VOLUME 47, NUMBER 16

PHYSICAL REVIEW LETTERS

19 OcTOBER 1981

G. Girardi, and P. Sorba, Phys. Lett. 91B, 77 (1980);
M. B. Gavela, A. Le Yaouanc, L. Oliver, O. Pene,
and J. C. Raynal, Phys. Lett. 98B, 51 (1981), and
Phys. Rev. D 23, 1580 (1981).

’D. Silverman and A. Soni, Phys. Lett. 100B, 131
(1981).

ST. J. Goldman and D. A. Ross, Phys. Lett. 84B,
208 (1979); W. Marciano, Phys. Rev. D 20, 274 (1979);
N. P. Chang, A. Das, and J. Pérez-Mercader, Phys.
Lett. 93B, 137 (1980). ’

"H. Georgi and S. L. Glashow, Phys. Rev. Lett. 32,
438 (1974).

’S. Weinberg, Phys. Rev. Lett. 43, 1566 (1979);

F. Wilczek and A. Zee, Phys. Rev. Lett. 43, 1571

(1979).

9The AZ/3 scaling law would be valid if p was on the
mass shell. If p was very off shell, we would rather
have an A scaling law. In our case, and for medium
nuclei (A~ 10 to 100) one would expect something in
between. We choose the 422 law to be on the conserva-
tive side.

'R, Phillips, Rev. Mod. Phys. 39, 681 (1967); R. A.
Bryan and R. Phillips, Nucl. Phys. B5, 201 (1968);
P. Pascual and F. J. Ynduriin, Nuovo Cimento 61A,
225 (1969).

'1C. schmid, Phys. Lett. 66B, 353 (1977); A. Le
Yaouane, L. Oliver, O. Pene, and J. C. Raynal, Phys.
Lett. 72B, 53 (1977).

Higher-Twist Ambiguities in the Determination of sin2@y,
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It is shown how present measurements of sin29w 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 sin6y,
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®6,, by at most 5%. 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
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FIG. 1. Handbaglike diagrams.
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accurate neutrino data presently available® and
thus draw some conclusions on the ultimate ac-
curacy expected for measuring sin®6,, at present-
ly available energies.

It should be stressed at this point that while the
nonperturbative O(u?/Q?) corrections due to the
higher-twist contributions are of minor impor-
tance, even with p?=~0.5 GeV?, in studying quan-
tum chromodynamic scaling violations®* 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 a ~1/137,

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

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

JFNC=(§ - gsin®byuy, u -z uyvu—(5- % sinzew)z_f'yud+ 5 E'y“ysd (1)
NGy NC

’

and that in the quark-parton model only the flavor diagonal pieces in J, e.g., z?yuuﬁyuu or

wy uny,ys, 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,N%, N like uy ,udy,d,
for example, are, on the other hand, suppressed by the factor |€,|=nu?/Q*+«++ relative to the domi-
nant flavor-diagonal terms; here z 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®6,,. One just has to repeat the standard
calculations® and keep all off-diagonal terms. The results thus obtained, dropping all sea contribu-
tions, are

RY= oy /0 PV =(5~sin®6y, + 53 sin* Oy )(1 + €,) = 5 €, sin* 6y, (2)
V=00 N0V = (§ — sin26y + Rsint0,)(1 + €,) - 4 €, sin* 6, (3)

UN TN
Onc =ONC

D= =(4 —sin?y )1+ €,). (4)

o -0
With the measured values® for R?, R”, and D, and the results (2)—(4), one concludes that sin?0y, 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_ _ Gr@® 9 20 . - —4sin? 1-(1-9p
A== Vara 10 \} ~ g Sin*0w)K+(1-4sin6y) 7o ®)

with
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The spectra of levels in the hypernuclei ¥ C, ¥ N, and 1 0, excited by 800-MeV/c
kaons in the (K*,7”) 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 beam was ~800 MeV/c. Approximately 10* kaons/
(K™, ) reaction, levels of the hypernuclei 3C, sec were incident on the target, where the 7/K
N, and %O have been studied for the first time ratio was approximately 15 to 1. For the ~2-g/
in an experiment done at the Brookhaven alternat- cm? targets used in these experiments the energy
ing-gradient synchrotron. A schematic descrip- resolution for the observed hypernuclear states
tion of the structure of these states is given in was approximately 2.5 MeV, The pion spectrom-
this paper. A comprehensive theoretical treat- eter is rotatable up to angles of 35° with respect
ment of the structure of the levels in ?C and to the beam direction, and the resulting angular

their excitation is presented in the accompanying distributions are useful in establishing the charac-

Letter.’ ter of the states observed.

The experimental apparatus used the hypernu- For the C measurement, the target was a
clear spectrometer which has been previously liquid scintillator of benzene containing *C en-
described.? The momentum of the incident kaon riched to 99%. The target signal due to hyper-
1106 © 1981 The American Physical Society



