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ABSTRACT

Three results are presented:

(1) The semi-leptonic branching ratio of the

has been measured at SPEAR to be B(A‘é‘ + etX) = (4.521.7%. (2) Properties

t-pair production heve been measured at PEP at v3 = 29 GeV:
0.974 0.05 2 0,06; the forward-backward asymmetry is A,

branchiug ratios are B(t - 1 Prong) = (86 4)%, Bt +~ 5
Bt + 5 Prongs) < 0.6% (95% C.L.).

(Presented at the XVIIth Rencontre de Moriond:

oTT/gQED -
= (=3,525,0)%; inclvsive
Prongs) = (14 +4)%,

(3) A search has been performed for the pair

production of charged, point-like, spin 0 particles. The existence of such
particles can be ruled out at a 90% confidence level for 3 £ M £ 10 GeV/c? and

branching ratio into hadrons < 90Z.

Electroweak Interactions and

Grand Unified Theories, Les Arcs, France, March 14-20, 1982.)

* Hork supported in part by the Department of Energy, contracts DE-AC03-76SFO0515
and W-7405-ENG-48,
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INTRODUCTION

The results of three studies by the Mack II collaboration!’ mre prasented.
First, from our continuing analysis of SPEAR data, is a measurement?) of the
semi-leptonic branching ratio of the charmed baryon Ay. Second is a study?) of
the characteristics of t-pair production at PEP, Third is¢ the search?) for
charged, point-like, spin O parvicles. The Mark II detector has been described
elsevhera®) and will not be discussed here.

SEMI-LEPTONIC BRANCHING RATIO OF TEE A,

ﬂ‘ 2%{\31& production of the A, charmed baryon in e*e” annihiletion and its ecay
4o

seversl hadronic modes have been clearly established.S) We report here
evidence for the observation of A semi-leptonic decay. This evidence is based
on measurements of direct electron productiop in baryon events at center-of-mass
energies above and balew the threshold for charmed baryon pair production, The
data sample was taken at center-of-mass energies from 4,5 to 6.8 GeV and repre-
sents an integrated luminosity of 13700 nb~l. Data taken at lower energles
(primarily at the y'{3685)), representing an integrated luminosity of 4300 nb"'l,
are usad to verify the absence of baryon associated direct electrons below the
Ae threshold, Two separate baryon event samples are used -~ events containing
an antiproton and events containing a & or A. Events conteining a proton and
not an antiproton are excluded to reduce trhe background from beam-gas inter—
actions, The p and p are ideéntified by time—of-flight (TOF), with a somewhat
looser cut for those baryons which are A or A decay products. The background
of pi.ng and kaons migidentified as baryons is estimated to be less tham 5%,

The A (R) are identified from reconstruction of their pn™ Grh decay uwodes.
Background under the A peak due to heamgas protons 1s reduced to the 20% level
with a eut (Q < 0) on the total charge of those A events which do not contain
an identified p. The background under the X peak is very small. The averall
P and A, K detection efficiencies are 66Z and 15% (including the pr branching
ratio) respectively.

Electrons are identified by TOF in the momentum range 100-300 MeV/c, by TOF
snd shower characteristics in the lead-liquid argon (LA) electromagnetic calori-
meter in the range 300~500 MeV/e, and by LA alone in tha range 500-1200 MeV/c.
The electron selection criteria are chosen to give clean aelectron identificatinrn,
with as little contamination by misidentified pions as possible, at the exn.ise
of a ralatively low elsctron detection efficiency. This efficiency is deduced
in two independent ways: (1) from a sample of real electrons arising from photon
pair conversion, and (2) from a sample of Monte Carlo generated electron showers.
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The results are in reasonable agreement. The measured efficiency as a funetion
of momentum is shown in Fig., 1. The fractional uncertainty in the electron

detection efffciency is estimated to be less than 5%.
The major background is the mig=

10 identification of charged pians as
electrons, Samples of raal pions, taken
from reconstructed y and §' events

- n W' > yrtn™ and ¥ = 200" )In® or
05 - ” 3(aT77)7°), are used to determine the
: : womentum dependent probabilities of
_ i misidentifying »" as electrons. These
- (b) g probabilities, shown in Fig. 1, are used
o o L "_'J:L:s * I.IO to caleulate the number of misidentified
at p (Gewe) P pions included in the electron sample.
Uncertainties in the pion misideatiffca-

E:gici;ncf'l?:;rgzdizig:i::::;:z:i- tion probabilities are estimated at 7%

fication probability (b) for parti- overall, based on the statisties of the

cles entering the fiductal volume samples of known plons from which they

of the LA shower counters.
are detetmined.

The only other significant background arises from electron-positron pairs,
produced either by photon canversions in the material between the beam and the
drift chamber or by Dalitz decays of 7°'s, Most ete™ pairs are removed either
by an Invariant mass cut or by a visual scan if one of the electrons was detected
but not tracked by the drift chamber. A statistical subtraction is necessary to
correct for the remaining eter pairs in which one electron is completely un-
detected. The mumber of electrons from this source was calculated by Monte Carlo,
with the n° population taken as half of the wt population at each mementum.
Unidentified e*e~ pairs are the dominant background at very low electron momenta,
but are a negligible background abaove 300 MeV/c.

The resulrs of the gearch for direct electrons below and above the A,
threghald are shown in Table I. The raw €  count excludes those electroms from
recognized Y conversions and 7" Dalitz decays. The backgrounds from misfdentified
plons and from unidentified electron pairs are listed separately. Below A,
threshold, the electron rate in baryon events is consistent with zera, while
above thrashold, independent signals are present at the 2,60 level.in both the
p and the A, X samples. The probability of obtaining such signals if there is
actually no direct electron contribution is less than 1074,

We attribute the baryon-electron events to charmed baryom pair productifon
and subsequent semi-leptonic decay. Charmed baryon-charmed meson associated
production is assumed to be negiigible.ﬂ Events with misidentified baryons in

e T e — 1 Ao e

e
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TABLE I. Direct electron signal in baryon events.

E. m, < 4.5 GeV Eo,m, > 45 GeV
9992 p 1499 A X 5209 p 757 AR
raw & 613 %25 5828 440 £ 21 7329
7 bgnd 426+ 22 5113 267 £ 14 3912
e* bend 144 £ 16 19+2 848 12+1
net &* 55+ 37 -12:8 69 + 26 2249
corrected e 105 £ 86 - 323123 170+ 64 52221

vhich the electrons actually arise from charmed meson semi-leptonic decay contri-.
bute &t most 10% of the observed signal in the p events, and much less in the
A, K events.

We egtimate the charmed baryon content of the proton and lambda samples from
previous measuvements of inclusive p and A preduction, R(p) and R{A), as functions
of energy,?) which show clear steps near the charmed baryon threshold. The frac-
tion of p or \ events due to charmed baryon production is taken as the increase
in R{p) or R({A)} relative to the base value of R(p) or R(A) below the charmed
beryon threshold., Averaged over the center-of-mass energy distributions of the
baryon data samples, the resulting fractions are aR(p)/R(p) = 0.45z 0.07 and
AR(AY/R(A) = 0,57+0,14, The fraction of charmed baryon decays leading to a
proton (rathetr than a neutron) in the final state fs taken to be Fi{p) = 0.6% 0.1,
The fraction of charmed 'bary;m decays leading to a lambda in the final state is
then F(A) = [AR(A) /aR(p}IF(p} = 0.17+0.06. The above numbers are based on the
assumption that the obaerved increases in R(p) and R(A) above the charmed baryan
threshald are due entirely to charmed baryon producticn., If part of the
increases are unassociated with charm, the true branching ratios will be
correspondingly larger than those calculated below.

Since charmed baryons emit positrons, the inclusive branching ratio
BR(A, + eX) can be obtained from baryon-electron and antibaryon-positron events,
with the observed baryon serviang only as a tag for a charmed baryon event.
Semi-inclusive branching ratios BR(Ac + peX) and BR{A; -+ A%X) can be obtained
from baryon-positron and antibaryom-electren events.

The resultant semi-leptonic branching ratios of the charmed barycn are
BR(AL + ¢*X) = (4.222,0)X from the P sample and ERGNY + &™) = (5.523.5)%
from the f-e¥, A-c™ cample. Averaging these two results gives:

m! + ) - Gss1x .
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The semi-inclusive branching ratios are:

BR(AY + pe'x) = (L.8* 0.9)%
and
(Y > 2%% = 1oz .

Protons from A° decay are included in BR(Ac + peX), and lambdas from ° decay are
included in BR(Ac + A%X). The Cabibbo favored semi-leptonic charm decay has the
isospin selection rule [4I| = 0, and hence the hadrenic decay products are
expected to have iscospin 0. The simplest way in which this might occur, namely
through the wode A°é+v, does not seem to be dominant.

The inclusive semi~leptonic branching ratio of the A, can be combined with
the measured Ac lifetime to determine the A, semi-leptonic decay rate, Using the
vorld average lifetime!®) (a) = 2.9%13) 10713
(1.6 0.8) x 104! sec'l, in good agreement with a theoretieal ecaleularion of
(A, + eX) = (1,9%0.5) x 1011 sec™l,11)

sec, we obtain r(Ac + gX) =

PRODUCTION OF t-PAIRS AT PEP

The t~palr studies and the elementary scalar search were performed with the

Mark II detector operating at PEP at a center-cf-mass energy of 29 GeV. The data
1 +_=

cotrespond to an integrated luminosity of l4é.4 pb . Tn the reaction ete™ » 717,

collinear 7's are produced with the energy of rthe beam and decay with low multi-

plicity. Thus t production gives events with two low maas, low multiplicity,

back-to-back jets, ['© reduce systematic errors due to uncertainties in

branching fractions, events are selected on the basis of these topological

characteristics, and dependence on specific decay modes is avoided.
The particles in each event are divided into two groups by the plane per=-

pendicular to the thrust axis and the following requirements are made:

(1) 1 to 3 charged particles in each group,

(2) total energy (charged + neutral) 2 Ec.m.la,

(3) each group has an invariant mass < 2 Ge¥/eZ,

(4) all the charged particles in at least one group have momentum < B GeVe,

(5) the highest momentum particle in at least one of the groups has momentum
above 2 GeV/e, enters the liquid argon fiducial volume, and deposits an
energy less than 30% of its momentum,

(6) both groups cannot contain exactly one particle that 1s a muon with
mementum above 2 GeV/c,

{7) for the highest momentum particle in each group, the TOF is within 3 ns
of the expected time,
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(8) the difference in total charge between the two groups is not zero, and

(9) the acollinearity angle between the two groups 1s < 50°.

Criteria (1) and (3) reject hadronic events; criterion (2) rejects two photon
events; criterion {4} rejects y-pair events; criterion (5) rejects Bhabha events;
criterion (6) rejects ete™ + ete~y™~ and u~pair events; and criterion (7)
rejects cosmic rays. Criterion (8) is necessary to determine which group of
particles came from the 1. Criterion (9) prevents higher order QED corrections
from being too large. .

There are 470 1-pair events satisfying the above criteria, Several correc—
tions are applied to these data. From Bhabha events, it is determined that
{1) the TOF system is 98.0 % 0.27 efficient (the inefficiency is primarily due to
cracks between the counters), (2) the charged particle trigger is 98.6 + 0.2%
efficient, and (3) the total energy tripger is 98.4 + 0.2% efficient.

A Monte Carlo program is used to determine the detecter response to t-pair
events and to possible backgrounds. Raw data generated by the Honte Carlo is
processed by the same tracking, vertexing, and filtering routines used for the
actval data, The simulation of the detector includes electromagnetic and
hadronic interactions in the material surroundins the interaction region. Fer
the efficiency calculzation and comparison of the data with QED, a Monte Carla
event generatorlz) of arder «3 is used,

The backgrounds in the t-pair sample are given in Table II; sources not listed
have been calculated to be negligible., The backgrounds are determined from Mente
Carlo simulations, but have beeh verified with the data where possible. The
calculation of the p~pair and e+e‘u+u' backgrounds is confirmed by a rise in the
2 prong acoplanarityl3) distributien at very small angles {<19). Events with
the invariant mass of one group of particles between 2 and 3 GeV/c2 confirm the
hadronic background. The other backgrounds in Table II are small and reliably

calculated.

TABLE II, Background contributiens to t=pair events.

Background Scurce Fraction of Signal (%)
e+e- > e+e- 0.3 = 0.3
-yt 1.6 £ 0,2
=+ hadrons 4,3 + 1.3
+ etephy~ 6.1 & 0.6
> etemrte~ 0.9 * 0,1
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To study the multiplicity distribution from t decays, the selection criteria
were relaxed to allow up to 5 charged particles from each t. Tiwe background
subtracted multiplicity distribution (Fig. 2) shows that the v decays primarily
to 1 or 3 charged particles. Without background subtraction, there are 6t
éandidates with 5 charged particles; however, 7.6 * 0.6 are expected from y
conversions in 1 and 3 prong t decays. This ylelds an upper limit of

B(r + 5 prongs) < 0.6% (95% C.L.).
To account properly Eor y conversions

1000 ' f ! L ! and particle detection efficiencies in
determining the produced T decay multipli-
800 - N city distribution, an unfold method!®) was
used. Only the 1, 2 and 3 prong decays
w800k | . were included in the fit, which gives
z B(r - 1 prong) = 864 £ 1% and
& 400 j i B(t - 3 prongs) = l4+4% 1%, The systematic
error 1s due to uncertainties in the back-
200 _ ground multiplicity distribution. This
value of B(t -+ I prong) is higher than
o . _!_I—“_ either the world averagel!5) of €8# 10% or
0 2 Pt 6 a recent TASSO measurementB) of 76 : 6%,
e MULTIPLICITY saanaz The diserepancy might be due to earlier

Fig. 2 Observed 7 decay multi- experiments not correcting for y conver-

plicity distribution. The solid sions as the wnfold methed properly does.
::::E;gr;‘:'tfs the result of en The 3 prong inclusive branching fraction

1s consistent with a Mark I measurement!?)
of B(t + 1r'1r+1r~r|1r°) = 184 7%.

Sources of systematic error on the normalizarion are summarized in Table III,
The error due to uncertainties in t branching fractions is determined from the
efficiency of individual decay modes and the errors on their measured
ratea,17):18) Tau-pair events are lost due to interaction of pions in the
1iquid argon shower counters, since tight cuts are used to eliminate Bhabha
events. The Monte Carlo simulates pion interactions using energy deposition
distributions obtained from a c’ean, hand-selected sample of 1T -+ 3“‘: decays.
Varying the predicted 60% pion didentification efficieacy from 50% to 70Z changes
the t-pair efficiency by *2.4%. The o« QED calculation is checked by comparing
the observed and predicted acollinearity distributions (Fig. 3). The contribu—
tion of a" QED terms to the t-palr cross section has been estimated in Table III

aimply by squaring the ua correction.

-
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Table IIL O T T T T T
Systematic erxors in t-pair normalization,
Source Brror (%) 100 .
Luminosity 3.0
T Branching fractions 2.8 b
Interacting v's 2.4 E i0 o
Higher order QED 1.9 E
Backgrounds 1.7
Monte Carlo Statistics 0.8 | n
Total 5.5
[+3 ] 2
In contrast to the normalization, ] 50 100

. )
the angular asymmetry has very small oo Acall a3

uncertainties. Only detector biases Fig. 3. Acollinearity angle dis-
tribuveion for t-pair events., The
curve ig the prediction of QED to
dependent can cause systematic changes order a“,

in the asymmetry., The trigger and
detection efficiencies and the momentun resolution have been measured with Bhabha
events and are independant of the particle charge and polar angle within the
central region of the detector, The domipant errors in the asymmetry megsurement
coma from Monte Carlo statistics and possible a¥ QED wontributions. The
asymmetry expected!?) from QED is +0.3% within the Mark II acceptance.

The total cross ssction normalized to the small angle luminosity monitord?
agrees well with the predictions of QED:

ot 20% = 0,07 + 0.05 2 0.05 .

which are both charge and polar angle

200 i v ' The T=-pair angular distribution is shawn
in Fig. 4. The polar angle 9 1s defined
to be the angls between the thrust axis,
taken in the direction of the more posi-
tive group of particles, and the positron
beam direction, Monte Carlo studies show
that the thrust axis reproduces the 7
direction within ~5°. The T-pair angular
=1 0 ' distxibution, Fig. 4, shows good agree=
cosd " ment with the predictions of QED.
Fig. 4. Angular distributions for To lowest order in all coupling

;:::z;::ng:.Qgghiocz:::'i:at.:he constants, the t-pair production cross

eveNTS A0 1)
8
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2
do o 2
& " s [l’l(li-cos ) + E‘zcose]
2
F, ~ 1+Rg,
— 2
Fz = ZRga
/EGF 2
z
R " 5 .
2na (s m2
z

where © is the polar scatterirg angle, g  and B, are the vector and axial-vector
neutral current couplings, GF is the Fermi coupling, m, is the nass of the 20,
and 5 is the square of the ceater-of-mass energy. R was calculated in the limic
m, * =, which underestimates gz by ~10% 1f m, = 90 GeV. 1In general, g, and Ea
can be different for the electror, muon, and tau. Allowing for this, each g~ is
actually gegT.

The weak neutral current couplings have been determined by doing a maximum
likelihovd Fit of the absolutely normalized angular discribution to predictions
of 123 QED modified by weak effects. For the normalization, the systematic zcrrors
ip Table III are included as an additional term in :che likelihcod fimetion. The

resul®s of the fit are:

g, B, = 0.1a%0.23

g &5 = 0.16 2 0.26 .

The erroxr on 53 has rougi.ly equal sta:istical and systematic components. These
results are in agreement with the expectations of the standard wode120) which
predicts g- = 0.25 and g2 = 0.002 for sin’6, = 0.23%0.01,%1) However, ac the
present level of statistics, these values also agree with the absence of weak

effects (gv =g, = 18

SEARCH FOR ELEMENTARY (PSEUDO) SCALARS

In currently accepted gauge theories of ueak 1nteractions,2°) fermions and

gauge bosons acquire wasses from sp S8y ry breaking. This is achieved
through fundanental Higgs fields or composite scalar fields (teclmicolor
theories.zz)) The standard wodel has only ore physical, meuttal Higgs boson,
vhose couplings to fermions are proportional to the fermion mass. Other models
may bave additisnal, charged Higgs boems, whose couplings are not as rigidly

. m——
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fixed as 4n the minimal mcdel. Dynamical symmetry breaking models introduce a
new strong interaction at a scale of ~1 TeV, which results in a rich spectrum
of pseudo-Goldstone bosons?3) (technipions) some of which are expr2ted to have
massea of a faw GeV. No Higge boscn or technipion, charged or neutral, has yet
been observed.

We have search for charged Higgs particles or technipions (hereafter
referred to as a Hipgs and represemted by lli) at PEP. Higgs pairs are assumed
to be prodiced via the reaction

ete” » 'YW
with a cross section of

de u2 33 sin’e
8s

where 8 is the velccity of the Higgs in units of the speed of light. The Higgs
is sssumed to decay to the heaviest fermions possible, either heavy quarks or
the heavy lepton t. 7Two cases have been considered: (1) both Higgs decay to
™, and (2) one Higgs decays to hadrons and the other to TV

The characteristics expected from Higgs pair production are calculated from
a Monte Carlo simulation program which produces a pair of Higgs aceording to the
differential cross section given above. When a Higgs decays to a ¢s pair, the
quarks are hadronized by a standard Feynman-Field program. The only property of
the hadronic dacay of the Higgs which 1s crucial to this analysis is the charged
uuleiplicity discribution. The average charged multipifcity of a Higgs decay in
the Monte Carlo agrees with e+e" results at an equivalent energy. The rest of
the analysis is based on the kinematics of producing particle pairs and not om
the details of quark fragmentation into hadroms. If the Riggs decays to Wes
the © is allewad to decay according to the measured branching ratiag,

To search for events in which both Biggs decay to ™, the praevisusly
salected T-pair events axe examined for extra missing transverse momentum from
the Higgs decay. In the plane perpendicular to the beam, the axis is chosen
relative to which the transverse momentum is equal for the two groups of
particlas. This common transverse momentum is given by

AT

T R A

vhere 2 ia the unit vector in the beam direction. The observed Py distribution
(Fig. 5) is well fit by the t-pair Monte Carlo and no evidence for Higgs-peir
production ia seen. The data are fir to a sum of the t-palir Monte Carlo and the
Riggs Monte Carle for various masses of the Higgs-with the branching ratio of
the Higgs into 1's as the only free parsmeter. The 90% C.L. limits ave shown by




- 11 -

curve 1 of Fig, 6; the left boundary of curve I 13 at the T mass. The existence
of a charge Higgs with mass less than m and couplings proporticnal to mass is
excluded by the measured properties of the v, such as the equality ¢f the muonic

and electronic decay rates.

103 r T 107 -
i
5 102 -
g -
bl v
Sio! A ;QS - I
< ® Excluded
z
E 10® X .
\-..
~ - i
- S o : i j
1 2 3 o] £ 10 ]
B, (Gewk) o My, (cevrc?)
Fig. 5. Py distribution for T-pair Fig. 6, Excluded tegions {90% C.L.)
events. e so0lid curve is the ex— for events in which both Higes
pectation for t-pair preduction. The decays to Tv; (curve I) or one Riggs
dashed curved is the expectatjon for decays to hadrons and the other to
a Higgs with mass 7 Gev/c? and ™o (curve II).

B(H + Tv,) » L.

To look for events in which one liggs decays to hadrons and the other to
TV, eveats with one charged particle (from the 1) opposite a multiprong jet are
selected, The particles in each event are divided into two groups by the plane

perpendicular to the thrust axis the following critezia applied:

(1) E,, > /s/4 (charged + neutral energy),

(2) one group of particles has exactly one charged track, less than
three photans, and an invariant mass < 2 GeV/cz.

(3) the other group of particles has at least three chatrged pscticlies,
any number of photons, and invariant mass greater than 2 Gev/c2, and

(4) evente are rejected if the most energeric particle in both groups is

an electron,
Criterion (1) rejects two photaon events, and criterion (4) rejects radiative
Bhabha events with a gamma conversion in the material surroundiag the inter—

action regiom.

The PT distribution for tue 22 events weeting tha above criteria is shown
in F’e. 7. All of the events fall at low PT’ typical of normal hadronic events,
The solid curve is the prediction of a Monte Carle for hadromic production

normalized by a factor of 0.5 to agrec with the observed mmber of events. The

[
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' [ T T dashed curve shows the experted Pp dis-
tribution for a Higgs with mass 7 Gev/c?
- and B{H -+ hadrons) = B(H + tv,) = 2.5,
Lol _ The discrimination becween Higge produc~
E‘ tion and the background is at large P...
S A cut of Pp = 0.6 GeV/c is chossn solely
ﬁ s il' - from the Monte Carlo curves to maximize
w L I# the statistical significance of a
+ S potential Higgs signal for a mags of
Oo : -."""‘12‘ 7 GeV/c? and B(H + hadrons) = B(H ~ tvt]
” o, (Gevrc) - = 0.5. Assuming that the Higgs decays
only to nadrons or to v, the absence
Et%; i. r§§ d::t:::::ignngfifv:gtf of events above Pr = 0.6 GeV/e leads %o
Tet. e e corve 26 the i limits (90% C.L.® on branching fractions
dictior. of the hadron Monte Carlo as a function of mass as shown by curve
nowmalized t¢ the data, The dashed 1T of Fig, 6. The left boundary is due

curve 18 the expectation for a Higgs
with mass 7 CeV/c? and B(H - hadruns) to the Pp spectrum from Higgs decay
= B(H =+ ™) = 0.5. narrowing as the mass i{s reduced. The
right boundary 1s due to the 83 threshold term in the production cross section.
The shape of the excluded region in Fig. 2 is relatively insaensitive to the
Pp cut. Inecreasing the cut to 0,7 GeV/c moves the left boundary of the excluded
ceglon from ~3 GeV/cz ta ~4 GeV/c? and changes the rest of the contout vaery
littla. Decreasing the Py cut to 0.5 GeV/c has a larger effect due %o the 3
events between 0.5 and 0,6 GeV/c: the excluded regiom extends from My = ~3.5 to
~8 GaV/c? and from B, = ~10 to ~50%. The shape of the excluded region in Fig, 6
is insensitive to whether the Higgs decays to ¢S, cb, or ud in the Monte Carlo.
Combining the two cases we can exclude any charged, point-like, spin 0
particles coupling primarily to heavy fermions and having a mass lese than ~1D
Gevlcz and a branchiug fraction to hadron less than ~90%.
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