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Tests for Neutral Currents in Neutrino Reactions
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Neutral currents predicted by weak-interaction models of the type discussed by Weinberg
may be detected in neutrino reactions. Limits on the ratio R of o(v+N v+X) to o(v+N

p + X) are obtained independent of any dynamical assumption. For the total cross section
for high-energy neutrinos, we find R» 0.18, provided the Weinberg mixing angle satisfies
sin oil, ~ 0.33. For the production of a single m we find B' » 0.50 contrasted with the experi-
mental result R' ~ 0.14 using only the assumption of (3, 3)-resonance dominance. Applica-
tions are also given to antineutrino reactions.

GENERAL RESULTS

Weak-interaction models of the type recently
discussed by Weinberg" involve neutral lepton
currents which may be coupled to hadrons. There
is much interest in testing for such currents in
neutrino reactions. In most of the tests that have
been discussed' ' special dynamical models or
approximations have been made. In this note we
present tests that do not depend on any such model
assumptions. Such tests have also recently been
discussed by Pais and Treiman. 4 Our results are
improvements on theirs arising from new esti-
mates of the axial-vector contributions leading to
(a) a 25% increase of the bound for the total cross
sections under zero dynamical assumptions and

(b) a derivation of the bound stated in Eq. (23) from
a single assumption: the scaling of electroproduc-
tion and neutrino-induced production data in the
deep-inelastic region.

The effective Lagrangian for strangeness-con-
serving semileptonic processes involving neutrinos
in models of the Weinberg type is given by

x= 1 —2sin'6I~ and y=-2sin'8~ (2)

Z =—[py„(1+y,)v„(J', +iJ2)G
2

+H.c.+ vy„(1+y,) v(A.,"+xV,"+yJ,")], (1)

where J;= V;+A; is one of the isospin components
of the usual V-A currents and J, is an isoscalar
current. In the simple Weinberg' form

2[v(v+ p- v+X,)+o(v+n v+X-,)] o,8 =-,-,'[o(v+—p-g +X,)+o(v+n- p +X4)] o

0 =A+I+ V,

where V comes from the vector current alone, A
from the axial-vector current alone, and I is the
interference term. It then follows by means of an
isotopic-spin rotation, if we set m„=0, that

o, = —,'(A + xI + x'V + y'S), (5)

where 8 is the contribution of the isoscalar cur-
rent. The averaging over proton and neutron tar-
gets, or equivalently the use of an isospin-zero
target, is essential to eliminate the interference
term between isoscalar and isovector currents.
Since g S)~ 0)

1 A+xI+x'V
2 A+I+ V

The final states X,. may be chosen as all possible
final states in which case we are considering total
cross-section ratios. Alternatively, we may con-
sider some limited kinematic range of the standard
variables Q' and v. Our considerations also hold
if the X&'s are limited to a particular class of final
states (such as those involving a single pion) pro-
vided ave sum over all possible charge states of
the final Particles for each of the reactions. For
the denominator in 8 we write

with J, =(1/v3)V„where 8~ is the mixing angle of
the Weinberg model.

We consider in such models the cross-section
ratio

Furthermore, Schwarz's inequality implies

4AV & I'.
Combining these two inequalities we obtain

(6b)
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y l/2- 2

1 —(1 —x)
A+V 1 2EE'+v +~Q

(E+E')(v'+ Q')" '

The term V can be deduced from a knowledge of
the isovector contribution to the electroproduction
cross section with

g
(I —2&)"' (12)

—,
' [(r(e+P- e+X,)+v(e+n- e+X,)]=-o

where, as before, a sum over all possible charge
states of the final particles in each channel is as-
sumed so that there is no isoscalar-isovector in-
terference. Not knowing the isoscalar contribu-
tion, we write

G2 Q4

w see

Combining this with Eq. (7), we get

y l/2- a
R & —,

' 1 —(1 —x)
o (8a)

y l/2- 2

1-2sin 8w 0'

The right-hand side is now expressed in terms of
experimental quantities,

V, G' 1 jQ (der/d Q'dvdI'),
0' F 47I'o1 J(do/dQ dvdI )„

where dX' is a hadronic phase-space factor. It
should be obvious that Eq. (8) is completely model-
independent and holds for any set of final hadrons
and any region of phase space.

Equation (8b) may be contrasted with the limit
given by Pais and Treiman4:

2EE' cos'(-,' 8)
(E+E')2

The alternative bound now follows trivially:

(13)

—,[o(v+p- v+X,)+e(v+n- v+X,)] o-

&[o(v+P- p, '+X,)+o(v+n- p, '+X4)] o

(14)

provided o is replaced by o, . New results may
be obtained by combining v and v cross sections.
The Eqs. (4) and (5) for o and vo are changed into
equations for a, and o„respectively, by changing
the sign of I. Defining

R=-,' x+(1 x)
'

(1 x)V-'~.
1+E o

Equation (13) becomes an equality if the isoscalar
contributions to o, and o, are zero' and if, as a
result of hadron dynamics, o~ =o~ =0. m applying
Eq. (13) over a large range of Q' and v, one must
be careful to use the smallest value of I' compat-
ible with the data; in general, this involves sepa-
rately integrating numerator and denominator in
Eq. (11).

Recently, data involving antineutrinos have also
been reported. ' Our general results Eqs. (8) and
(13) apply equally well to the ratio

21 - —'(1 —221s S )(1—2s1s'S„
o'

Our Eq. (8b) gives a limit which is larger by a
term

sin g~ 1—

0 0
o' —o'+

we find

D= 2x
= 2(1 —2 sin 821) .

(15)

(18)

and is valid for values of V, /c less than (1 —x) '.
In spite of its transparency, this bound may not

be the best one. A bound which may be better, is
derived by finding a lower limit [designated (1/F)]
for the expression

A+V cos'( —,'8)W, +2sin'( —,8)W,
I [(E+E')/M] sin'( —', 8)W,

Thus limits on D may be used to bound sin'9~ in
the neighborhood of —,'. If we use the limit set by
electron-antineutrino scattering " of sin'8~ ~0.33,
then D ~ 0.17. Alternatively we can add neutrino
and antineutrino cross sections jiving

O'0 +O'0

o' +o'+

1 A+x'@+y'S
2 A+V

(1 —Q /4EE') + [(v'+ Q')/2EE'][(L) + (R)]
(v'+Q')'1' '[(E+E')/2EE'][ (L) —(R)]

(11)

where the notation is standard in the literature. "
This is minimized for (R) =0, (L) = 1, giving

It then follows simply that

R'~-,' 1 —21 —x'
o' +o'+

or

(18a)
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1-8sin'6}~ 1 —sin'g~~o +o, (18b)

Equation (18}is the best possible limit since it
becomes an equality if the isoscalar contributions
are all zero.

Even if the antineutrino cross sections are not
well known, they may still be useful in improving
the limits for neutrino events. If it is known ex-
perimentally that the ratio

comparing electroproduc tion and neutrino-induced
production processes point by point. Such detailed
data are not available and we discuss again the
deep-inelastic data. In this case we must, how-
ever, assume in addition to the scaling of electro-
production, the scaling of the neutrino-induced
production data for which the experimental evi-
dence is still rudimentary. Integrating numerator
and denominator in Eq. (11},we find" the limit
(1/I ) = 2. This leads to

then

(19) 2-- —, + —,x —(1 —x') )-0.23.1 2 1

o' (23)

I B-1
A+ V B+1

lt is interesting to compare this Eq. (23) with the
equation

and from (13)
R & —,

' (1+x+ x') & 0.24 (24)

R& 2 x+(1 —x) —(1 —x)B+1 V
2B o. (20)

Equation (20) may be applied to R if g and g, are
interchanged in Eq. (19) and in the last term of
Eq. (20).

TOTAL CROSS SECTIONS

(21)

where E2(&u) = vW2 is the standard scaling function.
The above inequality holds for any value of g, /g„
in case that the ratio is zero, as seems to be
borne out by the data for deep-inelastic scattering
it becomes an equality. Using Eq. (21), we can
substitute for V /g in Eq. (8) the quantity

JE2((u)d(o G' 4
(220' 1T 3

To calculate the bounds given by Eqs. (8) all that
one needs are the cross sections for electropro-
duction and neutrino-induced production. For the
total cross section of electroproduction, we make
use of the scaling property from which

G2 t' q4 dg
V, = — 4, , )

42'du

derived by pais and Treiman [their Eq. (27)] using
the additional dynamical assumption of V=A. If
V, /g =-,', which is approximately correct experi-
mentally, then Eqs. (23 and (24) are identical and
the additional assumption is unnecessary. The
reason for the identity is that if V/g = 2, then our
condition (A+ V)/I & 2 leads to A/(A+ I+ V) & —,'.
The two equations V/g =-,' and A/g & —,

' are equiv-
alent, in the sense of inequalities, "to V/g
and A= V.

Equation (23) can also be derived from Eq. (20)
using the theoretical result' that g /g, ~ 3 for the
scaling region. Recent experimental results'
seem to indicate that the ratio g /g, of the neu-
trino to the antineutrino cross section is approxi-
mately equal to this limiting value of 3, so that it
is not possible to use Eq. (20) to improve on Eq.
(23). On the other hand, if the experiments are
interpreted as giving g,/g & —,', then Eq. (23) fol-
lows without the scaling assumption. The discus-
sion above provides some insight to this experi-
mental value of g /g, . If it is true that V/g
then in any model for utch V=A, it follous that
V=A =I, and the ratio of 3 to I for g /g, followers.

If we use the approximate experimental results
V, /g = —,

' and g /g, =3, then in addition to Eq.
(24) we obtain for antineutrino experiments

where we have" used
R & —,'(1 —x+ x') & 0.39, (25)

I"2(&o)day = 0.14 + 0.02

and for the total neutrino cross section"

= (G'/w)ME(0. 52 + 0.13) .

+squiring sin2@ ~ 0.33, we find from Eq. (10)
(Pais and Treiman) R & 0.14, whereas from our
Eq. (8) we obtain R&0.18.

One can use Eq. (13) to obtain better bounds by

and combining neutrino and antineutrino experi-
ments,

R' & —,'(1 +x') & 0.28 .

ISOBAR PRODUCTION

The general results Eqs. (8) and (13) hold when
we limit ourselves to the nucleon isobar 4 as the
final state. In this case
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If we assume that these events are all 6 events,
then it follows from the isovector character of the
weak currents (the isoscalar does not contribute)
tha.t

20'o= 3ao~ O'-=6 0

and from Eq. (8)

1/2 2
I - (I - x) 0' (29a)

j(/ 2 2

R ~~ 1-2sin gyp 0' (29b)

In order to determine V we use the narrow-width
approximation and the data of Galster et al.M As
i.s indicated by their analysis, the nonresonance
background i t most 25%. For the correspond-
ing neutrino cross section we use the data of Bud-
agov eI' al." Most of the errors come from the
neutrino data, for which new results will soon be-
come available. The value obtained for V~/e is
0.20 +0.05, which is consistent with the value of
0.19 used by Lee.' The corresponding bound" for
R' is

R ~ 0.50.

This is to be compared with the model-dependent
limit of 0.62 from the analysis of Lee. The only
assumption we have made is that all the events
observed are to be associated with the L. The ex-
perimental limit" given for R' is R' ~0.14. Our
result strengthens the conclusions of Lee that this
experimental result disagrees with the Weinberg
model unless there is a great admixture of I= 2

final states in o'. In the case of 6 production,
since there is no isoscalar contribution, it is not
necessary to sum over protons and neutrons. Thus
we may consider

~2[u(v+ p -v+ a') +e(v+n- v+ b,')] (r,
—,'[g(v+p- g +b,")+o(v+n- g +b, ')] o

(27)

Experimental data have been given by Lee" on a
related ratio,

—,'[o(v+p- v+p+w')+o(v+n- v+n+w')] (ro

i (r(v+n p-, +p+v') 2v' '

(28)

In ca,se both the neutrino and antineutrino
cross sections are known, we can obtain an equal-
ity relating R" to experimentally measurable
quantities by using Eqs. (11), (19), and (20).

CONCLUSIONS

In this paper we have established lower limits
on the ratio 8 (R) of the cross sections for v

+nucleon v+X (v+nucleon- v+X) to that of
v+nucleon- g +X (v+nucleon- p' +X) as a func-
tion of the parameter x=1 —2 sin g~ in Hamilto-
nians of the form of Eq. (1). The major results
a,re the following:

1. A general result applicable to any v (v) pro-
cess wherein the target can be considered as hav-
ing isospin-zero is given by Eq. {8). It is impor-
tant to remember in the definition of R that all
charge states must be summed over in the final
product X. Combining neutrino and antineutrino
cross sections, we obtain the general results„
Eqs. (16), (18), and (20).

2. For the same processes a better lower limit
may be given by Eqs. (13) and (12), in which the
result depends on the kinematic variables Q' and
v or E' and 0.

3. For the total cross section of neutrinos, the
model-independent result gives R ~ 0.18. Assum-
ing scaling for the high-energy neutrino cross
section, we obtain Eq. (23), which raises this
limit to 0.23.

4. Experiments suggest that the vector contri-
bution V to the total v cross section is approxi-
mately -', and that the ratif& of v to v cross section
is approximately —,'. These two relations together
imply that the axial-vector contribution A= V, as
predicted by most parton models. In this ca,se,
the inequalities take the simple form of Eqs. (24)-
(26).

5. For the experiment of Lee involving single
mo production, we find a ratio R' ~ 0.50 to be com-
pared with an experimental result R' ~ 0.14. The
only assumption is that the final state is pure I= -,'.

6. A general result for b production using pro-
ton targets alone is given by Eq. (31).

All numerical limits above are subject to con-
siderable uncertainty because of the inaccuracies
in the experimental numbers inserted into the equa-
tions including the limit sin28~ ~0.33. Thus they
must be considered illustrative rather than defini-
tive.

u(v+p- v+a')
(r(v+p p. +b.")-'

J/2 2R"~ —', 1 —(1 —x) — — =0.1V .0'

(30)

(31)
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