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The parity and isospin forbidden po-decay from N*(J™=2+;T=I;
E, = 9.17225 MeV) to '3C (g.s.) has been theoretically investigated via
BC(p, p)'3C resonance scattering of polarized protons. Considering var-
ious strong and weak interaction models, the longitudinal (Ar) and the
irregular transverse (A4;) analyzing powers have been calculated in the en-
ergy range around the 2%, E, = 9.17225 MeV-resonance in *N*. Energy
anomalies for the expected interference effects, relevant for the experiments,
have been found to be A =(0.19+1.82)x 1075 and A4, =(0.6+5.6) x 1075.
In addition, the circular polarizations of the 2.36018 and 9.3893 MeV ~-rays,
populating the 270, E, = 7.02912 MeV and the ground state in mbox 4N-
nucleus, have been found to be (0.22+2.07) x 10~2 and (0.20+1.89) x 1073,
respectively.

PACS numbers: 21.60.Cs, 24.80.—x, 27.30.+t, 12.15.Ji
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1. Introduction

According to the standard theory, the neutral current contribution to
AS =1 and AC =1 weak processes is strongly suppressed [1,2] and there-
fore, 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 only [3]. These studies can be related to the Parity NonConserva-
tion (PNC) in different nuclear physics processes such as asymmetries in the
radioactive transitions and nuclear collisions.

The search for PNC in complex nuclei, and especially in the cases where
an enhancement effect is expected from the existence of Parity Mixed Dou-
blets (PMD) has a long history [3-13]. The enhancement of any PNC effect
is predicted by several reasons, the most important being the small level
spacing between states of the same spin and opposite parity in the excited
nucleus involved. The second one arises from the expected increase of the ra-
tio between parity-forbidden and parity allowed transition matrix elements
caused by the nuclear structure of the states involved. Usually, such en-
hancements 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, theoret-
ically. Therefore, it is necessary to select exceptional cases, in which the
nuclear structure problem can be solved. This is the case for closely spaced
doublets of the same spin and opposite parity levels situated far away from
other similar levels. In this case the parity impurities are well approximated
by simple two state mixing, which simplifies the analysis and isolates specific
components of the PNC-NN interaction.

For the PMD’s we defined [5]| a specific enhancement factor:

Mpnc

F=108
OXAE

f

where f is a ratio of the decay (formation) amplitude corresponding to the
unnatural parity level to that of the natural parity level.

The controversy [3,14-17] in calculating weak meson—nucleon coupling
constants in nuclei greatly stimulates the investigation of possible experi-
ments sensitive to different components of the PNC interaction Hamilto-
nian (Hpnc), that depend linearly on seven such weak coupling constants:
RAT (kL hg, h;, h%, h;,, RO, hl). Various linear combinations of these
constants can, in principle, be extracted in different experiments, and among
these are those for the parity mixed doublets (PMD) [3,5,13]. Since the PMD
has definite isospins, the transition “filters out” specific isospin components
of PNC weak interaction.
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In the excitation spectrum [18] of the N nucleus there are two PMD’s
lying at F, ~ 8.7MeV and E, ~ 9.3 MeV excitation energy:

PMD1 )
J"T=071,8776 MeV; I'°!=410keV,
J™T =07%1, 8.618 MeV; I't!=38keV,
o1
Mpxc = 1.04€V[12], f = ToFT = 10.4, F ~ 3200,
PMD?2

J™T = 270,9.388 MeV; ' % =13keV,
JTT = 271,9.17225MeV; I'?'!' =0.122keV ,

20
Mpxc ~ 0.5eV[21], f= ’/W =10.3, F ~2400.

The difference between the two PMD’s is that the PMDL1 is essentially
of isoscalar type, while the PMD2 is of isovector type being at the same
time an interesting case in searching for neutral currents in the structure of
the weak hadron-hadron interaction [7].

In a recent work of Kniest, Horoi, Dumitrescu and Clausnitzer [7]|, an
application of a general parity nonconserving theory of resonance nuclear
reactions (developed in Ref. [8]) to the polarized proton induced PNC reso-
nance reaction has been done.

In the present paper we continue this type of investigations by studying
the second above mentioned PMD with the help of the resonance elastic
scattering of polarized protons on the unpolarized *C nucleus in which are
populated the two mentioned PMD’s. Considering various strong and weak
interactions model, the longitudinal (Ay) and the irregular transverse (Ap)
analyzing powers have been calculated in the energy range around the 2+,
E, = 9.17225 MeV-resonance in '*N*. In addition, the circular polarizations
of the 2.3589 and 9.388 MeV ~v-rays, populating the 270, E, = 7.02912 MeV
and the ground state in '*N-nucleus has been estimated. In this conditions,
a thorough investigation of all PNC matrix elements and of their signs has
been performed.

The paper is organized as follows. The general formulae of the analyzing
powers and gamma asymmetries are presented in Sections 2 and 3. Discus-
sions concerning the weak interaction models and the corresponding PNC
matrix elements are given in Section 4. Section 5 is devoted to the analysis
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of the particular behavior of the cross section and analyzing powers, both
the regular (PC = Parity Conserving) and irregular (PNC) ones, as well as
the circular polarization of the 2.3589 and 9.388 MeV gamma rays. Section 6
will contain the conclusions.

2. Parity nonconserving analyzing powers

Consider a proton beam with the polarization vector P= <2§p> which

travels along the z-axis to the unpolarized target nucleus of spin I = % In
this case the resonance reaction cross section is [7,8,22,23|:

do S

d_Q:Uun<1+A'P>a (1)
where .

Uun:rI‘r(fer):O-(()) (2)

is the cross section for the resonance reaction induced by an unpolarized
proton beam expressed in terms of scattering amplitudes (f). The vector
analyzing powers are given by

A=o T (f25, %) =2 oWMek (o0 B , (3)
(125,°) S et ()
with
Ar, = 2Re [061) (080))_1] ; (4)
—2v2Re [agl) (080))_1] ; (5)
A, = —2v2Im |:O'§1) <060)>1] . (6)

Ay is the PNC longitudinal, A, is the PNC transverse and A, is the PC
transverse analyzing powers. In the relation (3),

&
[

el = —27'%(g, —ie,) ,
el = &,
el = 2712 (g, +iey) (7)

are the cyclic contravariant unit vectors [8] and
-1
) < ) 3
X

_'_
€n = Ry

Fi

D

o
I

T
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are the unit vectors of the reference frame given by the Madison convention.
The common quantity in Eqgs. (2)-(6) is defined as follows:

o) =T (f0l"11). (9)
Introducing the decomposition
_ (v)
PPy (o), - (10)

where ¢ stands for the Coulomb part of the f-scattering amplitude and
n stands for the nuclear part of the f-amplitude, we find (for a reaction
B — 1) the following explicit formulae:

(o17)., = dwdradas, k> |C @) . (1)
(o) = i(=1k 2055 Y (A (Tlstis)) CO) (Thuapurss,)”
Jlslys1
— 2 (JLslys1)C(0)* Tlypt,6, )Yk (m, @ = 0) (12)

(v) _ .-2 (v,k) k
<Ukv )nn = k; "0pp, Z FJ?sllsl,J'z'SIQSQ (L) Pr; (cos Oy)
Jlslys1J Uy soL

J'lr J'rr *
X This gty s (T0rs patass) (13)

S — 1))

with n = Z; Zome?/hk and PF (cos) are the associated Legendre polyno-
mials. In the relations (12) and (13),

i 1+
i = VA (B I07] §) 5 (1)t g5, 5 P,
J

I; 14)
A B (
X W (jigil1l; U])( —k Kk 6 ) _ : }

Ji

where
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and

() e -1 /1 N

FJlsllsl,J’l’leS2 (L) - (4‘% Ii) <§ HO( ) 5

% (_1)(Ii—ji+v—k+J—s—l2+S2+251) 11123‘132727 2722
(L — k)! " 11 1
A A 1JU; sL
L T L)W 5o g s v

. , hole

ll’L) i (L v j\(lL I J

><< Z(—1)37< — 51os2 v
00 0 ; k E 0 0 0 O J J L

(15)

are the corresponding geometrical coefficients [8], with

1, =0
W -7 2
O { 3, (16)

v=1

1 1
(3hig) =1
1HS<1>H1 _ V3
2 2 2
The quantities 5 denote the rest of quantum numbers that specify the chan-
nel states (e.g. names, spin and parities of the fragments). The nuclear PC
and PNC amplitudes are linear combinations of PC and PNC T-matrices,

respectively.
In our case the general form of the PC resonance T-matrix elements is

J7
gT i exp 'prls \/ pls \/ Fplhsl exp prlllsl (17)

pls,prlist — _EI + ZFJ'rr s

and

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

rn iexp (i&pis) \/Tppy " (T [Henc| ™) /T, XD (i€pi11s:)

T = :
pls,plllsl (E _ EJ ™ + %I'IJ—TF) (E _ EJTr %FJW) )
(18)
where &/, E7" and I'’" stand for the channel phases, resonance energies
and total resonance widths, respectively. The quantities , /Fp‘]l;r are the am-
plitudes of the channel widths, which also contain the signs.
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3. Circular polarization

The degree of circular polarization of the emitted vy-rays is given [24] by
a sum of parity nonconserving (PNC) and parity conserving (PC) contribu-
tions:

Wright (0) - I/Vleft (0)
Wright (0) + I/Vleft (0)

P, (cosf) = = (Py), RENC (cos @) + Rsc (cosf) .

(19)
The circular polarizations for unpolarized initial nucleus with zero and finite
mixing ratios, respectively, are:

3
MPNC b_|_ T— E»y
P), =2 — 20
(P2 AE \b_7y \Ef (20)
and
[1+462
(Py)un = (Py)g 1502 (21)
RPNCis a multiplier due to the existence of the orientation of the nucleus in

the initial excited state when the mixing ratios do not vanish. For example,
in the case of 2.3589 MeV 7-decay from the 270, F, = 9.3893 MeV to the
210, E, = 7.02912 MeV state in "*N-nucleus, the expression for R,}Y)NC is:

1462
RPN (cos ) = /m{ ZPU (cos 0) By (2) [Fy, (1122) + F, (2222) 040+

v=0,2,4

+F, (1222) (0= +84)] }{ 7 P (cos6) B, (2) [F, (1122)
v=0,2,4

—1
+F, (2222) 62 + 2F, (1222) 5_] } : (22)

where the F), coefficients are defined by

1
2

F, (LL'TT) = (-1)"300 (@20 +1) (2L + 1) (2L +1)]
x C (LL'v; 1 —10) W (LL'IT; vI') . (23)

C' is the Clebsch—Gordan coefficient C' (JyJaJ3; My MsM3) and W is the
Racah coefficient. The parity conserving (PC) y-asymmetry is given by [24]:
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PC _
R.™ (cos ) =

{ 3" P, (cost) B, (2) [F, (1122) + F, (2222) 6> + 2F, (1222) 6_] }
v=1,3

x{ S P, (cos) By (2) [F, (1122) 4 F, (2222)63+2Fv(1222)5_]} ,
v=0,2,4

(24)

where

B, (2)

> @+ 1) C (202 MOM)p (M) . (25)
M

p (M) is the polarization fraction of the M-state, which determines the de-
gree of the orientation of the nucleus.

In order to measure a PNC effect one must find situations for which the
REC part in Eq. (19) vanishes. Two particular cases have this property:

(i) the case of an initially unpolarized nucleus for which By (2) = 1,
By (2) = 0 and Fy (LL'22) = dpzs. In this particularly simple case
P, reduces to the well known expression of the circular polarization,
(P’Y)un'

(i) one may prepare a polarized state by choosing p (M) = dpz0 for which
By=13(2) =0 and RSC part vanishes.

Another observable which measures a PNC effect is the forward—back-
ward asymmetry of the emitted gamma rays by polarized nuclei
W (6)— W (r—86)
W@O)+W(r—-0)

4, (4) = (26)

This observable has been successfully used in the F case [25,26] in
order to avoid the small efficiency of the Compton polarimeters when one
measures the degree of circular polarization. If the mixing ratios are small
(04, 6— < 1) one can show that [20]

A, () ~ (P,), - R"©

o (cos®) . (27)

The angular distribution described by this formula has a maximum for
6 = 0° [20]. It has the advantage that the parity conserving (PC) circular
polarization, REC (0) in Eq. (27) can be measured experimentally. For all
these cases the (P,)o quantity essentially describes the PNC effect. In all
the above formulae, 8 represents the angle between the emitted photon and
the axis of polarization (if any).
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4. Shell model predictions for parity mixing matrix element

In order to determine the range and the amplitude of the Ay and Ay
around the excitation energy of the 271 excited state in 1"N(E, =1747.6 keV),
we have made a shell model estimate of the PNC matrix element

Mpne = Z Fi sMy s = (270,9.388 MeV |Hpne|211,9.17225MeV ) .
k,s=7,p,w
(28)
In this purpose, we used the OXBASH code in the Michigan State Univer-
sity version [27] which includes different model spaces and different residual
effective two-nucleon interaction [28-45].

A sample of the values for the weak coupling constants are given in
Table I, while the values for the Fj, -coefficients are given in Table II. The
abbreviations DDH, KM, AH and DZ stand for the models developed in
Refs. [3,14,16] and [15], respectively.

TABLE 1

Weak meson-nucleon coupling constants (in units of 10™7) calculated within dif-
ferent weak interaction models. The abbreviations are: KM = Kaiser and Meiss-
ner [16], DDH = Desplanques, Donoghue and Holstein [14], AH = Adelberger and
Haxton [3] and DZ = Dubovik and Zenkin [15].

RAT | KM  DDH AH(fit) DZ
AL | 4019 +454  42.09 +1.30
KO | =370 —1140 577 —8.30
hi | -010  —0.19 022 +0.39
h2 | =330 —950 —7.06 —6.70
hf, —220  0.00 0.00  0.00
RO | =620 —1.90 —4.97 —3.90
AL | -1.00 -1.10 —239 —2.20

The abbreviation PSD should be understood as the model space in
which 131 is filled and the active (valence) particles were restricted to

1p3, 1p1 231 1d3 and 1d,5 orbits. In the calculations presented in this

paper however the nueleons have been considered to be partially (six nu-
cleons) frozen in the 1ps orbit, while in the 1d,3 and 1d5 we consider up to
maximum four nucleons. Within PSDMK, the PSD model space is used, as
well as the following interactions:
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TABLE II

The expressions of the F}, ;-coefficients multiplying the matrix elements M}, ; given
in Table IIT are reminded in the first column. Numerical values (in units of 107%)
are given for the “best values” of the PNC meson-nucleon couplings in the DDH
approach [14], as well as for the values obtained by Kaiser and Meissner [16] and
Adelberger & Haxton [3]. The strong coupling constants values (g, = 13.45, g, =
2.79, g, = 8.37) are taken from Ref. [3].

F.s KM  DDH AH(fit)
For = 50597hx 0.090 216  0.995
Fi,=—3g,h) 0.014  0.027  0.805
Fyp=—59,hp(1+ 1) 0.066  0.127  0.144
F3, = 59,h), —-0.014 —0.027 —0.031
Fi =—%guh} 0.437  0.480  1.000
By = —igwh}u(l + ps) 0.384 0423  0.880
F5, = —§gwh; 0.437  0.480 1.000
Fyp = —gph%(1+ ) 4.850  14.94  7.566
Fs, = —g,h) 1.032  3.180  1.610
Fow = —guhd (1 + ps) 4568  1.408  3.661
Fr o =—guhy, 5.190 1.6 4.160
Fo, = —39,h} 0.307 0.00 0.00
Fyp=—579,h5(1+ps) | 0886  2.542 1.888
Fop = —57590M, 0.189  0.541  0.402

— for P-space, the Cohen—Kurath interaction [34];

— for SD-space, the Preedom—Wildenthal interaction [35];

— for the coupling matrix elements between P- and SD-spaces, the
Millener—Kurath interaction [36].

The PSDMWK uses the same PSD model space, the only difference
in comparison with the PSDMK being that, in the SD-space, the Wilden-
thal [32, 38| interaction is used. For the SU3-interaction (see Ref. [27]),
the center of mass components have been removed using the Gloeckner—
Lawson [39] procedure.

Since all the components (see e.g. [46]) of Hpxc are short range two-
body operators, to calculate correctly their matrix elements, it is necessary
to use shell model wave functions including short range correlations (SRC),
bearing in mind that the behavior of the shell model wave functions at
short relative NN distances is wrong. The correlations were included by
multiplying the harmonic oscillator wave functions (with iw = 16 MeV) by
the Jastrow factor:

1—exp(—ar®) (1-br?); a=11fm % b=068fm >, (29)
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given by Miller and Spencer [47]. This procedure is consistent with results
obtained by using more elaborate treatments of SRC such as the general-
ized Bethe-Goldstone approach [9,46]. By including SRC, the PNC pion
exchange matrix element decreases by 40% <+ 50%, while the p (w) exchange
matrix elements also decrease by a factor of 3 + 7.

To test the standard model, one needs to calculate the weak meson—
nucleon vertices. Only a few calculations based on the quark model [14,15]
exist. These calculations start from the observation that there are essen-
tially three types of diagrams, which can be categorized as factorization,
quark-model and sum-rule contributions. Renormalization group techniques
and baryon wave functions based on models are needed to evaluate them.
This introduces a variety of uncertainties, which lead DDH (in Ref. [14])
to introduce a “reasonable range” for the values of the weak meson—nucleon
coupling constants. In particular, the weak pion—nucleon coupling constant
(hyr) is very sensitive with respect to this uncertainties, for instance, the
values of h, differ by a factor of 3 in Refs. [14] and [15] whereas h ) are
more stable. By using a nonlinear chiral effective Lagrangian which includes
m, p and w mesons and treating nucleons as topological solitons, Kaiser and
Meissner [16] obtained different values for strong and weak meson-nucleon
coupling constants as compared to other results [14,15]. For comparison, we
inserted in the calculations of the PNC matrix element above mentioned,
the coupling constants of the weak meson-nucleon vertices hy, h, and h,,.
This coupling constants are listed in Table I, within different models of
weak interactions. The first column contains hgnA ™) obtained by Kaiser and
Meissner (KM) [16] using the following model parameters: the pion de-
cay constant fr = 93MeV, the “gauge” coupling constant gy = 6, the
pion mass m, = 138 MeV and three pseudo-scalar-vector coupling constants.
The second column contains the often used Desplanques—-Donoghue-Holstein
(DDH) [14] “best” values, obtained within a quark plus Weinberg-Salam

model. Adelberger and Haxton’s values [3] for i T), obtained by fitting
some experimental data, are presented in the third column. In the last col-
umn the values obtained by Dubovik and Zenkin (DZ) [15] within a more
sophisticated quark plus Weinberg-Salam (SU (2) ® U (1) ® SU (3),.)- model
are included.

The nuclear structure part (M ) (see Ref. [48]) of the PNC matrix
elements, calculated by using the models included in the OXBASH code
and short range correlations (SRC), are given in Table ITI.
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TABLE III
The first row presents the single particle contributions to the Mj 5, the second
row — the two particle contributions and the last row — the sum of the two
above mentioned (single- and two-particle) contributions giving the total value (in
MeV) of the nuclear structure part (My ) of the PNC matrix element. For the
abbreviations concerning different interactions see the text.

Interactions PSDMK PSDMWK SU3PSD
—0.2776 —0.2146 0.2069
Mox —~0.1229 —0.1185 0.0181
—0.4006 —0.3331 0.2250
—0.0111 —0.0085 0.0086
M, —0.0183 —0.0151 0.0074
—0.0294 —0.0236 0.0160
—0.0166 —0.0128 0.0123
M, —0.0205 —0.0174 0.0040
—0.0371 —0.0302 0.0169
—0.0111 —0.0085 0.0025
Ms;, —0.0148 —0.0115 0.0061
—0.0259 —0.0200 0.0150
—0.0105 —0.0080 0.0081
My, —0.0172 —0.0142 0.0069
—0.0246 —0.0222 0.0150
—0.0157 —0.0121 0.0117
Moy, —0.0195 —0.0166 0.0044
—0.0352 —0.0287 0.0161
—0.0105 —0.0080 0.0081
M3, —~0.0139 —0.0108 0.0060
—0.0243 —0.0188 0.0141
—0.0166 —0.0128 0.0123
Mo, —0.0159 —0.0132 0.0042
—0.0325 —0.0260 0.0166

The values in Table IV have been obtained by multiplying the M} ,-
quantities presented in the Table III by the F}, j-coefficients given in Table II.
The partial contribution of the m-exchange meson together the p (w)-mesons
parts are also shown in Table IV, while in Fig. 1 are plotted the m meson
contributions only. As we can see, these contributions are 20% in KM model,
in opposition to AH and KM models in which the © mesons play a more
important role.
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TABLE IV

The PNC matrix element (in €V) calculated within different weak and strong in-
teractions. The abbreviations are discussed in the text.

DDH AH KM

Interactions | Vi Vow)  VaarH Va Vow)  Viahh Vi Vo (w) vEM
PSDMK -0.865 -0.043 -0.909 | -0.401 -0.041 -0.442 | -0.036  -0.150 (-0.113)  -0.186
PSDMWK | -0.720 -0.032 -0.752 | -0.333 -0.030 -0.363 | —0.030  —0.118 (-0.090)  —0.148
SU3PSD +0.487 +0.012  +0.499 | +0.225 +0.011 40.236 | +0.020 +0.076 (+0.058) +0.096

5. Analysis of possible observables for studying the second parity
mixed doublet in 4N

In the case of the 'C (7, po)'3C resonance scattering via the 27%1,
E, = 9.17225MeV level in "N it is found that the PNC transition amplitude
of 271 level shows a large interference only with those allowed transition am-
plitudes corresponding to the 270, £, = 9.388 MeV resonance level, while
the PC transition amplitudes corresponding to the

0+1, E, =8.618MeV, 071, E, =8.776MeV, 171, E, = 8.062MeV,
9+0, B, = 8.980MeV, 270, E, = 7.9669MeV, 31, E, = 8.907 MeV,
resonance levels, are incorporated in the background.
From all nonzero PC and PNC T-matrices participating in our scattering
process, 26 of the transition matrices Tle:,p1l1 5, are parity conserving (PC)
transition amplitudes:

b= (Tl?fllpn)s.ms’ ta= (T;?(i),lpoo)&?w:
tz3 = (Tr}(;l,lpol)&om ’ ta = (T;O_l’lpm)s 062
(i1 !
ts = (T1;2+1(,)p01)8_0627 te = (1;1:211”’21)8.062 '
tr = (Tpl_:,pll)&gso’ ts = (Tplipn)g.nms
_ (p2to = (7%t
to = (ijjrfu)&gso’ tio = (T’;?’jlp”)g_nzzs
tn = (Tplj psl)s.gso ' he = (Tj.ﬂj p31)9 17225
tiy = (T;?’l(’)pm)s.gso’ b = (T1’2311p31)9 17225
tis = (Tp2200p20)9_388’ tie = (Tp220 p20)7 9669
tir = (Tp22f) p21)9_388 ) tis = (TPQQE) p21)8.9669
tio = (T§21,p20)9_388: t20 = (TPQZI’I’QO) 7.9660
to1 = (Tp221 p21)9.388 ) t22 = (Tpll?p21)7 0669 |
togz = (T;ﬂ p21)8_907 J toa = (T§21’lp41)8.9077
tas = (Tg‘“’lp?l)s.gm’ b2 = (Tg‘u’lp‘“)s 907 ’
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and 8 of them are PNC transition amplitudes:

T = Tp20,p11 ) T, = Tle,pll )
T3 = Tp1+1 £20 ) Ty = Tp1+1 £20 )
Ts = Tp20 031 Ts = Tp21 ,p31
T7 = Tp3+1 ,p20 Ty = Tp3+1 ,p20 *

The channel phases are obtained as £, = tan™ G , where F; and G are
the regular and irregular scattering wave functions for the M3Y folding po-
tential. The amplitudes of partial channel widths are obtained by using the
latest compilation [18] (see Table V) and the theoretical estimations concern-
ing the spectroscopic factors within the shell model code (OBXBASH) [27]
are:

0 = ng DT w (— ZJl sy) oL P (7 T B(MeV)).

TABLE V

The resonance parameters inserted in the calculation of the PNC analyzing powers
studied in this paper.

I"T|E,(MeV) Ef,y(MeV +keV)  I'(keV) Ly(keV) 0P
270 1.980 9.388 + 3.0 1343 13 p
2+1| 1.7476  9.17225+ 0.12 0.135 0.135+0.008 7, p
2+0| 1.540 8.980 + 3.0 842 8 v, p
0-1| 1.320 8.776 £ 7.0 410 £+ 20 410 v, p
0+1| 1.152 8.618 £ 2.0 38403 3.8 v, p
1-1] 0.551 8.062 + 1.0 23+ 1 23 v, p
2-0| 0.4485  7.9669+0.5  0.0025+0.0007  0.0024 v, p
3-1| 1.462 8.907 + 3.0 16 + 2 16 v, p

In the vicinity of the 271 narrow resonance, the A;, and A, analyzing
powers have the following simple expression:

1 i -1
ALy = DL(,,)§F2+ <E - E* 4 §F2+> expli(Prp) + Ppxc)],  (30)

where
| Mpnc| rz
(R

Drwy =2 1CrLw! (31)
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and

L(b)

Crp) = [Crp)| e =
(B=B2" 45127 )| 520 P (cos )2, ek (L(8)) iC(0) B4 o (L6)) (i i+ 1))
VIt S, Pieosd) Sl b 1

(32)
is a function on the PC transition matrix elements only (for L : k = 0,

forb: k=11, = T;?l:;allsl expi(&ps — &prrs))- The coefficients alh), (L (b)),

108 (L (b)), and W (L (b)) are simple specific values of the f (k) Fk) geo-
metrical coefficients (see Egs. (14) and (15)) for the case we are investigating
now.
Defining by AAp) the distance between the minimum and the maxi-
mum of the PNC analyzing powers in the excitation function, we find out
that this quantity is equal to Dy, defined in Eq. (31) and it does not de-
pend on the PNC matrix element phase-@pnc and PC quantity phase-@pc.
The main result of the present paper could be condensed in the following
formula:

Diwy=Dlyy >, VINO(AT) =" Fp oMy, (33)

k,s

S=T,p,w

where VPNC (AT) (in eV) are different meson contributions to the total PNC
shell model matrix element.
The quantity D%(b) (in eV 1),

. —1 2—
. I
p

has the following values: for 6., = 120°, D% =22x10"%eV—! and Dg =
2.04 x 1075 eV 1, while for fcm, = 150°, D = 0.90 x 10°eV~! and D} =
6.4 x 1077 eV

In figure 2 we reproduced on expanded horizontal scale the predicted
size of the quantities relevant for an experiment designed to determine the
PNC matrix element by measurement of A7, and/or A; around the narrow
271 resonance. The shell model PNC matrix element has been taken to
be equal to 0.5 eV. Results for all the models given in the Table IV can
be obtained by a straightforward multiplication. In figure 3 we plotted the
angular distribution at the protons energy F, = 1.7476 MeV.

Because of the small width of the 271 level (0.122keV), the energy
anomaly of the PNC analyzing powers (of the order of maximum some units
above 107?) is a nonzero quantity in a very small energy range (< 1keV)
only, and it is hard to be measured, although not impossible [49].
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Fig. 1. The m meson contributions (in percents) to the total PNC matrix element
(Mpnc) within different models of weak and strong interactions. The abbreviations
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Fig.2. The predicted size of the irregular analyzing powers (A )) reproduced on
expanded horizontal scale around the narrow 2+1 resonance for (a) # = 120° and
(b) 8 = 150°(Mpxc = 0.5 &V).
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Fig.3. The predicted size of the angular distributions of the irregular analyzing
powers (A ) at the narrow 271 resonance (Mpnc = 0.5 V).

If considering the 2% PMD in N to be analyzed via circular polariza-
tion of 9.388MeV and 2.3589 MeV ~y-rays we came to realize that these
observables are P, = (0.20 + 1.89) x 103 and P, = (0.22 +2.07) x 1073,
respectively, in the case of an unoriented 277 = 0 state with zero mix-
ing ratios. These values are obtained by calculating, within OXBASH code
(Millener—Kurath interaction), the 9.388 MeV E1 + M2 «y-emission proba-
bility (2.886 x 10'?s™!) and the 9.17225 M1 + E2 v-emission probability
(3.036 x 10'® s71). The gamma width for 9.17225 M1 + E2 ~-transition,
calculated with the corresponding emission probability (3.036 x 10'6 s=1) is
I, = 16.8eV and it is in satisfactory agreement with the measured value
(I'y = 7eV) [49]. Unfortunately there is no measured value for the E1 +
M2 ~y-emission. The high values of the calculated circular polarization are
interesting for experiment but, unfortunately, there are important experi-
mental difficulties, because of an almost 100% proton decay probability of
the 270, 9.4 MeV-state. The estimated proton flux necessary to produce a
gamma asymmetry of 103 is of the order of 10'® protons/cm? s, four orders
of magnitude larger than in the case of 'F experiment performed in Seattle
laboratories. The large parity admixture in the analyzed PMD is still inter-
esting and search for other observables is necessary. Also, interesting could
be the analysis of the gamma asymmetry of the gamma rays emitted from
the residual "*N-nucleus obtained in the reaction 7O (7, a)'*N.
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6. Conclusions

In the excitation spectrum [18] of the N nucleus there is an isovector
PMD lying at 9.3 MeV excitation energy (J™T = 270, 9.388MeV; I'? 0 =
13keV and J™T = 2¥1, 9.17225 MeV; I'2"! = 0.122keV) for which the en-

hancement factor /L2 is 10.3. Within OXBASH code, with PSDMK
(Millener—Kurath), PSDMWK (Wildenthal) and SU3PSD interactions, we
calculated the PNC matrix element, PNC analyzing powers (AL(,,)) and the
circular polarization (P,) of some 7-rays. In this calculations the nucleons
have been considered to be partially (six nucleons) frozen in the 1p3 orbit,

while in the 1d3 and 1d5 orbits we considered up to maximum four nucle-

ons. The max1mum in the energy anomaly of the PNC analyzing powers
(AL( )) we got to be some units above the 1075 (figure 2), value consid-
ered to be in agreement with the last measurements [13]. We also calcu-
lated the circular polarization of 9.388 and 2.3589 MeV, y-rays leaving the
27T =0, E, = 9.388 MeV excited state of YN and populating the ground
and respectively the 2+T = 0, E, = 7.02912 MeV excited state of '4N. Their
values are Py = (0.20 + 1.89) x 1073 and P, = (0.22 + 2.07) x 1073.

The parity mixing between members of the second parity mixed doublet
n "N is of particular interest because:

(1) The mixing is sensitive to the AT = 1 components of Hpnxc and
especially to the part describing weak pion exchange, if taking the
quark model picture (see Table IV and figure 1). In this case we may
have quantitative informations about neutral current contributions to
Hpne. There are few experiments which are sensitive only to the
AT =1 components of the PNC-NN weak interaction and which can
be studied with polarized protons. In the 2°Ne experiment [50], for
example, the PNC longitudinal analyzing power value [(1.5 4+ 0.76) x
1073] is, in our opinion, too large. However, the interpretation of this
experimental result is clouded by nuclear structure uncertainties.

(2) The observable provides a precise way to measure the PNC matrix
elements. The energy anomaly in the PNC analyzing powers Ay and
Ap is magnified by nuclear structure effects also, in addition to the
216 keV energy difference between the levels involved in the mentioned
doublet and the ratio of the proton widths corresponding to the levels
of the PMD. The magnification arises because of coherent contribution
of proton PNC channels. The quantity Cr ) is essentially a ratio be-
tween the PC T matrix contribution to the PNC analyzing powers and
the cross section oyppor. for the (p,p) reaction induced by unpolarized
proton beam.
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(3) The normal PC analyzing power is negligibly small around 90°.

(4) The PNC po-transition can be studied via C (p, pg)'*C resonance
scattering with two different observables, independently, namely the
PNC longitudinal Ay, and PNC transverse A, analyzing powers which
sometimes show different energy anomaly as function of the scattering
angle (see Fig. 3).

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

Because of the small width of the 271 level (0.122keV) the energy
anomaly of the PNC analyzing powers (of the order of maximum some units
above 107°) is a nonzero quantity in a very small energy range (< 1keV)
only, and it is hard to be measured, although not impossible [49].

The large parity admixture in the analyzed PMD is still interesting and
search for other observables is necessary. Also interesting could be the anal-
ysis of the gamma asymmetry of the y-rays emitted from the residual '*N
nucleus obtained in the reaction 70 (p, a)*N.

The authors would like to thank Prof. B.A. Brown for providing the
OXBASH code used in the present investigations.
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