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ABSTRACT

A data sample corresponding to an integrated luminosity of 300 pb~l of e+e~ annihila-

tions at 29 GeV was used to measure the inclusive branching fraction r~ —* K^X~ur. The

experiment was performed using the High Resolution Spectrometer at the PEP storage

ring. The measured branching fraction is (0.64 ±0.15)%. The data are consistent with all

Kg coming from the Cabibbo-suppressed decay r —• A'*~(S90)i>r leading to a branching

ratio of (1.9 ± 0.28 ± 0.25)% for this channel. The inclusive sample was used to set 90%

CL limits on the branching fractions of r~ -+ p~(16Q0)vr and r~ —» A'*~(1430)«/r of 8.5%,

and 0.3% respectively.
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This letter reports a new measurement of the inclusive production of K§ in r decays

to three and five charged prongs. The clean sample of r pairs that can be identified at

PEP/PETRA energies allows detailed measurements of the charged weak current. The

high energy of the produced lepton pairs and the low charged multiplicity of their decays

means that the K§ —* 7r+7r~ component can be measured with high efficiency and little

background. The dominant source of the K^ particles in r decays is the Jp = 1~ Cabibbo-

suppressed decay mode r~ —+ K*~vr whose branching fraction can be estimated from

the T lifetime14'*1 and the standard model. The actual value of this branching fraction

depends on the W-iv* coupling (<?#>) which is not predicted by the standard model, but

can be estimated from asymptotic flavor symmetry. ~ The equivalent W-p coupling (Gp)

for the Jp =s 1~ Cabibbo favored decay can be inferred from the measured e+e~ —* />°

cross section via the CVC hypothesis! Therefore, from equation (1) the measurement

of the r~ —* K*~vT branching fraction can be interpreted within the standard model as

a measurement of GA'V where 9Q is the Cabibbo mixing angle, r r is the r lifetime, and

<f>(mr, rriK') is a phase space factor that depends only on the mass of the r and K*.

BR(r -*K—vr) = Tr—-(—%-sm6c)
2G2

K.<f>(mr,mK.) (1)
"" mw

The r —» K^X vT inclusive sample can also be used to set limits on the branching

fractions to high mass vector states such as r~ -+ />~(1600)yr, and the forbidden decay

r - -* 7v*-(1430)i/r.

This measurement is based on 300 pb~l of data taken at y/s = 29 GeV by the High

Resolution Spectrometer (HRS) at the PEP e+e~ storage ring facility. This integrated

luminosity corresponds to the production of about 41,000 r pair events. The HRS has been

described in detail elsewhere 9 ; the features pertinent for this analysis include charged

tracking over 90% of the total solid angle with a momentum resolution of op/p = 2.0 x 10~3p

(p in GeV/c) for p > 200AfeV'/c, and electromagnetic calorimetry over 85% of the total

solid angle with an energy resolution of a^/E — 0.16/\/~E (E in GeY) in the central region



and O.2O/-</B (E in GeV) in the forward region.A vertex chamber '" provided charged

tracking down to a radial distance from the beam axis of 9 cm. The mean flight path of

Jv"c particles produced in T decays at PEP energies is ~ 10 cm. The 16.2 kG solenoidal

magnetic field of the detector aided the identification of r pair events by separating well

the high momentum charged tracks produced in these low multiplicity events.

A detailed description of the selection criteria used to identify three and five charged

prong T decays with the HRS has been reported elsewhere.*"'"1 The selection criteria

important for this analysis will now be discussed. The events used for this analysis were

required to have three or five well measured charged tracks recoiling against one well

measured track in the opposite hemisphere. The scalar sum of the charged track momenta

was required to be greater than 7.25 GeV/c to suppress low energy beam-gas events. The

remaining backgrounds were from low multiplicity hadronic and radiative Bhabha events.

Hadronic events were suppressed by requiring that the mass reconstructed from charged

tracks in the three and five-prong hemispheres was less than 1.8 GeV/c2, assuming that all

charged particles were pions. In addition, the reconstructed mass of all charged particles

and photons in the one, three, and five-prong hemispheres was required to be less than 1.5

GeV/c2, 2.0 GeV/c2, and 3.0 GeV/c2. To suppress the remaining hadronic background in

the five prong hemisphere the reconstructed momentum of the charged five-prong system

was required to be less than 600 MeV/c in the parent r rest frame. Radiative Bhabha and

radiative r events in the three and five-prong hemispheres respectively were suppressed by

requiring that no tracks in the three and five-p>:ng hemispheres deposit an energy in the

calorimeter consistent with being an electron. To further suppress beam-gas events, one

track in each hemisphere was required to pass within 0.5 cm of the interaction point in

the plane perpendicular to the beam axis, and within 5 cm of the interaction point along

the beam axis. The hadronic background was estimated by imposing the selection criteria

on a sample of one, three, and five-prong jets that recoiled against a jet of at least 4 well

measured tracks.

This selection criteria gave a data sample of 3510 three-prong r decays having an

estimate-' hadronic background of 0.7%, and a data sample of 44 five-prong r decays having

an estimated background of ~ 50(/£. The predominant background in the five-prong sample



was due to Dalitz pairs associated with a three-prong r decay where tiie electron V racks of

the Dalitz pair did not intercept the calorimeter. Since the invariant mass of these pairs is

very small they present no background for this inclusive K^ measurement. The hadronic

background in the five-prong sample is estimated to be ~ 5%.

A iviy candidate was defined as a pair of oppositely charged tracks in the same hemi-

sphere that satisfied the following criteria:

• The sum of the individual track impact parameters exceeded 2 mm in the plane

perpendicular to the beam.

• The two tracks formed a vertex located between 1 cm and 50 cm in radial distance

from the beam axis.

• No drift chamber wires at radii smaller than that of the candidate vertex had fired

on the individual tracks.

• The pair momentum pointed back to the interaction point with p*±/R± < 0.05, where

Pj_ is the pair momentum impact parameter in the plane perpendicular to the beam

axis, and R± is the radius of the candidate vertex in the plane perpendicular to the

beam axis.

• The two individual tracks fitted well to a common vertex with a x2 jDOF < 2.0.

• To suppress non-K^ pairs from the inclusive 3-prong r decay background, the angular

distribution of the individual tracks in the Kg rest frame was required to satisfy

| cosd* |< Q.9, where 6* is the angle between the candidate pion momentum and the

K§ direction of flight in the K^ rest frame.

Assuming both particles of the candidate pair to be pions, the invariant mass distri-

bution of the J<1y candidates found in the three-prong r decay sample is shown in Fig. 1.

A clear peak at the KQ mass (498 MeV/c") can be seen with very little background. The

curve shown is a Gaussian constrained to the A"0 mass plus a linear background fitted to

the data. The width of the Gaussian was fixed at the value (a — ~MeV/c-) determined

from a Monte Carlo simulation.



The decay length distribution of the 52 candidates having an invariant mass within

15 MeV/c2 of the Iv° mass is shown in Fig. 2. The curve shown was obtained from a

Monte Carlo simulation of the experiment, normalized to the data greater than 10 cm,

and it shows that the mean lifetime is consistent with that expected. These 52 candidates

were then combined with the bachelor charged particle, considered as a pion, to give the

invariant mass distribution of Fig. 3. The mass distribution is clearly dominated by the

iv*(892). The curve shown is a Breit-Wigner shape convoluted with the K§ resolution

function as determined by a Monte Carlo simulation with the normalization set by the

data. The Monte Carlo used in these comparisons generated the exclusive decay channel:

7T+7r~7T~J/T

The generated events were then processed through a full detector simulation and the results

used to estimate the detection efficiency.

Low multiplicity hadronic backgrounds to this K^ signal have been studied by searching

for candidates in a three-prong sample of hadronic jets, and by measuring the rejection of

the invariant mass cuts on a sample of one and three-prong hadronic jets. These studies

indicate the hadronic background is < 1 event. The remaining source of background

comes from non-lif^ candidates in the inclusive r sample. This non-Kg background has

been estimated from an inclusive r decay Mor.v Carlo that did not include K§ decays.

It is small and flat in the region of the Ar° mass. After correcting for this background

and subtracting a hadronic background of one event, 44 events remain. This level of

background is consistent with the excess events at low radii in Fig. 2, and at high mass in

Fig. 3. These 44 events determine the three-prong inclusive branching fraction:

BR{r~ -* I<lX~uT) = (0.64 ± 0.15)%

The error includes uncertainties in the background subtraction, detection efficiencies, and

the integrated luminosity.



Upon finding no K$ candidates in the sample of five-prong T decays, and using a Monte

Carlo to estimate the detection efficiency of five-prong T decays that include K$ —> K~ ~+

decays, 90% CL limits can be set on the following inclusive branching fractions:

BR(T~ -* A'g^A^ri/r) < 0.00067

BR(T~ -» K°sK
Q

sX-uT) < 0.0022

From Fig. 3 it is evident that production of K$ particles in three-prong T decay pro-

cedes dominantly through the iC*~(892) resonance. Backgrounds to the r~ —* K*~vT decay

from heavier meson decays which subsequently decay into A'*~ and un-identified neutral

particles will now be discussed. The only other resonant r decays permitted by isospin and

angular momentum conservation that can produce K\ particles through the A'*~(892) res-

onance are the Cabibbo-suppressed decays T~~ —• Q""(1280)i>r, r~ —• Q~(1400)i/r, and the

Cabibbo-favored decay r~ —* /3~(l600)fr. Background contributions to the r~ —* K*~vT

decay from r~ —* Q~vT —* K*~XQvT can be estimated from a measurement1"1 of the

r~ —* K~ir+n~vr decay which is expected to be dominated by the Q resonances. This

measurement limits the background contribution to the r~ —>• K*~vT branching fraction

through the Q resonances at 0.02%.

Background contributions to the r~ —+ K*~vT decay from r~ —* p~(l60Q)i/T —*

K*lK*~vr can be estimated from the p~(1600) -+ K^K*~ decay that populates five-prong r

decays. The 90% CL limits on five-prong r decays that include K^ reported above holds the

background contribution to the r~ —»• K*~vT branching fraction from p~(1600) —* A'̂ A'"*"

decays at 0.18% (90% CL). By using the BR(p-(16Q0) - K*K + K'K) = (9 ± 2)%lll]

the r~ -c p~(lQQ0)vr branching fraction can be limited to less than S.5% (90% CL).

Associating all of the 44 events -with the decay channel r~ —+ K*~(&92)vr, yields a

branching fraction of (1.9±0.28±0.25)% where the first error is statistical and the second

systematic. The systematic error includes uncertainties in the background subtraction,

detection efficiency, total luminosity, and the possible /?(1600) source of A** product ion. This

result is consistent with other measurements!1616' The single event with a A"°-~ mass of



1578 MeV/c2 is consistent with the expected hadronic background. This event also gives

a limit on the forbidden r decay to the tensor meson, and corresponds to a 90% CL limit

on the branching fraction of r" -+ JIL*~(1430)I/T of Q.3%.This limit is a 3 times smaller

than the previously published limit.17

The standard model expectation'1"3! for the branching fraction of the resonant decay

channel r~ -+ K*~vT is (0-85 ± 0,03)% x G2
K., where the source of error is from the

uncertainty in the T lifetime!51 Assuming the standard model correctly describes T decay

but with an unknown W-A"* coupling, this measurement gives GJC = 1.50 db 0.15.

Asymptotic flavor symmetry predicts GK* in terms of Gp through the relationtfc~8l:

trip

This prediction can be tested by employing the recently well measured Jp = 1~ Cabibbo-

favored decay r~ —* p~(77Q)vT branching fraction " to form the ratio:

/C-(S92)i/r)

Assuming Gp = GK', and tan2^c = 0.053l161 , R is predicted to be 0.038 I1"3]. For

GK. = Z^Gp, R increases to 0.052 I1""3!. The measured value of R is 0.0S6 ± 0.02S, is

consistent with both expectations. Although i!ie measured value of R favors the SU(3)

breaking predicted in equation (2), the uncertainty in the measured value precludes a

precise test of asymptotic flavor symmetrj'*

In conclusion, we have measured the inclusive production of Jv^ particles in three-prong

r decay and have found the dominant source to be through r~ —» K*~vT at a level expected

from the standard model. The absence of high mass events in the Kg mass distribution

was used to set a limit on the brandling fraction of the forbidden decay T~ —• A'"~(1430)t/r
to be less than 0.3% at a 90% CL. We have also used the absence of observed K$ particles

in five-prong r decays to limit the branching fraction of r~ —»• p~(1600)ur to be less than

8.5% at a 90% CL.
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FIGURE CAPTIONS

Fig.l The invariant mass distribution for K§ —* 7r+7r~ decay candidates. The fitted curve

is a Gaussian constrained to the KQ mass plus a linear background. The width of

the Gaussian is fixed at <r = 7 MeV"/c2.

Fig.2. The Decay length distribution of the 52 K% candidates within 15 MeV/c2 of the A"0

mass. The curve, which is normalized to the data greater than 10 cm, is determined

by a Monte Carlo simulation. The excess events at low radii are consistent with the

non-.Kiy background of 7 events.

FigZ. (Ji'|,7T~) invariant mass. The curve comes from a Monte Carlo simulation of the

exclusive decay r~ —* K*~ur normalized to the data. The excess events at high mass

are consistent with a non-J<"<y background of 7 events and a hadronic background of

1 event.
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