TWIST-FOUR EFFECTS IN NEUTRAL CURRENT NETRINO SCATTERING AND SINZé?w
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ABSTRACT. We have calculated the twist-four,
spin-two corrections to neutral current
neutrino scattering on isoscalar targets
using the operator product expansion, de-
termining the coefficients, which obey the
renormalization group equation, from pertur-
bative Quantum Chromodynemics and evalu-
ating the nucleon matrix elements of the
operators in the MIT Bag Model, We find
these higher twist effects decrease sin%?w
by about 1 %, considerably less than the
presgent experimental uncertainty, but com-
parable to the electroweak radiative cor-
rections, which also decrease sin%Sw by a
few percent.

Our result for the neutrino neutral cur-
rent cross section, including twist-four,
spin-two effects is
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NON-STANDARD MODELS OF NEUTRAL CURRENTS
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ABSTRACT: Suggestions are made for observation of
extra Z bosons and neutral leptons in U(l) symmetries

beyond electroweak SU(2)xU(1).

In standard SU(Z)LxU(l)Y, the electric charge is
Q = I3L+Y/2. The photon and Z° are mixtures of neu-
tral bosons coupled to I3L and Y. In many theories,
Y = 213R + B-L. If I3L’ I3R’ and B-L are all gauged,
the resulting physical bosons are y, Z° (in general
non-gtandard), and a new boson Z .

While a “generation"

of quarks and 1leptons

(u,d,e,v)L + (u,d,e)R is anomaly-free in the standard

where we have integrated over all x and
values of Q2}>Q§.

To numerically illustrate the effect of
the twist-four, spin-two corrections on
sin%Qw, we ghall assume that all other
corrections have already been included in
QEC. That is, we shall equate Ajpgrton
to the naive result 1/2 -~ 91n 6
77 sinﬁe evaluated at ain ew = O 229 %

+ 0.010, the world average. One then finds

Oy ofad Par“n = 0.310. Using the MIT Bag Mo-
del values for integrals I1 = 20.36:1:10"4
GeV> and I, = 3.21 x 107% GeV> one finds,
including the twist four, spin-two cor-
rections, that sin? Oy = 0.226 forO(s(Qi) =
=027andQ-2GeV2

Ve conclude that the effect of twist-
four, spin-two corrections to the neutral
current neutrino cross section on iso-
scalar targets is to decrease sinzew by
about 1 %.
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model, the latter must be replaced by (u,d,e,N)R when

is gauged as well. N is a “"right-handed

If we

I3g

neutrino”, 1in general massive. normalize

charges Qi so that ZQi = 2 over members of a
generation, define “orthogonality” of
ZQ Q and Q

X

combinations of 13 and B-L, thenl)

Ry = ﬁ_g_[sraz + 3 (5, —-Q)].

In many models it is this charge to which an extra Z

couples.

charges by

= 0, and require Q to be linear

An unmixed ZX can be given mass in SU(2)xU(1l)x
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U(l) by an appropriate choice of Higgs bosonsz). De-
fine x = sin?p and y = (gi/[g%+g'2])(M%e/M% ). Then
neutral current parameters near @ = 0 can be fitted
for a range of x and y, with the result that y <
0.11. When SO(1l0) » SU(S)xU(1)3), one has

& /[g}*8'2] 2 1/4. Then M%a/M%X ¢ 0.45, or sz 2 140
GeV/c2. For smaller gx, MZ can be even less.

A light ZX can affect electroweak interference

in ete” annihilations. We express

g\i (ete™—§£ ) ~ (1t Qh\fv g1+ cos’ &)
& +4hi, g cose, (@

where
L= V2 G s Je*

3)

and find
hoe = (-5+2ax)"+ Z ¢4 (4)
har” = w1+ Z0) ()
W = (-5+axXE-5x)/(%) (6)
= —wl1+FY9) 2
hv\‘} = [("é+2xx—§+§~x>—§g]/(§) (8)
har = %+ 29) )

The strongest dependence on y (due to Z ) occurs in
hgv and can lead to an observable rise in the total
3

cross—section for hadron production. If /s ~ MZ but
—_ X

/s << M,o, one should replace y by y M% /(M% -s),
X X

thereby obtaining an enhancement.

of mass 50-70 GeV/c2 can

account for an unusual event seen in ete~

A virtual light Z
X annihila-
tions by the CELLO collaborationé) by giving right-
handed neutrino pairs. It could have been missed up

to now if coupled sufficiently weakly. However, if

coupled strongly enough to account for the CELLO
event it would lead to h%v 2 0.07 and AR 2 0.14 at
Vs = 44 GeV.

Searches are possible for several types of

neutral leptons v,. Their decays in general will take

H

place via mixing with other neutrinos. If neutral

current decays are not suppressed, one findss)
By, —->voS5 ) = 10% (10)
B(vy — ¥V + hadrons) = 209, (11)
Bwu— LL'v) = 20% (12)
By — L+ hadrens) = SO0% (13)

for a wide range of Yy masses.

1. - Right-handed neutrinos N couple in pairs to Z

X
[the charge (1) is particularly favourable]. If they

are not to be an appreciable source of ZX mass

through Z ~» NN » Z loops, their masses must be

X
(0(MZ /gx). If they are of Dirac type, their masses

can be unconstrained, while if of Majorana type they

often obey Mva = (typical Dirac mass)?.
2. -

left~handed

Fourth generation neutrinos,

should be produced in Z°

belonging to a

isodoublet,

decays: B(Z°»vH;H) ~ 6%. Their neutral-current
decays will be suppressed by the GIM mechanism.

6)

3. - Mirror neutrinos

belong to an SU(Z)L doublet
but couple according to y“(1+75x. Again, B(Z°+vH;H) =
6%, but these objects can have aeutral-current decays
at the level (10) and (11) because the GIM mechanism
is frustated.

The best limits on neutral heavy leptons, coming
from analysis of D » Ne in a beam dump experiment7),
are restricted to a narrow range of mixing amplitudes
at the highest mass (=2 GeV/c2). Above this mass, few
limits exist. (Limits in one recent search are based
on full-strength charged current couplingss).)

4)

The CELLO event mentioned above ° is compatible

with production of a pair of neutral leptons of mass
20.5+1 GeV/c2: via a virtual Z° (cases 2 or 3 above)

or virtual ZX (case 1)2).

The UALl collaboration sees single jets with un-

9)

balanced transverse momentum” ° which may be interpre-

HVH
. One lepton decays with an all-

ted as decays Z° » v
jet) Z -+ NN
X

or (for the most energetic
neutral mode (10); the other decays via (11)-(13)
leading to the jet.

To conclude, extra low-mass Z's are possiblell).
For neutral leptons, there are wide gaps in present
experimental bounds above 2 GeV/c?.
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