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Abstract

Using the algebra of light-cone commutators and making some simplifying assumptions,
we have attempted to determine the isospin structure of a two-parameter weak hadronic
neutral current. We have also computed in the light-cone model, the y distributions for
inclusive neutrino and antineutrino neutral current deep-inelastic interactions. Contrary
to the quark-parton model, we find that both distributions have the same value.

1. Introduction

One of the important discoveries in the current series of high-energy
neutrino experiments is the weak neutral current. Previous experiments with
high-energy neutrinos showed that interactions of neutrinos with matter
always gave rise to a charged lepton in the final state.

Recently, however, neutrino experiments at CERN and Fermilab (Hasert
et al., 1973, 1974; Benvenuti et al., 1974a, b; Barish et al., 1974a, b, 1975,
Aubert et al., 1974a, b; Cline et al., 1974) showed that besides the well-
established charged current processes, one also finds neutral current channels
in which an incident neutrino does not change into a charged lepton, but
retains its identity.

This interesting experimental observation called immediately for some
theoretical analysis and understanding. Among the problems to be understood
was that of the space-time and internal symmetry structure of the neutral
current, and how this structure could be reconciled with the observed branch-
ing ratios of charged and neutral current channels.

This problem has been tackled by several authors (Pais and Treiman, 1974,
Rajasekaran and Sarma, 1974; Ecker and Pietschmann, 1975; Ecker 1975;
Pakvasa and Rajasekaran, 1975; Cordes, et al., 1975; Wolfenstein, 1974;
Paschos, 1975; Pietschmann, 1975) from various points of view and with
varying degrees of approximation and success. Basically, two steps are
involved in all such calculations. One has first to adopt a suitable parametriza-
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tion of the neutral current and then|calculates, using some model, the deep-
inelastic scaling functions. It turns out that the data presently available, or
likely to be available in the near future, are not sufficient to allow one the
Tuxury of a fine-structure parametrization of the neutral current. To study the
internal symmetry structure of the neutral current, one usually adopts a two-
parameter structure. Even then, further simplifying assumptions seem to be
called for, in order to determine the two parameters.

In this paper, we have attempted to determine the isopin structure of the
neutral current, using the method of light-cone commutators. An earlier
application of this method to the same problem is that of Razmi (Razmi, 1974).

2. Parametrization of Weak Neutal Current

Considering the weak neutral current as made up of only vector and axial-
vector parts, and taking each piece as consisting of isovector and isoscalar parts,
one can write the current generally as follows:

Z .. 13,N 3,N N o.N
TE=VN+ 4N + VN + 4]

The next assumption one could make is that the isotriplet pieces are members
of the usual SU(2) currents, while all the four currents aré members of an
SU(3) set of currents. This requires putting

V,?;,NNJMBo’ Vﬁ’N NJ“s
AN ~ T}, AN ~ 18,
Starting from these assumptions one can now consider the various ways in
which these pieces may combine to give the physical weak neutral current.
Some possibilities suggested in the literature (Pais and Treiman, 1974; Beg and
Zee, 1973; Sakurai, 1974 ; Pakvasa and Tuan, 1974; Gourdin, 1975) are

summarized here in our Table 1. The quantitiesa, 8, A, 0,7, &, 8. 0, T, 14,
d, .. .are unknown coefficients to be determined. For model I, for example,

T2 =al >+ 63,
while for model II
TF=MI> = T3 + plg™

3. The Scaling Functions

For the process (%) + N - p(P) + X, the double differential cross section in
the scaling limit has the form

d*?  G*ME e 5 2\
= _ ) 2 o 0(B) - YO u(p) (3.1
dxdy 7T a y)F2(x) TXVF () +x(y T o))
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where

x"—‘"-Qi Q? = —q? = 4EE" sin? 2)
2My’ 2

g is the momentum transfer; y = v/E = (E — E')/E = inelasticity parameter; M

is the nucleon mass; G is the usual Fermi weak coupling constant; while £, E',

and 6 are, respectively, the incident neutrino energy, the final neutrino energy,

and the neutrino scatten angle in the laboratory system. In order to calculate

the scaling functions 3 l(x), = 1,2, 3, we consider the hadronic tensor

Wo=3 S [L2de i 17200, 7200 19
X spins 4n

q 1 p-4
= (—gw *'*;?) Wi@.a) +1s (Pu - 7%)

p-q 2 iegvpoppqa 2
X pw‘?*qv Wa(v, g°) — T Wi, q%)

Choosing any one of the parametrizations of JZ listed in Table I, we can
evaluate our commutator on the light cone. We consider the specific case of
model II and obtain

W;w [pu(q +xp), +pu(g +xl7)u r (g +xP)gp.v]

1
4Ip
x [(%)(%)“ 2 A%()2p* + 307 +300) + (B2 42 () (0? +2p)

- 5 0o
AB(x)(3N? +3p + p2)} +flffi'£tl—l"—
P

P
3(3)1/2
f2 |12 2427 |5°6) ~ Th82() ~ 75 P +00)5°)
3 3 V3
where S¥(x) and A¥(x) are certain functions to be evaluated (Murtaza, 1974).

By comparing now with the form factor parametrization of Wy, in the
scaling limit, we obtain the following expressions for the scaling functions:

Frid= 1{A°(x){s(§>1’2(2p +30% +300)] +A2@[B(? + M)

+A3(x) [ P CSR pz)]}

3(3)1/2
;E;)) =2xF ’fgx) from the Callan-Gross relation

F33) = 3 [-23) 20 + M0)S°(x) — $roSP(x) — 2/(3) (2 + Mo)SB ()]



ANALYSIS OF WEAK NEUTRAL CURRENTS 841
4. y Distribution
Substituting into equation (3.1) we then get that

é?.o.l)(l_))— me

dxdy T

{(1 —y)%{%(%)” 2(2p% + 322 + 30p)4°(x)

+A43(x) - 3(p® +p) + 4% (x) - (3% 4320 +p?)

3(3)1/2

xp? 0 20231721 22 2
+T[A (x) - 5(5) (20" + 30\ +30p)

+A3()[3(0* +No)] +A8(x)[

O G\ +3np + pZ)]

_x[  yP
i) (y - 7) [23)2( +20)S°(x) + oS> (x)

+W21,-50\2 + mss(x)]]

For the specific cases of a proton and a neutron targets, we have

d*gs® GZME
o i (1 —y)-— 3(3)"2(20% + 322 +300)4°%(x)

+A43(x) - 3(0% +2p) +A3(x) - 3(3)1,2(3?\ +3>\p+pz)}

xy? 0 202N1/2¢~ .2 2
e A%(x) - 5(3)7"(2p* +3A* +3Np)

+A3(X) : %(pZ +}\p) +A8(x) 3(3)1/2 (3)\2 + BM +p2)]
y2
: %x(y ——5) [23)"2(% +3)5°)

kasa(x) + (3)1/'2()\2 + )\p)Ss(x)]

dzoz@) G*ME
dxdy T

{(1 y)% [%(%)“ 2(20% + 372 +30p)A°(x)

—A%(x) - 3(0® + 20) + A5(x) - T;)T/a (N2 + 30 + pz)]
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xy? 0 2,2\1/2 74 .2 2
A (x) - 5(5)7"“(20° + 3\* + 3Np)

—A3(x) - 5(0* +p) +A8(x) - (3% +3\p + pz)}

2
3(3)1/2
¥ %x(y —~ 122-) 2G3)Y2(\* +2p)S%(x)
—IpS3(x) + (3)70\2 + ?\p)SB(x)]}

Averaging for the case of an isoscalar nucleon target we get

a2iP GME ,
dxgy {(1 —y)x [%(%)1’2 (20% + 300 +30)4%(x)

S(X) )1/2(37\2 +300 +p2)}

33

2
+%—[A°(x> 3(3)"22p% +332 +3%0)

+A4%x) -

2
WG)\Z +3Np +p2)]

—x(y - ) [2(3)1/2 (A2 +20)S8%x) + (351/2" (A + )\p)Ss(x)]}

In the process of integrating this over x, we find that the axial current
contribution, which is associated with the Sk (x) functions, vanishes. This
leads to the following result

dop’ _doy” GME
dy dy 47

-2+ 2)[%(%)” 2(30% +2p% +300)4,°

2
oL (p? +3No + 3?\2)A28]

where A,°%, A,® are constants that are related to the A¥(x) functions.
This result implies that in the present light-cone model,

doy’ _don’
dy dy

This is irrespective of the explicit values of A and p. We note that this equality
of neutrino and antineutrino cross sections has previously been noted by
Perkins (Perkins, 1974) as a general result that one expects in models contain-

=0 ot ap’ = op”
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ing only pure vector contributions. Experimentally one finds

G'Nv . 66
— =—(NAL)=09%0.5
oy Op

while
90 (CERN) = 0.46 £ 0.12
0o

These two data seem to differ greatly, and it is still not possible to conclude
that Gg and o, are not unequal.

5. Evaluation of \ and p

Since in this light-cone model do”/dy and do”/dy (or ¢” and o”) are equal,
we cannot determine the numerical values of A and p using the branching
ratios of charged to neutral current processes

vN b
R=2, R=%
= — R
o oo

However, given the values of the parameter A,%, we can determine from either
the value of R or R, the value of the ratio p/A, from the following expression

ooV _ o (32N +20% + 30,0 + [(p + 300 +307)4,°/3(3)"%]
o.vN 6[34,° +4,%/(3)"?]

We note, however, that irrespective of the actual values of X and p, the light-
cone model suggests that the weak neutral current is a pure vector, which would
agree with the form of the weak neutral hadronic current suggested by the
Weinberg model (Weinberg 1967 and 1971).
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