
SLAC-PUB-9940

First Observation of the Decay tau- -> k- eta
tau-neutrino

Work supported by Department of Energy contract DE–AC03–76SF00515.

CLEO Collaboration

Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309

Submitted to Physical Review Letters



CLNS 96/1395
CLEO 96-5
January 15, 1996

First Observation of the Decay ��! K����

J. Bartelt,1 S.E. Csorna,1 V. Jain,1 S. Marka,1 A. Freyberger,2 D. Gibaut,2 K. Kinoshita,2

P. Pomianowski,2 S. Schrenk,2 D. Cinabro,3 B. Barish,4 M. Chadha,4 S. Chan,4 G. Eigen,4

J.S. Miller,4 C. O'Grady,4 M. Schmidtler,4 J. Urheim,4 A.J. Weinstein,4 F. W�urthwein,4

D.M. Asner,5 M. Athanas,5 D.W. Bliss,5 W.S. Brower,5 G. Masek,5 H.P. Paar,5

J. Gronberg,6 C.M. Korte,6 R. Kutschke,6 S. Menary,6 R.J. Morrison,6 S. Nakanishi,6

H.N. Nelson,6 T.K. Nelson,6 C. Qiao,6 J.D. Richman,6 D. Roberts,6 A. Ryd,6 H. Tajima,6

M.S. Witherell,6 R. Balest,7 K. Cho,7 W.T. Ford,7 M. Lohner,7 H. Park,7 P. Rankin,7

J. Roy,7 J.G. Smith,7 J.P. Alexander,8 C. Bebek,8 B.E. Berger,8 K. Berkelman,8

K. Bloom,8 D.G. Cassel,8 H.A. Cho,8 D.M. Co�man,8 D.S. Crowcroft,8 M. Dickson,8

P.S. Drell,8 D.J. Dumas,8 R. Ehrlich,8 R. Elia,8 P. Gaidarev,8 R.S. Galik,8 B. Gittelman,8

S.W. Gray,8 D.L. Hartill,8 B.K. Heltsley,8 C.D. Jones,8 S.L. Jones,8 J. Kandaswamy,8

N. Katayama,8 P.C. Kim,8 D.L. Kreinick,8 T. Lee,8 Y. Liu,8 G.S. Ludwig,8 J. Masui,8

J. Mevissen,8 N.B. Mistry,8 C.R. Ng,8 E. Nordberg,8 J.R. Patterson,8 D. Peterson,8

D. Riley,8 A. So�er,8 C. Ward,8 P. Avery,9 C. Prescott,9 S. Yang,9 J. Yelton,9

G. Brandenburg,10 R.A. Briere,10 T. Liu,10 M. Saulnier,10 R. Wilson,10 H. Yamamoto,10

T. E. Browder,11 F. Li,11 J. L. Rodriguez,11 T. Bergfeld,12 B.I. Eisenstein,12 J. Ernst,12

G.E. Gladding,12 G.D. Gollin,12 M. Palmer,12 M. Selen,12 J.J. Thaler,12 K.W. Edwards,13

K.W. McLean,13 M. Ogg,13 A. Bellerive,14 D.I. Britton,14 R. Janicek,14 D.B. MacFarlane,14

P.M. Patel,14 B. Spaan,14 A.J. Sado�,15 R. Ammar,16 P. Baringer,16 A. Bean,16

D. Besson,16 D. Coppage,16 N. Copty,16 R. Davis,16 N. Hancock,16 S. Kotov,16

I. Kravchenko,16 N. Kwak,16 S.Anderson,17 Y. Kubota,17 M. Lattery,17 J.K. Nelson,17

S. Patton,17 R. Poling,17 T. Riehle,17 V. Savinov,17 M.S. Alam,18 I.J. Kim,18 Z. Ling,18

A.H. Mahmood,18 J.J. O'Neill,18 H. Severini,18 C.R. Sun,18 S. Timm,18 F. Wappler,18

J.E. Duboscq,19 R. Fulton,19 D. Fujino,19 K.K. Gan,19 K. Honscheid,19 H. Kagan,19

R. Kass,19 J. Lee,19 M. Sung,19 A. Undrus,19� C. White,19 R. Wanke,19 A. Wolf,19

M.M. Zoeller,19 X. Fu,20 B. Nemati,20 S.J. Richichi,20 W.R. Ross,20 P. Skubic,20

M. Wood,20 M. Bishai,21 J. Fast,21 E. Gerndt,21 J.W. Hinson,21 T. Miao,21 D.H. Miller,21

M. Modesitt,21 E.I. Shibata,21 I.P.J. Shipsey,21 P.N. Wang,21 M. Yurko,21 L. Gibbons,22

S.D. Johnson,22 Y. Kwon,22 S. Roberts,22 E.H. Thorndike,22 C.P. Jessop,23 K. Lingel,23

H. Marsiske,23 M.L. Perl,23 S.F. Scha�ner,23 R. Wang,23 T.E. Coan,24 J. Dominick,24

V. Fadeyev,24 I. Korolkov,24 M. Lambrecht,24 S. Sanghera,24 V. Shelkov,24

R. Stroynowski,24 I. Volobouev,24 G. Wei,24 M. Artuso,25 A. E�mov,25 M. Gao,25

M. Goldberg,25 R. Greene,25 D. He,25 N. Horwitz,25 S. Kopp,25 G.C. Moneti,25

R. Mountain,25 Y. Mukhin,25 S. Playfer,25 T. Skwarnicki,25 S. Stone,25 and X. Xing25

(CLEO Collaboration)

1



1Vanderbilt University, Nashville, Tennessee 37235
2Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061

3Wayne State University, Detroit, Michigan 48202
4California Institute of Technology, Pasadena, California 91125
5University of California, San Diego, La Jolla, California 92093

6University of California, Santa Barbara, California 93106
7University of Colorado, Boulder, Colorado 80309-0390

8Cornell University, Ithaca, New York 14853
9University of Florida, Gainesville, Florida 32611

10Harvard University, Cambridge, Massachusetts 02138
11University of Hawaii at Manoa, Honolulu, HI 96822

12University of Illinois, Champaign-Urbana, Illinois, 61801
13Carleton University, Ottawa, Ontario K1S 5B6 and the Institute of Particle Physics, Canada
14McGill University, Montr�eal, Qu�ebec H3A 2T8 and the Institute of Particle Physics, Canada

15Ithaca College, Ithaca, New York 14850
16University of Kansas, Lawrence, Kansas 66045

17University of Minnesota, Minneapolis, Minnesota 55455
18State University of New York at Albany, Albany, New York 12222

19Ohio State University, Columbus, Ohio, 43210
20University of Oklahoma, Norman, Oklahoma 73019
21Purdue University, West Lafayette, Indiana 47907

22University of Rochester, Rochester, New York 14627
23Stanford Linear Accelerator Center, Stanford University, Stanford, California, 94309

24Southern Methodist University, Dallas, Texas 75275
25Syracuse University, Syracuse, New York 13244

Abstract

The decay �� ! K���� has been observed with the CLEO II detector. The

� meson is reconstructed using two decay channels, � !  and �+���0. The

measured branching fraction is B(�� ! K����) = (2:6� 0:5� 0:5)� 10�4,

somewhat higher than the theoretical estimates. An improved upper limit

for the second-class-current decay �� ! ����� is set, B(�� ! �����) <

1:4� 10�4 at 95% CL, consistent with the theoretical expectations.

�Permanent address: BINP, RU-630090 Novosibirsk, Russia
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The decays of the � lepton involving � mesons are of particular interest since they are
suppressed in comparison with all-pion decays. The decay �� ! ����� [1] violates G-
parity conservation and proceeds via a second class current. The standard model predicts a
branching fraction of (1:2 � 1:5) � 10�5 [2,3] for this decay mode. Due to SU(3) symmetry
breaking, there is no G-parity constraint on the analogous Cabibbo-suppressed decay, �� !
K���� , so this branching fraction is expected to be larger by an order of magnitude, (1:2�
1:6) � 10�4 [2,4]. Previously, CLEO II measured the branching fraction of the �rst � decay
involving � mesons, B(�� ! ����0�� ) = (1:7 � 0:2 � 0:2)� 10�3 [5], and set the following
upper limits, B(�� ! ����� ) < 3:4 � 10�4 and B(�� ! K���� ) < 4:7 � 10�4 at 95% CL.
Using a four times larger data sample we report in this Letter the �rst measurement of the
decay �� ! K���� and an improved upper limit for �� ! ����� .

The data used in this analysis were collected with the CLEO II detector [6] from e+e�

collisions at the Cornell Electron-positron Storage Ring (CESR) at a center-of-mass energy
Ecm � 10:6 GeV. The total integrated luminosity of the sample is 3:5fb�1, corresponding
to the production of 3:2 � 106 �+�� events. CLEO II is a solenoidal spectrometer with a
solid angle coverage of 95% of 4� steradians for charged particles and 98% of 4� steradians
for photons. The momenta of charged particles are measured with three cylindrical drift
chambers located between 5 and 90 cm from the e+e� interaction point (IP), with a total of
67 layers. The speci�c ionization (dE/dx) of charged particles is measured using the outer
51 layers. The chambers are surrounded by a scintillation time-of-ight (TOF) system and
a CsI calorimeter with 7800 crystals. These detector systems are installed inside a 1.5 T
superconducting solenoidal magnet, surrounded by proportional tube chambers with iron
absorber for muon identi�cation. For hadrons, the TOF system provides K=� separation of
> 2� (standard deviation) for particle momenta below 1.07 GeV/c. The dE/dx measurement
provides K=� separation of > 2� for particle momenta below 0.75 GeV/c; for the relativistic
rise region above 2.0 GeV/c, it provides �1:8� K=� separation.

We reconstruct the � meson using the  and �+���0 decay channels. The �+�� can-
didate events must contain two or four charged tracks and have zero net charge. To reject
beam-gas events, the distance of closest approach of each charged track to the IP must be
within 0.5 cm transverse to the beam and 5 cm along the beam direction. We divide each
event into two hemispheres (tag vs. signal) using the plane perpendicular to the thrust
axis, calculated using both charged tracks and photons. The photons are de�ned as energy
clusters in the calorimeter with at least 60 MeV in the barrel, j cos �j < 0:80, and 100 MeV
in the endcap, 0:80 < j cos �j < 0:95. The opening angle between the total momentum
vectors of the two � decay products must be greater than 120�. The tag hemisphere must
contain only one charged particle, and in the events with � ! , its momentum (ptag)
must be greater than 1.0 GeV/c. The hadronic background is suppressed by a require-
ment on the total invariant mass of the particles in the tag and signal hemispheres to be
less than 1.2 and 1.7 GeV, respectively. Backgrounds from two-photon production, Bhabha
scattering and hadronic events are suppressed by the requirements on the total visible en-
ergy, 0:25 < Etot=Ecm < 0:85, and on the measured net transverse momentum of the event,
p? > 0:5 GeV/c. All charged particles and photons are included in the calculation of the
kinematic variables. For the decay �� ! ����� , we reconstruct the � meson using the 
decay channel only and select the events with a lepton tag in order to further suppress the
hadronic background. An electron candidate must have an energy deposition in the calorime-
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ter consistent with its measured momentum. A muon candidate must penetrate more than
three absorption lengths of iron.

The kaon and pion candidates in the signal hemisphere are restricted to be in the central
part of the detector, j cos �j < 0:81. Particle identi�cation is based on a con�dence level ratio
which is constructed from the con�dence levels for � and K hypotheses, C� and CK. The
con�dence level ratio for K is

RK = CK

C�+CK
,

and similarly for � (R� = 1�RK). The con�dence level is computed from the �2 probability
for a particle hypothesis using a combination of the TOF and dE/dx information. We use a
sample of kaons fromD�+ ! D0�+ ! K��+�+ and pions fromKS decays in hadronic events
to study the optimum method of combining the information as a function of momentum.
For the momentum ranges 0.2 to 1.0 and 1.3 to 1.7 GeV/c, we require the track to have good
dE/dx information; we also use the TOF information if available. In the momentum region
1.0 to 1.3 GeV/c, where � and K have similar dE/dx energy losses, we use TOF information
only. For high momentum tracks, 1.7 to 4.5 GeV/c, we use dE/dx information only. A K
candidate is then de�ned as a particle with RK > 0:5, otherwise the particle is considered a
pion. Above 1 GeV/c where 80% of the kaons from the decay �� ! K���� populate, the
RK requirement gives an identi�cation e�ciency of �80% and a misidenti�cation e�ciency
of �20%.

The � mesons are reconstructed using photons in the barrel. If there are more than two
photons with energy above 100 MeV, including the endcap, the event is rejected. For the
�+���0 decay channel, the invariant mass of the photon pair is constrained to the �0 mass.
For the  channel, the requirements on the photons are more stringent in order to suppress
the background. Each photon must have an energy above 150 MeV and a lateral pro�le of
energy deposition consistent with that expected of a photon. In addition, we do not use
showers that are likely fragments of nearby showers. A signal photon may not combine with
any other photon to form a �0 (jM �M�0 j < 20 MeV).

For the  channel, the invariant mass spectrum of the two photons accompanying the
kaon candidate is shown in Fig. 1(a). The mass spectrum is normalized with respect to the
mass resolution, S = M�M�

�
. The mass resolution (�) is calculated from the shower

angle and energy resolution. An � signal is observed. The curve is a �t to the data using a
Gaussian with a low mass tail over a polynomial background. An � signal is also observed in
the �+���0 channel as shown in Fig. 1(b). For the decay �� ! ����� , no � signal is evident
as shown in Fig. 1(c). All �ts have the � width constrained to the Monte Carlo expectation.
For the �� analysis, the � mass is also constrained to the Monte Carlo prediction since there
is no � signal in the data.

As a veri�cation of the K� signal, we show in Fig. 2 the RK distribution for events in
the � signal region for � !  (sideband subtracted). There is an enhancement at RK = 0
and 1.0 as expected. The distribution is well described by the Monte Carlo simulation. The
enhancement at high RK is dominated by the K� decay while at low RK it is saturated by
the hadronic background.

The detection e�ciencies for the candidate events are calculated using a Monte Carlo
simulation. The KORALB program is used to generate �+�� pairs according to the stan-
dard electroweak theory, including �3 radiative corrections [7]. The decay �� ! K����
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FIG. 1. The invariant mass spectrum of the � candidates. Each � candidate is accompanied by

a kaon candidate in (a) and (b) and by a pion candidate in (c). The mass is expressed in standard

deviations from the nominal � mass in (a) and (c). Each curve shows a �t to the mass spectrum

(see text).
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(�����) is modeled with the K�(1410) (a0(980)) resonance assuming a V �A weak interac-
tion. The detector response is simulated using the GEANT program [8]. Detector activity
not attributable to the e+e� interaction is modeled by embedding random trigger events ob-
tained during data taking into the generated events. The identi�cation and misidenti�cation
e�ciencies are calibrated as a function of momentum by comparing the e�ciencies measured
from the D� and KS data sample with the Lund Monte Carlo expectations [9].

The hadronic background is estimated from the data, using events in which the invariant
mass in one hemisphere is above the � mass. Two methods are used to estimate the back-
ground in �� ! K���� ! K��� : (1) The background is estimated from the number of
events with high K� mass, measured with looser cuts (ptag > 0:5 GeV=c, p? > 0:25 GeV=c)
to increase the data sample. The normalization to the low K� mass region is performed
using 1 vs. 3 events with a high 3-prong jet mass. The Lund Monte Carlo is used to estimate
the loose to standard cuts scaling factor. The calculation yields Nbkg = 9:0 � 7:1 events.
(2) In this method we use events with high tag mass. The normalization to low tag mass
is performed with the Lund Monte Carlo. The calculation yields Nbkg = 7:9 � 4:5 events.
Combining these two statistically independent and consistent results gives Nbkg = 8:2 � 3:8
events [10]. The backgrounds in the other two � samples are estimated using a similar
procedure (Table I).
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FIG. 3. The K� invariant mass spectrum after the subtraction of all backgrounds. The his-

tograms show the Monte Carlo expectations for the K�(1410) (solid) and phase space (dashed)

models assuming a V-A weak interaction. The number of events above the � mass is consistent

with zero.

The background to �� ! K���� from two-photon interactions is estimated using the fact
that the two-photon events are produced at low p?. From the paucity of events at p? < 0:1
GeV/c, we set an upper limit [11] of 2% contamination at 95% CL.

We use the measured branching fraction [5] for �� ! ����0�� to estimate its contribution
to the �� ! K���� sample. The measured branching fractions for �� ! K���� and �����
presented in Table I are used to estimate the cross-feed backgrounds between the two decay
modes. The background from �� ! K��0��� is neglected since it is expected to be�0.1% [2]
of the signal. The signals, backgrounds, and detection e�ciencies are summarized in Table I.

The observed K� mass spectrum for � !  is compared with the Monte Carlo expec-
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tation in Fig. 3. Also shown is the prediction in which the K�(1410) resonance is replaced
by a spectral function determined simply from the K� phase space. The data are consistent
with both models.

TABLE I. Summary of signals, backgrounds, detection e�ciencies, and branching fractions. All

errors are statistical.

K� K��+���0 ��

� Signal 61� 11 24� 7 0+5:3
�0

q�q 8:2� 3:8 5:9� 3:1 2:7� 1:9

���0� 3:2� 0:8 3:8� 1:0 3:9� 0:9

Cross-feed e� (%) 1:3� 0:1 0:8� 0:1 0:8� 0:1

E� (%) 7:6� 0:1 3:9� 0:1 3:5� 0:1

B (10�4) 2:6� 0:6 2:5� 1:3 0+0:62
�0

TABLE II. Summary of systematic errors (%).

K� K����+�0 ��

N�� 1.4 1.4 1.4

� BR 1.3 2.5 1.3

Identi�cation 2 2 2

Background 9 24 �

Fit 5 8 �

Acceptance 5 7 11

Decay model 13 10 1

MC statistics 2 3 2

Total 18 28 12

There are several sources of systematic errors as shown in Table II. These include the
uncertainties in the luminosity, �+�� cross section, branching fractions of � !  and
�+���0 [12], identi�cation e�ciency, background subtraction, �tting procedure, acceptance
calculation, decay modeling, as well as the uncertainty due to limited Monte Carlo statistics.
The systematic error in the identi�cation e�ciency has two components: (i) the statisti-
cal uncertainty due to the limited D� and KS samples, (ii) the potential di�erence in the
e�ciencies between � and hadronic events. This is estimated from the dependence of the
e�ciency in the hadronic events on the number of useful dE/dx hits and the isolation of
the TOF hits from the other charged tracks. There is also a similar systematic error in
the misidenti�cation e�ciency. This is included in the systematic error of the background
subtraction. Also included are the statistical errors in the background estimate (Table I)
and the uncertainties in the branching fractions of the decay modes. The systematic error
due to the �tting procedure was estimated by comparing the results for various �t ranges
and for di�erent orders of polynomial background. We estimated the systematic error in the
acceptance calculation using the well-measured decay channels with the similar topology as
the reactions under study, �� ! h��0�� and h�h�h+�0�� , where h can either be a � or K.
By comparing the measured branching fractions with the world averages [13], we assign a
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systematic error of 5% for the K mode, 7% for the K�+���0 mode, and 11% for the �
mode. The systematic error in the decay modeling is estimated by comparing the detection
e�ciencies for the resonance and phase space models.

The branching fraction for �� ! K���� is extracted after correcting for the backgrounds
and detection e�ciencies. The results are (2:6�0:6�0:5)�10�4 and (2:5�1:3�0:7)�10�4

for the  and �+���0 channels, where the �rst error is statistical and the second systematic.
Combining these two results yields

B(�� ! K���� ) = (2:6� 0:5 � 0:5) � 10�4.
The upper limit on �� ! ����� is obtained without correcting for the backgrounds,

B(�� ! �����) < 1:2 � 10�4 at 95% CL. Loosening the limit by one unit of the total
systematic error yields

B(�� ! �����) < 1:4� 10�4 at 95% CL.
In summary, we have measured, for the �rst time, the branching fraction of �� ! K����

and set a more stringent limit on B(�� ! ����� ). The measured branching fraction is
somewhat higher than the theoretical predictions [2,4] while the upper limit on the second-
class-current decay is consistent with theoretical expectations [2,3].
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