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Abstract:

We report a measurement of the radiative decay of the K* (890).
The width for the transition K* —K Y is 62* 14 KeV. The resulting
ratio of decay probabilities (x*° +x°Y) /(X*~ +K Y), while consistent with
predictions of certain quark models, does not agree with expectations

from unbroken SU{3} symmetry.
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Radiative decay transitions between meson states provide some of
the most straight-forward tests of SuU(3) and of the quark model. Pre-
. . * * o o
dictions for X*7(830) -+ X'y, p » 7Ty and K* (890) » K Y decays are in-
dependent of assumptions concerning mixing between the singlet and
octet members of the vector and pseudoscalar meson nonets. In addi-
+
tion, the small mass differences between K*" and K* , and between K-

+ . . o e} * +
and K , make the ratio of the radiative widths T(K* +X y)/T(K* +X y)
essentially independent of any phase-space factors. In the simple
quark model, this ratio can be expressed, using quark magnetic moments

o o + + 2
uq, as T'(K* ">k V) /T(K*">KY) = {(ud+us)/(uu+us)] . The sU(6}
additive gquark model [1], using effective quark magnetic moments
deduced from measurements of baryon magnetic moments [2], predicts
1.64 for the above ratio. In the unbroken SU(3) limit, the ratio
equals 4.0.

We report the first clear evidence for the process K*—-+K_Y, ob-
tained through a measurement of the inverse reaction K’Y > K* via the
Primakoff effect [3]. Data were taken using 156 GeV/c negatively-
charged kaons in the M-l line of the Fermi National Accelerator
Laboratory. These data were obtained simultaneously with those
used te extract a new value for the radiative width of the p— f4].

The specific reactions we studied were:

K +A>KT +23 (1)
— o—
K + A +Kom +2 (2)
s
$ -~
>

At these energies, Coulomb production of KT systems tends to dominate

coherent strong production on nuclear targets (A). The beam energy



of our experiment provides the essential advantage of our measure-
ment over a previous upper limit obtained for T(K*+ > K+Y), at 10-16 GeV/c [5].

Charged particles in Reactions (1) and (2) were detected and momentum-
analyzed using multiwire proportional chambers, drift chambers and an analyz%ng
magnet. Photons from 7° decays were measured using a Liquid Argon Calorimeter
(LAC). Experimental details can be found elsewhere [4].

For Reaction (1) we required that an acceptable trigger have one charged
particle downstream of the target and a LAC signal corresponding to a deposi-
tion of more than 10 GeV of energy. For Reaction (2) we required that only
one charged particle emerge from the target and that two additional charged
particles appear within an evacuated 6ém decay tank located immediately
downstream of the target.

The requirements set in the off-line analysis for selecting data for
Reaction (l) were as follows: 1) The incident particle registered as a X in
a beam Cerenkov coﬁnter; 2) Only one charged particle emerged from the target
region:; 3) Only 2 photons reconstructed in the LAC and the reconstructed
YY mass was consistent with that of a wo; 4) The total energy in the final
state was consistent with the mean energy of the beam.

The dominant background to Reaction- (1) came from K -+ n-wo events in
which, due to a lack of particle identification downstream of the target,
the T was assigned a K mass. To minimize this source of background,
eventes that satisfied the above four c¢riteria, but had a reconstructed W—ﬂo
mass below 550 MeV were removed from consideration for Reaction (1). This
procedure reduced substantially the background from K > 7 decays and

yielded only a 20% loss of true K+ -+ Kfnoevents.



Reaction (2) was comparatively background free. To define this sample,
it was required that the two oppositely charged particles (V) of the Kz decay
originate in ag;acceptable region of the decay tank. The imposition of this
cut reduced the K* signal by about 25%. The additional requirements that
the W+ﬂ— mass of the V be consistent with the mass of the K:; and that
criteria 1), 2) and 4) used for Reaction (1) also be satisfied, did not affect
the size of the‘data sample.

To minimize reliance of our measurements on Ehe determination of ab-
solute efficiency of the apparatus, we normalized the cross section for
Reaction (1} to the yield of K -+ T decays within the vacuum tank. fThese
decays, which are topologically very similar to K* - K*ﬂo events, were
collected concurrently with data for Reaction (1). The X - ﬂ_wo decays
were also used to check our understanding of the resolution of the apparatus. [4]
The absolute normalization of the data for Reaction (2) is uncertain to +13%.

Mass spectra for K 1 and Kgﬂ— events produced at t < 0.01 Gev2 ¢ COm=-
bining all nuclear tafgets, are displayed in Figure 1l(a). The events con-
tained in Fig. 1{a) are distributed according to targets as follows: carbon,
aluminum, copper and lead contribute, respectively, 2, 3, 4, and 18 events
for Reaction (1}, and 3, 0, 7 and 14 events for Reaction (2). The curveé
above the data indicate the total acceptance (including all cuts) as a
function of mass, assuming a sinze decay of the (KT) systems in the Gottfried -
Jackson frame, a form expected for the coherent production of vector mesons.
The rapid drop in the acceptance at low K 71° mass is mainly due to the
550 MeV cut criterion imposed on the T mass interpretation. Curves on
the data indicate the shapes of the mass distributions expected for Coulomb-~

produced K* , with relativistic Breit-Wigner line shapes of width T(K* )=50 Mev,



and mass m _ = 832 Mev [6], modified to take account of acceptance and

*
resolutionKbroadening. Although the statiétics are poor, clear peaks are
nevertheless evident at the X* (890) mass. The polar deéay angle distribu-
tions (0) of tﬁe K* events in the Gottfried-Jackson frame are consistent
with the expected sin28 decay form for a p-wave Kn final state. This is
displayed in Fig. 1b for data at t < 0.01 Gevz. Figure 2 displays the
t-distributions for K* production on a Pb target, corrected for acceptance
and branching ratios. The distributions for the two reactions are in agree-
ment, and both show peaks at the small t-values characteristic of electro-
magnetic production.

Because of poor statistics, we chose not to compare K* t-distributions
for individual nuclear targets with predictions of production models. In-
stead, for each element (i) we defined integrated cross sections (Gi), for
both K* decay modes, for the mass range between 790 MeV and 990 MeV, in-
tegrated up to t = 0.002 GeVz. To determine a radiative decay width from
these cross sections, we used the dependences of Coulomb and strong K*"
production on beam momentum and nucleus (Z,A). The formulation is based
on an optical-model approximation for the nucleus, and can be found in the
literature [4,5,6].

To extract the radiative width (FY) of the K* , a maximum likelihood
fit was performed to all values of g, - The goodness of fit and the statistical
errors on TY were established through standard procedures employed in low-
statistics measurements. Namely, using the likelihood estimator for PY '
and the luminosity per target, many seﬁs of GI were generated (via Monte
Carlo) from a Poisson distribution. Each set of the 0} was then fitted to

extract a value of T* . The standard deviation of the distribution of all the

T; was taken as the statistical error on FY'
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The strong-production normalization constant CS, scaled from
lower energies [5,7], and the relative phase ¢ between the Coulomdh and

the strong amplitude were varied in these fits. In particular, ¢ was

varied about the expected value of 0,58 mb/GeV4, from 0.48 mb/GeV4 to
0.68 mb/GeV4, without observing an appreciable difference in FY(K*'*KY)
or a deterioration in the xz. The reason for the insensitivity of FY {and
the fit xz) to Cs is that the strong production cross section for

t < 0.002 GeV2 is small. The contribution from the interference
between strong and Coulomb amplitudes in Pb, for example, where we have
best statistics, is € 5% of the pure Coulomb term. Our data are also
insensitive to ¢. In our fits FY changed by only *5 Kev for any choice
of ¢. The correlation between TY, c, and ¢ is very weak for small t,
and so we obtain an unigue sclution for FY' in spite of the large
statistical errors in the data. The maximum value of t used in the
integration of the data was varied up to 0.005 Gevz, and the results
for FY were found to be consistent to within 7 KevV. We performed fits
separately and simultaneously to data for the two different K* decay
modes and always obtained acceptable and self-consistent results.

We conclude that T'(K* +K y) is 62 +14 KeV, including statistical
and systematic uncertainties (all added in quadrature}. The uncertainty is
dominated by statistics (*1I KeV), but is alsc influenced, to a 1esser-
extent, by contributions from uncertainty in the absolute normalization:
the valucs of Cs and ¢, the target—empty subtraction and the resolution
in t.

This experiment is the first to report & pezsurement for the
radiative width of K* *-K_Y. While this measurement is in reasonable
agreement with predictions of various guark models [1,8], the ratio of

the only previous measurement of the radiative width of K*° {9}



to our measurement of the width of the x* is 1.2 * 0.6, which disagrees with

unbroken SU(3) symmetry, but is consistent with quark models in which quarks

with different flavor are assigned different magnetic moments.
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Figqure Captions

1. Mass spectra for KT systems produced on nuclear targets for
t < 0.01 Gevzare diéplayed in {a). The calculated acceptances
as a f;nction of mass (with scales shown at upper right of each
graph) are drawn above the data. The shapes of the mass spectra
expected for Coulomb-produced K* (890) are indicated on the data.
The pelar decay angles of the pion in the Gottfried-Jackson frame
of the K*(890) are shown in (b) , along with the acceptance-

corrected shapes expected for electromagnetically produced

2

K*(890) . The data are for all nuclear targets and t < 0.01 GeVv

2, Cross section for K*{890) production on a lead target. The yields
for the two decay channels have been corrected for acceptance,

all cuts, and branching ratiocs.
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