PHYSICAL REVIEW D

VOLUME 11, NUMBER 1

1 JANUARY 1975

Consequences of a simple phenomenological ¥ — 4 model for neutral currents*

Stephen L. Adler
The Institute for Advanced Study, Princeton, New Jersey 08540

S. F. Tuan
Department of Physics, University of Hawaii, Honolulu, Hawaii 96822
(Received 15 August 1974)

We examine the experimental implications of a simple phenomenological ¥ — 4 model of neutral
currents, in which the neutral current belongs to the same generalized isospin triplet as the charged
currents with zero Cabibbo angle, and in which the current-current effective Lagrangian describing
neutral-current interactions has a different over-all strength from that describing charged-current

couplings.

There have been many recent experiments! -6
establishing the existence of neutral currents in
neutrino-induced reactions. The key question
for the future now becomes that of determining
the precise form of the neutral-current couplings.
Ultimately, one would wish for a direct experi-
mental determination of the coefficients appear-
ing in a general neutral-current effective Lagrang-
ian, but this is unlikely to be possible with the
limited data expected to be available in the near
future. What does seem practical in the short
term is deciding between several alternative sim-
ple one- or two-parameter candidate structures
for the phenomenological neutral-current cou-
pling. The most prominent such candidate is of
course the effective Lagrangian predicted by the
Weinberg-Salam” SU(2)®U(1) gauge model, and
indeed it has become conventional to interpret ex-
perimental results in terms of constraints on the
single parameter sin®¢, appearing in the Weinberg-
Salam model formulas.® Alternative neutral-cur-
rent couplings involving pure vector® (or pure
axial-vector!®) hadronic neutral currents have
also been discussed in the literature, and give
predictions with characteristic differences from
those of the Weinberg-Salam model. The purpose
of this note is to discuss yet a third simple candi-
date model for neutral-current couplings, involv-
ing pure V —A hadronic and leptonic neutral cur-
rents, with an eye to examining the experimental
tests which distinguish it from the Weinberg-
Salam and pure V (A) alternatives. The model*!
which we analyze is specified by the following
three properties:

(I) The neutral currents are of strict V-A
form.

(II) In a hypothetical world with zero Cabibbo
angle 0c, the charge-changing currents J le =09
J le =0 and the neutral current Jy are the mem-
bers of a generalized isospin triplet. [In the ac-
tual world with 6.# 0, this exact SU(2) is broken
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by the Cabibbo rotation in the charged currents,
which in our model has no analog in the neutral
current. |

(IIT) The current-current effective Lagrangian
describing neutral-current interactions has a dif-
ferent over-all strength from that describing
charged-current interactions, introducing one pa-
rameter to be fitted to experiment.

In accordance with (I) and (II), we take the neu-
tral current J} to have the V —~A form!?
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the neutral-current forms a generalized isospin
triplet when v.e and v u are treated as leptonic
isospin doublets, thus maintaining lepton-hadron
universality. In accordance with (III), the effec-
tive Lagrangians for neutral and charge-changing
currents are taken to be (with G the Fermi con-
stant)

Enerry = €(G/V2) Ty ™™,

(2)
Ly =(GNZ )TN

The parameter €, which characterizes the rela-
tive strengths of the neutral- and charged-current
interactions, will be determined from experiment
(see below). Writing out all relevant terms in
both effective Lagrangians we have (for 6,=0)
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The semileptonic neutral-current piece is
€GN2)VE AN T (L =y, l=p,e (4)

to be compared with the Weinberg-Salam model
form

(G/N2) V) ~A) -2 sin?6, J ), +isoscalar)

XUyl =y)vy, i=p,e. (5)
Hence a particularly simple recipe for obtaining
results in our case from semileptonic calculations
in the Weinberg-Salam model is as follows: (A)
Set!® sin®6, =0 and neglect possible isoscalar
strangeness and “charm” current contributions.
(B) Scale G —€G, i.e., multiply vates by €. For
the leptonic sector, the Fierz transformation for
a3 V —A inferaction leads to

Ty ML =90 L (L =y )l= 5,9 1 =)L T (T=y5)v;,
l=p,e. (7)

Thus for 7;! scattering we have the effective La-
grangian

CN2Y1 =20 L =y ) T (L=, L=y, e
(8a)

while for U e scattering, we have just the piece
GNZ)~2)T M1 =vy)v ri(L=v)e.  (8D)

In Table T we give the (gy,g4) values for the com-
plete set of neutrino- and antineutrino-induced
leptonic reactions for the V ~A model Lagrangian
[Eq. (3)] together with those of the Weinberg-
Salam model. (The predictions of the “standard”
V ~A theory, with no neutral currents, are ob-
tained from Table I by setting € =0.)

We detail below comparisons of the V —A model
with experiment and with predictions of the Wein-
berg-Salam model [and also, where appropriate,
with predictions of the pure V (4) model].

(i) Deep-~inelastic neulrino scalteving. Let us
define the standard ratios of deep-inelastic cross
sections

O(v, T~ vuX)

(T T,X)
o, T=p-x)" v

o(V,T~p*X)’

1]

R,= 9)
with T an isotopically neutral target. Because

the V —A neutral and charged hadronic currents
are in the same I =1 multiplet, we find

r
RF/RU =1,
(10)
i.?’ (Ru -FRQ;) = % €? .
By contrast, in the pure V (A) model one has
Ry /R,~3, while in the Weinberg-Salam model
this ratio is a function of sin®*6y, and lies roughly
in the range Ry/R,~1.5-2.0 for sin®6, ~0.3-0.4.
Experimental results to date are
CERN Gargamelle®: R,=0.22+0.03, (112)
11a
R3=0.43x0.12;
FNAL Experiment 1A%*: R,=0.12£0.04,

(11b)
R3=0.32+0.08;

Caltech~-FNAL “raw” data®: R,=0.22,
(11c)
R3=0.33.

Averaging the numbers of Eqs. (11a) and (11b)
and treating errors as purely statistical, we find

Ry/R,=2.1+0.53, (12a)
or as a 90% confidence limit
1.2<R3/R,<3.0. (12b)

Although the Weinberg-Salam model is favored
by the data, neither the pure V (4) nor the V —- A model
is strongly excluded. Againaveraging the numbers

TABLE I. The (gy,g,) values for the V —A4 model dis-
cussed in the text and for the Weinberg-Salam model.
The differential cross section is obtained from g, and
g4 via the formula? (E,, E, denote respectively the lab-
oratory initial neutrino and final electron energies)
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of Egs. (11a) and (11b), we find
3(R,+R5)=0.20£0.02, (13)

which when substituted into Eq. (10) gives for the
V — A model parameter € the value

€2=0.40, €=+0.63. (14)

(it) Weak 1° production and the measurement of
R’(;3AI*"). This can be obtained from the calcula-
tion of Adler et al.,™ modified by the prescrip-
tion of Eq. (6). We expect therefore R’(,;A1*")
=0.422 (from Ref. 14 with sin?6,=0)x 0.4 (from €?)
=0.17. Hence the V —A prediction here is simi-
lar to that of the Weinberg-Salam model, which
predicts R’ in the range ~0.22-0.18 for sin?6y,
~0.3-0.4. An early neutrino experiment of
W. Lee' gave a 90% confidence level upper limit
R’<0.14; more recent experiments®'® show posi-
tive evidence for neutral-current-induced pion
production.

(ii7) vp = vp Scattering. Weinberg'” has esti-
mated that in the Weinberg-Salam model

do(vp = vp)/dg®
do(vn==p)/dg* |y _s

at sin®6y, =0, so our recipe of Eq. (6) predicts
0.25x0.4 =0.10 for this ratio. By way of compari-
son, for the favored range of Weinberg angles
sin®6y ~0.3-0.4, the Weinberg-Salam model pre-
diction'” for this ratio is ~0.16~0.19. The ex-
perimental value given by an early neutrino ex-
periment of Cundy e/ a/.'® is 0.12+0.06. An in-
teresting feature of the (V —A), model is that
o(vp =~ vp)=0(vn=vn). (They are not equal in the
Weinberg-Salam model, except at sin?6y =0, be-
cause Jem has an isoscalar part.) Hence for an
isoscalar target nucleus, where the rates for »n
—~p and p —n charge exchange are equal, the V-4
model prediction remains 0.10 independent of
charge-exchange corrections, as long as nucleon
absorption in the target nucleus can be neglected.
(tv) V,e~—~e"V,, v,e”~e” v,. For the process
Ve~ e~ 7, Table I yields g,=-g,=0.68 for €
=+0.63 and gy, =—g,=1.32 for €=-0.63, giving
the predictions

=0.25 (15)

o(V,e” e~ 7,)=0.25x10-% cm?(E;/GeV), e=+0.63
(16)
o(Tpe=~e~7,)=0.94x 10-*" cm?(E5/GeV), e=-0.63

both of which are compatible with the 90% confi-
dence level upper limit

o(v,e”~e"7,)<1.3x10"* cm?(E;/GeV) 17

set by Gurr ef al.’®*° For the processes v e~
—e"v,and V,e”~e~ 7V, Table I yields respective-
ly gy=g,=0.32 and g, = —g,=—-0.32 for €=+0.63.

(Reversing the sign of € changes the signs of both
gy and g, and thus leaves cross sections invari-
ant.) Hence the V —A model cross-section pre-
dictions for v, v, -e scattering are
0(T,e~~e"7,)=0.054x10-*" cm?*(E;/GeV),
(18a)
o(ve ~ev,)=30(V,e"~e 7,
=0.16x10-*" cm?*(E,/GeV).
(18b)
By way of comparison, the corresponding predic-
tions of the Weinberg-Salam model, for sin®4,,
=0.35, are
o(T,e”=e T,y _s=0.21x10-*" cm?(E;/GeV),
(19)
o(v Dw_s=0.10x10-*" cm*(E,, /GeV).

u@ ~e v

Current 90% confidence level experimental limits
on these cross sections, as obtained by the CERN
Gargamelle group,'2° are

0.03x10~* cm?(E5;/GeV)

<o(Tye”—=e"7,)<0.3x10-* cm?*(E;/GeV),
(20a)
o(vye=ev,)<0.26x10-* cm*(E,/GeV). (20Db)

In obtaining Eqs. (20) from the experimental data,
which have an electron energy cutoff £,>300 MeV,
an isotropic center-of-mass scattering cross sec-
tion (do/d cos6* < do/dE, = constant) is assumed.?®
This assumption is valid for v e~ —e~v, in the

V —A model, so Eq. (18b) can be compared direct-
ly with Eq. (20b). However, the differential cross
section do(7V,e”—=e~7V,) in the V ~A model is pro-
portional to (1 —E,/E5)?, and so to compare Eq.
(18a) with Eq. (20a) we must multiply the former
by a factor ~(1-300/1500)2~0.64 (taking a typical
antineutrino energy as ~1.5 GeV), giving the effec-
tive V — A model prediction

0(T,e”=e"T,)y =0.035x10"* cm?(E;/GeV) .
(18a’)

The V — A predictions of Eqs. (18a’) and (18b), as
well as the Weinberg-Salam model predictions of
Eq. (19), are compatible with the experimental
limits of Eq. (20).

In conclusion, we list here some further pro-
perties of the V — A model discussed above:

(v) The same isotopic rotation argument leading
to Eq. (10) shows that neutrino-induced neutral
and charged deep-inelastic processes have the
same x and y distributions. The same statement
holds for antineutrino-induced reactions. (Of
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course, the distributions for neutrino- and anti-
neutrino-induced processes are different.)

(vi) Since the neutral weak current is pure iso-
vector, low-energy pion production by the neutral
current should be A(1238) dominated.

(vit) Similarly, since the neutral current has
no isoscalar component, the diffractive production
of w, ¢ from v+pn)—~ v+ (w, ) +p(n) is forbidden.

(viiz) On nuclear targets we expect neutral-cur-
rent-induced Gamow-Teller transitions and giant
dipole resonance excitation, but with altered
strengths from those predicted in the Weinberg-
Salam model.

(ix) Coherent nuclear scattering effects®! will

be proportional to (I,)<N — Z (the neutron excess)
rather than to A=N+Z. Hence the effect will van-
ish in isoscalar nuclei like He* or C'2.

(x) Finally, at the price of introducing a second
parameter (and losing lepton-hadron universality)
the relative strengths of the purely leptonic and
semileptonic effective Lagrangians can be altered.
This modification will not change the semileptonic
predictions (¢)-(iii), (v)—(ix) enumerated above.
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