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It is shown how present measurements of sin 0~ are hampered by contributions of
higher-twist operators, which are even more important than recently calculated electro-
weak radiative corrections. The resulting limit of accuracy for measurements of sin ~~
is estimated to be of the order of 5% at presently available energies.

PACS numbers: 12.20.Hx, 12.30.Cx

Interest in the accurate determination of sin'6~
is largely motivated nowadays by the fact that this
quantity is predicted in grand unified theories
(GUT's). Therefore a great effort has recently
gone into improving both the accuracy of the pre-
dictions of GUT's and the theoretical analysis of
the experiments. We refer the reader to Marci-
ano and Sirlin' for a summary of the relevant
activity. In particular the theoretical analysis
of the data was improved to the level of radiative
QED corrections which were found to modify
sin'8~ by at most 5%%uo. On the other hand no cor-
rections for possible departures from the quark-
parton model are available except for the parity-
nonconserving left-right asymmetry in deep-in-
elastic electron-deuteron scattering. ' It is our
purpose to extend this investigation to the more

accurate neutrino data presently available' and
thus draw some conclusions on the ultimate ac-
curacy expected for measuring sin'8~ at present-
ly available energies.

It should be stressed at this point that while the
nonperturbative 0(p, '/(L)') corrections due to the
higher-twist contributions are of minor impor-
tance, even with p,

' = 0.5 GeV', in studying quan-
tum chromodynamic scaling violations4 where
they are to be compared essentially with o.,=0.2,
they can, however, turn out to be quite important
when compared to quantities pretended to be theo-
retically understood to the level of n = 1/137.

To understand the appearance of higher-twist
terms in neutrino reactions, recall that the Gla-

FIG. 1. Handbaglike diagrams.
FIG. 2. Flavor-changing non-handbaglike higher-

twist diagrams contributing to &.
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show-Weinberg-Salam hadronic weak neutral current is given by

Z„Nc= (& —& sin'8w)uy„u —& uy&y5u —(~ —~2 sin'8w)dy&d+ & dy&ysd (1)

and that in the quark-parton model only the flavor diagonal pieces in J„J,N, e.g. , uy„uuy, u or
uy„uuy, y,u, are considered since their nucleon expectation value is dominant. This is because the fla-
vor diagonal terms get contributions from handbaglike diagrams (Fig. 1) which, among others, include
the dominant parton (i.e., twist-2) piece. The flavor off-diagonal terms in J&" J„, like uy„udy„d,
for example, are, on the other hand, suppressed by the factor

~ e„(=n p, '/Q'+ ~ ~ relative to the domi-
nant flavor-diagonal terms; here n refers to the usual moment of a structure function. This is because
off-diagonal terms only appear as higher-twist, i.e., nonhandbag (Fig. 2), contributions to ratios of
cross sections, for example. With the parameter ~„ it is now straightforward to evalaute the modifi-
cation of the standard quark-parton model formulas for sin'0~. One just has to repeat the standard
calculations and keep all off-diagonal terms. The results thus obtained, dropping all sea contribu-
tions, are

8 -=o Nc /acc =(T- sin'8w+ g sin'8w}(1+ e,}- ~7 e, sin'6w& (2)

INC /occ (v —sin 6w+~sin 8w)(1+ g) —&c sin 8w'

~N

D =— „„"vs = (z —sin'8w)(1+ e, )
Occ —&cc (4)

With the measured values' for B", A", and D, and the results (2)-(4), one concludes that sin'8w is
essentially modified by the factor ~,. This should be contrasted with the corresponding result for the
parity-nonconserving left-right asymmetry A in deep-inelastic scattering of longitudinally polarized
electrons off nucleons,

A'~= — " — 1 ——sin'8w X+(1 —4sin'6w}
G' Q' 9 20 1-(1-X)'

2v 2vn ],0 w 1+(1 y)'

with

It = 1+ [2 sin26w/(9 —20 sin'6w) + ~~] 2e(x), (6)

which implies that higher-twist terms modify
sin'8w only by a factor of about 2X 0.4e(x) for
sin'8w = 0.2 to 0.25 where

~
e(x)

~

= p, '/Q'(1 —x).
Thus in spite of the fact that these parity-noncon-
servation experiments' are carried out at low
Q' (= 2 GeV') the correction to sin'8w at x=0.2 is
still only about ~3% for p,

' =(hr');«, t»t, —-0.2

GeV' (or +7% for' p' = 0.5 GeV') which is quite a
reasonable value consistent' with present data on
scaling violations. The same value of p,

' also
implies a +3% uncertainty in the high-Q' (=20
GeV') measurements' of sin'8w in neutrino ex-
periments because the e terms in Eqs. (2)-(4)
now appear in full strength! Obviously the cor-
rections are proportional to p,

' and uncertainties
up to &10% in sin'8w, corresponding to p.'=1
GeV', due to higher-twist contributions cannot be
strictly excluded, say, from our present knowl-
edge about scaling violations in deep-inelastic
scattering.
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Note that the nucleon expectation values of some of
the higher-twist operators contributing to neutral-cur-
rent cross sections. are not necessarily the same as
of those entering deep-inelastic electroproduction and
weak-charged-current structure functions.
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The spectra of levels in the hypernuclei ~A3 C, A N, and z 0, excited by 800-MeV/c
kaons in the (K, 7t ) reaction, have been observed at the Brookhaven alternating-gradi-
ent synchrotron. Data were recorded for scattering angles from 0' to 25', correspond-
ing to momentum transfers from 50 to 330 MeV/c. The levels are interpreted in terms
of a A hyperon coupled to a strangeness-zero nuclear core. The results provide in-
sights into the properties of the A-nucleon and A-nucleus interactions.

PACS numbers: 21.80.+a, 25.80.+f

Through use of the strangeness-exchanging
(K, & ) reaction, levels of the hypernuclei 'gC,
'AN, and AO have been studied for the first time
in an experiment done at the Brookhaven alternat-
ing-gradient synchrotron. A schematic descrip-
tion of the structure of these states is given in
this paper. A comprehensive theoretical treat-
ment of the structure of the levels in '&C and
their excitation is presented in the accompanying
Letter. '

The experimental apparatus used the hypernu-
clear spectrometer which has been previously
described. ' The momentum of the incident kaon

beam was -800 MeV/c. Approximately 10' kaons/
sec were incident on the target, where the ~/K
ratio was approximately 15 to 1. For the -2-g/
cm' targets used in these experiments the energy
resolution for the observed hypernuclear states
was approximately 2.5 MeV. The pion spectrom-
eter is rotatable up to angles of 35 with respect
to the beam direction, and the resulting angular
distributions are useful in establishing the charac-
ter of the states observed.

For the ~C measurement, the target was a
liquid scintillator of benzene containing "C en-
riched to 99%. The target signal due to hyper-
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