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Abstract. The measurements of the AI= 1 part of the parity violating nuclf:ar
force when combined with information on neutral current couplings from ?eutrlro
scattering and pion production experiments allow an estimate of the isoscalar

admixture in che neutral current if it has a vector axial-vector structure has been
shown.

Keywords. Nuclear force; parity violation; weak interaction; Cabibbo theory;
neutral current; enhancement; isoscalar-isovector interference.

‘1. Introduction

Since the discovery about two years ago of a new class of weak interactions’ arising
from neutral currents, considerable effort has been directed towards elucidating
the space time and isospin structure of the weak hadronic neutral currents. Data
on neutral current events are now available (Aubert efal 1974, Benvenuti et al

1975, Barish et al 1975, 1976, Hasert et al 1974, Cline et al 1976) for such elastic
and inelastic inclusive and exclusive reactions as

v t+e—pte

v@ +po>vE) tp

v+ N—=->v+ N+

v(®) + N — v(#) + hadrons.

Fhese investigations on the structure of the neutral currents may be divided
broadly into two categories:

(i) Since neutral currents are necessarily predicted by all spontaneously broken
gauge invariant unified theories of weak and electromagnetic interactions, itis of
interest to estimate coupling parameters which appear in such theories
6% in the Weinberg-Salam model) from experimental data
Wolfenstein 1973, Sehgal 1973, 1974).

(ii) By making SPGOiﬁQ assumptions about the Lorentz and isospin structure
of the neutral current without reference to any gauge theoretic model, attempts
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have been made to estimate the strengths of neutral cuitent couplings directly
from the data available. Rajasekaran and Sarma (Rajasekaran and Sarma 1975
and 1976) have obtained upper and lower bounds on these couplings from data
on inclusive v (5) N processes; Ecker and Fischer (1976) have obtained lower
bounds from data on weak and electromagnetic single pion production; Hung and
Sakurai (1976) have shown that data on inclusive neutrino reactions on neutron
and proton targets separately when combined with data on diffractive vector meson
production may be used to determine all neutral current couplings if the current:
has isoscalar-isovector ¥, A structure.

In this paper, we investigate the effect of the neutral current on the AJ=:1
part of the parity violating nuclear force in a current algcbra model. Our main
result is that low energy experiments now in progress aimed at measuring the
strength of this force may also be used to estimate the isoscalar-isovector admixture
in the neutral cwrrent if it has a ¥, 4 structure. The strength of this force is purely
that given by charged-current (Cabibbo) theory if the neutral current is purely iso-
vector or isoscalar: the neutral current contribution arises purely frem isoscalar-
isovector interference. This result may be compared with that of Hung and Saku-
rai (1976) who show that this interference depends on the difference between neutral
current contributions to vp and v cross-section data in the quark valence model

In section 2 we summarize the information presently available on the parity
violating nuclear force and isolate the amplitude of interest. In section 3 we
present the model, obtain the relevant neutral current contribution to the parity
violating amplitude and show that it arises from isoscalar-isovector interference
effects. In section 4 we present our conclusions and examine our result in rela-
tion to other analyses of neutral current coupling with and without 1eference to
gauge theoretic models.

2. Parity violating nuclear force

Several detailed expositions of the theory of parity violating nuclear forces and
their connection with weak interaction models exist in literature (Wilkinson 1958,
Bailin 1972, Fischbach and Tadic 1973). We present those aspects of the theory
relevant to the subsequent discussion.

In Cabibbo theory, the weak Hamiltonian is

+ Jh
Hy= o (J JE 4+ hel)
Here
70 =Ty, (L+ 9
and

JEM = JF cos 6, + S sin 6,

JE=Vi+iVE+ Ay, +idl
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Sg =V, L iV, + 4; & i4}, |
Vi, Al are the octets of vector and axial-vector currents belonging to the octet
representation of SU (3) and 6, is the Cabibbo angle (sin 6, ~ 0-22). In such a
model, the parity violating nuclear force arises from btoth the semi-leptonic gnd
non-leptonic parts of the Hamiltonian. The former, arising from lepton-neuirinc
pair exchanges, is O(G?) and may be neglected in comparison with those aris'ing
from single meson exchanges which is O(Gf), / teing the strong interaction
coupling constant. In the latter, the weak hadronic current plays a role, only
at one vertex, the parity conserving strong interaction accounting for the other.
Parity violation in nuclear forces to O(G) -have been known to exist for a long
time.

Since our interest is restricted to the nucleon-nucleon force, the relevant part

of weak Hamiltonian is HY: (AY =0). From the isotopic properties of
J.(AI=1) and S, (Al=1/2), we note that

HYE (AY = 0) ~ 5—2— {cos® 0, [HE (2) + HYE (0)]

+ sin® 0, [HEF (1) + Hy (00

in self-evident notation. H (1) transforms as an isovector, etc.

For our purpose, the important feature of this isospin break-up is that the 7= 1
piece of Hy,~ is proportional to sin?8,. We shall be interested in the weak NN
vertex, the pion having the lowest mass of the particles whose exchange give rise
to the NN force. The nucleon-antinucleon system has I = 0, 1 and since the pion
has I = 1 the most general =N vertex can have I = 0, I, 2. Of the four possible

parity violating vertices, only N (: X ;r)) N (I =1) has its J;= 0 component odd
under charge conjugation. Since the Cabibbo Hamiltonian is CP invariant, its
parity violating part must be odd under charge conjugation. The weak parity
violating #N vertex can arise only from the J = 1 piece of Hy~ which is proportional
to sin? §,. Thus in Cabibbo theory, the one pion exchange contribution to the
parity violating nuclear force is much weaker than might have otherwise been

expected (in comparison, e.g., with AY =1 vertices such as A — p»— which are
proportional to sin 8, cos 4,).

From this discussion it is apparent that the single pion exchange contribution
arises entirely from the charged pion and the weak vertices of interest are

AnY): n—pn
A(pD): p—>nmt.

It must be remembered that a model of weak interactions which alters this vertex
in Telahon to Cabibbo theory prediction may be tested only against experiments
which measure the AJ=1 part of the parity violating nuclear force.

3. The parity violating npn— vertex
(1) The model

We assume that the weak Hamiltonian has, in addition to the Cat;ibbo part (HY




Neutral current effects 177

a part arising out of the neutral currents of leptons and hadrons (HE), which is
aJso of the current-current form. Thus

HV = HJ"+ Hy

H:V (J(l) (’l ) (J+ () u -+ J+ {») /4)

V2
Jm = l)’,u(] + vs5) v

JB, = cos 8, (Vi + iV2) -+ sin A, (Vi + iV

+ cos 8, (A}, + idR) + sin 6, (4y + id;)

Hy = vgerJ“MJ“+J“ﬂ

'],L(Ll)N = VYu (1 +yg) v+ iy, (1+ ¥s) |

IOy = (aVi + yV§ + BAL + 84,).
The superscripts 1, 2, ..., 8 refer, as usual, to SU(3) transformation properties.
We have assumed, in consonar.ce with most neutral current studies (Sehgal 1974,
Rajasekaran and Sarma 1975, 1976, Ecker and Fischer 1976, Hung and Sakurai
1976), that the weak hadronic neutral current is vector-axial vector in Lorentz
structure, is strangeness conserving and has isospin <1. We also assume that
its isovector component is the neutral counterpart of the isovector currents which
appear in the Cabibbo Hamiltonian and that its isoscalar component transforms
like A;. The appearance of four independent coupling parameters a, 8, y, 6 implies
that relative strength of the neutral current piece of the Hamiltonjan relative
to the charge current piece is left free, as are the relative strengths between the
various parts of the neutral current.

The phenomenological Hamiltonian thus obtained is not chiral invariant. In
calculating the weak parity violating npm~ vertex, we shall, however, assume in
the usual fashion that charge-current commutators of the vector and axial charges
with the currents are those which follow fiom the chiral algebra. If therefore
H,, is the parity violating part of the weak Hamiltonian which contributes to the
weak parity violating npm— vertex, we have:

Hy = [sin® @, (V, plativ) gii=is) 4 AEZ*“’ V;m—is))

\/ 2
+ @V + y Vi) (4 + 34'0)
+ (B4 + 84%) (aV* ) + PO

Contracting the pion using the standard LSZ reducticn techniques and using
_PCAC we have

(m(@)p (p) | Hyy (0) | n ()

- f,, \/2q0V<p () | (F3~ (0), Hyy ()] | » (n).

We evaluate these commutators usin g‘the SU (3) charge-current commutation rela-

1A
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[Fs (x0), Vi(x)1=if“" A3, (x)
[Fs (x0), AL (X)]= i/ V¥ (%)

to obtain

[F5™™ (0), Hyy (0))

S k0 1 ym w0
= — :/1“6 sin2 6, H:.* (0) — —-\7—:;’ ay Hp. " (0)
1 -
~ 573 (a8 + By) H, ™ (0,.

We have used the notation

HEF = PE(0) V¥ (0) + A% (0) 4" (0), etc.
We may thus separately group the charged-current and neutral current contri-

- butions to the parity violating vertex:

(rmp | HY, o | ny = — ggsinz 0, (p | HEX | )

_ N

TP | Hov w13y = — S5 (p | ay H ™ + 4 (ad + y) By ™ | m)

(N = 1/(fx /29,V)) is a normalization constant common to both comtri-
butions.

(i) The neutral current contribution

" To évaluate the neutral current contribution

= p | Hyow | 1) = — 53 (Play H ™ + 3 (ad + By) Hy, ™ | m)

we first note that HJ ™ does not contribute to the amplitude. We have a.lready
argued on the basis of CP invariance that a product of currents t'ransfmmfng as
j™ j™ does not contribute to the weak parity violating mps vertex. This was

the reason for dropping the parity violating term propoitional to cos?é,.
Thus

-

P | Y |y = — 5T (a8 By) (o | A |y

and the neutral current contribution to the parity violating (npw) vertex arises entirely
from the interference between the isoscalar and isovector parts of the neutral current,
This is a consequence of the assumption that the neutral current Hamiltonian is

also of the current-current form, and that the neutral currents have specific
transformation porperties under SU (3).
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(iii) Relative magnitude of charged-current and neutral current comtributions
Since

P | Hoe 11)= = gsint,(p | FE¥

(79| Hyp x| 1) = — 2—%3(«18 +By)(p | BE ™| 1)

a direct comparison of this particular combination of neutral current couplings
with experiments sensitive to the A7 =1 part of the parity vielating nuclear force
requires an estimate of the relevant matrix elements, We obtain this estimate
by saturating the product of cuirents by a set of baryon ociet intemediate states.
It is well known that in such approximation schemes, the decuplet contribution
adds a small correction (5-107,) to that from the octet. We are not interested
in numerical estimates of such accuracy. We use only an F-type coupling for
the charge form factor of the vector current and relate the vector form factors to
the electromagnetic form factors for which we use the conventional dipole fit,

Thus, e.g.,

o VI T () (n () || V2 || 1 ()
- [ o0 () r [ @t 0]

x B [ F™ (g3) “-l- qurs (([z)]u(n)

2m

with g, = p — py, g5 = 1. Fyy, Fyy' ave the isoscalar and isovector charge
and magnetic Iorm f’lCtOl‘S for which we use the following param etiizaticn :

2 \~1 2,2
FI (rﬁ): 1~ob — ) 4,71_](1 —%ﬁ) (1 —%)

i 1 2 ' 2 -1 A 2\ =2
L

BV () =4 [, — ) —1] (

|s =l _ - ﬁ -1 qz -2
(Q) 3 [(w, + ) — 1] (1 4m2) (1 . F)
b=0TL(GeV), =279, p, =—19L.

For the matrix elements of the axial vector currents, we use symmetric and
antisymmetric SU (3) couplings for both electric and magnetic form factors,
D/Fratio of 1-5 and g, (0)/g,, (0) = 1-18. Thus, for the reduced matrix e]ements,
e o
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GO 170D =76 [vafi 029+ B0 L @) |l

2m
J 2 2/H\—2 2 4”22 2
G=p—n (@) =0-g%)" £lg) = —— qul(q ).
mw
We have evaluated the integrals setting p = n (¢, = — g,) and with degenerate bar-

yon octet masses. Kinematic mass breaking and a small finite pion 4-momentum
may easily be taken into account. However, they only add small corrections to the
result. Since we are at present more interested in the qualitative changes in the
parity violating mpm vertex due to the presence of neutral currents and experi-
mental results on the A7=1 part of the parity-violating force are not yet avail-
_able, we have ignored finer corrections arising fiom such featvres of the theory
‘as kinematic mass splitting, ec.

4. Results, status of experiments and conclusions
- (i) Results

We write the parity violating npz— vertex as a sum of contributions arising from
charged and neutral currents respectively :

(v | Hyy |0y = Na(p)u(n)[Te + Tyl

D O S B S
- fa V2V fr Q)R 2my i

We obtain T = 25251 sin% 6; Ty = 1-3542 (ab -+ By),2.

The charged and neutral current contributions have been evaluated retaining only
octet intermediate states. The contributions of the other multiplets in the
intermediate state are known to be small due to their larger masses. The charged-
current contribution to the BBm vertex has been evaluated earlier in various
contexts by-several authors (Chiu and Schechter 1966, Biswas ef al 1966, Tadic
1968, Fischbach and Trabert 1968, McKeller 1967).  We have recalculated this

contribution as a check on the numerical results for the analogous contribution
from the neutral current.

Since*
 Ty/Te=11-06 X $(od 4+ By) |

an enhancement in the AI'=1 part of the parity violating nuclear force [as,
it has been suggested, is required for the AJ=0,2 pieces of the force (Hadji-
michael and Fischbach 1971, Danilov 1972)] due to the presence of neutral currents
will result only if the neutral current has a substantial isoscalar part, comparable
to the isovector part (if o, B, y, 8§ ~ 1 for reasons we discuss telow). In any -
case, if the neutral current is purely isovector [as in the Adler-Tuan model
(Adler and Tuan 1975)], it does not contribute to this parity violating vertex.

* The sign of this ratio is not known, This may lead to im

portant cancellations if Ty and
T are of the same order of magnitude,
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(ii) Status of experiments

Two experiments are in progress (Fischbach and Tadic 1973, Henley 1976) for
the measurement of the A7 = 1 pait of the parity violating nuclear force. These are:
(@) angular asymmetry of the emitted photon in the capture of polarized slow
neutrons in hydrogen, viz., angular asymmetry n+p —>d+v; (b) Rate of «
capture in deuterium o -+ d—>Li% + y.

The circular polarization of the emitted photon in experiment (a) which is sensi-
tive to the A= 0 part of the parity violating force was measured by Lobashov
and his group (Lobashov e al 1972) who found a value P = (1-340-45) X 10~
This is generally believed to be at least an order of magnitude larger than what
may be expected from Cabibbo theory (Henley 1976). It has teen pointed out
by Craver etal (1976) that estimates from theory are subject to considerable un-
certainties due to inexact knowledge -of the deuteron wavefunction at pion
Compton wavelengths, While the angular asymmetry prediction for a given weak
interaction Hamiltonian will be subject to the same uncertainties, order of magni-
tude deviations from the prediction of Cabibbo theory would indicate a large
isoscalar-isovector contribution from neutral currents. Co

(iii) Estimates of neutral current couplings and an upper limit on the magnitude of
the neutral current contribution

Any estimate of the magnitude of the neutral current contribution to the parity
violating npn— vertex requires a knowledge of all four couplings, a, ---, 5. No
estimates of the magnitudes of all four couplings based on the analysis of experi- -
mental data alone are available. In particular, no estimates whatsoever of o,
the axial vector isoscalar coupling, are available possibly ltecause tl:e neutial
current in the one-parameter Weinberg-Salam theo1y without chaimed or stiange
hadrons has no axial vector isoscalar component. We summarise bricfly the
available estimates from which our conclusions are drawn.
(a) Rajasekaran and Sarma (1976) have obtained upper and lower bounds on

e and B independent of the magnitudes of the isoscalar couplings. From the
data on total cross-sections for v and ¥ scattering on isospin averaged nucleon
targets and from electron scattering data, they obtain an octagonal region in the
af plane around the origin within which «, B must lie. Maximum, allowed valves
are e~ f~0-6. Larger valucs of a(B) are compatible only with smaller
values of f(«). Their lower bounds iequire data on wp and vn scattering sepa-
rately which are just becoming available (Cline era/ 1976). In an eailier pagper
Rajasekaran and Sarma (1975) showed that these valves are relatively stable with
respect to arbitrary admixtures of a vector isoscalar component (ys£ 0, § = 0).
* (b) Ecker and Fischer (1976) use data on weak and elect: omagnetic single pion
production to obtain bounds on the isovector coupling which allow arbitiay-
isoscalar admixtures. If their lower bounds are combined with the upper tounds
- of Rajasekaran and Sarma, the maximum allowed valves -are

a~0:6, pB~0:-8.

A purely isoscalar current (¢ = B = 0) is disfavowed as is the Adler-Tuan V-4
isovector model (e = B, v =5 = 0).
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TFhus, if we do not make the assumption that the isoscalar couplings are an
order of magnitude larger than the isovector ones, we are forced to conclude that,
at best, a, B, y, 3-< 1 and neutral currents provide an enhancement 10 over
Cabibbo theory in the parity violating npn— veitex. We note that this estimate
of a,... , § is consistent with improved data on inclusive reactions presented at the
Aachen conference reported in Hung and Sakuvrai (1976).%f

(iv) Gauge models, charmed currents, etc.

Any specific gauge model for a weak Hamiltonian will relate the couplings e, =+, 9
to one or more mixing parameters of the theory. If we take the charmed quark

version of the Weinberg-Salam model (Salam 1968, Weinterg 1967) due to
Glashow etal (1970) as an example, we have

Juw =JIRD+ T+ P — 25in2 6, Jo™

iJ}f’ is the isovector part (vector and axial vector) apart from that which appears

n Je™; J9 and JP are isoscalar pieces containing charm and strangeness
. changing parts of the neutral current which may te neglected when low energy
nucleon couplings are considered since nucleons contain charmed or strange
quarks in excited states only. Then, in our notation,

. 2 .
a=1—2sm%0, 'y=—-755m5f)w
B=1 =0
so that this model when coupled to ouss leads to an.enhancement ratio
Ty _ 13542 /350w
T,|  2-5251  sin?g, 2

This is to be compared with the enhancement factor of (8/3)[(sin® 8y,)/(sin® 6,)] -

obtained by Gari and Reid (1974) on the basis of quark model and cuirent algebra
alone. '

(V). Conclusion**

We thus conclude that measurements of the AJ=1 piece of the parity violating

* In a recent analysis of neutrino and antineutrino cross-section data (Benvenuti eral 1976)
it is suggested that ¥-A structure for the neutral current provides the best fit obtainable if the
choice is restricted to ¥ — A4, ¥V + A andeither V or 4. This would require a= B, ¥ = 8
which, when combined with the conclusion drawn by Hung and Sakurai (1976) from inclusive
data reported at the Aachen conference, suggests that a= f~0-6, y = 8§ ~0-5.

t A recent analysis of the pion counting experiment at Gargamelle (Coremans eral 1976) -
suggests that the nadronic neutral current is dominaatly isovector. If such is indeed the case,
our analysis shows that the neutral current does not contribute to the parity violating force under
coasideration. We thaik the referee for drawing this result to our attention.

** After the work was completed, we came across the paper of Desplanques and Hadjimichael
% (Desplanques and Hadjimichael 1976) which deals with this problem in the same framework. They
it use octet dominance and obtain the relevant reduced matrix element from nonlegtonic hyperon
decays. Thus they do not obtain the dynamical suppression factor 1- 3542/2- 5251 arising from our
use of pheaomenological fits to vector and axial vector form factors in evaluating the reduced

matriX elements. In other respects their results are analogous to ours. We thank S. Rai
Choudhury for drawing our attention to this paper.
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nuclear force when combined with data on neutrind scattering and pion produc-
tion experiments will permit an estimate of the isoscalar admixture in the weak
hadronic neutral current. '
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