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A polarization asymmetry of the order 107 s
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allow to single out the (electron vector_current)
x (hadronic axial iscscalar current) quantum num-
ters and couplings of the neutral current interac-

tion.
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One crucial question in physics is the structure c¢f neutral currents.
Determination of the empirical neutrino-hzdron ccuplings without commit-
ment to specific models has been discussed by several authors1). The in-
formation relevant for this purpose is extracted from high energy neutrinoe
induced reactions, using inclusive, semi-inclusive and élastic scattering
data. The couplings thus obtained are compatible with the neutral current
structure as predicted by the standard W - 3 model2 of weak and electro-
magnetic interactions. The absence of a parity violating signal in atomic
3) and Seatt1e4)

Bi experiments carried ocut in Oxford is a problem for the

model. Recently, however, a positive result has been claimed from a Novo-

5)

sibirsk experiment”’, and the situation is confusing. To single out the
different quantum numbers in & clear-cut way, making use of selection rules,
inelastic neutrino scattering on nuclear targets6 has been suggested in

the literature.

The parity violating part of the semileptonic neutral current interac-
tion interferes with the electiromagnetic amplitude, inducing parity viola-
ting effects. These are generated by the product of vector and axial vec-
ter neutral currents to construct a pseudoscalar observable. Cne particu-
lar combinationT) of these quantum numbers is the one searched for in the
atomic physics experiments in heavy elements. Complementary informatione)
may be obtained from experiments in hydrogen and deuterium atomsg). Elec-
tron scattering provides a different tool to look for the parity violating
part of the neutral current interaction. Very recently, a SLAC experiment
in deep inelastic electron scattering from deuterium has reportedjo) a po-
sitive signal of the polarizaticn asymmetry, with sign and magnitude in a-
greenment with the predictions11) of the W - 5 model. Turther work on the
y dependence of the effect and results from protons would allow the ex-
traction of separate quantum numbers and couplings. Again the possiblility
to choose the quantum numbers and hence the selection rules makes elastic
and inelastic electron-nuclear experiments an important %col for %his stu-
dy. Explicit predictions for the incoming electron helicity dependence
cf the cross section have been made by Feinberg‘]2 for elastic scattering

and WaleckaqS}

for isovector magnetic dipole transitions. The information
content from elastic electron scattering is the product (electron axizl cou-
pling) x (hadronic vector coupling), i.e. the same as the one in the first
generation atomlc physics experiments. For magnetic dipole transiticns,
both hadronic axial vector and vector components of the neutral current

are a priori relevant., Effects of the order 107° for the polarization

asymmelry are predicted for momentum transfers typical of nuclear transitions.



In this pzper we wish %o point out that parity viclating effects in

inelastic electron scattering are enhanced for isoscalar magnetic dipole

transitions. This originates from the small isoscalar magnetic moment of
the nucleon which suppresses the contribution from wvector currents. As a
consequence, the piece of the weak Interference contribution (electron vec-
tor current) x (hadronic axial isoscalar current) gets enhanced relatively
to the electreomagnetic strength. Even at low energies (Ee ~ 50 - 100 MeV),
where the cross sections are large, the polarizaticn asymmetry at backward
angles i1s of the order 10_4. In crder to interpret asymmetry results in
terms of neutral current theory, the nuclear physiecs part of the problem
rmuet rest under control. We prove that, in the impulse approximation frame-
work, the parity viclating effect becomes nuclear model independent tc lea-
ding order in the momentum transfer. The reason is that for isoscalar tran-
siticns, contrary to the isovector ones, the relative contribution of con-
vection and spin currents is fizxed in the long wave length limit. This will
allow us to present in a transparent fashion the physical basis for the ex-
pected enhancement. DBut we shall argue that, because of isospin admixtures,
g realistic prediction of the polarization asymmetry needs a reliable ex-

perimental study of the isoscalar form factor.

The leading order argument goes as follows. In the long wave length
limit, the matrix element of the current operator responsible of isoscalar

magnetic dipole transitions 1s given by

iy
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where N is the total magnetic moment of the nucleon and the matrix ele-
ment has to be understood between the configuraticns of the two nuclear
levels which are considered. For inelastic scattering, roitstional inva-

riance imposes the following restriction
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owing to the definite tofal angular momentum of the nuclear states., With the
same normalization as Eq. (1), but for the fundamental weak neutral current
couplings, the space components of the axial isoscalar nuclear current are

given by
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where ng is the renormalization of the axial isoscalar coupling cons-
tant for the nucleon. Its value has been the origin of some controversy
in the literature14). One expects a value of the order of unity, with

0.75 as the canonieal prediction.

The interference which originates the parity violating observable is
constructed from the contraction of (1) and (3) with the é.m. current and
the vector neutral current, respectively, of the electron. Apart from the
weak neutral current couplings and some g dependent kinematical factors
{not varying drastically with the gquantum numbers of the transition), the

pelarization asymmetry will be determined from the ratio

o
Z; (a?) = - 2 Me Ga (4)
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This quantity gives an indication of the relative contribution expected-

with the choice of the transition gquantum numbers for fixed small momentum-

+ In fact, the correspending quantity in elastic scattering12)

transfer ]E

is unity, whereas in isovector magnetic dipoie transitions13) it is
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where g; = 1.25 1s the renormalization of the axisl isovector coupling
constant for the nueleon and ¢ 1is nuclear model-dependent [there is no
relation similar to Eg. (2) for this case]. We see that there is a rela-
tive enhancement in going from (5) to (4) of & fsctor about 10, This sim—
ple observaticn shows the interest to explore further the possibilities

open to isoscalar transiticns.

To discuss the information content of the propesed experiment we fol-

low the notaticns of Ref. 15). The electron-quark parity violating neutral

current couplings o s B, ? s 0 , appearing in the effective TLagrangian
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are assoclated with vector isovector, axial iscvector, vector isoscalar

e

and axial isoscalar hadronic currents, respectively. Atomic physics ex-
reriments in heavy elements are sensitive to ? and, to lesser extent, @.
All couplings are relevant for the interpretation of the SLAC experiment

on inelastic electron-proton and deuteron scattering. Isovector magnetic
dipole transitions in electron-nuciear scattering depend on 7 and, to
lesser extent, @. Isoscalar magnetic dipele transitions give infeormation
on % and, to a much lower level, ?. The enhancement factor (4) discus-
ged above only applies to the axiszl piece of the neutral current. If the
electron-hadron interaction were mediated by the same intermediate vector

boson Z v7responsible of the sectors for neutrino physics one would have16)
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where vy, © (GV,GA) are the couplings as messured in neutrino-hadron (elec-
tion) scattering and » is the neutrino-neutrino coupling. In any

sU(2)® U(1) gauge theory these couplings can be expressed16 in terms of

the assignments of all right-handed fermions tc weak multiplets. The stan-
dard W - 8 model predicts & = 0, so 1t would be crucial to device a
yes-no experiment tc detect such an axial isoscalar component of the neu-

trazl current.

Now we prcceed to the calculation of the expected polarization asym-
metry for the 120 transition to the 1+(T = O) level at A = 12.71 MeV,
The parity violating observable is the difference in cross section for the
scattering of longitudinally polarized right ot and left @ hkanded in-
cident elecirons. Our transition is pure magnetic dipole and there is only
one vector form factor. The hadronic axial neutral current matrix ele-
ment is calculated in the impulse appreximation., The relevant result for

the polarization asymmetry is
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where G and o are the Fermi coupling and fine structure constants,

(8)

B (E' =& - A) ig the incident (outgoing) electron energy in the lab.
system and q2 = A2 - }€|2 is the momentum transfer squared., The en-

hancement factor Qo(qz) is calculated from
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where the notation [ . . e ]LE Is the one of Mukhopadhyay17) for nuclear

£2

matrix elements. The q2 dependence of the nucleon form factors has not
heen explicitly written and it is quite irrelevant for the kinematical
region in which we are interested. Eg. (9) reproduces the long wave length
1imit discussed above., DBecause of the strong cancellation between the two
terms of the denominator some detailed control of the q2 dependence of

the nuclear transition matrix elements is necessary. Although the actual
value of each matrix element is nuclear model dependent, the ratic present
in go(qg) is much less sensitive to nuclear physics. For compariscn we
use a simple j - ] couplin§ and an intermediate coupling scheme, such as
Bojarkina's wave funotions18 « The ratio of matrix elements in Eq. (9) is

given by
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where 7y = (1/2 fa| b)2 and b 1s the oscillator parameter to descriuve
the radial behaviour of the system. For 126 we have b = 1.70 fm. As we
gsee explicitly, there is no big uncertainty in the snalysis coming from

the evaluation of the nuclear matrix elements. The fundamental restric-

tion {2) obtained for y = O is mainly responsible for this result.

One should be especilally careful of possible isospin admixture effects
contributing to the electromagnetic transition. They are taken into account

in the following way. We write the state in the form



+
147,
where |1+, T =
15+11 MeV, The value of ¢

52 < 1%), so that it does not affect

the numerator of (_ (qE). However,
tion is sc strong {compared with-the
ture ¢ of wrong isospin can change

Therefore it must be replaced in Eq.
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1 > has the wave function of the isovector state at

1s expected to be very small (probability

the neutral current contribution, i.e,
the isovector magnetié dipele transi-
isoscalar one) that the small admix-

appreciably the denominator of Qo (qz).
(9) by
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The additicnal nuclear matrix elements introduced in the analysis are well

known from detailed studies of the electromasgnetic and weak transitions to

the T = 1 124

12N.

15.11 MeV 1level of

12B

and 1ts analogue states of and

In particular, they have a comparable magnitude tc the isoscalar ma-

trix elements and 1t shows that the great difference in strength follows

from the nmucleon magnebtic moments.

With all ingredients at our disposal, we can now compute the enhance-

ment factor QO (qg) if we have a value of e, This is extracted from the

measured electromagnetic width of the level by comparing with the theoreti-

cal iseoscalar value

+ - =
ryi%,7:0 50 , T=0) . 0.504 102

(13)

[ (44, T= 1> 0%, 7:0)

using the wave functions of Ref. 18).

ratio iz (0.95 £ 0.15) x 107",

19)

which is very similar

Cohen-Kurath's wave functionszo)

19)

The experimental result for this
2 This implies a value ¢ = C.05 + 0.01,
to the result extracted from an analysis in which
were used.
In the Figure we plot the results obtained for the asymmetry parameter
as function of the scattering angle 6 , for incident electron

2
R (E! q ),

energies of 50 MeV and 100 MeV,

Trhe values of R

are given in units



of 7 gAO) and only the second term of Eq. (8) is relevant. The relative
contribution of the hadronic axial component versus the vector one at these
energies is a factor of about 50. As emphasized above, the proposed ex-
periment is primarily a determination of the axial iscscalar neutral current
coupling of hadrons with electrons. From the results shewn in the Figure we
see that the enhancement discussed for the isoscalar transitions is actually

operating in a realistic case. Typlecal values for the polarization asymme-

4

—

4

magnetic form factor is near its maximum. Unless a colncidence technique

try are around 107 for

values of about 100 MeV, where the electro-

is used to detect the excitation of the isoscalar level [it decays by

o emission], the electron scattering experiment must be planned in the
backward region. The magnetic transitions become then cobservable from only'
electron kinematics. A% E = 100 MeV, 0 = 180° s, the predicted effect is

R =2 x 10" (gi &) for the relevant isospin admixture. The momentum
transfer is at that point IEI = 187 MeV, which is still far from the mini-
mum (e~ 330 MeV) in the form factor. 4&s illustrated in the Figure, the ef-

fects of isospin admixture are very important, so we prcpose a preliminar

study of the electromagnetic form factor in order to fix the parameter e.

To conclude, we have discussed the interest of an experiment locking
for parity violating effects in iscscalar magnetic dipole transitions in-
duced by electroms. It would allow to single out the axial isoscalar neu-
tral current coupling ¢ of hadrons with electrons. The effect is natural-
ly enhanced over the typical weak-electromsgnetic interferences. 4 rezlis-
tic calculation for the 120 transition to the 1 level at 12.71 MeV

gives a polarization asymmetry of the order 10_4 at momentum transfers
3| ~ 100 Mev.

We acknowledge useful discussions with T. ZEricson, C. Jarlskog,
E. Otten, P. Pascusl, R.D. Peccel and I. Sick about the thecoretical and expe-

rimental aspects of this work.
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PIGURE CAPTION

Values of the polarization asymmetry R Zfor the 126 transition

to the 12.7 MeV disoscalar level induced by longitudinally polarized
electrons, as function of the scattering angle ©., The results corres-
pond to incident electron energies of 50 MeV and 100 MeV for a pure
isoscalar state [broken lines] and fer a realistic isospin admixture

parameter e = 0,05 [continhous 1ines].
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