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FIG. 2. Plan view of the experimental apparatus.
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Analysis of Spin Correlations in the § Decay of the A Hyperon*7

Augusto Garcia
The Envico Fevmi Institute and the Depaviment of Physics, The University of Chicago, Chicago, Illinois 60637
(Received 3 February 1971)

Recent experimental data on the g decay of the A are analyzed. Integrated expressions for
the measured quantities in terms of form factors are given up to second order in the param-
eter B = (mpy —m,)/my. The sensitivity of these experimental quantities as functions of spe-
cific form factors is studied in detail and exhibited in a form which is useful for the analysis
of present experiments and for the planning of future ones. Within the framework of Vv —A
theory, the possibility is explored that the data require the presence of an induced pseudo~
tensor form factor. Qualitative discussions of the g% dependence of some form factors and
of possible admixtures of scalar and tensor interactions are also given.

I. INTRODUCTION

New experimental evidence on the 8 decay of the
A hyperon'+? is currently becoming available. In
comparison with neutron g decay, A g decay

A-pt+te +7

differs by the change in strangeness (AS#0) and
the non-negligible magnitude of the @ value. Be-
cause our knowledge of AS#0 hyperon semilepton-
ic decays is so limited, the analysis of this evi-
dence is particularly interesting. We want to ob-
tain information that might improve our picture

of AS#0 decays.

In a previous paper,® which we shall refer to as
I, a preliminary analysis was given. It was seen
there that new complications might arise; in par-
ticular, some sum rules were introduced which

the experimental data impose on the integrated
form factors. In Sec. I, we assume that no sec-
ond-class currents? are present and we make 2
detailed comparison with the predictions of Ca-
bibbo’s model.® In Sec. IV, we consider the influ-
ence of the ¢® dependence of some form factors.
In Sec. V, we give a detailed study of the restric-
tions that the experimental data impose on second-
class currents. In Sec. VI, we show how sensitive
our results are to the actual value of the v asym-
metry, which is likely to improve in precision in
the near future. Finally, in Sec. VII, we give a
qualitative discussion of possible admixtures of
scalar or tensor interactions to the V —A theory.

1. EXPRESSIONS FOR THE PARTIAL DECAY
RATE, THE e-»v CORRELATION, AND
THE ASYMMETRIES
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Nicola Cabibbo Model (1964)

Predicts "",= 0.60+ 0.04
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Experiment

1968  ",= 0.26+0.37
1970  '*,=+0.36+ 0.39
1972 "_=+0.39+ 053
Ave. 1975 "' =+0.04+0.27
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Implications of Recent Data on =~ ne v for the Cabibbo Model

A. Garcia*
Depavtamento de Fisica, Centro de Investigacion y de Estudios Avanzados, Instituto Politécnico Nacional,
México 14, D.F.,

and

E. C. Swallowf
The Envico Fevmi Institute, Univevsity of Chicago, Chicago, Illinois 60637
(Received 9 June 1975)

A recent measurement of the electron~-neutrino angular correlation in Z° —nev, taken
by itself, is shown to be in remarkable agreement with the Cabibbo model, In contrast,
the electron-spin asymmetry combines with it to distinctly favor the wrong sign for the
axial-vector—to—vector form-factor ratio,

A precise measurement of the electron-neu- ever, when they are combined with the available
trino angular distribution in the decay X" —nev phase-sensitive measurements, the wrong sign
has recently been reported.! The magnitude of is favored.
the axial-vector-to—vector form-factor ratio was First, it is important to recognize that the lev-
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High-precision measurement of polarized-X ~ beta decay

S. Y. Hsueh,* D. Miiller, J. Tang, R. Winston, and G. Zapalac*
Enrico Fermi Institute, The University of Chicago, Chicago, Illinois 60637

E. C. Swallow
Department of Physics, Elmhurst College, Elmhurst, Illinois 60126
and Enrico Fermi Institute, The University of Chicago, Chicago, Illinois 60637

J. P. Berge, A. E. Brenner,! P. S. Cooper, P. Grafstrom,? E. Jastrzembski,** J. Lach,
J. Marriner, R. Raja, and V. J. Smith't
Fermi National Accelerator Laboratory, Batavia, Illinois 60510

E. McCliment and C. Newsom
Department of Physics, University of Iowa, Towa City, Iowa 52442

E. W. Anderson
Department of Physics, Iowa State University, Ames, Iowa 50011

A.S. Denisov, V. T. Grachev, V. A. Schegelsky, D. M. Seliverstov, N. N. Smirnov, N. K. Terentyev,
I. I. Tkatch, and A. A. Vorobyov
Leningrad Nuclear Physics Institute, Leningrad, Union of Soviet Socialist Republics

P. Razis*? and L. J. Teig®
J. W. Gibbs Laboratory, Yale University, New Haven, Connecticut 06511
(Received 22 January 1988)

We report the results of a polarized-Z ~ beta-decay experiment carried out in the Fermilab Proton
Center charged-hyperon beam. These results are based on 49 671 observed 3 ~— ne ~v decays. The
2~ beam had a nominal momentum of 250 GeV/c and was produced by 400-GeV/c protons im-
pinging on a Cu target. At a production angle of 2.5 mrad, the polarization was (23.6+4.3)%. The
decay asymmetries of the electron (a,=—0.519£0.104), neutron (a, = 40.509+0.102), and an-
tineutrino (@, = —0.230+0.061) were measured and used to establish sign and approximate magni-
tude of the axial-vector-to-vector form-factor ratio g,/f,. The form-factor ratios |g,/f,| and
Sf2/f1 were determined most sensitively from the neutron and electron center-of-mass spectra, re-
spectively. We obtain |g,/f; —0.237g,/f, | =0.327+£0.0071£0.019 and f,(0)/f,(0)=—0.96
10.07+0.13, where the stated errors are statistical and systematic, respectively. A general fit that
includes the asymmetries and makes the conventional assumption g, =0 gives the final value
£1(0)/f,(0)=—0.328+0.019. The data are also compatible with positive values for g,/f, com-
bined with corresponding reduced values for |g,/f, |.
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Octet Baryon Beta Decay

V . Analysis
Decay Rate 0./, Vis
A . pey| 316158) | 0718(15) | 02224+00034
S . nev| 688(24) | -0.340(17) |0.2282+ 0.0049
= _, N\ev| 344019 0.25(5) | 0.2367 +0.0099
= _, >ey| 0876(71) |1.32(+.22/-.18)| 0.209+0.027
Combined 0.2250 = 0.0027

P?=2.26/3d.f.




Vus(KRB) — Vus(BRB) ?
‘Vud‘z + ‘Vus‘z + ‘Vub‘z - 1 ?

Note: |V ,|° = 10°

Source Measured V/ Unitarity
VUud = (1 - |Vus|2)l/2

Koz 0.2196(23) 0.9756(5)

Hyperon $ 0.2250(27) 0.9744(7)

Measured V4

Nuclear ft Values — 0.9740(5)
Neutron Decay — 0.9728(12)
Ave.
PERKEO II — 0.9713(13)

Neutron Decay
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Semileptonic Hyperon Decays and Cabibbo-K obayashi-Maskawa Unitarity

Nicola Cabibbo™

Department of Physics, University of Rome-La Sapienza
and INFN, Sezione di Roma 1, Piazzale A. Moro 5, 00185 Rome, Italy

Earl C. Swallow'

Department of Physics, EImhurst College, Elmhurst, Illinois 60126, USA
and Enrico Fermi Institute, The University of Chicago, Chicago, Illinois, USA

Roland Winston*

Division of Natural Sciences, The University of California-Merced, Merced, California 95344, USA
(Received 11 June 2003; published 23 June 2004)

Using a technique that is not subject to first-order SU(3) symmetry breaking effects, we determine
the Vv, element of the Cabibbo-Kobayashi-Maskawa matrix from data on semileptonic hyperon decays.
We obtain V,, = 0.2250(27), where the quoted uncertainty is purely experimental. This value is of
similar experimental precision to the one derived from K, but it is higher and thus in better agreement
with the unitarity requirement, |V, 4> + |V,,1*> + V1> = 1. An overall fit, including the axial
contributions and neglecting SU(3) breaking corrections, yields F + D = 1.2670 = 0.0035 and F —
D = —0.341 = 0.016 with y*> = 2.96/3 degrees of freedom.

DOI: 10.1103/PhysRevL ett.92.251803

The determination of the elements of the Cabibbo-
Kobayashi-Maskawa (CKM) matrix [1,2] is one of the
main ingredients for evaluating the solidity of the stan-
dard model of elementary particles. This is a vast subject
which has seen important progress with the determina-
tion [3,4] of €’/ e and the observation [5,6] of CP violation
in B decays.

While a lot of attention has recently been justly de-
voted to the higher mass sector of the CKM matrix, it is
the low mass sector, in particular, V,; and V,,,, where the
highest precision can be attained. The most sensitive test
of the unitarity of the CKM matrix is provided by the
relation |V, ,*> + |V,,|*> + |V,,|> =1 — A. Clearly, the

Ttmitaritvs ~anAiF AR e A — DO Tha 1177 12 AAntrilkeibian 71

PACS numbers: 12.15.Hh, 13.30.Ce, 14.20.Jn

decay, and this in turn allows for a redundant determi-
nation of V. The consistency of the values of V, deter-
mined from the different decays is a first confirmation of
the overall consistency of the model. A more detailed
discussion may be found in the Annual Reviews of
Nuclear and Particle Sciences [12].

In 1964, Ademollo and Gatto proved [13] that there is
no first-order correction to the vector form factor,
A'f,(0) = 0. This is an important result: since experi-
ments can measure V,,f,(0), knowing the value of f,(0)
in AS = 1 decays is essential for determining V,,;.

The Ademollo-Gatto theorem suggests an analytic ap-
proach to the available data that first examines the vector

fAarm Fartar £ hacaticea 1f 1ce nat crithiiarnt +A fivet Arvdar Cl I2)
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Value of the Kobayashi-Maskawa-Cabibbo matrix element V,; and flavor-symmetry breaking
in hyperon semileptonic decays

A. Garcia, R. Huerta, and P. Kielanowski*
Departamento de Fisica, Centro de Investigacion y de Estudios Avanzados del Instituto Politecnico Nacional,
Apartado Postal 14-740, 07000, Mexico, Distrito Federal, Mexico
(Received 25 April 1991)

We perform a detailed model-independent analysis of the determination of V,; in the AS =1 decays
A—pev, T~ —nev, and E~ —Aev. Values systematically higher than the K,; one are obtained. A
reconciliation may be only obtained through second-order changes of a few percent in the leading vector
form factors f,, provided that these changes always increase their magnitudes over their conserved vec-
tor current (CVC) predictions. Using the CVC or the recoil part of recent flavor-symmetry-breaking cal-
culations, the value V,;,=0.2258+0.0027 is obtained, which is higher than the K,; one by 2.6 standard

deviations.

PACS number(s): 13.30.Ce, 12.15.Ff

I. INTRODUCTION

The precise determination of the Kobayashi-
Maskawa-Cabibbo matrix [1] element ¥V is very useful
not only in testing the unitarity of this matrix but also in
helping to establish the importance of flavor SU(3) sym-
metry breaking (SB) effects in other decays where it ap-
pears. At present V,, can be meaningfully obtained from
only four semileptonic decays, namely, K-—mulv,
A—pev, 3~ —nev,and Z~ — Aev.

Its value from K,; has been already discussed in great
detail. The original value of [2]

V. =0.2196+0.0023 (1)

and g,/f, ratios, but we shall in addition and alterna-
tively use the available data on angular correlation and
angular spin-asymmetry coefficients along with the decay
rates. This latter set of data is richer than the former.
Also in contrast with both these references, we shall not
perform global fits to all AS=0 and AS=1 baryon de-
cays, but we shall study individually each of the three
relevant AS =1 decays. The reason for this is that the
appreciably higher x? of a global fit may easily mask devi-
ations of the value of V,, from Egs. (1) and (2), which
may be more clearly seen in the lower x? of each indivi-
dual decay.

Because of its model independence our analysis may

provide useful guidance for model calculations of flavor
CD .. ITOTN? .- AL VR TR | S TS TEUE R FRR [P
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A Deter mination of the Cabibbo-K obayashi-Maskawa Parameter |V,,| Using K; Decays

T. Alexopoulos,** M. Arenton,’ R. F. Barbosa,”* A.R. Barker,>" L. Bellantoni,” A. Bellavance,’ E. Blucher,*
G.J. Bock,” E. Cheu,! S. Childress,” R. Coleman,” M. D. Corcoran,® B. Cox,*® A.R. Erwin,* R. Ford,” A. Glazov,*
A. Golossanov,™ J. Graham,* J. Hamm,* K. Hanagaki,® V. B. Hsiung,” H. Huang,” V. Jejer,"° D. A. Jensen,’ R. Kessler,*
H. G. E. Kobrak,® K. Kotera,® J. LaDue,® A. Ledovskoy,'® P. L. McBride,” E. Monnier,** K.S. Nelson,’® H. Nguyen,’
R. Niclasen,® V. Prasad,” X. R. Qi,” E.J. Ramberg,” R. E. Ray,” M. Ronquest,™ E. Santos,”¥ P. Shanahan,’ J. Shields,°
W. Slater,? D. Smith,'® N. Solomey,* E. C. Swallow,*® P. A. Toale,® R. Tschirhart,” Y.W. Wah,* J. Wang,* H. B. White,’
J. Whitmore,” M. Wilking,® B. Winstein,* R. Winston,* E. T. Worcester,* T. Yamanaka,® and E. D. Zimmerman®

(KTeV Collaboration)

YUniversity of Arizona, Tucson, Arizona 85721, USA
2University of California at Los Angeles, Los Angeles, California 90095, USA
3University of California at San Diego, La Jolla, California 92093, USA
“The Enrico Fermi Ingtitute, The University of Chicago, Chicago, Illinois 60637, USA
5University of Colorado, Boulder, Colorado 80309, USA
SElmhurst College, Elmhurst, 1llinois 60126, USA
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19The Department of Physics and Institute of Nuclear and Particle Physics, University of Virginia,
Charlottesville, Virginia 22901, USA
“University of Wisconsin, Madison, Wsconsin 53706, USA
(Received 1 June 2004; published 25 October 2004)

We present a determination of the Cabibbo-Kobayashi-Maskawa parameter |V, | based on new
measurements of the six largest K; branching fractions and semileptonic form factors by the KTeV
(E832) experiment at Fermilab. We find | V| = 0.2252 = 0.0008k .y * 0.0021,,,, Where the errors are
from KTeV measurements and from external sources. We also use the measured branching fractions to
determine the CP violation parameter |5, _| = (2.228 = 0.005g1ey * 0.009,,) X 1073,

DOI: 10.1103/PhysRevLett.93.181802 PACS numbers: 12.15.Hh, 13.20.Eb, 13.25.Es
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