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per pulse. A dimuon version of this experiment,
designed to increase significantly the high-mass
dilepton data, is now in progress at Fermilab.

In summary, we have established a signal of
massive dileptons above 5 GeV. A statistically
significant clustering near 6 GeV suggests the ex-
istence of a narrow resonance.’ The data are in
good agreement with a color-added parton model
although the broad transverse-momentum behav-
ior is not predicted by the model.
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We suggest the name T (upsilon) be given either to
the resonance at 6 GeV if confirmed or to the onset of
high-mass dilepton physics.
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The JF =0~ partial waves of the Knm system in the reactions K*p— K*n*1"p at 13 GeV
are presented. Structure in intensities and relative phase variations suggest the exis~
tence of a pseudoscalar resonance, the K’, with a mass of ~ 1400 MeV and a width of

~ 250 MeV decaying predominantly into €K.

The observation of pseudoscalar resonances is
of fundamental importance to our understanding
of the meson spectrum. Within the quark model!
higher-mass recurrences of these states can oc-
cur only as radial excitations of the L=0 ¢g sys-
tem. Evidence® for radial excitations in the me-
son system is provided by the p’ and the 3’, al-
though each of these states could have an alter-
native assignment in the L =2 gqg supermultiplet.
In this paper we present results which suggest
the existence of a pseudoscalar, strangeness-
one resonance, the K’, with a mass in the vicini-
ty of 1400 MeV.

The data on which these results are based were
obtained in a spectrometer experiment studying
the reactions K*p—K*n*7"p at 13 GeV. The sa-
lient features of the experiment®”® are high sta-
tistics, good resolution, K-7 identification, and
K* relative normalization uncertainty of +2%.
We have described previously®:* the principal
JP=1* and 2* partial waves® of the K*7*7~ sys-
tem. In addition to isolating a small, but clear,
K*(1420) signal, we presented evidence for the
existence of two axial-vector mesons, @, with a
mass of ~1300 MeV and @, at ~1400 MeV.

As they are germane to our discussion of the
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0~ waves, we briefly summarize certain features
of these JP=1" states. Although their total widths
are comparable, they appear to have quite differ-
ent production and decay properties. The pro-
duction of @, obeys approximate s-channel helici-
ty conservation, and it seems to decay principal-
ly to pK. In contrast, @, production satisfies ap-
proximate {-channel helicity conservation, while
its dominant decay mode is K*7. The evidence
for these different decay modes rests, in part,

on the observed phase variations of the 1* pK
waves relative to 1*0* K*7: a forward motion of
~T70° for 1.20 s m(Knrm)< 1.35 GeV and a backward
motion of ~50° for 1.35<sm(Knn)<1.45 GeV. In
addition, the 1* pK mass spectra peak only in the
region of 1300 MeV. We infer from these obser-
vations that the absolute phase of the 1* pK waves
has a Breit-Wigner variation in the 1300-MeV re-
gion but is slowly moving by 1400 MeV. On the
other hand, the absolute phase of the 170* K*x
wave, associated with the @, meson, would be
rapidly moving in the 1400-MeV région. Since
we are discussing the possibility of a 0” reso-
nance in the vicinity of 1400 MeV, it is clearly
preferable that the reference wave exhibit limited
phase motion in this region. Thus, for the re-
sults presented in this Letter, we use the 170"
pK wave as the reference wave.

In Figs. 1(a) and 1(b) we show the 070" eK
cross section and relative phase as measured
with respect to 170" pK. Cross sections for am-
biguous solutions,® present only in the K~ data at
low Knm mass, are shown by crosses in those
cases where they differ significantly from the
highest-likelihood solutions. For K#m masses
where either the displayed wave or the reference
wave is small in intensity, the relative phase
measurement becomes unreliable and is not
shown. The K* and K~ data both exhibit a broad
(~250 MeV) bump at about 1400 MeV. The points
above 1.6 GeV were obtained with the wave set of
Ref. 3. While they indicate that all the 0~ waves
are decreasing in this region, the qualification
must be made that higher spin waves are becom-
ing important beyond 1.6 GeV. Nevertheless a
preliminary study of our data in the L region [1.6
<m(Kwr)< 2.0 GeV] with an extended wave set in-
dicates that all the 0° waves have decreased in
intensity by ~1.7 GeV.

The corresponding results for the 2*1% K*7
wave are shown in Figs. 1(c) and 1(d). The curves
indicate the d-wave Breit-Wigner line shape and
phase variation for the K*(1420),% and it is clear
that the data are consistent with the expected be-
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FIG. 1. The mass dependence of the 00" €K and the
2*1% K*r waves. Crosses correspond to ambiguous so-
lutions, and ¢, is measured with respect to the 1*0*
pK wave. The curves correspond to simple Breit-Wig-~
ner parametrizations.

havior. In Figs. 1(a) and 1(b) the curves corre-
spond to an s-wave Breit-Wigner parametrization
with a mass of 1400 MeV and a width of 250 MeV.”
Both the 070" €K and the 2*1* K*r waves are well
described by these parametrizations for intensity
and phase. This is strongly suggestive of a reso-
nance interpretation for the 0°0* €K wave.

We turn next to the other significant 0° partial
waves.® In contrast to 070% €K, the 070* K*7
wave [ Figs. 2(a) and 2(b)] is already large by
~1.23 GeV and reveals some indication of a two-
peak structure. While the lower-mass peak at
~1.23 GeV is of roughly the same strength in both
K* and K™, the K™ intensity is greater than that
for K~ in the 1.3-1.5-GeV mass region. This two-
peak structure is similar to that for 1*0* K*r,3
except that for the latter the higher-mass peak is
stronger for K~ than for K*. The relative phase
measured with respect to 1¥0* pK decreases by
~60° for 1.23 sm(Knm)<1.35 GeV, where the 1*
pK system resonates, and increases by ~50° for
1.35<m(Knw)<1.56 GeV. We tentatively inter-
pret these observations in terms of a two-compo-
nent description of the 070" K*7 wave: a “Deck”
background approximately constant in phase and
peaking in intensity near 1.23 GeV together with
a resonance contribution at ~1.4 GeV.
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FIG. 2. The mass dependence of the 070* K*r and
the 0"0* pK waves. Crosses correspond to ambiguous
solutions, and ¢ . is measured with respect to the
170 pK wave.

The 070" pK wave [Figs. 2(c) and 2(d)] is about
30% the size of the 00" €K wave in intensity and
appears to peak at a somewhat higher K77 mass.
However, since its phase relative to 170* pK
shows some forward motion in the 1.4-GeV re-
gion, we would conclude that the 0° resonance
may couple weakly to pK.

The momentum transfer (¢’) dependence of the
070" K*7 and 00* €K waves is shown in Fig. 3.
The distributions for these waves are consider-
ably steeper than those for the 170" K*r waves.*
Parameter values from fits to the data with the
expression Aexp(bt’) are given in Table I. The
070" eK waves are slightly larger near ¢’ =0 than
the 0°0* K*r waves. There is an apparent
“wrong-sign” crossover (i.e., b,+> b,-) in the
070* K*r distributions, while none is evident for
the 070" €K waves, even though the K~ distribu-
tion is somewhat steeper than the K*, We note
that the presence of a 0°0" K*r crossover is con-
sistent with the difference between the K* and K~
mass spectra of Figs. 2(a) and 2(b) in the region
of 1.4 GeV, However, because of the steepness
of these waves, the limited statistics in the last
two {’ intervals, and certain technical consider-
ations® in our method of analysis, we must at
present consider this effect as an intriguing pos-
sibility. The difference in the production proper-
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FIG. 3. The momentum transfer dependence of the
0°0* K*r and 070% ¢K waves. The lines are exponen-
tials with the parameter values given in Table I.

ties of these waves is presumably related to our
previous observation that, whereas the 070" eK
wave appears to be purely resonant, the 0°0*
K*r wave may require a two-component descrip-
tion.

We have presented evidence for the existence
of a Knm pseudoscalar resonance, the K’, of
mass ~ 1400 MeV and width ~250 MeV. The pre-
dominant decay mode is €K with weaker couplings
to K*r and, possibly, pK. While it is conceivable
that non-7-exchange Deck mechanisms could de-
scribe the 070" €K mass spectrum, they are not
expected to yield a phase variation such as that
shown in Fig. 1; it is then natural to associate
such phase motion with the existence of a 0 reso-
nance. In contrast, Deck contributions appear to

TABLE I. Parameter values from fits with 4 exp(b¢’)
to the 0°0* K*r and 07 0% €K production distributions.

A b
Wave Beam (ub/GeVS) (GeV-?) x°
070" K*m K* 729 £49 13.8+0.8 2.9
K- 546 +£41 11.3%0.7 5.1
070" ek Kt 1073 £130 15.6+1.6 3.3
K" 1026 £131 19.1x1.7 1.8
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be significant for the K*7 system, so that a deter-

mination of the K’ coupling to K*r must await a
quantitative interpretation of the data in terms of
the two-component description mentioned above.
Indeed a precise measurement of the K’ mass
and width also depends on how much the absolute
phase of the 170" pK reference wave changes in
the 1.3-1.5-GeV mass region. Nevertheless, the
evidence for a 0 K77 resonance is already rath-
er persuasive. In the quark model such a state
would result from a radial excitation of the L=0
qq system and would imply the existence of other
pseudoscalar mesons in the 1400-MeV mass re-

gion.
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the fitted resonance parameters m,=1404 12 MeV and
I,=232+16 MeV.
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€K. Since the 0°0% k7 intensity never exceeds 40 ub/
GeV?® below 1.6 GeV, this wave is excluded from the
present discussion.

9The different ¢’ dependences of individual waves were
not imposed. With regard to the mass spectrum, how-
ever, the analysis was also done in 40-MeV bins with
narrower ¢’ cuts (0—0.06 and 0.06—0,2 GeV?, No sig-
nificant differences from the results presented here
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Muon capture rates in nuclei can be accounted for by a simple three-parameter phenom-
enological formula. I present a microscopic analysis of this formula, Large discrepan-
cies between the unperturbed shell-model results and the phenomenological parameters
are found. Considerable improvement is obtained when long-range correlations are intro-
duced. However, it is shown that the calculated total capture rate can be in agreement
with experiment but that incompatibilities can still exist in the individual parameters.

The present Letter attempts to account for a
recent phenomenological fit to total muon capture
rates in nuclei. Specifically, the non-energy-
weighted and energy-weighted expressions of
Goulard and Primakoff® offer a simple parametric
fit to muon capture rates for a whole spectrum of
nuclei. However, to date, no microscopic analy-
sis exists for the individual parameters. Herel
will concentrate on the non-energy-weighted re-
sult of Ref. 1 and attempt a microscopic evalua-
tion of the parameters. Firstly, a new version
of the non-energy-weighted result will be devel-
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oped which contains an additional term and in
which parameters are formally defined in terms
of the expectation values of a more suitable set
of operators. Secondly, these parameters are
then evaluated with unperturbed shell-model wave
functions to see how well they can be accounted
for in the lowest uncorrelated approximation. As
we shall see, large discrepancies exist between
the unperturbed values and the phenomenological
values. Thirdly, the effect of correlations will
then be studied microscopically.

To begin, the non-energy-weighted expression



