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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '
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Abstract

The inclusive production cross sections and transverse momentum distributions
of K*° and K& mesons in ete~ annihilation at a center of mass energy of 29 GeV have
been measuréd, using the Time Pro}ectjon Chaﬁlber »_de‘t.ector in thé PEP-4 experiment.
The mean multiplicities are found to be 0.49 + 0.04(stat)+0.07(syst) (K™ + Eﬁ), and

1.22 4'0.03(stat)+0.15(syst) (K° + K" ) per event. '

PACS numbers: 13.65.+1i, 14.40.Aq, 14.40.Ev
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The‘study of resonance production in high-energy ete— annihilations has a two-
fold significance. First, since resonance productron is expected to be less dominated by
decays of heavy particles as compared to sta.ble ha.drons its dyna.mlcs is more directly
related to the original momentum and qua.ntunr number flows in a.n, event. Second,
this type of data serves ‘furth_er to const,ra.in various querk fragmenta.tio_n models with
a number of phenomenolegical parameters, ;a.mlOng wh‘ichfi's the production ratio of
resonances and stable ‘_pa.rti‘cles'. . In this letﬁer w‘e’.report 'mea.sur‘ements of K*' and
K% production based on daté. taken by. the PEP-4 Ti‘me‘ PrejectionChamber (TPC)
facility at the PEP st,orage ring at SLAC The TPC has a typlca.l momentum resolution

of (6p/p)? = (0.06)2 + (0. 035p)2 (p in Gev /c), a.nd 1dent1ﬁes charged particles by dE/dz

' meaéurement with a typlca.l resolution of 3. 707 ! The event selectlon criteria have been

G

described elsewhere 2 The data sample consrsts of 29100 events, correspondmg to an

integrated lummosrty of 77 pb—1 at a center of mass energy of 29 GeV.

The K™ and K" (hereafter, we writé only the particle state to indicate both
particle and antiparticle states) are reconstructed in the decay mode K*° - K+7—,
where both K+ and »— are identified by the TPC. Thé charged track selection and
particle identification follow the procedure described in Ref.3. In this analysis a charged
track is counted as a K+ or =~ if its particle weight W(K) or W(r) exceeds 0.5. This
results in K () sample purities of 55—90% (85— 95% ) and efficiencies of 50—70% (50—70%),
depending on the momentum. Figure la) and b) show the K invariant mass spectra
in the range 0.0618 < z < 0.800 (z = 2E/4/5) for opposite-sign and like—sign combinations,
respectively. A prominent peak is seen for the opposite-sign combinations in the K’
region (Mg, =~ 0.89 GeV'), but is absent for the like-sign combinations. The spectrum is
well fitted with a smooth background plus a P-wave Breit-Wigner resonance shape as

shown by solid curves in Figure 1a). We find 2750 :};.104 entries, M = 900.5 4 3.6 MeV',*
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and T = 88.1 4 9.5 MeV (FWHM) for the peak, consistent with the K *° intrinsic width
"(50.2 Mev) folded in with the detector resolution. Effects of p° = 7#tr—, w — #+t7—n°,
K% = ntg~, D - K—ntX (with the K= pair not coming from K*°), and photon
conversion pairs, whose products were taken to be a K pair, are estimated with a
Monte-Carlo calculation. ®> They form only a small structure in the X* region as shown
by the dashed curve in Figure 1a), and are comparable with statistical fluctuations of
the overall background level. This justifies the use of a single smooth background in

our analysis.

Neutral K-meson production is studied by reconstr}ucting'.tl’le decay K% — rtr—,
whose deca.y vertexvis sepa.rated from the event—vertex Combinations are formed for
oppos1te-s1gn palrs of tracks each of whlch sa.tlsﬁes 1) momentum P exceeds 0.15GeV /e,
2) estimated error in the momentum measurement fulfills §p/p < 0.4 or ép/p® < 0.3,
3) x* (DOF = 1) for a % hypothes1s calculated from the momentum and dE/dx is
smaller than 7, and 4) distance of closest approach to the event-vertex is larger than
V0.044+002/p% cm. A track pair is accepted as a K§ candidate if, 1) the minimum
3-dimensional distance between the tracks is smaller than 0.5 cm, 2) the momentum.
vector of the pair points within 14° to the event vertex, and 3) the flight path from
the event vertex is longer than 1.5 cm. Pairs whose tracks are consistent with photon
conversions. are rejected. Figure 2 shows the n+ 7~ effective mass spectra in the range
0.05 < z < 0.60. Fitting the spectrum with a smooth ba,ckéround plus a Gaussian line
shape (indicated by the solid smooth curve in Figure 2), results in 2076 + 52 entries,
M = 499.7 + 0.6 MeV,* and o(rms) = 23.3 £+ 0.5 MeV for the peak, consistent with our

detector resolution.

The production rates of K*® and K° are obtained as functions of # and p2 (p7

is the transverse momentum relative to the thrust axis) by using the fitted K r and 7n
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mass spéctra in various energy and p% intervals, assuming half of K° would turn out
to be K%. Background shapes are inferred from a Monte-Carlo calculation. ®* Due to
the large Q value (0.288 GeV/c) of its decay, the acceptance for K*° is nearly constant
(15— 20%) over a wide momentum range. The K% acceptance varies between 6 and 20%,

with a momentum dependence dominated by the cut on flight path.

The K*° énd' K° rates, corrected for #cceptazice and effects of initial state
radié.tion,“‘a.re stable a.ga.inst. changes‘in tra.ék selection and particle identification cuts.
However, our Md}lte-Carlo study shows that the shba.pe and the magnitude of the Kr
background in the K* ana.lysis>a.ré sensitive to uncertainties in the multiplicities and
momentum distributions of 7= and K+ to be assumed for the annihilation events.

Therefore, we assign systeniébic errors of ?t,ypica.lly 15% for K™ rates, dominated by

" uncertainties in the backgrdund subtraction. The results are summarized in Figure 3,

Figure 4 and Table 1. We observe an average of 0.49+ 0.04 :i: 0.07 (K™ +'170) per event
in the range 0.0618 <-z < 0.8,-and 1.07 4- 0.03 4 0.13 (K +K")in 005 < # < 0.6. The first
error quoted is statistical and the second systematic. The Lund Monte-Carlo program®
predicts that 99.7% of K*° and 87.6% of K° are contained within these energy ranges,
inferring the total multiplicities of K™ (K°)78 to be 0.49 4 0.04 £ 0.07 (1.22 4003 +0.15).
Our K* multiplicity is consistent with the results from experiments at PETRA® and

with the K+ rate reported by the TPC.?2

The measured aveiage' p% relative to the t;h.r'ust axis 18 0.57 io.oin.OIs(Gei-' /c)? for
K in 00618 < z < 0.8, and 0.51 4 0.10 & 0.18{GeV /c)? for K© in 0.05 < z < 0.6. Predictions
of the Lund model in the same ranges are 0.5<.)((1‘e:l/"’/c)'2 fof K*®° aﬁd 0.49(GeV /c)* for A",
both consistent with our measurement. For comparison, the é.vera.gé p2 for 7% measured
by this experiment is 0.30+ 0.01i0.02(GeV/c)2.in z > 0.01. The p% distributions, inchiding

7+ data, are shown in Figure 4.



These results, together with our previously measured prodiction rates of K+
(Ref. 2) permit us to estimate the ratio V/(V + P), fraction of vector meson production
- for strange mesons.!® Using the measured D*/D production ratio,!! the assumption that
13% of primary charm would turn into F or F* mesons, and the measured charm/bottom
decay branching ratios, 12 we estimate the multiplicity of K+ (K°) from charm/bottom
decays to be 0.41+ 0.06 (0.34 + 0.07). After subtracting these contributions and effects of
¢ decays, the number of K=* (K°) which are of non—cha.rm/ botﬂom and non-¢ origin is
0.86£0.15 (0. 82;{;0 16) Slmlla.rly,12 the K *o multlphclty from non-charm and non-bottom
orlgm is estlma.ted to be 0.39 + 0.11. Assunnng that K *0 and K™* are produced at an
equal rate, we obtain V/(V+P)=04740.114 0.09, whe:e the first error is experimental,.
and the second error comes ffom. ambiguities in charm/ boﬁtom decay branching ratios.

This is in fair agreement with the values -ryeported_by TASSO 13 and JADE. #

~ Using the ratio of our measured production rates for ¢ (Ref.3) and K'°, we
-can estimate the suppression factor of ss-quark pair production from the vacuum - the
s/u ratio. From 2N(¢)/N(K*°), with corrections for charm/bottom decays and primary
strange quarks, we obtain s/u. = 0.37 4+ 0.154 0.08. Also, by comparing K" and TASSO’s
p° rates,'® we get s/u = 0.32 + 0.09 + 0.05 from N(K*0)/2N(s°). We observe that both the
$/K™ and K*°/,° production ratios appear to be governed by a single parameter s/«,

as assumed in many quark fragmentation models.

We acknowledge the efforts of the PEP staff, and the engineers, programmers
and technicians of tllle,“ collaborating institutions who made this work possible. This
work was suppo_1:ted by the Department of Energy under contracts numbers DE-ACO03-
76SF 00098, DE-AM03—7VSSF00034, and D'E-AC_OZ-'ZGERO_3330, the National Science
Foundation, and thé Joint Japan-U.S. Collaboration in High Energy Physics.
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Table 1. The inclusive K*° and K° production rates normalized to the total annihilation cross

section into hadrons. Here x = 2E//s and B is the particle velocity. The first
error quoted is statistical, the second is systematic.
ete” > K*O,K*0 + X ete” + KO,k + X

X <x> (llohB)(do/dx) X <x> (llohB)(do/dx)
0.0618-0.10 0.079 5.80:0.66+0.63 0.05-0.075 0.062 9.27+0.91+2.19
0.10-0.20 0.14 2.01:0.28#0.35 0.075-0.10 0.086 6.61+0.55+0.80
0.20-0.30 0.25 0.9240.16+0.14 0.10-0.15 0.12 4.91:0.29+0.42
0.30-0.40 0.35 0.53+0.10:0.06 0.15-0.20 0.17 3.15:0.17%0.24
0.40-0.60 0.48 0.18+0.04:0.02 0.20-0.25 0.22 2.40+0.1420.19
0.60-0.80 0.67 0.038:0.016:0.007 0.25-0.30 0.27 = 1.57+0.21%0.15
0.30-0.40 0.34 0.87%0.1020.10
0.40-0.60 0.68 0.27:0.04:0.03
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