
Lawrence Berkeley National Laboratory
Recent Work

Title
EXPERIMENTAL LIMIT ON THE DECAY Aihara, H

Permalink
https://escholarship.org/uc/item/90w6901h

Author
Lawrence Berkeley National Laboratory

Publication Date
1987-04-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/90w6901h
https://escholarship.org
http://www.cdlib.org/


LBL-23176 c-. d.,. 
Pre print 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA 

Physics Division 
"'"' n 1r'87 .) t !1 11 '\ :; 

. !.· > . .. . ' ~ 

DOCL; .;.::y !:> t> ~_;·,ION 

Submitted for publication 

EXPERIMENTAL LIMIT ON THE DECAY T--v K-J<O 
T 

TPC/Two-Gamma Collaboration 

April 1987 

1 
t·l • 
. .. 

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 



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. 



'' .... 

Experimental Limit on the Decay 
T- ---? VrK- ]{0 

TPC /Two- Gamma Collaboration 

LBL-23176 

H. Aihara, M. Alston-Garnjost, R.E. Avery, A. Barbaro-Galtieri, A.R. Barker, 
A.V. Barnes, B.A. Barnett, D.A. Bauer, H.-U. Bengtsson, D.L. Bintinger, G.J. Bobbink, 

T.S. Bolognese, A.D. Bross, C.D. Buchanan, A. Buijs, D.O. Caldwell, A.R. Clark, 
G.D. Cowan, D.A. Crane, O.I. Dahl, K.A. Derby, J.J. Eastman, P.H. Eberhard, 

T.K. Edberg, A.M. Eisner, R. Enomoto, F.C. Erne, T. Fujii, J.W. Gary, W. Gorn, 
J.M. Hauptman, W. Hofmann, J.E. Huth, J. Hylen, T. Kamae, H.S. Kaye, K.H. Kees, 

R.W. Kenney, L.T. Kerth, Winston Ko, R.I. Koda, R.R. Kofler, K.K. Kwong, 
R.L. Lander, W.G.J. Langeveld, J.G. Layter, F.L. Linde, C.S. Lindsey, S.C. Loken, A. Lu, 

X-Q. Lu, G.R. Lynch, R.J. Madaras, K. Maeshima, B.D. Magnuson, J.N. Marx, 
G.E. Masek, L.G. Mathis, J.A.J. Matthews, S.J. Maxfield, S.O. Melnikoff, E.S. Miller, 

W. Moses, R.R. McNeil, P. Nemethy, D.R. Nygren, P.J. Oddone, H.P. Paar, D.A. Park, 
S.K. Park, D.E. Pellett, M. Pripstein, M.T. Ronan, R.R. Ross, F.R. Rouse, 

K.A. Schwitkis, J.C. Sens, G. Shapiro, M.D .. Shapiro, B.C. Shen, W.E. Slater, J.R. Smith, 
J.S. Steinman, M.L. Stevenson, D.H. Stork, M.G. Strauss, M.K. Sullivan, T. Takahashi, 

J.R. Thompson, N. Toge, S. Toutounchi, R. van Tyen, B. van Uitert, G.J. VanDalen, 
R.F. van Daalen Wetters, W. Vernon, W. Wagner, E.M. Wang, Y.X. Wang, M.R. Wayne, 

W.A. Wenzel, J.T. White, M.C.S. Williams, Z.R. Wolf, H. Yamamoto, S.J. Yellin, 
C. Zeitlin, W-M. Zhang 

Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720, and 
University of California, Davis, California 95616, and University of California Institute for 
Research at Particle Accelerators, Stanford, California 94305, and University of California, 

Los Angeles, California 90024, and University of California, Riverside, California 92521, 
and University of California, San Diego, California 92093, and University of California, 

Santa Barbara, California 93106, and Carnegie-Mellon University, Pittsburgh, 
Pennsylvania 15213, and Ames Laboratory, Iowa State University, Ames, Iowa 50011, and 
Johns Hopkins University, Baltimore, Maryland 21218, and University of Massachusetts, 
Amherst, Massachusetts 01003, and New York University, New York, New York 10003, 

and National Institute for Nuclear and High Energy Physics, Amsterdam, The 
' Netherlands, and University of Tokyo, Tokyo, Japan 

This work is supported by the United States Department of Energy under 
Contract DE-AC03-76SF00098. 

1 



Abstract 

We set an upper limit on the branching fraction BR( T- -+ v7 K-K 0 ) < 0.26% at 
the 95% confidence level. The data sample, obtained with the TPC/Two-Gamma 
detector facility at PEP, corresponds to an integrated luminosity of 144 pb-1 taken 
at 29 GeV center of mass energy. The process T- -+ v7 K-K 0 is related via SU(3) 
to the second-class current decay T- -+ V 7 11'-TJ. Our limit is nearly 20 times smaller 
than the recently reported branching fraction BR( T- -+ V7 11'-TJ) of (5.1± 1.0±1.2)%, 
whereas SU(3) symmetry predicts the ratio of 11'TJ to K K production to be at most 
5:1. 
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Several authors [1,2,3] have pointed out the value of the decays r- -+ V 7 7r-"1 and 
r- -+ v7 1r-w as tests for the presence of second-class currents [4] in weak interac
tions. While the ARGUS collaboration has recently set a limit on the second-class 
axial vector current in tau decays by studying the decay r- -+ V 7 7r-w [5], the HRS 
collaboration has presented evidence for a second-class vector current interaction 
by measuring a branching ratio of (5.1 ± 1.0 ± 1.2)% for the decay r- -+ V 7 1r-"1 [6]. 
Such a second-class current should also give rise to a vKK final state [7,8]. With 
good charged particle identification this final state is easily reconstructed and rel
atively background-free. In this paper we present an upper limit on the branching 
fraction BR( r- -+ v7 K- K 0

). Our result limits the size of the second-class vector 
current. 

The data were recorded with the TPC /Two-Gamma facility at the SLAC e+ e

storage ring PEP operating at Js = 29 GeV. The time projection chamber [9] 
(TPC) was used to reconstruct and identify charged particles over 87% of 47r. Data 
were taken with two different detector configurations: an initial sample of 74 pb-1 

with the TPC operating in a 4 kG magnetic field generated by a normal solenoid and 
a more recent sample of 70 pb-1 with a 13.25 kG superconducting coil. The higher 
field and the addition of a gating system to reduce space-charge induced distortions 
in the TPC resulted in a substantial improvement in momentum resolution for 
the second sample, (avfp) 2 = (1.5%)2 + (0.65% · p)2 [pin GeV /c], as compared to 
(av/P? = (6%)2 + (3.5% · p)2 for the earlier sample. Charged particles are identified 
by simultaneous measurement of ionization energy loss (dE/ dx) and momentum. 
The ionization of each track is sampled up to 183 times, and the information is 
summarized by forming the mean of the 65% lowest pulse heights, resulting in a 
typical dE/dx resolution of 3.7% [9]. 

We look for tau decays proceeding through the chain r- -+ v7 K- K~, K~-+ 
1r+1r-, which results in three charged tracks. To isolate a clean sample of three
prong tau decays, we select events containing one charged prong recoiling against 
the three candidate tracks. The criteria for selecting events of this type have been 
described in detail elsewhere [10]. Briefly stated, the r1+3 selection requires that an 
event contain exactly four well-measured tracks that point toward the event vertex 
and that their charges sum to zero. One track must be separated from each of 
the other three by at least 140°. Beam-gas interactions and two-photon events are 
suppressed by requiring that the scalar sum of the track momenta be greater than 
4.5 Ge V / c, that the invariant mass of all four tracks be greater than 3.0 Ge V / c2 , 

and that the invariant mass of the three non-isolated tracks be less than 2.0 Ge V / c2 , 

where the invariant masses are calculated assuming that all the particles are pions. 
Bhabha and radiative Bhabha events that shower in the detector are rejected by 
requiring that the scalar sum of track momenta be less than 24 Ge V / c, that the 
isolated track form an acollinearity angle of at least 2° with each of the other tracks, 
and that none of the three non-isolated tracks be identified as an electron by dE/ dx 
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[9]. The r1+3 selection yields a sample of 1372 events, of which 71 are estimated to 
be background. The primary source of background is e+e- -+ hadrons. 

On the three-prong side of events displaying the 1 +3 topology we make loose 
cuts to identify the decay ]{~ -+ 7r+7r-. We select ]{~ candidates by searching 
for two oppositely charged tracks that meet at a secondary vertex further than 
1 em from the primary event vertex; a detailed description of the algorithm is 
in Ref. [11]. The vector momentum sum of those tracks must point within 5° of 
the primary vertex and both tracks must have dEidx consistent with the pion 
hypothesis. The invariant mass of all combinations that meet these requirements is 
plotted in Fig. 1(a). All pairs of tracks in this figure with an invariant mass within 
±80 MeV lc2 of the K2 mass (the shaded region) are labeled as K2 candidates. This 
mass cut is quite loose in view of our typical K2 mass resolutions of 35 MeV lc2 and 
16 MeV lc2 in the low-field and high-field data sets respectively. 

We now measure the number of events in which the track accompanying the 
K2 candidate is a charged kaon. The isolated track and the tracks that form the 
K2 are removed from consideration. Events in which the remaining track has a 
small number of dE I dx wire samples or whose momentum is not measured well 
enough to permit reliable particle identification are rejected. Fig. 2 shows the 
dE I dx and ln(p) of the remaining track on the three-prong side of each surviving 
event, as well as the expected curves for several particle species. All the tracks 
are consistent with the pion hypothesis. To bound the number of kaons consistent 
with our data we use an extended maximum-likelihood fit [12,13]. The fit uses 
as input the momentum, momentum error, dEidx and dEidx resolution of each 
track. Tracks whose momenta fall in the region where the pion and kaon bands 
cross are cut away by requiring momentum less than 0.9 GeV lc or greater than 
1.4 Ge VI c. The best fit to the number of kaons in the remaining sample of 37 
tracks is 0 and the maximum-likelihood fit yields a 95% confidence level upper 
bound of 4.4 charged kaons. This limit is insensitive to the values of the cuts used 
to identify ]{~ candidates or to select well-measured tracks accompanying the ]{~. 

The branching fraction is computed by comparing the number of candidate de
cays to the number of events in the r 1+3 sample, taking into account the effects 
of our K2 reconstruction efficiency and ]{- identification cuts. These effects were 
evaluated using a Monte Carlo program. The program simulates tau production 
and decay, including initial and final state radiation [14], as well as subsequent mo
mentum and dEidx measurement errors in the TPC, nuclear and electromagnetic 
interactions in the material in front of the TPC, and track-finding inefficiencies. In 
addition, we use the Monte Carlo to correct for slight differences in event selec
tion efficiencies among the various hadronic final states. Using the predicted K2 
reconstruction efficiency and J{- identification efficiency (both typically 70%) and 
a 3-prong tau branching fraction of 13.4% [15], the limit of 4.4 events in a r1+3 data 
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sample of 1372- 71 = 1301 events corresponds to 

(1) 

or 
(2) 

We check our efficiency estimates by measuring the branching fraction of the de.:. 
cayr--+ vTK*- andcomparingtotheworldaverageo£(1.4±0.4)% [15,16,17]. We 
measure this branching fraction by observing the decay chain K*± -+ 7r± K~, K~-+ 
7r+7r-, which tests our ability to identify K2 in r1+3 events. K2 candidates are se
lected using the procedure described above, with tighter decay distance ( > 3 em) 
and momentum vector alignment ( < 2°) cuts applied to reduce the number of ac
cidental combinations. The resulting invariant mass combinations are plotted in 
Fig. 1(b ). Combinations with invariant masses within ±40 MeV I c2 of the ]{~ mass 
(the shaded region) are selected as K2 candidates. Each K2 candidate is com
bined with the remaining charged track in the same hemisphere and the invariant 
mass computed. A clearJ{* peak with a width consistent with the expected width 
is visible in the resulting invariant mass distribution, shown in Fig. 3. The 18 
combinations with invariant mass between 0.8 and 1.1 Ge VI c2 are labeled as ]{* 

candidates, of which 3 ± 3 are estimated to be background. This leads to a mea
sured branching fraction BR(r--+ vTK*-) of (1.5 ± 0.4 ± 0.4)%, where the errors 
are statistical and systematic, respectively. The systematic error is dominated by 
uncertainty in the background estimation. Our measurement agrees with the world 
average. 

Consistency between our limit Eq. 2 and the HRS result [6,18] on r- -+ vT7r-1J 
would require a ratio 

(3) 

However, theoretical models for these decays predict a significantly smaller ratio. 
The largest predicted ratio, obtained when both ]{ ]{ and 7r1J are produced predom
inantly through the a0 (980) resonance, is [8] 

n ~ 5.1. (4) 

This estimate is obtained assuming that SU(3) symmetry is broken only by final
state phase space, and treating the 1} as a pure octet state. Eq. 4 is consistent with 
the best measurement of the ratio of observed a0 branching fractions, BR( a0 -+ 
7rrJ)IBR(ao -+ KK) = 4.0 ± 1.2 [19]. If the 1J is considered to be a mixed state 
and the nonet assumption [20] is used to relate the octet and singlet amplitudes, 
cancellations between those amplitudes tend to reduce the V7r1J branching fraction 
and hence n [21]. Nonresonant production lessens the phase space suppression of 
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J{ J{ imposed by the a0 , and results in predictions for the value of n near 2. Allowed 
production of J{ ]{ in a p-wave via a first-class vector current would also reduce n. 

We can use our limit on r- -+ V 7 I<-K 0 to set limits on several processes that 
can proceed only through a second-class current. 

1. If we assume that the K J{ and 7r1J modes are the only important decay modes 
of the a0(980), then Eq. 4 implies a branching ratio BR( ao -+ I< I<) > 16%, 
and our limit Eq. 2 leads to 

BR(r- -+vTa0(980)) < 1.6%. (5) 

2. Using the same assumptions, we establish a limit on the a0 decay constant 
lao, defined by < OIJ!1-Iaci(p) > = faoPJ.£, where J!I- is the hadronic second 
class vector current defined in Ref. [1]. Using Eq. 1 of Ref. (1], Eq. 5 above, 
and the most recent values of the tau mass, the a0 mass, and BR( r- -+ vT1r-) 

(15], we arrive at 

(6) 

3. In order to account for scalar hadronic final states in tau decays, one can 
introduce a hypothetical scalar part S of the effective four-fermion interaction 
that links the tau to hadrons (8]: 

'Hint = ~ [ (dl.x(1 - !s)u) (vT{.x(l- {s)r) + €s (du) (i7T(1 + 'Ys)r)] + h.c. 

(7) 
The total hadronic decay rate of the tau through the scalar interaction is 
related to the electronic decay rate by 

r( 7'- -+vT( hadrons)- I ) 3 
_ __ scaar =- €8

2 X (phase space factor)~ 0.2 Es
2

• (8) 
r( T -+V7 e Ve) 8 

Assuming that the 7r1J and I< J{ modes saturate the decay of ( ud)s (22], we 
can limit the strength of a such a scalar contribution. Using the experimental 
value BR( r- -+ V 7 e-i7e) = 17.4% [15] and the conservative value for n given 
in Eq. 4, we find 

€s 
2 < 0.5. (9) 

In conclusion, we have established the 95% confidence level upper limit BR( r- -+ 

vTK- K 0
) < 0.26%. This decay can proceed through a forbidden second-class vector 

current or through an allowed first-class current; therefore our null result effectively 
limits the size of the second-class vector current in tau decay. The HRS collab
oration's reported branching ratio of r- -+ V 7 7r-1J is nearly a factor of 20 above 

6 

v 



Ill/ 

our limit on BR( T- ---+ v,.K-K 0 ), whereas SU(3) symmetry broken by phase space 
effects predicts a factor of no more than 5.1. These results are clearly inconsistent. 

We acknowledge the efforts of the PEP staff, and the 'engineers, programmers, 
and technicians who made this work po~?sible. We are especially grateful to Professor 
Mahiko Suzuki and to Dr: Michael Chanowitz for helpful discussions. This work 
was supported by the U.S. Department of Energy, the National Science Foundation, 
and the Joint Japan-U.S. Collaboration in High Energy Physics. 
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Figures 

Figure 1: Invariant mass of the 1r+1r- system. The entries in (a) have the loose 
secondary vertex cuts used in the I< I< analysis, while those entries in (b) have the 
tight cuts used in the I<* analysis. The shaded areas represent the entries selected 
as I<~ candidates. 

Figure 2: Scatter plot of dE/ dx vs. ln(p) for well-measured tracks accompanying 
I<2 candidates on the 3-prong side of events in the Tt+3 sample. The solid lines 
represent the expected curves for various particle types. 

Figure 3: Invariant mass of the 7r± I<~ combinations used in the ]{* analysis. 
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