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ABSTRACT
Thé charged particle multiplicity distribution in 1 decayé is
determfned'from data cdllecfed at the é'éf storagé ring PEP. The i, 3,
and § charged'pafticle inclusive branching fractions are (8622)%,
(1422)%, and ¢ 0.5%, respectively.
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Since the 5 lepton was discovered! in 1975, considerable effort has
beeh expended in investigating its properties. One property that makes’
the 1 unique in the knoun lepton family is that it'ié sufficiently
massive to decay to hadrons. Thus, lou energy uweak interaction theories
can be tested in hadronic decays of the 7. One of the most
distinguishing characteristics of 1 decays is the small multiﬁlicity of
charged barticles. In addiiion to thebrefical interest in this
measurement, knou!édge of the 71 degay'multiplicity distributidn is of
practical'interest for désigning'and interpreting searches for 71
ieptons.

This Lettef presents é study of charged particle multiplicities
observed in-t decays. The distinctive kinematics of T-pair production
St PEP energies alloés a preAise determination of this multipilicity
distribution. In e*e” annihilations, collinear r-pairs are produced -
with each 7 Hav%ng fhe beam energy. When Lorentz.bdosfed to the
laboratory frame, th; decay products of each 7 form a "jet". To reduce
systematic errors dﬁé to uncertainties in 7 branching fractions, r-pair
candidate events are selected on the basis of these topological
characteristics, and dependence on specif}c deéay modes is minimized.

The measurement is based on an integrated luminosity of 26.7 pb~!
accumulated uith the SLAC-LBL.Mark 11 detector? at the e*e- storage ring
PEP opera£ed at a center-of-mass energy (J§3 of 29 GeV. Charged
particies are detected over 80% of the solid angle by 16 cylindrical
layers of drift chambers immersed in a uniform 4.6 kGauss magnetic

field. The momentum resolution for tracks constrained to pass through

the interaction point is op/p = (0.015)2 + (0.007p)% where p is the

momentum in GeV/c. Outside the drift chambers is a cylindrical array of



- 3-
48 time-of-flight (TOF) scintillation countersbhavingx350 psec timing
resolution. Outside of the TOF system is_the,magne} coii follouwed by
eighf lead-1iquid argon shouwer counters covering 652 of the solid angle
and having an energy resolution of 132/JETE;V_. Finally, outside the
shouwer counters is a muon filter consisting of layers of iron separated
by proportional tubes. The muon system covers 55% of the solid angle.
During the summer of 1981, the beam pipe, scintillafion counters, and
trigger chamber near the beam uefe_replaced by a vertex detector and
beryilium beam p{pe. The primary effect on the ﬁultiplicity'meésuremen{
is to reduce the amount of material betueen the beam interaction point
and the drift chambers from 10% of a raafation lebgth (xoi.to-3z Xo. By
extrapolating the results at on-xo {14.4 pb-') and 3% Xp (12.3 pb-1) to
zero thickness, potentialzsystemaiic errors ddq to phdton conversions
are eliminated. -~

For the event sele;tioﬁ. the barticles'in each éVent are‘divided
into two groups by the piane>perpéndi;ular to the thrust axis.?
Candidate T events meet the following criteria (the final states in
parenthesis ‘are the primary back9r§und rejéctéd.by ihat critefion)?

(1) there is at leasf oné charged particleAin'gach group,

'(2) each group has an. invariant mass, including photdns.‘ .

< 2 GeVse?, N - ;
(3) total_enefgv. chargéd particles + photons, 2 Vs74,
(4) all the charged partic\es in at least one group have momentum ¢
8 GeV/c (p-pair),
(5) the highest momentum particle in at least one of the groups has

momentum above 2 GeV/c, enters the liquid argon fiducial
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volume, and deposits an energy less than 30% of its momentum '
(Bhabha), |
(6) both groups cannot contain exactly one charged particle that is
‘a muon with momentum above 2:GeVsc (e‘e p*p"),
(7) for the highest momentum partihle in each group, the TOF is
qithiﬁ 3 ns of the expected time (cosmié rays),
(8) the difference in total charge between the tuo groups is not
zéro. and . N
(9) the aéollinearity angle betueén the total momenta of the‘tuo
groﬁps is ¢ 50°.
These selection criieria leave 944 7-pair candidate events, aﬁich
éorregpﬁnd to 973 events uheﬁ cofrécted for triggef efficiency (592)‘and
time—of-fl%ght (TOF) efficiency (98%). ICriteria (), @), (8)~anq 9)
éeiéct the general 1-pa}r topofoév. aﬁé br{t;;ia'(3i-(7) reddéexlhe'
bacééround'é;ntaminatfon;
‘ In order to.make a'preéige multiplicity measuremenf; if is

necessary to subtract the background multiplicity distribution. In

partféular, QED events from one photon annihilation (e*e »e‘e~,pn*n") and

from tﬁé phbion exchange® (é’e'*e'eie'é;.e‘e'#’u‘{é‘é‘t’r') are
ﬁotéhtiaily l;Fge backgkounds since fhe cross sections afe Yarge'and the
event topologi?s are ;fh;l}ar td T-pair pfoduction; vk Mohte Carlo
simulationbhas been used to calculate the.background contamination, and
the results have'be;n checked uith the data hﬁere possible. Of the 127
t@tél‘badkgiobnd events, 4 are from ﬁhabha sca{teriné (r angular A
distribution), 18 are from u-pair production (acollinearity), 56 are
from e‘e‘ﬁ’u' (acolliﬁearity). 39 are from ﬁadroh produ&tion‘iinvariant

mass) and 10 from ete 1*s-, uheré the distribution in parenthesis is the

qt\ .



distribuiion that confirms the Monte Carlo calculation. The background-
subtracted multiplicity distributions for each 't (two entries per T-pair
event) are given in Table I. The multiplicity distribution is dominated
by 1-prong decays, the remainder are primarily 3-prong decays, and there
are.very few decays with more than 3 prongs. The notation By, B3 and Bsg
will be used to represent 1-, 3- and 5-prong inclusive brhnchiné ratios
of the 7, respectively.

Before background subtraction, thére are ten 1 candidates with 5
prongs. From photon conversions in i-‘and 3-prong decays, ten events
are expected with 5 prongs. 1If 5-prong 7 candidates in which any pair
of particles has an invariant mass (assuhing electron masses) less than
50 MeV/c? are eliminated , only tuo observed events remain. Based on
these two 7 candidates, an upper limit of 0.5% (95% confidence level) is
placed on‘the branching ratio Bg. =;he TASSO e*perimenf at PETRA placed
an early 1imit5 on Bs of 6%. The CELLO experiment‘has reported® a
recent.measurement of Bs = (1.0:0.4)%.

The produced 1 dec;y MUltfplicity is determined from the observed
distribution by an unfold method.?” 1In thjs method, the observed
multiplicities are related to the produced multiplicity by a matrix -
determined from a Monte Carlto simulation. The produced multiplicity
distribution is varied to giQe the best agreement of the expected
observed distribution uitlh the data. The major advantages of the unfold
method .are that it properly accounts for detection efficiencies and for
photon conversions. The Monte cCarlo simulation produced r-pair events
according to the a2 QED cross section using the method of Berends and

-Kleiss.?® Each 7 is decayed according to the branching ratios in Table

"1I. The total efficiency for detecting r-pair events is ~25%, nearly

independent of the decay multiplicity. The primary inefficiencies are
50% for the solid angle coverage and 15% for the total energy cut.

Since the number of 25-prong decays is very small and since the
signal-to-background ratio is poor for 24 observed prongs, only decays
with 1, 2 or 3 observed prongs are used in the unfold fit. Also, only 1
or 3 produced prongs are allowed with the constraint that By + B3 =1.
The results of the unfold. fits are B4y = 1-B3 = (86%1.5:1)% for the
10% Xo data and By = 1-53 = (86:1.5:1)% for the 3% Xo data. The first
error is statistical and the second error is systematic arising from
uncertainties in the background subfraction. The resulfs are
independent of the amount of material, which indicates that photdn
conversions have been properly handled. After extrapolating to zero
material, the result is By = 1-By = (86%2:1)%.

The 1- and 3-prong 7 branching fractions have-been measured by
several experiments at SPEAR and DORIS. A world average® of these
resulté gives By = (68+10)%. This is louwer than the value presented
here, althouéh the efror is large. The measurement of inclusive 7
distributions at louwer eneréies is more difficult since separation of r
events from backgrounds is complicated by more spherical 7 event
topologies and by increased background due to louer multiplicities in
hadronic production. Furthermore, many of these experiments were done
before propertieé of the 7 such as mass and leptonic branching ratios
were well measured. Thege properties could affect thé determination of
decay multiplicities.

The results of this Letter are in agreement uith tuo PETRA
experiments using similiar techniques: an early TASSO measurementS of

By = (76%6)% and a recent CELLO measurement® of By = (84:2)%.
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Louér bounds on By and B3 can be derived by sdmming measured'® Science, Berkeley, California (G. H. T7.), the Institute of High Energy
decay modes, as listed in Table 11. 1§ the rates for 7¢ - p!ﬁ°v, and Pﬁysics. Academia Sinica, Beijing, China (Y. W. and 6. 2.), The Suiss
2 » pO%uty, are equal.‘the Tower limits are By > (765)% and ’ National Science Foundation (M. W.) and the Natioﬁal Science. Foundation
B3 > (16:7)%, consistent with the results presented here. (c. 2.). |

Estimates of By and B, can also be made from theoretical"
calculations.'! Since only partial widths are calculated by fheorv; the
theoretical predictions in Table II are normalized so that the leptonic
branching ratios agree with experiment. Snly decay modes which éan'be
reliably calculated are given in Table II. The resuiting %ums'indiéaté
that By > 75% and B3 > 13%. ‘Combining these limits with the measurement
of By = (8622)% indicates that most of the unmeasured, uncalculated
deéév modes produce only one chhrged.brong. The least reliable
theoretical numbers in Table 11 are those for the 3nvy deééys,.ﬁhiéh are
calculated on the assumption that the A, resonancé dominaies that
channel (an unproven hypothesis). " Neither ‘the decay rates nor the
multiplicit& distfibutions for other péssib!e detay modes (such.és T > ’ o ) ' o
5mv, 6mv, K*(nn®)v, Amv, KKv, etc.) can be reliably calculated at - o . ' e o
present.

Ih summary, the charged particle multiplicity distribution in 7
decays is measured to'be By = 1-By = (86:2:1)% and Bs < 0.5%. This
value of B4 is higher than has been reporg;; by low energy experiments,
but it agries with results from two other Eigh energy experiments.

This uork'uas supported primarily by the Department of Energy under
contract numbers D[—AcO3~765F005i5 and DE-AC03-76SF00098. Support for
inaividuals came from the listed institutions plus Ecole Polytechnique,

Palaiseau, France (A. B.), Der Deutsche Akademische Austauschdienst,

Bonn, Germarv (B. L.), The Miller Institute for Basic Research in
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Table I

Observed 7 decay multiplicities, calculated backgrounds and the
resulting produced inclusive branching fractions.

Number of 10% Xo Data 3% X¢ Data Branching
Prongs Fraction
Number Background Number .- | Background (%)
Observed Observed |’
1 764 91 738 77 86%2
2 . 62 14 49 12
3 152 19 137 16 1422
4 7 -8 9 6
5 6 4 4 C 4 0.5
6 1 1 0 [
27 0 0 0 .0
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Table 11

Experimental, theoretical, and Monte Carlo values of branching fractions
of the 7. The "experimental” value for 7»n%25® is from the measurement
of 1 =) pOwiy, > gtp-niy,.

Branching Fraction (%)
Decay Monte Experimental® Theoreticall
Mode Carlo

1 Prong:

T 2 evy 17.6 17.621.1 17.6
nyy 17.% 17.121.1 17.1
187 11.5 11.521.8 10.4
Ky ' 1.3 1.320.5 0.7
pV 21.5 21.523.6 21.3
K*v 1.7 1.7:0.7 1.4
nt2ny 5.0 5.0%2.1 4.6
ni3n%y 2.2 2.0
nt4n0y 2.8

80.6 75.7+4.7 75.1

3 Prongs:

T > nintny 5.0 . 5.0%2.1 4.6 -
wintnnly 8.8 11.027.0 8.1
niatu- 200y 2.8

16.6 16.0x7.0 - . 12.7

5 Prongs:

T > nintnewtey 2.8

(a) See Reference 10.

(b) See Reference 11V.

b
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