


Using obtained in our previous papers/lﬂ/ (hereafter I and
I1) constants hm of parity nonconserving (PNC) MNN (M= 7, p, 0)
couplings we shall consider experimental consequences of the
standard model SU(2)x U(1) x SU@B), for PNC effects in low-
energy NN and nuclear processes. For this aim we shall need the
results of calculations of PNC effects in terms of constants h,

A description of PNC effects in terms of PNC NN 1nteract10ns
has been started about twenty years ago (see reviews/3 ), howe-
ver, till now not all reactions are succeeded to be calculated
on that (microscopic) level. So, for example, in terms of hy
for the present it is impossible to calculate PNC effects in
those (n, y) reactions that go through the compound states,
although the first data have been obtained just in a reaction
of this type (see, review/4/), and at present very large PNC
effects in these reactions have been discovered.
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been performed for the reactions np - dy, yd- np and nd»ty/sf
At present the microscopic calculations of PNC effects are
carried out for a more wide class of few-nucleon processes and
processes involving intermediate and heavy nuclei.

In recent years the experimental study of PNC effects in
pp -scattering and in the region of intermediate nuclei has
achieved a certain progress, and,as a result, there appear pos-
sibilities for the constants hy to be fixed experimentally.
To detail such possibilities is one of our tasks. We do not
here carry out new calculations of nuclear processes; we only
unify the previous calculations and confine ourselves to comment
on their merits and drawbacks.

The paper is organized as follows:
In sect.l we briefly present main types of PNC effects in nuc-
leon and nuclear processes and their expressions in terms of
the constants hy. In sect.2 it is shown that PNC NN interactions
do not depend on signs of constants of strong NN interactions
and the PNC OBE (one-boson exchange) potential is written. In
sect.3 we discuss to what extent our results are consistent
with available experimental data and present expected values
for some yet unmeasured PNC effects which may be useful for
obtaining further information on the constants hy.
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I.PARITY NdNCONSERVATION EFFECTS AT LOW ENERGY

Recall first specific features of the formation of constants
hy, denoting the ways of their calculation and significance
of different contributions. For convenience we collect in Tab-
le T the values of constants hy obtained in I, II and widely
used semiphenomenological "best values" of hy(})  from ref /%’

a) The constants hy are determined by the sum of contributions

of two types (differing in the PNC mechanisms in MNN vertices):
hy =hiy + b,

b) Factorizable (F) parts of hy are calculated without the
use of confinement models. hf«f,m?m +m)-1 (m_ -m )-! or
in a soft-pion approximation « <0[|Gq|0¥7l(mg - my) -1 h{i;(V: P, @)
contain only experimentally established constants: hy « gAf‘l or

(F + 3D)f;1. The F contributions dominate in h, and completely
determine h2, n0, nl,
P’ T’ T

c) The nonfactorizable (NF) parts of hy have been computed
within the MIT bag model (MBM). hNF is calculated in the MBM
straightforwardly (in the soft—-pion approximation) whereas hgp
are calculated on the basis of approximate SU(8) symmetry of
matrix elements <MB'|}{PNO|B>NF(see 1T, sect.3). The most impor-
tant are NF contributions in hg;NF contributions in hg,h?d and
h(}) equal zero.

d) Counstants hAI:l(h ,h;,htd) are almost completely deter-
mined by interactions of nPutral currents, while in hg, hs . hg)
contributions of charged currents dominate.

e) To color interactions (S8U(3), component of the standard
model) the most sensitive are the following constants:
hohy/(p) g =0 = 2.7)5 hO S/ (00) g 0=15)s BAthE/t}) g =0 =

= p\p as=0 > MpWip/¥ipJag=0
= -1.5), and hg(hg/(hg))a -0= " .8)S. The constant hS at %s >0

is practically unaltered® @

In nucleon (nuclear) systems the PNC NN interactions deter-
mined by these constants lead to the appearance in the states
formed by strong interactions of components with opposite pari-
ty. In the case of continuum this means that nonzero are P-odd
amplitudes APNC_ Alg v9r, /=2 +@+1), k=0,1,...; for
the nuclear levels this means that states with definite energy
have the form ¥ = ¥{ +j§iFiJ ‘Fj"", where Fy; is the matrix

determining admixture to a level i with parity = of levels with
opposite parity (w) .
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Table 1

The values of hy, calculated in the standard model in I,
II; (C.C) and (N.C) are contributions of charged and
neutral currents tohy; in brackets.the values'of hy at
a. =0 (i.e., without gluon correctlons)sa}re given. In
the last column the '"best values" of hy are cited

3 7 bov. /6/
hy(C.C2) x107 by (N.C) %107 hy,x 10 h%
1.3 4.6
hy 0.0 1.3 o2
o -6.2 -2.1 -8.3 -11.4
p (-0.55)
hl 0.00 0.39 0.39 -0.19
P (-0.26)
h2 -15.5 8.8 -6.7 -9.5
P (-11.1)
ho -2.9 -1.0 -3.9 -1.9
@ (+2.2)
hi 0.0 -2.2 -2.2 -1.1
@ (-2.2)

Observable PNC effects can be divided into two classes (see,
e.g., ref.’4): . . .

1. P -odd correlations: asymmetry 1n the cross section O La
the scattering of longitudinally polarized nucleons on nonpola

N
rized targets Ap= (OA=+1-OA=1 Y/ (ox=s1+TA==1) o ( A1s(ct):e
helicity of nucleons); asymmetry of y—t.quar.ltum emission Ay for
of other particles: P, a, ... ) in the radiative capture of pola

rized neutrons (or (m,p)., (n, a) reactions) and: inhelectfoma%netlc
transitions in polarized nuclei: o = % (} + Ayp 0t EY); circu allr_
polarization of y-quanta in the radiative (;apture of nonpola
rized neutrons by nonpolarized targets and in electromagngt1$1)+
transitions in nonpolarized nuclei PY=(0(P=+1)—0('P=—1))f/(a(h:tons
+ a(P=-1)), o (P) is the emission cross :::ectwn of s
with circular polarization P; a neutron spin rotation at a c
herent propagation of neutrons through matter (angv,le é).
Effects of this class are consequences of the 1r'1terfe1.'ence
of regular transitions (i.e., transitions x:lthc')rgt 1n\.70r11v1ngre_
weak interactions: Ajsl, otrs =0+ 2K A K 2 ) with nonre:
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gular ones ‘(i.e., with APN? z .
are PNC effects of O(G)*. J#

I1. The second class incorporates the parity-forbidden nuc-
lear a -decays and (a, y) ~-reactions. These effects are complete-
ly determined by a nonregular part of decaying (cagturing)
states: g «|Fj;¥; »¥E |2 and are effects of O(G?)

Among numerous experimental data in this field (see re-
vews /9:107) 3 theoretical analysis in terms of constant hy can
be performed only for the processes which are the most simple
in dynamics and in structure of involving states. In this cases
a convenient (as well as necessary in most cases) element of
the calculation scheme is the PNC NN potential VFNCdetermined
by PNC n~, p~ , w-exchanges.

With the aid of V PNCthe amplitudes AFNC are usually calcula-
ted in the distorted - wave Born approximation:

PNG .. =)

2

.

A VPN(:W,(+) s .

and nonregular parts of nuclear wave functions in the first
order of perturbation theory

-~ PN
- _ <‘PJ"|V C|‘P':> 7 k%
i.F‘. ¥ o= i —— __‘PJ @)
ALY Y 4 Ej-E

The quantities Q@=Ap, A, ,P,, &,VI, are then represented by
linear combinations of the conetante h

1 1

Q =M,% Hyhy 3)
where coefficients HiM are proportional to the matrix elements
(1) and/or (2). The structure of Q(3) remains, of course, unal-
tered also in the calculations which do not apply the PNC po-
tential as well as in those which involve nontrivial relati-
vistic effects 11/ (see also /12/), We shall not, however,
consider such (nonpotential) effects, because, they, in any
case, do not exceed uncertainties of potential calculations***

*This class of effects includes also asymmetry of the emis-
sion of fragments in the fission of polarized nuclei/?/, howe-
ver, the complexity of such processes does not yet allow us
to extract from it information on weak NN interactions /8.

. + .
**Yave functions y* and ‘l’;" are calculated as a rule with
some realistic strong potential.

***This statement is illustrated in ref. /18/ devoted to the

analysis of such uncertainties for P, in the reaction np- dy
and in refs.’/!112/ ip yhich estimations have been made for
contributions of relativistic effects to Py (np - dy).
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Fy ‘I‘j—"a‘l’: ) and consequently, they

originating from inaccurate knowledge of the‘behav10tirﬁof stzong
wave functions of nucleon systems at short dlstar.lces . Here w

carry out the analysis on the basis of an approximation usuaély
used for PNC NN jnteractions, the PNC one boson exchange (OBE)

potential.

2. PNC NN POTENTIAL

The vertices of the parity conserving (PC) (strong) MNN 1n-
teractions, are given by the Hamiltonlan

X a2
T = ig Nygr No* e V. o* rdyp, N +
Hyny = 8,Nyg7aN + goNOTrpy + 2MNG rdyp, “
N Xs Vv
N(yPw, + so—d" d wp)N.

According to our aim (an analysis of consequences Zf the fol-
standard model) we take the values of constants gy an hxv'gan_
lowing from general statements.of the }.1adron theory (t et}sler
dard model is known to be comsistent w%th the }atter? Eathe
than from fits of phases of st/rl%n%s/NN 1nte1:act10ns th e
help of strong OBE potentials e (Fel"talnly m?n?il ec)lu Di; -
even because of the inclusion of f1ct1t:.1ous pa\ftlc e:? | l :p
sion relations for #tp scattering amplitudes give US: ga,,l,it e
= 13,4717/ ; the constants g, and B, due to the univers y

v meesen ~ 2P . T#UPC ... vanvacentad in
VEeCLOL mesoild dllu DU Q) Synunctiy i MNNITT

= i/ 1so

= . f | = 5.17177 | hence als

the form:g,=3%/2-1,, 8, 3/2fp,lp .

Xy = U= p—-l -‘—3‘:7, xs=up+un-1 Z -0.12, where py are

vV 'p n A

the nucleon magnetic moments. )
For the calculation of observable /effects gy are usua}lllz as

sumed to be positive (see, e.g., 618/ ). We shall show tt1 aCha_

this assumption is unessential and that the products Byhy € o

racterizing the PNC NN interactions do not depend on the sign

o —1 .3in I

g h,: considering that h¥« 1, nVF = (ieii(s)ic}:lga)lge %ind
and g, =\/2MNgAf;,’(the Goldberger-Treiman rela

2
' . (5)

F NF_ 27
g”h” b MNgA' g”h” MNgA
(see also /20,217y

. NF_, -1
gyh ¢t since hl:, =« -1 (see sect.2 in II) and ?V _f,,h, wh:‘:
the sign in front o ;1 corresponds to the sign of the ph
duct t,,f'p1 (this follows immediately from the calculation 0y

see sect.3 in II), and gy«f,, we have

*These difficulties forced us to look for new wa/ylsyof the
description of the short distance PNC effects (see ).



F_ 0 , |NF_ -1 -1
N A ST A (6)

Thus, tbe produ?ts g My (=gd1£-+thzF)and, consequently, the
PNC NN interactions do not depend on the sign of By

The PNC OBE potential is uniquely determined by the diagrams
of m—, p— and w-exchanges in the first approximation in ﬂﬁ/M .

The derivation of Vggg is considered in detail in refs.’22,28/
here we present only its final form '

PNC PNC PNC

Vogg=VYr +Vy (7)

V:ch—z—j-:é:g,ly, ) x 7)° @, +;2)[£;,f,,(r)], (8)
3,.8 >

R RV 2

x (([7’1 - 32){-BM—N, (D b+ i+ x V)Jlxé’z [WI—' fym) +

+ gph; i;:i (;1+ ;2) {KJEN" fy@® i - gw(hg + ht)—ri;;z—g—-) x

-5

< () ~32){E‘L,fv(r)} +ilexg) o, xol [-n‘a’-—, fy(01) -
N N

) r?—723 !‘)'
-g hl_ (0, +0 5 M, £ (1.
2 L
W © 92 1 My v

Here § = V2@~ Do) fu@® =e M /4nr and we set m,=m.= M.
The pion potential has the effective radius * r_=3 fm and de-
termines a long-range part of VogC,The potentiéﬁ originated
fr%ﬁ}Yector meson exchanges constitutes a short-range part of
Vopg.its effective radius ry =0.6 fm.

Note here, that the question concerning the role of 2M-ex-
changes in PNC NN interactions is not yet answered satisfacto-

rily. It is natural to expect that among exchanges of that type

2n —exchanges are dominating **.

The potential Vggc was most thoroughly studied in ref.’2%.
It has been shown there that the contributions from ngc may
amount to about 307 of the contributions from Vggg (the struc-

ture of the expression (3)is not changed when vENC s taken into

account). However as is noted in ref. 28/ (see also 76+ 27/ the
* v . ‘me
The effective radius ry of the Yukawa potential V, « e . we

determine as the value of r for which the function ®(r,my)/® (0
m 3’

o0 - X
m), where Q(nng) = d3x4%;r.~ becomes exponentially small,

. r

ieers @@y,my)/®(0,my) = ¢t Hence ry= (e + 1)/(e- Dmyl=2.2mil,
In §trong NN interactions 2r- and combined 7p -exchanges

play an important role 715,24/
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inclusion of V;fc together with VENC leads to the problem of

B
double counting. Following refs./g- »26/  we shall suppose that

the matrix elements (1) and (2) of the potential Vggg take

effective account of the leading part of 27 —exchange contribu-
tions.

For the analysis of experimental consequences of our results
we make use of parametrizations of quantities @ = A, AP, ,
¢,V (based on the potential (7)-(9)) listed in Table 2; the
corresponding references are given in the last column of the
Table.

3. EXPERIMENTAL CONSEQUENCES

The values of PNC effects for our values of h,, are presented
in Table 3. From this Table we see that except of two cases
(Alxﬁa) and Py(lee))to be discussed below the calculated va-
lues of the effects are consistent with experimental data. And
what is more, this agreement is a consequence of a joint action
of all the components of the standard model (charged and neutral
currents and quark-gluon interactions). This is especially
clear in examples L (180), P, (1%F), B, (*1K), P, (!"5Luwand Py('*'Ta)
calculated values of which are doubled due to the neutral cur-
rents and increase by an order of magnitude due to quark-gluon
interactions.

We shall proceed now to analyse the consequences from expe-—
riments for individual constants h,.We start with hy. These
constants completely determine A, (pp), P, (np-dy), Ay (yd » np;
AE, =0 +0.01 MeV) and I',(180) (see Table 2). We may conclude
from the agreement of calculated and experimental values of
Aljﬁp) and FGHGO)that the standard model (with our approxima-
tions, see I, II) provides a realistic value for the combina-
tions ~h0+ hg and ~hl +1/8-h%4+ hi}.lf we take into account
the smallness of hl( 16L8) and stability of hé)(see p. ¢)
and e)), the same conclusion follows for h2 A separate deter-
mination of h and h0 weuld be favoured by the measurement of
P, (op » dy) or asymmetry A, in the inverse process yd » np at
AEy:O +0.01 MeV (at the threshold AL(;d »np) = Py(np - dy)). It
is to be noted, however, that the values of coefficients
H;ﬁm »dy) are highly sensitive to the behaviour of the NN wave
functions near the core (r <0.5 fm), and for different strong
potentials they may differ even in sign (see Table 2), that,
in turn, leads to discrepancies in estimations of P_(np - dy)
{or Aljfdg*np)) up to a factor of ~10 (see Table 3{. Therefo-
re, in these processes PNC interactions may rather be conside-
red as a tool for investigating strong NN interactions at short
distances.
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Table 3
Calculated and experimental values of PNC effects. (C.C.)
and (N.C.) are contributions of charged and neutral cur-— Process Q (cc) _(NC) _th

Table 3 {continued)

T = exp
rents to the effects; in brackets the values of Q™ at Q "+Q Q Q
ag= O are given. Refs. are given only for the recent -
(after 1980) experimental data,the others are cited fromref. { 164 \/E x 10°(eV 2) 0.79 + 0.31 = 1.1 1.0 % 0.1
. .C. t o, -0, 11
trocess Q QS QML gtk Q™ . l I
F p‘ p < 103 t { 0.00 + 0.57 = 0.57 -1.,0 + 1.8 /36/
B Ao + (0.25)
E’-15 MeV 1.2 = 0.1 = -1.3 -1.2 = 0.6 195 Afx 10 2.9 - 2.5 = -5.4 7.9 t 1.9 73T/
(-0.43) (=0.52)
+
MeV -2.1 = 0.2 = ~2.3 -2.3 - 0.8 21
45 Me (=0.76) Ne PX x 1073 + { 23.5 = 3.7 = 19.8 0.8 + 1.4 /38/
(-8.1
A H, P x 107 (rad/m) 2.0 - 5.9 = -3.9 - . ; )
(+3.9) K pX x 10 0.61 + 0.69 = 1.3 2.0 £ 0.4
4 (0.13)
np=df  Px 10’ 0.49 - 0.14 = 0.35 <5 134/ 175 .
(0.28) Lu Prx 0 1.7 + 2.3 = 4.0 5.5 £ 0.5
(0.28)
Ap+dy A x 107 0.00 - 0.15 = -0.15 0.6 ¥ 2.1 .
¥ (-0.054) 1817 P x 108 -1.5 =~ 2,0 = =3.5 -5.2 0.5
yd-np  Ax 107 (5.2}
8E = 0-0.01 MeV 0.145 - 0.120 = 0.025 - e ’ e
' (0.14) As to the disagreement of the exper1menta1 and calculated

v -0.025 - value of AL(ﬁa) note that the latter is obtained with the
1 Me : coefficients Hy calculated within the potential approximation

10 MeV -0.068 - for pa scattering {see ref. ’31/), A final conclusion on relati-
30 MeV ~0.17 _ on of a theoretical and experimental values of Ap(Pa) requires
more refine both theoretical and experimental treatments.
?’d A x 108 : As for the constant h,, the available experimental data are
L . /35/ more scarce as compared to those on hy.
Ep"15 MeV -2.4 - 4.1 = -6.5 =3.5 = 8.5 Theoretically, for the determination of the constant h, fost
(-1.2) attractive are A (np - dy), AL(yd - np; AE y >30 MeV) and P ( 1%p).
nd P x 107(rad/m) -0.98 + 3.7 = 2.7 - h; does almost completely determine the first two quantltles and
(1.6) - dominates in the third one ** (see Table 2).The existing experi-
nd_.tf Px 107 0.7 = 3.7 = -3.0 - Accordlng to the parametrlzatlon presented in Table 2 for
! (0.44) & L(pa) the constants hy give a dominant contribution to this
- 7 effect.
pa ALx 10 -, /31/ ** Uncertainties in the calculation of the coefficients H,
EP= 46 MeV -2.0 - 1.5 = -3.5 0.94 = 0.97 y(np - dy) and Ay (yd - np) do not exceed the factor of ~1. 5
(-0.39) H, (18F) is recalculated practically in a model-independent way
from th 18 + R
R *He ? x 107 (rad/m) 26 - 0.82 = 1.8 _ *rIBF?Oe g;e%gured probability of B-transition !8Ne(0%,1)

(-1.3)
10 11




mental data on A,@p - dy) and P,(!8F) give for h, only the upper
bound h,<10.2x10=7 (90%c.l.)which is too high to allow any non-
trivial conclusions. Effects that are essentially contributed,
together with h;, by the constants hy may also be considered as
sources of information on h, provided that the by contributions
are known with a sgfficient accuracy. The most interesting ef-
fects here are. Ap(pd) , gb(ﬁd) . Py(nd - ty), ¢(n 4He), and Py(lee).
To Ap(pd) and Py(ndaty) the constants h, and hy give contribu-
tions of the same sign. Taking account of the given estimate of
AL(f)d) (contributions of h, and hy are almost equal here) one
may expect that an increase of the measurement accuracy of this
effect ~3 times will allow one to distinguish the values
h.=1.3x1077 and h%'=4.6x1077 (A (Pd) | h‘,’,": 14.1x1078); in the

reaction nd » ty h, determines more than 2/3.P_.The contributions
of hy and hy to ¢(@d), ¢ (0 *He),and Py(lee) are opposite in

sign, that leads to a higher sensitivity of this quantities to
the value of h_. When h, changes from 1.3x10~7 to h,;"’ (by

~ 3.5 times), the ¢(d) he°" increases* by.4.7 times, and ¢ @ *He)
even changes its sign.

The quantity Py(mNe) represents an exceptional case. This is
illustrated in Fig.!, where in terms of the parameters h!l =
=h_-012(n} +nl) and h®=h9 +0.58h% recent experimental
and calculated results are shown for the group of intermediate
nuclei (18w 19% 2INe).Recions TTT and ITT' in the figure cor-
respond to the parametrizations of P,(®*!Ne) from refs.’ 33:4Y/
and/41/  (variant C(F)). (Table 2 contains only first of these
parametrizations; the second one has the form: th(“’:'l Ne) =
= -122500 h! - 9900 h®). Both the calculations of H,(*!Ne) have
been performed within the shell model and differ in the struc-
ture of model spaces and in the form of effective strong inte-
ractions. It is seen that advanced nuclear calculations of the
coefficients Hy (®!Ne) (or even of the ratio H/H,) will allow
us to get the most exact experimental value for h, at present.

The quantities P, (4'K), B, (}?®Lu)and B, ('8!Ta)although
they are measured with high accuracy help little in a separate
determination of hy because of their parametrization are prac-
tically multiple. Besides, in heavy nuclei the renormalization
due to medium effects may be essential for the constants fg
and GA“W entering into hy. This may be a reason for same
discrepancy between calculated and experimental results for
these quantities.

It is seen that the determination of the constants h,, from
the data on parity nonconservation in NN and nuclear processes

*At hy fixed.
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Fig.Restrictions on the com-
{10 binations h! = hp,-0.12(! +
+hl) and h0= h0 "+ 0,56 1P
following from the data Oc;f)l
Py (18F) (region 1),A,( 19%)
(region II)yand P (E?iNe)
(regions III, IIT') (90Z c.1.).
The regions I and II corres-
-] pond to H,( 18F)and H (19
from ref. M533f )regionMI(II l:.)o
Hy(!Ne) from refs,/40,33/
IIT' to HM(21Ne) from ref. 741/
version C(F). The black cire-
le corresponds to our values
of hy (table 1); the segment,

to the interval O.6x10—7§ hy ©3.0x1077 ‘(gee Eq. (46) from I);:

the cross, to h:dv /8/

hl

—— - —— - —— —— Lﬁ

- Dotted line denotes the upper limit for
» following from the data on Py(lgF) if Hg( 18py<o

is mgnificam_:ly complicated by uncertainties in the description
VL siLLong NN interactions at short distances and nuclear struc-
tuFe. ’.I‘herefore, the §tudy of PNC effects acquires still incre-
asmgllnterest' (espe.eclally, with putting high-current accelera-
tors 1in operation) in elementary processes: N scattering 743,44/
photo—- and electroproduction of pions on nucleons /45/ ’
capture of pions by protons 746/ Thus,
surement of the constant h, would be the measurement of asym—
metry in the differential cross section at 645 = 163° of ib
charg?—exchange on protons polarized along (+0) and again:t )
the? plon momenta: A;(z”p - 7°n) = (do *- do7)/(dot+ d ™) 744/
Using results of ref. /44’ apg h, = 1.3x10"/we fin; folreoA at
T = 150 MeV (at the maximum absolute effect) the followi v
value: Ay (150 MeV) = 0.6x10~7. "

We.would like also to draw attention to the possibility of
studylng‘the PNC effects in NN systems. The PNC NN otenZial
was ob?alned in terms of the constants hy in ref. /23?. Because
of a (}ljlqucferent spin-isospin structure of the potentials yFENC
ar'xd V%ﬁ the PNC effects observed in NN processes may be dhgier—
rinrllnecli y combina?ions of hy unusual for nucleon systems, e.g.,
b i gclthri)nlaggnf:i(/:z;}:ansu1ons In a bound nf(pi) system /47/

Ir'x é)he‘com-:lusion we note that at present the most keen rob-
lem in this field is still the problem of value of h_. Being

m

, radiative
the actually direct mea-
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solved, it will allow us to get more exact comprehension of me-
chanisms responsible for the formation of PNC hadron-hadron

interactions.

We are grateful to Yu.V.Gaponov, V.M.Lobashov, A.P,Serebrov,
Yu.M.Tchuvilsky, N.A.Titov and L.A.Tosunyan for valuable discus-

sion.
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