for the electromagnetic form factors, obtained by
the quark counting rules, to the region of small q~ , predict
the 6q -admixture in the deuteron up to ..6%/184 the esti-
mations on the tunneling of deuteron from the state |nmp>
6q -state in the MIT-bag give the values of B2 from 5% to
13%/%% | close values arise in explaining the cumulative ef-
fect’?" within the fluctuon approach’zs/ (note, other ap-
proaches are possible here, e.g., a large contribution can be
given by the space-time "gathering” mechanism 728/} .

In conclusion let us emphasize once more that the P.V.
effects on few nucleon reactions are very sensitive to very
important details of NN - and qg ~interactions, e.g., to the
configuration content of fluctuons ‘2?/, Therefore, the weak
interactions are the natural analyzers of strong interaction
at the oversmall distances in nuclei /%

to
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