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Light-cone algebra of Fritzsch and Gell-Mann is used to suggest tests for the structure of

recently discovered weak neutral current.

Experimenters at CERN' and NAL? have recently
reported numerous muonless events in neutrino-
nucleon collisions at high energies. These events
have been interpreted as the neutral-current
processes vy, + N-y,+ X and v, + N-V,+ X, The
CERN group® has also reported one purely leptonic
event which looks like a neutral-current effect and
is interpretable as v, + e~V,+ e. Although such
events arise naturally in the currently fashionable
Salam®*-Weinberg® (SW) gauge theory model of
weak and electromagnetic interactions, it is clear
that the neutral current could exist even if the
model turned out to be incorrect. Therefore, it is
important to experimentally ascertain various
characteristics of the neutral current, such as
isospin, SU(3) transformation properties, chiral
structure, etc. The problem has attracted urgent
attention of many people, and in recent papers
Sakurai,® Pais and Treiman,? and Freedman® have
suggested various ways in which one should de-
termine properties of the neutral current. In the
present note, we employ the techniques of light-
cone algebra of Fritzsch and Gell-Mann® to derive
a number of relations involving the structure func-
tions of v, (¥,) + N-v,(v,) + X. If the existence of
these processes is confirmed and the data on their
structure functions become available, our rela-
tions should be useful in studying characteristics
of the neutral current.

In the SW model, the neutral current is a linear
combination of the electromagnetic current Ji™and
the I =1 neutral sum Jj + J;** of the weak vector

—J

and axial-vector currents.'® Itis, however, con-
ceivable that the neutral current has also a piece
like J,} -J 3** in addition to J§™ and J§ +J;**. Next,
we have the simple and elegant hypothesis put
forward by Sakurai® that the weak hadronic neutral
current is the baryonic current Jﬁ l[ie., a singlet
in SU(3)], possibly accompanied by its chiral
partner J ﬁ"’. In fact, Sakurai has suggested that
one should not rule out the possibility that the
whole neutral current is given by the baryon cur-
rent Jﬁ alone. We may also mention the model

of Bég and Zee!! (BZ) in which the neutral current
is simply proportional to the electromagnetic
current. Accordingly, we write for the neutral
current J 2

Jf=a(J,3,+Tl—3— I +b(I3+T5°)
+e(J3=Jp)+dJg+d' 0 . (1)

It is true that a priori there is no reason why the
neutral current could not have totally new iso-
vector and isoscalar pieces, i.e., pieces that are
new operators and are not proportional to J f, or
Jf}". At the same time, it is an attractive idea
that neutral currents should be built up of vector
and axial-vector currents which are already fa-
miliar to us in one way or another. At any rate,
one should first examine the consequences of such
an idea before adding hitherto-unknown pieces.
The light-cone commutator of the neutral current
(1) reads

[TZ(x), JZ2(0)]250,D(x){ sy po [ 32, T 5(A; x, 0) +(a,/32) I 5(A; x, 0) +(ay/3"%)d §(A; x, 0)]
[ p uvp

—€4 00 [ (3)V2B,T 4(S; x, 0) +(B,/3Y2) T 3(S; x, 0) +(By/3Y2) J&(S; x, )]} +-++. (2)

The symbol = means that the commutator is eval-
uated near x2=0. The dots represent the terms
which are axial-vector in character. Since we are
going to sandwich the commutator (2) between nu-
cleon states of the same momentum and sum over
spins, such terms do not contribute. Also,
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—

D(x) =- zi_”' €(xo)6(x2) ’

J(S; x, 0) =J(x, 0) + J(0, x),
J(A; x,0)=J(x, 0)-J(0, x),
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Spppo = =0y, 8po +0p0y0 + B0y
The coefficients a; and B; are given by the follow-
ing expressions:
a,=3sa?+(@+b+c)?+(b-c)? +d?+d’'?,
a,=(2/3%)[(a +6Y2d)(@a+b+c)+6'2d'(b-c)] ,
az=-3a’+(@+b+c)?+(b-c)?+ 2(21/2/3%)ad,
B,=-2[(b-c)a+b+c)+ dd'], ®
B, =(-2/3Y2)[(a +6Y2d)(b-c) + 642 d’'(a +b +¢)],

Bs==2[(b=c)(a+b +c)+(2%/2/3/2)qd"] .

It may be noted that in the SW model c=d=d'=0,
b=1, and a is fixed by the process v +e-y, +e.
In the BZ model, b=c=d=d'=0and a is a free
parameter and is not fixed by v ,+e-v,+e. In
Sakurai’s model, if the chiral partner of the bar-
yon current is also participating with full strength
(S, model), we have d=d’'=1, a=b=c=0, and if
the chiral partner is altogether absent (S, model),
we have d=1, a=b=c=d'=0.

Let us denote by G, (i=1,2, 3) the scale func-
tions of the processes v, (v,) + N-v, (v,) +X. On
using (2) and defining

(plI5(S; x, 0)lp>=paf_ CdEemier g (g)

+ trace terms,

(4)
(plJ3(A; %, 0)| p) =pafds e BT ANE)
+ trace terms,

where nucleon spin summation is understood, we
obtain the following relations:

GP(E)=1£1(3)2 a,A°(8) +(a,/312) A3 (8)

+(a,/312)A%E)] , (5a)
Gr(E)=£ 132 a, A%(E) - (@, /31/2) A3 (k)
+(ay/312) A%(E)], (5b)
GP(£) =5 [(3)72 B,S°(&) +(,/3"/%)S%(£)
+(B,/3Y2)8%(£)] (5¢)
Gre) =132 B,S°(E)-(B,/3"2)S%(£)
+(B,/342)8%(£)] . (5d)

Note that if the neutral current is in fact pro-
portional to the electromagnetic current, we must
have G®=0=GY" (BZ model). If the neutral cur-
rent is given by J 2 +J *°, we have G, =G}"

(S, model) and if the ax1a1 vector part 1s absent,
we get G®=0=GU", G»=G™ (S, model).

For further discussion, we also need the scale
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functions of e +N-e + X and v +N-I+X. With our
definitions, we get
Fet(g)=2£[23)2A°(8) + A%(8) +(1/32) A%(¢)],
(6a)
Fen(g) =+ £[2(3)2A%(8)-A%(8) +(1/312)4%(¢)]
(6b)
F2(E)=£[(3)V2A%(E)-S%(£) +(1/312) A%(8)]
(6c)
Fune) =£[(3)V2A°(8) +S3(£) + (1/32) A%(E)] ,
(6d)
FP(£)==(3)"/28%&) + A%(£)-(1/3'/2)8%(¢),  (Be)
Fi(g)=-(5)128%(£)-A%(8)-(1/32)8%() . (8f)

Using Eqgs. (5a), (5b), (6a), (6b), (6e), and (6f),
we get

G2-cyn
FP-Fy

1 SW),
6(G¥-GI) 32 a2={a( +a) (SW)

e = a® (BZ),
EFFS-F) 2 0 (S,andS,).

One could regard (7) either as determining the
parameter a of the SW or BZ models or as a way
of distinguishing between these two models. The
point is that if we suppose that the SW model is
correctly describing the events seen at CERN and
NAL, we would have! ¢=-0.6 to -0.8, so that
a(l +a)<0. The right-hand side of (7) in the BZ
case is positive, however.

From Eqgs. (5¢), (5d), (6¢), and (6d), we have

a<0 (SW),
Ng' {‘L (BZ, S,, and S,) . ®)

Equations (5¢), (5d), (6e), and (6f) give

£GP-63")
F"’—F”"

GP+ Gl _(3(1+a)>0  (SW),
F¥+F™ "0 (B2).

We have no such relation in the Sakurai model.
Combining (7), (8), and (9), we obtain the interest-
ing relation

GP+ G > (F2-FM™(GP-GM
2 3 3 = 2 2 2 2
2¢ <F;"+F;"‘ (FP-F™)(G¥®-GM™) (SW).
(10)
Next, define the ratios
Fw. . Fwm G?+G™
R(&)=ForFer» B8)= Fope

Using Eqgs. (5a), (5b), and (6a)-(6d), we get

4R,(£)=6(a,-a;,) + (2a-a,)R (£). (11)
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In a recent publication, Lipkin and Paschos' have
studied the ratio R,(£). They find that this ratio
can be narrowed down to lie in the range 3 <R, (§)
< 48 to within 10%. Using this result in (11), we
find that

fa,<R,(8) <& (e, +a,). (12)

As special cases, we have

@ +3(1+a)<R,(£)<a?+%(1+a). (SW) (13)

The limits on R,(£) are more explicit in Sakurai’s
model, where we get

1.2<R,(¢§)<1.5, (S) (14a)
0.6 <R,(£)<0.75. (S,) (14p)
In the BZ model, we have the equality

R,(§)=a®. (BZ) (15)

Thus if the ratio R,(£) exhibits £ dependence, the
BZ model will be ruled out. If it is independent of
£, Eqs. (13) and (15) are not useful in distinguish-
ing between the SW and BZ models. They can,
however, be used as consistency checks for the
respective models when studied in conjunction
with Eq. (7).

Before proceeding further, we consider an in-
tegrated version of (9). From the recent experi-
ments by Hasert ef al.'® we find that

Iyt £(EL+ F2)
[odE E(F?+F,")

Using this result, we obtain from Eq. (9)

=-0.87+0.08.

1 2 vp un
[odEE(G37+G5™) _ (0 8710.08)L(1 +a)<0

Jlatg e(FP+F2™) (SW).

(16)
Similarly, we can also obtain an integrated version
of (11). That is, we get
1 1
4f a&(Gy*+Gy") =6(a, - aa)f d&(Fg?+F3™)
(] 0

1
+@ay- ) [ dE(F+FT)
o
=6(a, - @,;)(0.28 +0.04)

+(205 - 0,)(1.00£0.04), (17)

where the data used are from the recent CERN
bubble chamber experiments'® and from SLAC.'*
Hence, we get

0.28a%+3(1+a)

sw),
Lo o Y0.2842 (BZ),
fodg(czucz =034 (), (18)

0.17 (S,).

It is also possible to write the integrated ver-
sion of (7). A recent estimate gives'®

1
f %g-(FS”—Fg"hO.Z’?.
4]

Therefore, we get

(0.27a(1+a) (SW),
={0.27a> (BZ), (19)
0 (S,ands,).

Lastly, we note that S°, S° and S® are, respec-
tively, matrix elements of the baryon number,
isotopic spin, and hypercharge currents. It is,

therefore, possible to normalize them. Indeed,
we have

[ aesvw)=vs,
[fags@r-1, (20)
0

1
j At s°(£) =3 .
0

Thus
S-3(1+a) (SW),
! v vn) -1 — 0 (BZ))
j;d'g(cap‘”cs —2(231+Ba)'?_2 8y,
0 (S,).
(21)
In a similar fashion, we get
! B2 4—':%“ (SW)
124 vny 2 - ’
fo 48637 - Gs )‘2\/_3 {o (BZ, S,, and S,).
(22)

We have considered consequences of various
models which are special cases of (1). However,
it also seems possible to examine the structure of
(1) in its generality from our relations (7), (8),
(12), (17), (19), (21), and (22). First of all, we
note that the inequalities (12) determine «, and
a, in terms of the minimum and maximum values
of the ratio R,(£), provided, of course, that the
ratio R,(£) does in fact achieve its minimum and
maximum values of 3 and &, respectively. Equa-
tion (17) is then simply a consistency check for
the values of a, and @, so determined. If, on the
other hand, the ¢ dependence of the ratio R,(£) can
really be ignored, (11) and (17) represent one and
the same equation for @, and @,;. Obviously, then
we need another relation between «, and a, to de-
termine them separately. Using SU(3), we get
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0

=0.8(2a, - a,), (23)

where we have made use of the numerical value
for the quantity

1
d
f 4 (Fg? - F§")
o &
quoted earlier. The quantities a, and 3, are de-
termined separately, though we have just one re-

lation [ Eq. (21] for 8, and 8,. Again using SU(3)
and the experimental estimate'?

1
f dt E(FY?+F2")=-0.88+0.05
0

we obtain another relation connecting 8, and 3,

namely,

[ aslasyaim + (8, By - ™)) =0.88,
° (24)

This enables one to determine 3, and 3, separately.
When the quantities «;, 8; are determined, we

have six equations for five unknowns q, b, c, d,

d’ [cf. Eq. (3)], i.e., we have one extra equation

which should serve as a consistency test, We be-

lieve that this procedure should determine the

five unknowns unambiguously. However, such an

exercise is feasible only when sufficient data on

the inelastic nucleon form factors become avail-

able.
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