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Effects of possible anomalous Lorentz structures in the neutral weak interaction in neutrino-electron
scattering, deep-inelastic neutrino-nucleon scattering, and pion production in the N * region are

discussed.

Evidence' has been accumulating that the weak
interaction contains a neutral current which cou-
ples to neutrinos. While current theoretical
thought heavily favors the proposition that the
neutral current consists of a linear combination
of vector and axial-vector currents, the ultimate
verdict should be left to experiment. In this note
we would like to work out the form of experimen-
tally measurable distributions while assuming a
general Lorentz -invariant structure for the neu-
tral current. This question has already been com-
mented upon by Rosen® and by Sakurai® for various
special cases. Indeed, even the cherished V -A
structure of the charged current should be put to a
rigorous experimental test, as discussed in detail
by Cheng and Tung.*

Let us first consider the processes® v,(k)+e(p)
~v,(k")+e~(p’) and Te~~TV,e”. We write down
the most general local Lagrangian without deriva-
tive coupling®:

£ =gyyVra1EY°e +gAAT/7a75VEYa75e
+8av VY aYsVBY € +8yaVY o VEY o0
+8ssVVee +ZppVys e Ys€
+igpsVyslee +iggp V1Y e
+ 81 rV0apV80°Pe +ig5 7 V005 VB0 *Pe . (1)
Hermiticity implies that all the g’s are real. Note
that CP invariance would imply gps=8sp =877 =0.

We do not assume CP invariance in what follows.
Experimentally, the incoming v, is left-handed

and so the amplitude for v,e™ =y e~ becomes
M =Vyo(1 = y)18Y*(gy —&avsle
+ (L -7 )W ( g5 - Epyake
+g70048(1 = v )v8a e | (2)
where
& =3(&v —8&av),
&a=%5(8an —8&va),
gs =:(8ss —i&ps) ®)
gp=2(8pp — i8sp) ,
&r=3(&rr—ig7rr)-

Hence, CP invariance would correspond-to reality
of all the quantities in Eq. (3). Note that the only
terms which may violate P invariance without also
violating CP invariance are the V and A terms.

A straightforward but somewhat tedious calcula-
tion gives, in the laboratory frame, that

27 do

mE dy (vye~=v,e”)=2(gy +84)+2(8y -84V (1 - p)°

+ (Igs l2 + 'gp lz)yz

+32] g72(1 - 3y)?
-8Relgr(g%+88)y(1-3y),
4)

where y=E(recoil electron)/E (incoming neutrino).
Of course, one may also equivalently express this
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in terms of the center -of -mass angular distribu-
tion do/dQ2. To obtain the corresponding differ -
ential cross section for V,e™~ v ,e~ we simply
make the substitution g4~ -g4 and gr—= -gr in
Eq. (4).

To discuss the deep-inelastic experiments’
v, (9,)+ N~ v, (V,)+X we need to know something
about the strong interaction. We will simply rely
on the parton model® since the present charged-
current deep-inelastic experiments are in good
agreement with it.° The data are consistent with
a nearly complete absence of antiquarks in the
nucleon.® The kinematics for these deep-inelastic

neutrino processes is well known. It is most con-
J
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venient to consider d%/dxdy, where x=-¢q?/2y
and y=v/mE are variables which vary between 0
and 1.

For the neutral current experiments the out-
going neutrino is unobserved, and so the x distri-
bution cannot be measured. The y distribution, on
the other hand, can be determined by calorimetry
of the outgoing hadronic spray X. Let us assume
for the moment that the nucleon contains no anti-
quarks. The Lagrangian coupling neutrino to
quark partons of type ¢ will be assumed to have
exactly the same form as Eq. (1) (with the substi-
tution gy — g%, etc.). We may now obtain do/dy by
simply copying Eq. (4). The result is

do’ _ s ' Z o[ (g +gh)? L92(1 = )] + (| gk |2 i |2y,2
ol ML fio){2[ (g5 +gh)* + (&) —gh)P(1 - )] + (g5 [P + | g6 7)Y
( i ) .
+32g%[%(1 - 39)* - 8 Re[ g7(g% +g)*] y(1 - 33)} . ()
L _
Here f;(x) denotes the longitudinal momentum dis- 1de” 1dg” —d(1 - Ly )
tribution function® of quark partons of type 7 in E dy E dy -2y

the nucleon. We may remind the reader that in
the parton model the electroproduction structure
function F,=x22,Q2f,(x), with @, =charge of the
quark parton of type i. [To obtain the contribution
of antiquarks one simply substitutes g -~ ~ g and
g4~ - gi. This has no effect on the y distribution
to the extent that 27, f,(x)| g% [, etc., are unknown.]
Finally, do/dy for ¥, +N -7, + X may be obtained
from Eq. (5) by substituting g - - g% and g - — g%
Some special cases of Eq. (5) may be noteworthy.
If the current is a linear combination of V and 4,

v
BoDmarb1-yP,
1 do® (6)
E%=a(l -9)2+d

[a, band c, d, e (to appear below) are independent
of E and y.]

In particular, for cases'® of pure V or pure 4,
a=b and

v v
298 240 _a1-y+dyd). @

(This includes a world in which the neutral current
couples to some quarks via pure V and others via
pure A.)
If the current is a linear combination of S and P
ldo’ 1ldo’
242 222 . . 8
Edy Eay ¢ 8)

This equation has already been pointed out by
Sakurai.?
If the current is pure T

Notice that the y distribution for the difference
of neutrino and antineutrino cross sections has the
same shape whatever interactions are present,
viz.,

_1_<do" _ do”
E\ dy dy

)ocyu ~1y) (10)

in deep-inelastic scattering. Thus, failure of Eq.
(10) in deep-inelastic scattering would imply either
that the point-coupling Lagrangian [Eq. (1)] (as
generalized to cover quarks) is inadequate or that
scaling breaks down (or that the data are being
contaminated by heavy-lepton production). Viola-
tion of Eq. (10) in neutrino-electron scattering
would be a sure signal to us to revise our present
thinking about the weak interaction.

We may note that, not surprisingly, these two
types of experiments cannot tell us if the neutral
current violates CP invariance.

One may also ask what one may learn about the
Lorentz structure of the neutral weak interaction
from exclusive processes. In particular, the pro-
duction process v, + N— vy, + N+7 in the N* region
is now being investigated at several laboratories
and may be expected to yield valuable information
about the neutral current. With the point-coupling
Lagrangian Eq. (1) (suitably extended to cover
quarks) the differential cross section (spin aver-
aged) would be the sum of products of certain lep-
tonic tensors with certain hadronic tensors. It is
easy to see that the leptonic tensor will be bilinear
in leptonic momenta. One can readily convince
oneself that contraction with the hadronic matrix
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elements squared would yield at most nine invari-
ants. These are

l, (pl'k)y (pz'k),/(pl'k)z, (pz'k)zy
Py k)Dy k), € kodghy P (11)
€*®" ko@D 1y Pas(Dy k), €™ R0 dpD iy pas(Ps k),

where p,,p, are the momenta of the final hadrons,
k is the momentum of the incoming neutrino, and
g is the momentum transferred to the hadrons.

It is already known that if the neutral current
consists of a linear combination of V and A, all
nine invariants in Eq. (11) will be allowed.'? Thus,
in general, a study of exclusive processes will not
lead to any conclusion about the possible presence
of the exotic S, P, and T terms, if the Vand A

terms are already present. On the other hand,
one may rule out the simple case in which only S
and P are present if other terms than the unit
term in (11) are detected.

In conclusion, we see that pion production in the
N* region cannot provide a signal that exotic terms
S, P, and T are present unless one is willing to
introduce specific dynamical assumptions.

Note added in proof. We have been informed
that some similar work has been done by E.
Fischbach, B. Kayser, G. P. Garvey, and S. P.
Rosen (Phys. Lett. B, to be published).

We thank S. Treiman for a discussion and M.
Goldman for checking the calculations.
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