University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln

Kenneth Bloom Publications Research Papers in Physics and Astronomy
11-1-1997

Search for the decay T—4m3n* (M%)vy

K. W. Edwards
Carleton University

Kenneth A. Bloom
University of Nebraska-Lincoln, kenbloom@unl.edu

CLEO Collaboration

Follow this and additional works at: https://digitalcommons.unl.edu/physicsbloom

b Part of the Physics Commons

Edwards, K. W.; Bloom, Kenneth A.; and Collaboration, CLEO, "Search for the decay T'—>4n’3n+(no)\)r"

(1997). Kenneth Bloom Publications. 154.
https://digitalcommons.unl.edu/physicsbloom/154

This Article is brought to you for free and open access by the Research Papers in Physics and Astronomy at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Kenneth Bloom
Publications by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/physicsbloom
https://digitalcommons.unl.edu/physicsresearch
https://digitalcommons.unl.edu/physicsbloom?utm_source=digitalcommons.unl.edu%2Fphysicsbloom%2F154&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/193?utm_source=digitalcommons.unl.edu%2Fphysicsbloom%2F154&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/physicsbloom/154?utm_source=digitalcommons.unl.edu%2Fphysicsbloom%2F154&utm_medium=PDF&utm_campaign=PDFCoverPages

RAPID COMMUNICATIONS

PHYSICAL REVIEW D

PARTICLES AND FIELDS

THIRD SERIES, VOLUME 56, NUMBER 9 1 NOVEMBER 1997

RAPID COMMUNICATIONS

Rapid Communications are intended for important new results which deserve accelerated publication, and are therefore given priority
in the editorial office and in production. A Rapid CommunicatiorPiysical Review Dshould be no longer than five printed pages and
must be accompanied by an abstract. Page proofs are sent to authors, but because of the accelerated schedule, publication is generally

not delayed for receipt of corrections unless requested by the author.

Search for the decayr™— 4w 3w (7w,

K. W. Edwardst A. Bellerive? R. JaniceK D. B. MacFarlané&,P. M. Patef A. J. Sadoff R. Ammar? P. Baringet!
A. Bean? D. Bessorf, D. Coppagé, C. Darling! R. Davis? N. Hancock! S. Kotov? I. Kravchenka! N. Kwak}?
S. Anderson, Y. Kubota® S. J. Lee’ J. J. O'Neill® S. Pattor?, R. Poling® T. Riehle® V. Savinov® A. Smith?
M. S. Alam? S. B. Athar® Z. Ling,® A. H. Mahmood® H. Severini® S. Timm?® F. Wapplef® A. AnastassoV,J. E. Duboscd,
D. Fujino/” K. K. Gan/ T. Hart/ D. Homoelle? K. Honscheid, H. Kagan? R. Kass’ J. Lee’ M. B. Spence,
M. Sung’ A. Undrus”'" R. Wanke! A. Wolf,” M. M. Zoeller/ B. Nemati® S. J. Richichf W. R. Ros€ P. Skubic®
M. Bishai® J. Fasf J. W. Hinsor® N. Menon? D. H. Miller,® E. I. Shibat& I. P. J. Shipsey,M. Yurko,® L. Gibbons'®
S. Glenn® S. D. Johnsor? Y. Kwon,*%* S. Roberts? E. H. Thorndike!® C. P. Jessopt K. Lingel,** H. Marsiske!!
M. L. Perl!! D. Ugolini,** R. Wang!! X. Zhou!! T. E. Coan'? V. FadeyeV}? I. Korolkov,'? Y. Maravin!? I. Narsky?!?
V. Shelkov'? J. Staeck? R. Stroynowski? I. Volobouev? J. Yel? M. Artuso!® A. Efimov,® M. Goldberg*®
D. He®*S. Kopp!® G. C. Monetit® R. Mountain®®* S. Schuh? T. Skwarnicki®® S. Stoné?® G. Viehhauset? X. Xing,*®
J. Bartelt** S. E. Csornd* V. Jain*$K. W. McLean* S. Marka'* R. Godang® K. Kinoshita®® I. C. Lai,'®
P. Pomianowskt® S. Schrenk? G. Bonvicinil® D. Cinabro!® R. Greené? L. P. Perera® G. J. Zhou'® B. Barish!’
M. Chadha’ S. Chan'’ G. Eigen!’ J. S. Millerl’ C. O'Grady!’ M. Schmidtler!” J. Urheim!’ A. J. Weinsteint’
F. Wirthwein’ D. W. Bliss!® G. Masek!® H. P. Paar® S. Prell!® V. Sharma'® D. M. Asner®® J. Gronberd?®
T. S. Hill¥®D. J. Lang€e?® S. Menary*® R. J. Morrisont® H. N. Nelson!® T. K. Nelson!® C. Qiao® J. D. Richmar!?
D. Roberts'® A. Ryd!® M. S. Witherell!® R. Balest?® B. H. Behreng® W. T. Ford?° H. Park?®® J. Roy?® J. G. Smith?°
J. P. Alexandef! C. Bebell! B. E. Berger’! K. Berkelmar?! K. Bloom?2! D. G. Cassef! H. A. Cho?
D. S. Crowcroft! M. Dickson?! P. S. Drell?* K. M. Ecklund?! R. Ehrlich?! A. D. Foland?! P. Gaidare#! R. S. Galik?!
B. Gittelman?* S. W. Gray?! D. L. Hartill,?! B. K. Heltsley?! P. I. Hopmarf! J. Kandaswam§* P. C. Kim?!
D. L. Kreinick, 2 T. Lee?' VY. Liu,?! G. S. Ludwig?! N. B. Mistry,2! C. R. Ng?! E. Nordberg?* M. Ogg?" J. R. Pattersoft:
D. Petersorf! D. Riley?! A. Soffer?! B. Valant-Spaight! C. Ward?! M. Athanas?? P. Avery?? C. D. Jone<?
M. Lohner?? C. Prescott? J. Yelton?? J. Zheng?® G. Brandenbur@® R. A. Briere?® A. Ershov?® Y. S. Gao?®
D. Y.-J. Kim® R. Wilson?® H. Yamamotd®® T. E. Browder** F. Li,?* Y. Li,?* J. L. RodrigueZ* T. Bergfeld?®
B. I. Eisensteirf® J. Ernst®® G. E. Gladding® G. D. Gollin?® R. M. Hans®® E. Johnsor® I. Karliner?®
M. A. Marsh?® M. Palmer?®> M. Selen?® and J. J. Thalé?

(CLEO Collaboration

*Permanent address: Lawrence Livermore National Laboratory, Livermore, CA 94551.
TPermanent address: BINP, RU-630090 Novosibirsk, Russia.

*Permanent address: Yonsei University, Seoul 120-749, Korea.

8permanent address: Brookhaven National Laboratory, Upton, NY 11973.
'Permanent address: University of Texas, Austin, TX 78712.

0556-2821/97/5®)/52914)/$10.00 56 R5297 © 1997 The American Physical Society



RAPID COMMUNICATIONS

R5298 K. W. EDWARDS et al. 56

Icarleton University, Ottawa, Ontario, Canada K1S 5B6
and the Institute of Particle Physics, Canada
2McGill University, Montral, Quebec, Canada H3A 2T8
and the Institute of Particle Physics, Canada
3Ithaca College, Ithaca, New York 14850
4University of Kansas, Lawrence, Kansas 66045
SUniversity of Minnesota, Minneapolis, Minnesota 55455
bState University of New York at Albany, Albany, New York 12222
"Ohio State University, Columbus, Ohio 43210
8University of Oklahoma, Norman, Oklahoma 73019
SPurdue University, West Lafayette, Indiana 47907
Luniversity of Rochester, Rochester, New York 14627
Ustanford Linear Accelerator Center, Stanford University, Stanford, California 94309
1250uthern Methodist University, Dallas, Texas 75275
13syracuse University, Syracuse, New York 13244
Mvanderbilt University, Nashville, Tennessee 37235
BVirginia Polytechnic Institute and State University, Blacksburg, Virginia 24061
8Wayne State University, Detroit, Michigan 48202
California Institute of Technology, Pasadena, California 91125
8University of California, San Diego, La Jolla, California 92093
19University of California, Santa Barbara, California 93106
20yniversity of Colorado, Boulder, Colorado 80309-0390
2Icornell University, Ithaca, New York 14853
22University of Florida, Gainesville, Florida 32611
ZHarvard University, Cambridge, Massachusetts 02138
24University of Hawaii at Manoa, Honolulu, Hawaii 96822
2SUniversity of lllinois, Urbana-Champaign, lllinois 61801
(Received 9 July 1997

We have searched for the decay of théepton into seven charged particles and zero or sfieThe data
used in the search were collected with the CLEO |l detector at the Cornell Electron StorageCRBi§ and
correspond to an integrated luminosity of 4.61 ¥bNo evidence for a signal is found. Assuming all the
charged particles are pions, we set an upper Ilimit on the branching fraction
B(r~—4m 37" (7% v,)<2.4x 10 ® at the 90% confidence level. This limit represents a significant improve-
ment over the previous limif.S0556-282(197)50221-9

PACS numbeps): 13.35.Dx, 14.60.Fg

The decay of ther lepton into final states with seven or tion (dE/dx) of charged particles are measured with three
more pions is of particular interest since it may provide acylindrical drift chambers between 5 and 90 cm from the
sensitive probe of the, mass due to the limited phase space.e’ e interaction point that have a total of 67 layers. These
There are several experimental upper limits on the branchingre surrounded by a scintillation time-of-flight system and a
fractions(at the 90% confidence leyelThe HRS experiment Csl(Tl) calorimeter with 7800 crystals. These detector sys-
[1] published an upper limit of B(r~—4m 37" tems are installed inside a su_perconductmg S(_)Ien0|dal mag-
>0 neutralsy,)<1.9x10 4 [2]. Recently, the OPAL ex- Net(1.5T), surrounded by an iron return yoke instrumented
periment  [3] set an upper limit of With proportional tube chambers for muon identification.
B(r~—4m 37" (7%)v,)<1.4x10 5. For comparison, the The event seIe_ct_|on criteria were des_lgned to maintain a
upper limit on the branching fraction for the decay high detection efficiency while suppressing thenigration
7 —3m 27" 27%, as determined by the CLEO Il experi- and hadronic ¢"e~—qq) background. Ther migration is
ment[4] is 1.1x 10~ “. In this paper, we present the result of primarily from the decays 7~ —2# #"2#%, and
a search for the decay into seven charged particles and zero — 37 27" 7%, in which them®'s decay via the Dalitz
or one 7° using the CLEO |l detector with the assumption mechanism or via they decay channel with photon conver-
that all charged particles are pions. sion at the beam pipe or drift chamber walls. Eachr™

The data used in this search were collected frohe™ candidate event is required to contain eight charged tracks
collisions at a center-of-mass energysj of 10.6 GeV with  with zero net charge. The distance of closest approach of
the CLEO Il detecto5] at the Cornell Electron Storage each track to the”e™ interaction point must be less than 1
Ring (CESR. The total integrated luminosity of the sample ¢m in the plane transverse to the beam axis and 10 cm along
is 4.61fo!, corresponding to the production of the beam axis; this requirement suppressesrtingigration
N,,=4.21x 1P 7 pairs. CLEO Il is a general purpose spec- background from photon conversions. Each track must have
trometer with excellent charged particle and electromagnetia@ momentum of at least 0.82¢,m (Epeani= Js/2) and be in
shower energy detection. The momenta and specific ionizghe central region of the detectdgoss|<0.90, whered is
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FIG. 2. Center-of-mass momentum spectra of the 7-prong hemi-
sphere for the data, backgrour(dasheg signal Monte Carlo
L (solid) for 7~ —4m~ 37" v.. The background is the sum of the

1.0 1.5 2.0 25 3.0 3.5 migration (shadedl and hadronic background. The arrow indicates
M7 (GeV / cz) the value at which the cut was imposed. The signal Monte Carlo is
normalized to the number of events in the data.
FIG. 1. Center-of-mass momentum vs invariant mass of the 7-

prong hemisphere for th@) data,(b) hadronic background, arid)  cific jonization loss ¢ E/dx) consistent with that of an elec-
signal Monte Carlo forr™—4x 37" v,.. The hadronic back- tron

. . . . 2 "
ground is obtained with a high mass g, >1.8 GeVE®. The Two kinematic requirements are used to further reduce
dashed lines indicate the values at which the respective cuts WL o hadronic background. The total invariant mass of charged
imposed. tracks and photons in each hemisphere must be less than the

the polar angle with respect to the beam axis. 7 mass M;,M;<M_=1.777 GeVt?) [8]. The magnitude
The event is divided into two hemispheres using the plan@f the total momentum of the 7-prong hemisphere in the
perpendicular to the thrust axi§], where the thrust axis is rest frame,P*, must be less than 0.2 Ged//In calculating
calculated using both charged tracks and photons. A photoR*, we assume the energy of thés the same as that of the
candidate is defined as a calorimeter cluster with a minimunfpeam by ignoring initial state radiation and approximate the
energy of 60 MeV in the barrel regiofcoss|<0.80) or 100 7 direction by the direction of the 7-prong momentum vec-
MeV in the endcap region (0.80/cosf|<0.95). The photon tor. The P* requirement selects events with tau-like kine-
candidate must be isolated by at least 30 cm from the promatics while suppressing the hadronic background. It also
jection of any charged track on the surface of the calorimetereduces ther migration background from lower multiplicity
and have either an energy which is above 300 MeV or adecays in which the 7-prong jet momentum is not as good of
lateral profile of energy deposition consistent with that of aan approximation of the- direction. Figures (8) and ib)
photon. There must be one charged track in one hemispheshow theP* vs M- distribution for the data and hadronic
recoiling against seven charged tracks in the otievs 7  background before th®* and M, requirements are im-
topology with no more than two photons in the 1-prong posed. The hadronic sample is selected from the data using
hemisphere. These requirements select the dominant onthe criteria described above, except tidg>1.8 GeVk?
charged-particle decays of the lepton as tags,7 and, to increase statistics, there is no restriction on the pho-
—€ Vel,, U V,V,, T V., p v, While suppressing the
hadronic background. There is no photon multiplicity re- TABLE I. Summary of signal, background, efficiency, and
quirement in the 7-prong hemisphere in order to minimizebranching fraction(at the 90% confidence levelAll errors are
the dependence on the Monte Carlo simulatisee beloy  statistical.
of charged pions interacting in the calorimeter that may

mimic photon showers. We also do not attempt to reconPata 0
struct thew® meson in the decay” —47 37" 7% ,. The 7 migration 0.88-0.23
migration background is further reduced by restricting thegq background 1.95-1.40
number of electron candidates in the 7-prong hemisphere tor~3x* efficiency (%) 15.7+0.2
be no more than twf7]. An electron candidate is defined as 4737+ #° efficiency (%) 15.9+0.3
a charged track with a shower energy to momentum ratio iB(~— 47 37" (7% v,) <2.38x10°°

the range, 0.85 E/p< 1.1, and, if available, a measured spe-
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ton multiplicity in the 1-prong hemisphere. The hadronic47~ 37" #° are the same within 1%, we choose the lower
background shows a cluster of events in the region of largefficiency for the former decay to derive a more conservative
P* vs M,. However, the Monte Carl¢see below predicts  upper limit. UsingA=2.30 events for the zero candidate

an enhancement of events with I®¥ andM-, for the signal  events observed, the result B(r —4x 37" (7% v,)
decayr  —4x 37 v, as shown in Fig. ). The P* dis- <2.38x10 ° at the 90% confidence level.

tribution for the data events withl ;<M _ is shown in Fig. 2. The systematic error contains contributions from several
It is evident from both Fig. () and Fig. 2 that no events sources. These include the 1% uncertainty in the luminosity,
satisfy the selection criteria described above. 1% uncertainty in ther* 7~ production cross section, 12%

The detection efficienciese] for the signal decays are uncertainty in the tracking efficiency, 0.3% uncertainty in the
estimated by Monte Carlo simulation. TRORALB-TAUOLA branching fraction of the tag as well as the 1% statistical
generator is used to createpairs according to the standard error in the detection efficiency due to limited Monte Carlo
electroweak theory, including® radiative correctiong9]. statistics. The systematic error in the tracking efficiency is
The decaysr™ —47 37 v, and 47 37 ' 7%, are mod- estimated from a study of the charged particle multiplicity
eled using phase space withvaA interaction. TheceanT  distribution of hadronic events. Since the tracks from 7-
program[10] is used to simulate the detector response. Thgrongr decays are more collimated, we also study the ability
estimated detection efficiencies are given in Table I. The tw®f the Monte Carlo program to simulate reconstruction of
efficiencies are comparable, as expected, since the same s@llimated tracks by comparing the minimum opening angle
lection criteria were imposed on these two kinematicallydistribution of like-sign tracks in 5-prong decays from the
similar decays. As a test of the validity of the analysis, wedata with that of the Monte Carlo. The reproduction by the
compare the zero events observed with the expected numbiktonte Carlo progam is quite satisfactory. The total system-
of events from ther migration and hadronic background. atic error is calculated by adding all errors in quadrature. The
The migration background is determined using the Montdinal result at the 90% confidence level is
Carlo technique. The hadronic background is empirically es-
timated from Fig. 1b) with the assumption thd¥l, andM, B(r~—4n 37 (7% v,)<2.4x10°5,
are not strongly correlated; this is evident from the similarity
of Figs. 1a) and 1b) in the region of largeP™ vs M. The  \\here Gaussian statistics were used to include the systematic
number of hadronic events withl,<<M , is determined by error [11].
normalizing the number of events in Fig.(bl with In conclusion, we find no evidence for the decay
M,> 1.8_ GeVk? to_that_ln Fig. 1a). The estlmatgd back- 7 —4x 37 (7% v, and set an upper limit on the decay
ground is summarized in Table I. The observation of zerq,anching fraction. The upper limit is significantly more

events is consistent with the background expectation. stringent than those of the previous experiméats].
The upper limit of the branching fraction is determined _
from the upper limit on the number of candidate eventw We gratefully aCknOWIedge the effort of the CESR staff in

providing us with excellent luminosity and running condi-
B 40 tions. This work was supported by the National Science
B(r™—4m 3w (m)v,)= m Foundation, the U.S. Department of Energy, the Heisenberg
TT Foundation, the Alexander von Humboldt Stiftung, Research
whereB,4= (73.0+ 0.3)% is the sum of branching fractions Corporation, the Natural Sciences and Engineering Research
of the tags[8]. Since the efficiencies for # 37+ and Council of Canada, and the A.P. Sloan Foundation.
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