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ABSTRACT

Recent results on radiative transitions from the ¢ (3095),
charmed meson decay, and the Cabibbo-suppressed decay 1 K*vT are
reviewed, The results come primarily from the Mark II experiment at
SPEAR, but preliminary results from the Crystal Ball experiment

on ¢ radiative transitions are alsoc discussed.
1. INTRODUCTION

This talk is the first of two reviewing recent results from
SPEAR. I will concentrate on results from the Mark II experimentl
and have selected three topics to discuss: radiative transitions
from the ¥(3095), charmed meson decays, and the Cabibbo-suppressed
decay T -+ K*Vr' Some preliminary results from the Crystal Ball
experiment1 on Yy radiative transitiocns will also be pregented.

The discussion on radiative transitions will be restricted to
transitions from the ¢ to ordinary hadrons, where ordinary hadrons
are defined to be those which to first order do not contain charmed
quarks. The status of the nc(2980) and radiative transitions to this
state will be discussed in the next talk.2 T will begin with a brief
discussion of inclusive photon production at the ¥. This leads

naturally into a discussion of the four exclusive radiative transi-~
” tions which we (i.e., the Mark II) observe, Three of these transi-
tions, to the n, n'(958), and £(1270), have been previously observed.
Our results are in reasonable, but not perfect, agreement with the
previous branching fraction measurements. The fourth cbserved
transition is to a state which we tentatively identify as the E(1420).
This transition has not been previously observed.

The discussion on charmed meson decays will cover new resulbs

on exclusive decay modes of the D and general inclusive properties of
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the final states produced in D decays. Measurements of the mean
charged particle multiplicity, the kaon fraction, and the electron
fraction in D decays will be discussed. From the electron fractions,
we have determined the inclusive D° and D+ semileptonic branching
fractions, which allows a determination of the ratio of the p° and
D+ total lifetimes.

Finally, we have measured the branching fraction for the Cabibbo-
suppressed decay 1T > K*vr' The measured branching fraction is con-
sistent with expectations based on the previously measured, Cabibbo-

favored decay t » SR
II. EXPERIMENTAL APPARATUS

The Mark II magnetic detector was designed to be a second-
generation, general-purpose detector for doing physics at SPEAR
(and a first-generation detector for doing physics at PEP). The
design was based on the earlier SLAC-LBL magnetic detector3 which
was responsible for much of the pioneering work in e+e— annihilation
physics done at SPEAR. The Mark II detector has significant advan-
tages over the previous detector in its charged particlé momentum
resolution, time-of-flight resolution, neutral particle detection,
lepton identification, and trigger design.

A schematic of the Mark II detector is shown in Fig. 1 viewed
perpendicular to the beam direction. A particle traveling radially
outwards from the interaction region passes through a 16-layer
cylindrical drift chamber, a layer of scintillation counters which
provide time-of-flight (TOF) information, a l-radiation length
aluminum coil (which provides a solenoidal field of approximately
4.2 kG in the central detector), a set of lead-liquid argon (LA)
shower counter modules, and finally a set of proportional counters
for muon identification. In addition to the muon counters which
are shown above and below the detector in Fig. 1, there are addi-
tional muon proportional counter layers on both sides of the detector.
Also, there are two additional shower counter modules (one LA module
and one module consisting of two multi-wire proportional chamber

planes) which cover the endcap regions.
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Fig. 1. Schematic of the Mark II magnetic detector viewed perpendic-
ular to the beam direction. Not shown are the muon proportional
counters on both sides of the detector and the endcap shower counters,
Charged tracks are reconstructed from hits in the 16 cylindrical
drift chamber layers’ of radii 0.37 m to 1.51 m which provide solid
angle coverage over 85% of 4m sr. The azimuthal coordinates of
charged tracks are measured to an rms accuracy of approximately
200 um at each layer. The polar coordinates are determined from the
10 stereo layers oriented at #3° to the beam axis. The momentum
resolution can be expressed as &p/p = [(0.0145)2 + (0.005 p)z]%,
where p is the momentum in GeV/c. The first term is the contribution

from multiple Coulomb scattering and the second is the contribution



from the measurement error.5 The tracking efficiency is greater than
95% for tracks with p > 100 MeV/c over 75% of 41 sr.
JPhotons are identified by energy deposits in the shower counter

modules. The shower counter system6

consists of eight LA barrel
modules which surround the central detector and two endcap modules.
The endcap modules have not been used extensively in the analysis,
and I will restrict the remainder of the discussion to the barrel
module system, Each module consists of approximately 14 radiation
lengths of lead and argon, with readout strips parallel, perpendicular,
and at 45° to the beam axis. The system of eight modules covers
approximately 64% of 4w sr.

The rms energy resolution for electrons and photons detected in
the LA has been determined from measurement of pulse height distribu-
tions from particles of known energy passing through the liquid argon.

Figure 2 shows the energy deposited in the LA for a sample of Bhabha

events at 4.16 GeV center-of-

I ' I J I mass energy (Ec o ). The curve
— ot .M.
g 1500 T is a Gaussian resolution func-
21
o tion, with SE/E = 0.12 E 2
< 1000 + —
o (E in GeV), convoluted with the
~
b radiative tail. This expres-
5 500 - —
2 sion provides a reasonable
0 representation of the energy
L5 2.0 .25 resolution for both electrons
e-79 Edep (Gev) 3590A3
and photons of energies down
Fig. 2. Energy deposited in the to a few hundred MeV.

LA for a sample of Bhabha events
at Ec,m, = 4.16 GeV. Curve is
described in text. obtained for electromagnetic

The rms angular resolution

showers is typically 4 mrad, both in azimuth and dip angleé, for high
energy particles. At lower energies, the angular resolution can be
a factor of two worse.

's7 in the

Figure 3 shows the detection efficiency for vy's and 7°
LA as a function of energy. The measured values for the vy efficiency
were obtained from 2-constraint (2C) fits to 2-prong and 4-prong events

at the Y according to the hypotheses ¥ + v+n-y(7) and ¢ - ﬂ+ﬂvﬁ+ﬂ-Y(Y),



where a particle in parenthesis

is meant to imply an unobserved
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particle. The 7° mass constraint
was imposed on the y(y) system.
The detection efficiency was cal-
culated from the fraction of

events in which the missing vy
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correct for the geometrical bias

imposed by the requirement that

all charged particles be observed
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Fig. 3. Detection efficiency for  according to the hypotheses
¥'s and 70's in the LA as a func-
tion of energy. Data points are

measured values and curves are The ° detection efficiency was
Monte Carlo estimates.

Y > n+v_(n°) and ¥ > w+w—n+w-(n°).

calculated from the fraction of
events in which the missing 7° was observed, with similar corrections
for geometrical bias. However, these m° efficiency measurements
must be considered as lower limits since the decays ¢ - ﬂ+ﬂ-Y and
Y > ﬂ+ﬂ~ﬂ+ﬂ_Y will successfully fit the corresponding hypothesis in
which the y is replaced by a wo, but no 7° will be observed. The
s0lid curves represent the results of Monte Carlo determinations of
the y and 7° efficiencies employing the EGS electromagnetic shower
development code.8

Particle identification for hadrons is accomplished with 48 TOF
scintillation counters which surround the drift chamber and cover
approximately 75% of 47 sr. The rms time resolution is 0.30 ns for
hadrons. The average flight path of 1.85 m provides a separation of
pions from kaons up to momenta of 1.35 GeV/c and kaons from protons
up to 2.0 GeV/c at the 1-0 level.

Identification of electrons utilizes both the LA system and the

TOF system. For tracks with momenta less than 300 MeV/c, the electron



identification 1s based solely on TOF. For tracks with momenta greater
than 500 MeV/c, only the LA system is used for electron identifica-
.tion. For tracks with momenta between 300 and 500 MeV/c, both TOF

“and il pulse height information is required for electron identifica-
tion. The hadron misidentification probability (i.e., the probability
that a hadron will be misidentified as an electron) is 7% for

p < 500 MeV/c, 4% for p = 600 MeV/c, and 2% for p = 800 MeV/c.

Muons are identified by hits in the muon proportional counter
system. This system consists of layers of proportional tubes (two
below and on each side of the detector and three above it) inter-
leaved with steel and covers approximately 55% of 4m sr. The
detection efficiency for muons within the solid angle of the detection
system with momenta greater than 700 MeV/c is greater than 98%Z. The
hadron misidentification probability is 47% for p = 800 MeV/c, 117%
for p = 900 MeV/c and 2% for p > 1 GeV/c.

The detector is triggered with a two-stage hardware trigger,9
selecting (with efficiency greater than 99%) all interactions emitting
two or more charged tracks, each with transverse momentum greater
than 100 MeV/c, within the solid angle covered by the dfift chamber,
one of which must be within the central region of the drift chamber
which covers 677 of 47 sr. The luminosity is measured with indepen-
dent shower counters detecting Bhabha scattering at 22 mrad, and
checked against wide-angle Bhabha events observed in the central
detector. .

It is customary in a talk such as this to show a computer
" reconstruction of a "typical" event to impress other experimenters
.with how well the detector works. Figure 4 shows a resconstruction

of an event corresponding to the y'(3684) decay10

+ - + -

p'>a Y, Yrup .
One can see that there is no problem tracking the charged particles
through the drift chamber. The flight time of each track is deter-
mined by a TOF counter (represented by a rectangle at the end of each

reconstructed drift chamber track). Finally, unambiguous identifica-

tions of the muons are made in the muon proportional counter system.
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Fig. 4. Computer reconstruction of typical event in the Mark II
detector,
As the tracks are all due to the minimum-ionizing particles, no large

energy deposits are observed in the LA,
IIT. RADIATIVE TRANSITIONS FROM THE ¢(3095)

Measurements of inclusive photon production at the ¥ (3095) by
this experimentll and the Lead-Glass Wall (LGW) e:fcperimem:-12 have
shown that there is a sizable direct photon component in the momentum
spectrum. However, because of the relatively poor photon energy
resolutions of our LA shower counter system and the lead-glass counters
in the LGW (SE/E k:9%/E1/2, E in GeV), neither experiment was able to
observe any narrow structure in the inclusive photon momentum distri-

bution.



The Crystal Ball detectorl3

was designed to provide good energy
resolution for electromagnetic showers. The use of NaI(T2) for shower
detection presently allows a resolution of SE/E = 2.8/E1/q (E in GeV)
to be obtained.

Figure 5 shows a preliminary measurement of the inclusive y
energy distribution of the ¢y from the Crystal Ball.14 It is plotted
as a function of the logarithm of the y energy (EY in MeV) so that

the bin wid+th is roughly pro-

1000 T portional to the energy resolu-

tion at all energies. This

800 7] distribution is based on a
g sample of approximately 900,000
g 600 N events obtained during approxi-
E mately two weeks of running
w 400 —
o near the peak of the .
200 - Details of the analysis can be
found in Ref. 13.
0 The structure observed in
In E, Fig. 5 is evidence for exclu-
[S— AN N N sive processes of the type
900 1[ele} 1300 1500
. Ey, (Mev) rermro p >y +X .

Fig. 5. 1Inclusive y distribution at There is clear evidence for the
the ¢ as a function of the logarithm :
of the y energy in MeV (data from

the Crystal Ball collaboration). N,

" new state which I will refer to as the E(1420) which has recently

radiative transitions to the
15-17 n'(958),15_18

and a
been observed by us, 19 [Although I refer to this state as the E(1420),
this assignment is still open to question.] An additional transition
which has been previously observed is ¢ -+ vy f(1270).20’21 - Because

of the relatively small branching fraction for this transition, it is
not observed in this inclusive distribution. Each of these four

transitions will be discussed in turn in the following sections.
A. v > yn, yn'

As the n and n' are members of the same SU(3) nonet, it makes

sense to discuss the radiative transitions to these two states at the

8



same time, along with the transition to the 7°. I will take the
extremely naive approach that it is possible to understand these
procegses in terms of leading-order QCD diagrams. Thus, one can

imagine that the radiated photon is produced

(o) Y either from the outgoing quark line (assumed
__Cgf to be u, d, or s) as in Fig. 6(a) or from

¢ ! the initial charmed quark line as in

Z et I Fig. 6(b). In the first case, the minimal

coupling between the charmed quark line and

(b) 4 the ordinary quark line requires three gluons.

c q In the second case, two gluons are sufficient.

g 3 Let me first consider only the process

5-80 3822A1 shown in Fig., 6(a) and assume it is the

Fig. 6. Leading-order dominant one. By invoking vector-meson
diagrams for radiative

: o 0,0
A n and T
transitions from the dominance, I can relate the ym7 0

Y with a) photon emis~ decay widths
sion from the final- . o o
state quark line and T@W » yr°) = (uW/sz)P(w >pm) .

b) photon emission
from the initial-state

. . . o
charmed quark line. This leads to a prediction for the yw

branching fraction B(Y - yﬂo):c 2 x 10-°
from the measured poﬂo branching fraction.18,22,23 This is consistent
with the experimental measurement1® B(y -~ ywo) = (7 £ 5) x 1075,
The next step is to relate the widths of the yn and yn' transi-
tions to the width of the Yno transition. The n and n' have the

following SU(3) singlet and octet components
n = mng cosb + ny sind

£

n' = -ng sind + n; cosd

where 6 is the standard octet-singlet mixing angle. If one assumes
SU(3) invariance, only the octet components contribute to the process

shown in Fig. 6(a) and one obtains (up to phase space corrections)

T+ yr%):T(y > yn):T(y > yn') = 3:cos?6:sin26 .

Using the experimentally determined mixing angle 6 = -11°, one cal-

culates



Iy » YTTO):I’(IP + yn):T(y > yn') = 3:0.96:0.04 ,

which grossly contradicts the experimental measurements.ls—18

The
'yn' bzanching fraction has been experimentally determined to be larger
than the yn branching fraction, and both are at least an order of
magnitude larger than the 7° transition. The conclusion is that the
process in Fig. 6(b) is the dominant one.

One can proceed with similar calculations for the second process
[shown in Fig. 6(b)]. Assuming SU(3) invariance (now only the singlet
components contribute) and ignoring phase space corrections, one

obtains
Ty » yn°):r(w > yn):T(Y > yn') = 0:sin’6:cos?6 .

This is qualitatively in better agreement with the data. However,
the predicted ratio T(W = yn")/T(Y » yn) is much larger than the
experimentally measured ratio,

If one allows for SU(3) symmetry breaking, these results are

modified. Fritzsch and Jackson24

have calculated the relative widths
of the yn and yn' transitions by considering gluon-mediated mixing
between the three isoscalar states n, n', and nc(2980).' Based on the
experimental masses of these states, they find the following admixture

of n and n' in the n.:
n, = cc + em+e'en'

where € & 1072 and €' = 2.2 x 10~2, The decay widths (for MLl transi-

tions) for yn and yn' are

2
I > yn) = € —l%— (£> K 2

r(y » yn') =

|
~
m
-
~
N

2 3 2

where m, is the charmed quark mass, k(k') is the momentum of the
n(n'), and Q@ is an overlap integral. If it is assumed that the over-
lap integral is the same for both the n and n' transitions, one finds

for the ratio of the two partial widths

10



3.9 .

Q

Ty > 0 _ (zc_')3 (_e_')z
Ty -+ yn) k 3
iBy estimating the overlap integral 92 = 0.1, Fritzsch and Jackson
also make predictions for the absolute values of the widths,

T(y = yn) = 60 eV and T(Y > yn') = 220 eV,

Branching fractions for the transitions ¢ -+ yn and ¢ - yn'
have recently been published by the Crystal Ball collaboration.17
. The measurements were based on a sample of decays ¢ = 3y. Figure 7
shows the Dalitz plot for this sample of events. Two distinct bands

20

T T T ]associated with yn and yn'
d 25

transitions are observe
The branching fractions for
these transitions were

determined from a fit to

Ped v e v e b

the Dalitz plot. They are
4B > yn') = '

—(6.9 + 1.7) x 103 and
1By > yn) =

‘% (1.2 + 0.2) x 1073,

We have measured the

MZ, (low) (Gev?)

@)
= A A T O B

MZ, (high)  (Gev?)

=79 372344 branching fraction for the

Fig. 7. Dalitz plot for ¢ - 3vy. 26

Boundary includes effects of both process

kinematics and yy opening angle cuts . ' -
(data from the Crystal Ball collab- prant . mmy .

oration).
) The data sample used in this

analysis is basically the same as the Crystal Ball data sample, as
-both experiments were running at SPEAR simultaneously.27 Events with
two oppositely charged tracks identified as pions and two or more
photons28 observed in the LA shower counter modules were fit to the

hypothesis

vy . (1)

Events in which the fitted yy invariant mass was between 0.12 and
0.15 GeV (i.e., consistent with the n° mass) were eliminated. The

+ - . . . . . .
T 7 Yy invariant mass distribution for the events which remained after

11



the x2 and 7° cuts is shown in Fig.

8. From Monte Carlo calculations

of the detection efficiency (which included an assumed 1 + cos?8

-
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Fig. 8. 7 m y invariant mass dis-
tribution for events satisfying
(1) with n° combinations elimi-
nated,

dependence for the y decay, where
8 is the angle between the photon
and the beam direction), we
measured the branching fraction
B(y > yn') = (3.4 £ 0.7) x 1073,
Due to the bias imposed by
the trigger requirement,29

we

are unable to observe the reaction
+ -
ee »'Y >3y .

In order to measure the yn
branching fraction, it was neces-
sary to analyze the more compli-

cated process30

P rtn Ty, v 3y . 2)

The ﬂ+ﬂ— from the ¢' cascade decay provided the trigger. Figure 9

shows the invariant mass of the low-mass yy combinations for the 10
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Fig. 9., Low-mass yy invariant mass

combinations for events satisfying

(2).
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events satisfying fits to (2).
Eight are peaked at the n mass.
From this, the branching frac-
tion B(Y + yn) =
(0.9 + 0.4) x 10-3 is obtained.
In Table I is a compilation
of our results and the Crystal
Ball results, along with the
previous experimental results,
for the yn and yn' branching
fractions. Our measurement of
the yn' branching fraction is
somewhat larger th;n, but still
consistent with, the previous
The Crystal Ball

measurements,

finds a branching fraction that



Table I. Branching fractions for radiative transitions
from the ¥ to the n and n'.

deeay mode branching fraction experiment
Y > yn' pOy (3.4 = 0.7) x 1073 Mark IT
YY (6.9 + 1.7) x 1073 Crystal Ball
Yy (2.2 £ 1.7) x 103 DASP3)
0%y (2.4 + 0.7) x 10-3 DESY—Heidelbergb)
3.3 x 1073 theory®)
Y+ yn YY (0.9 £ 0.4) x 1073 Mark II
YY (1.2 £ 0.2) x 1073 Crystal Ball
Y (0.8 £ 0.2) x 1073 pAsp?)
Yy (1.3 + 0.4) x 1073 DESY—Heidelbergb)
0.9 x 1073 theory®)
a)Ref. 16
b)Refs. 15, 18
c)Ref. 24

is twice as large as ours. This discrepancy is not totally understood.
However, it should be noted that the two measurements are based on
different decay modes of the n', and at least part of the discrepancy
may come from the uncertainty in the relative branching fractions of
the two decay modes. On the other hand, all four determinations of
the branching fraction to yn are consistent. Also shown in Table I
are the theoretical predictions calculated by Fritzsch and Jackson.24
The excellent agreement between theory and experiment is better than
"one has a right to expect because of the uncertainties in the calcu-
lations.

Table II summarizes the measurements of the ratio
B(p » yn")/B(¥ > yn). The measured values range from approximately
2 to 6 and the theoretical prediction is 3.9. Thus, I think it is
fair to say that we have a reasonable understanding of the M1l transi-
tions from the ¢ to the ordinary pseudoscalar meson states.

In order to further explore the properties of the charmonium

system, the Crystal Ball and Mark IT collaborations have begun similar

13



Table II. B + yn')/B(y > yn). studies of radiative transitions

from the ¢'. Naively, one would

ratio experiment

- expect these branching fractions
3.8+ 1.9 Mark II to be approximately an order of
5.9+ 1,5 Crystal Ball magnitude smaller than the cor-
2,8+ 2.3 DASPa) responding branching fractions at
1.8 + 0.8 DESY—Heidelbergb) the w.3l Presently, no evidence

3.9 theoryc) for yn or yn' production from the
$' has been observed, with pre-
2pef. 16
liminary 907 confidence level
b)Refs. 15, 18
o) ’ upper limits from the Crystal Ball
Ref. 24

of B(y' + yn') < 8 x 107" and
B(g' =+ yn) < 107", As these limits are only a factor of eight below
the measured Y branching fractions, there is no reason to worry about

the absence of these signals at this time.
B. ¢ > y£(1270)

In order to understand the radiative transition to the £(1270),
I will once more consider the two processes shown in Fié. 6. The
measured branching fraction for the process ¢ + wf is approximately
3 % 10‘3.32 Invoking VMD for the process shown in Fig. 6(a), one is
led to expect a rate for the yf transition which is considerably less

than the measured Value.zo’21

Thus, even in this case, where the
. + -
final state has J¥ = 2" rather than 0 , 1t appears that the process

in Fig 6(b) is dominant.

We have measured the branching fraction for the yf transition.33
+_ .
.Figure 10 shows the m m invariant mass distribution (data points
with error bars) for events which satisfy a fit to the hypothesis
+ - 4
Yooy (3)

with x2 < 15, Two structures are evident in the mass distribution,
one at the p mass and the other at the f(1270) mass. Since the decay
Y > poY does not conserve charge conjugation parity (C-parity), it
is assumed that the events in the po mass region resulted from poﬂo
decays in which an asymmetric decay of the 1% led to an acceptable

fit to (3). A Monte Carlo was used to determine the ﬂ+ﬂ_ﬂ0 feeddown

14
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Fig. 11. = w invariant mass

distribution after subtraction of

7tr-10 feeddown. Curve is de-

scribed in text.

into the ﬂ+ﬂ—y channel. The
resulting distribution (including
production of both po“o and piﬂi)
is compared with the data in

Fig. 10 and can clearly account
for the observed po peak.

Figure 11 shows the ﬂ+ﬁ— mass
distribution after subtraction of
the ﬂ+ﬂ_ﬂ0 background. The dis-
tribution is dominated by the f.
An expression consisting of a
Breit-Wigner resonance term plus
a flat background term was fitted
to this distribution. The curve
in Fig. 11 shows the best fit
which gave M = 1280 MeV and
I' = 180 MeV for the resonance
parameters. The branching frac-
tion for (3) was found to be
B(Y >~ yf) = (1.3 + 0.3) x 1073,
This branching fraction is con-
sistent with the previously
measured values of B(y = yf) =
(2.0 + 0.3) x 1073 from PLUT020
and B(y = vyf) between
(0.9 £ 0.3) x 1073 and
(1.5 + 0.4) x 10~3 (depending on
the helicity of the f in the final
state) from DASP.21

As pointed out in the previous
section, we seem to have a fairly
good understanding of the transi-
tions to the Iz = 0 members of
the JP

= 0 nonet. If measure-

ments of the radiative transitions

15



to the f' and Ag could be made, we would have an additional check on
the theoretical ideas discussed previously. We have preliminary
_results which show no evidence for transitions to either of these

two states. They give 90%Z confidence level upper limits of

By -+ y£') x B(f' + KK) < 10~3 "and B(y > YAg) < 1073. Unfortunately,
these limits are not yet small enough to provide meaningful con-
straints on models. As in the case of the ywo transition, one expects
to see a very small branching fraction for YA: because of isospin
conservation. However, the yf' transition should be observable.

Based on a naive calculation assuming SU(3) invariance (similar to

the n—n' calculation described earlier,34 one expects

Our limit is not yet inconsistent with this prediction.
C. Y > vE(1420)

As the E(1420) is a fairly obscure resonance, I will briefly
review what was known about the E as of the last (1978) Particle Data
Group tables35 before discussing the results on the YE radiative
transition. The E is a fairly narrow resonance with width estimates
ranging from 40 to 80 MeV. Measurements of the mass lie between
1400 and 1440 MeV. None of the quantum numbers of the E have been
firmly established. The isospin is believed to be zero as no charged
E has ever been observed; the C-parity is believed to be even; and
~ analyses of the decay Dalitz plot favor an abnormal spin-parity
assignment. JP = 0 and l+ are the preferred values. The principally
observed -decay mode is KKm, but there is some evidence for an nmm
decay mode. Finally, up until 1978, the best signals for the E were
observed in 55 annihilations at rest. I will mention only one of
these experiments here. Baillon et al.36 studied a sample of ﬁg
annihilations in the CERN 8l1-cm hydrogen bubble chamber. They did
a spin-parity analysis of the E observed in the reaction §E~+ Ewn
and determined JP =0 .

We see evidence for the process19

V> ¥E, E» KgKno . (4)
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Observation of this transition establishes C = + for the E.

Figure 12(a) shows the K
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Fig. 12. KSK.i'rr+ invariant mass
distributions for events satisfy-
ing a) 5C fits and b) 2C fits
(i.e., observation of the photon
is not required) to (4). Shaded
regions have the additional
requirement Mpy < 1.05 GeV.

47 £ 12 observed events, is B(y > YE) x B(E » K

+ ¥, . . .
K™n invariant mass for events satisfying

the 5C fit to (4) with x2 < 15.37

The constraints are the normal ones
of energy-momentum conservation
with an additional constraint

for the K, mass. A peak is seen

S
near the mass of the E(1420).

One
is not compelled to interpret
this structure as the E(1420), but
due to the similar characteristics
of this structure and the pre-
viously observed E, T will make
this tentative assignment.

The parameters of the reso-
nance were obtained by fitting the
invariant mass distribution to a

plus a smooth back-
+0.01
~0.015 %V
These

Breit—Wigner38

We find M = 1.44

ground.
+0.03 GeV.

and T = 0.05_0.02

errors include systematic uncer-
tainties due to the functional
form used in the fit. The branch-
ing fraction product, based on

4 -
SK_ﬂ+) =

(1.2 + 0.5) x 10“3.39 With the assumptions that the E is an

isoscalar and that KS

and K.L production are equal in the decay of

- — + ¥
the E, one can relate the KTKn°, KOK°r®, and K°K 7 branching frac-

tions and determine the branching fraction product

B(y + YE) x B(E » KKn) = (3.6 £ 1.4) x 1073,

. . 35
Previous experiments

have found the decay of the E to be

associated with a low mass KK enhancement which we also observe. If

a cut requiring MKE < 1.05 GeV is imposed on the data, the shaded

region in Fig. 12(a) is obtained.
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Since the signal is-'quite clean, it is possible to relax the
requirement that the photon be observed. The resulting 2C fit to
“(4) is shown in Fig. 12(b). Although there is an improvement in
statistics,40 there is also an increase in the background level.
However, as shown by the shaded region, the KK mass cut again sub-
stantially reduces the background.

The Dalitz plot for the sample of events shown in Fig. 12(b)
with masses between 1.375 and 1.500 GeV (the signal region) is shown
in Fig. 13. The curves show the low-mass and high-mass kinematic

boundaries and the dashed lines

show the nominal K“(890) mass

values. The points are plotted
as functions of the (Kﬂ')O
invariant mass squared vs.

the (K'tr)i invariant mass squared.

The KK axis, if it were shown,

;% 06 - 7 -would be at an angle approxi-
= mately bisecting the two Kw
04 |- 4 axes. One sees an excess of
| | ! : events in the upper right-hand
04 06 0.8 0 corner of the Dalitz plot.41
o M2s 5 (Gevc?)? eine

It is not clear whether these

Fig. 13. Dalitz plot for events eventg_éorrespond to a low-
with 1.375 < MKKﬁ < 1.500 GeV. mass KK enhancement (spread
Curves show low-mass and high-
mass kinematic boundaries. _
Dashed lines show nominal K* kinematic boundary as the KKm
mass values.

out by the movement of the

mass changes), or to constructive
interference where the K* bands overlap.

Figure 14(a) shows the KSKi invariant mass distribution for
events in the signal region and Fig. 14(b) shows the corresponding
distribution for events outside the signal region. There is evidence
for a low-mass KK enhancement for events in the signal region which
is absent for events outside the signal region. One possible inter-

pretation of this enhancement is the §(980).
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‘ ‘ A In an attempt to under-
30 - {a) —
stand the decay mechanism of
20 _ the E, fits were made to the
> ‘\ Dalitz plot which included
:lo B n K*K (the inclusion of both
g 0 1 =y | this state and the charge
230 L (b) - conjugate state are implied
é by this notation), &n, and
Y20k N phase space contributions.
o I i These three contributions were
added incoherently, but the
0 - . ! ‘ ' K*X contribution included
0.9 1.0 1. 1.2 1.3 1.4 1.5

. Mgok®  (GeV) components from both the

*
charged and neutral K states,
4
Fig. 14, KgK' invariant mass distri- which were assumed to inter-
butions for events a) in the signal
region and b) outside the signal
region. ~ cross on the Dalitz plot (as

fere constructively where they

demanded by the even C-parity
of the E). The best fit favors 8t as the primary component of the

decay with

B(E + §1) X B(§ > KK) _
B(E » KK=)

0.8 £ 0.2

The quoted error does not include possible systematic errors. One
has to be careful in interpreting this result, as the best fit to
the Dalitz plot does not completely simulate the KK invariant mass
distribution. This indicates that the decay mechanism is not com-
pletely understood.

An attempt has been made to determine the spin of the E by
analysis of the double decay angular distribution for events con-

sistent with
Yy >vyE , E> 6r .

However, the limited statistics do not allow a statistically signifi-

cant determination of the spin.
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Preliminary results from the Crystal Ball also show evidence for

14

‘s . +, - . .
the transition ¢ -+ YE, Figure 15 shows the K K #° invariant mass

distribution42 for events which

10 : I [ | satisfy the 2C fit to
+ -
v > KK, (5)
8L .
.y i —< . L]
E with MKK 1.1 GeV., Although
0 6 — the Crystal Ball detector has
Q
e excellent energy resolution for
~
E 4k - photons, the absence of a
73]
o magnetic field does not allow
5L - a momentum measurement for
charged particles. This reduces
oL ! | H lﬂ the constraint class for (5)
: L L 2.0
| MLZ 14 MKnﬁnﬂ (Gg” - from 4 to 2. Evidence for an
E signal is seen in this dis-
4+ -
Fig. 15, KK 7° invariant mass tribution. As the Crystal Ball
distribution for events .satisfy- . . .
ing (5) with Mgg < 1.1 GeV (data efficiency calculations are
from the Crystal Ball collabora- still in a very preliminary
tion).

state, estimates of the branch-
ing fraction are only good to a factor of two at best. When correc-
tions are made for the KfK- mass cut43 and the unobserved decay modes
of the E, they find B(y -~ yE) x B(E ~ KKr) ~ 2 x 10-3,
As was mentioned earlier, there is some evidence for the decay
of the E into nﬂ+ﬁ_. Figure 16 shows the nﬂ+ﬂ— invariant mass dis-

tribution (from the Crystal Ball) for events satisfying fits to

AL (6)
In addition to the n' signal, there is evidence for a peak in the E
mass region. A preliminary estimate of the branching fraction product
B(y + YE) x B(E » nmnn) finds it to be smaller than the corresponding
number for Kiﬁ, but a firm number will have to wait until calculations
of the efficiencies are made.
To summarize our results, the E is observed very strongly in

radiative transitions from the y. The only other transition that has
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20 T T I been observed with a com-

parable branching fraction is
the yn' transition. Observa-
tion of this transition has
established the C-parity of the
E as even. Unfortunately, a

determination of the spin is

EVENTS/(0.06 Gev)
o
T
1

5 _ impossible with the present

statistics. Finally, we find

the KKm decay mode of the E

| i |
° 1.0 5 2.0 2.5 to be predominantly &w,

Moty (GeV)

Jerres Recent results on the E

R + - . . dronic
Fig. 16. nm 1 invariant mass dis- have come from two hadr

tribution for events satisfying experiments which I would like
(6) (data from the Crystal Ball

collaboration) . to discuss briefly, as these

results are relevant to the
interpretation of the E, The first results are from a high statistics
(90 events/ub) bubble chamber experiment in which the reaction
- + ¥
Tp > KSK T n

was studied at 3.95 GeV/c.44

They observe significant E production,
and measure values for the E mass and width of M = 1426 * 6 MeV and
I' = 40 £ 15 MeV. A partial-wave analysis of the data determined the
spin-parity of the E to be JP = 1+, and also determined the branch-

~ing fraction ratio

B(E + K*K)
B(E » K™K + &m)

= 0.86 + 0.12 .

However, it should be pointed out that their E signal is over a rela-
tively large background which has a significant K*E‘component, t=Yo)
that one should regard this result with caution.

In experiment E110 using the Fermilab multiparticle spectrometer,

the reaction

- + 3
T P> KSK m + X
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was studied at 50 and 100 GeV/c.45 Without kinematic cuts, they see
no evidence for an E signal. However, if a § cut is applied, a
prominent E signal is observed. 1If a K* cut is applied rather than

a § cut, one still sees an E signal, but with considerably more back-
ground. They find a value for the mass of the E of M = 1440 * 6 MeV.
The width is not well determined because of uncertainties in the
shape of the background. On the surface, this data seems to indicate
a preference for the 6m decay mode of the E over the K*E-decay mode.
However, questions of kinematic overlap in the Dalitz plot and phase
space boundaries have not been considered in detail. Thus, this pref-
erence should be considered only as an indication until a more
sophisticated analysis is done.

Despite all the new information on the E from recent experiments,
the situation is not much clearer than it was in 1978. One point of
controversy is whether the E decays predominantly into &7 or K*E.

This experiment (and possibly also the Fermilab experiment of Bromberg
et al.45) seems to favor the decay E.» éw. On the other hand,

Dionisi et al.44 see little evidence for 67 and find the predominant
decay of the E is into K*K. As for the spin, Dionisi et al. find

JP = l+ which agrees with some earlier results, but disagrees with
others, However, their determination of the spin goes hand-in-hand
with the determination of the predominance of the K*K'decay mode.
Since this predominance is not firmly established, I think that one
should still consider the spin of the E to be an open question until
the decay mechanism is understood better.46

To understand my reasons for this excessive interest in the
quantum numbers of the E, let me refer for the last time to Fig. 6(b).

47 48 exist, the

As discussed by numerous people, if gluonium states
process shown in Fig. 6(b), after elimination of the outgoing quark
lines, would be an ideal process for production of such states. I
would like to suggest the possibility that the E might be such a
gluonium state, rather than an ordinary qq resonance. Although there
is certainly no real evidence for this hypothesis, there are a few
peculiarities associated with the YE radiative transition from the ¥

which I would like to point out.
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First, the branching fraction for ¢ -+ YE is larger than the
corresponding branching fractions for transitions to other ordinary
hadrons, with the possible exception of the n'. This is in contrast
to hag}onic experiments where E production is in general small com-
pared to the production of other resonances. This would lead one to
infer a connection between the E and the 2-gluon intermediate state
in Fig. 6(b). Whereas the production of gluonium states is expected
to be significant in ¢ radiative transitions, there is no reason to
expect significant production of such states in hadronic reactions.

Second, whereas in most hadronic experiments in which an E is
observed to decay into KKm, one observes roughly comparable D(1285)
production. Neither this experiment nor the Crystal Ball experiment
sees much evidence for D production. We have calculated an upper
limit for D production from our data of
B(y » yD) x B(D > KKr) < 0.7 x 10-3 at the 90% confidence level.
This might be taken as strong evidence for a difference in the pro-
duction mechanisms involved in the two different processes, and
hence an indication of a large gluonium component in the E. How-
ever, if one assumes that the D and E are both members df the

_*_'.
standard JPC = 1 nonet, and the E is the primarily singlet state

and the D is the primarily octet state,49

one would expect D produc-
tion to be suppressed relative to E production because of SU(3)
symmetry arguments. Thus, this suppression may not be relevant to
the gluonium question at all.

In my opinion, the most important question which should be
 resolved regarding the E is its spin. If the E can be firmly
establisbed as an axial vector state, there is no reason not to
make the standard qa meson interpretation and put it in the same
nonet as the D(1285), Al’ and QA. If, on the other hand, the E is
finally established as a pseudoscalar, it is difficult to interpret
it within the standard quark model. The JP = 0 nonet is complete,
and one would have to consider the existence of another 0 nonet,
possibly a radial excitation of the ground state, in order to accommo-

date the E. However, I think it is equally plausible to interpret

the E as a gluonium state.
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IV. ©PROPERTIES OF D MESONS

Evidence for production of charmed D mesons by reconstruction
of exclusive final states came first from the SLAC-LBL magnetic
udeteé?or collaboration at SPEAR.SO I will present some recent
results based on a sample of events taken at the ¥"(3772) which
corresponds to an integrated luminosity of 2850 nb‘l.51

In the charmonium model,52 the ¢'" is presumed to be the 3D1
level of the cc system, lying between DD and DD* threshold. Because
it is less than 100 MeV above the ¥ '(3684), but has a total width
about two orders of magnitude greater than the ¢' width, the width
is generally attributed solely to the strong decay of the resonance
into the newly-opened DD channel. If the 3" has a unique isospin
(either 0 or 1), then it couples equally (within phase space factors)
to pairs of charged and neutral D mesons. Thus, a measurement of the
" resonant line shape permits a local evaluation of the inclusive
D° and D+ production cross sections. Our results from a fine scan

over the y" give

GDO = 8.0+ 1.0+ 1.2 nb )
7N
GD+ = 6.0+ 0.7+ 1.0 nb
at Ec = 3.771 GeV.53 The first error is statistical and the

second is systematic. Knowledge of these inclusive cross sections
allows a determination of absolute branching fractions for observed
D decays. In addition, the proximity of the ¢¥" to DD threshold

- results in low momentum, 2-body production, which permits a further

reduction of background through kinematic constraints.54
A, Exclusive Decays

The branching fractions for various Cabibbo~favored decay modes
(i.e., modes containing either one charged or neutral kaon) have
been measured.55 Figure 17 shows the beam energy-constrained invari-
ant mass distributions for the D° decays K—ﬂ+, Ksﬂ+ﬂ—, and K—ﬁ+ﬁ+ﬂ-.
(For clarity, references to p° or D+ and their decay modes will be

assumed to refer to both the state and its charge conjugate.)
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constrained invariant
mass distributions for Fig. 18. Beam energy-constrained in-
D decays detected in variant mass distributions for DV
all charged particle decays detected in all charged particle
modes. modes.

. . . . . . +
Figure 18 shows the invariant mass distributions for the D decays

-+ + + + -
Ksﬂ , Km 7w , and KSn 7 7 . Figure 19 shows the invariant mass

. . . - + + .
distributions for the decays K wo, K ﬂo, and K.m no, each of which

S S

contains a single 7°. These distributions provide evidence for the
previously unmeasured decays of the D° into Kon° and D+ into K0ﬂ+ﬂo
and E0ﬂ+ﬂ+ﬂ—. | _

Table III gives the calculated branching fractions for these
nine decay modes. The detection efficiency for each decay mode was
determined by Monte Carlo calculation. Except for the channels
i0w+ﬂ- and K~W+ﬂo, where the measured resonant substructure in the

decay (to be discussed shortly) was used in the Monte Carlo event
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Fig. 19, Beam energy-constrained invari-

ant mass distributions for D° and Dt

detected "in modes with a single 7°,

generation, all final
states were assumed to
follow a uniform phase
space distribution. The
quoted errors include all
systematic sources added
in quadrature to the
statistical errors which
were obtained from fits to
the invariant mass dis-
tributions. Also shown

in Table III are the pre-
viously measured branching
fractions.56 It should be
noted that the values we

53

find for o, and Op+

are approxgmately 30%
smaller than those employed
in the previous determina-
tion of the branching
fractions.56 This should
be taken into account when
comparing branching frac-
tions from the two experi-
ments,

We have analyzed the
Dalitz plot distributions

- + =
for the K ﬂ+ﬂo and Eoﬂ ﬂ

decays of the D° and the K_ﬂ+ﬂ+ decay of the D+. The apparently

large branching fraction of the p° into the K—ﬂ+ﬂo

relative to the

D+ decay into K—ﬂ+ﬂ+ has always been theoretically hard to under-

stand.57

However, our new results on the resonant substructure in

these 3-body decays combined with the apparent difference in total

widths of the D+ and D° (to be discussed later) allows a resolution

of the problem.58
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Table III. Branching fractions Figure 20(a) shows

for Cabibbo-favored D decays. the Dalitz plot for the

decay p° » Eow+ﬂ_.

udecaimmode 2;33:%%?8 fract?z%gyg Figure 20(d) shows the low-
) mass Eoni mass~-squared pro-
K—ﬂ+ . 3.0 £ 0.6 2,2 £ 0.6 jection. One sees a
Kon® 2.2 £ 1.1 L significant population of
E°n+ﬂ— 3.8+ 1.2 4,0 £ 1.3 the K hands, but no strong
K-w+w° 8.5+ 3,2 12.0 £ 6.0 evidence for p production.
Ron o tn™ 8.5+ 2.1 3.2+ 1.1 To determine the amount of
i?ﬂ+ 2.3 £ 0,7 1.5 + 0.6 resonant substructure in
K_ﬂ+n+ 6.3 £ 1.5 3.9 £ 1,0 the decay, we performed a
Entr® 12.9 + 8.4 - maximum-1likelihood fit to
Epﬂ+ﬂ+ﬂ— 8.4 + 3.5 - the data in the Dalitz plot.
a) We used a density function
Ref. 56

which represented the
allowed final-state channels plus background, with corrections for
detector acceptance made at each point, In the fit, the p and K*
amplitudes were represented as p-wave Breit-Wigner 1ine.shapes,

with energy dependent widths and with the appropriate decay angular
distributions. The amplitudes of all indistinguishable resonant
final states that were accessible in the decay were allowed to inter-
fere with arbitrary phase. The non-resonant components (i.e., pure
3-body decays and background events) were added incoherently to the
density function used in the fit. The fractions of f9w+n_ events in

each final state (as determined by the fit) are

o 4 + 0.13 + 0.05
f£(K m) = 0.70 _ 0.15 - 0.06
-0 O, _ + 0.08
f(Kp) =0.02 _ 0.02 % 0.03
o + - + 0.16
f(K'm'm ) = 0.30 _ 0.13 + 0.05

The first set of errors in each case is the statistical error derived
from the likelihood function in the fitting procedure. The second

set of errors is the estimated systematic uncertainty from the
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Fig. 20., Dalitz plots for the decays a) D° - _IZOTT+TT—,
DO > K 7 'TTO, and c¢) D+_—> K"7r+7r+.__ Invariant mass-squared projec-
tions for d) low-mass Kynt from KOrtn~, e) ntno from K™ntr®, and
) K™nT from K-ntnt.,  curves represent fitted solutions discussed
in text.
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Monte Carlo statistics and acceptance calculation, and our assumptions
about backgrounds and resonance line shapes. (The values we quote
represent the fractions of channels in the absence of interference,
‘and hence the fractions will not necessarily sum to unity.) The
curve in Fig, 20(d) represents the fitted solution.

Figure 20(b) shows the K—ﬂ+ﬁ° Dalitz plot, with n+no mass-
squared projection shown in Fig. 20(e). The p peak is evident in the
ﬂ+n° mass projection, but it is only seen on the right side of the
Dalitz plot. One would expect the p band to extend across the plot
from one boundary to the opposite boundary. However, the m° detec-
tion efficiency varies rapidly from the upper right edge of the plot
(where it is relatively large) to the lower left corner (where it is
very small). This results in good detection efficiency for p's only
near the right side of the Dalitz plot. The results of a fit to the
Dalitz plot (done in an identical manner to that for the previous

Dalitz plot) are

- + _
£(Kp) =0.85 _ 5711 - 0.10
—%0 o, + 0.12
£® %) = 0.11 7 2122+ 0.10
Ao g +0.06 + 0.05
f(K n') =0.07 _ 0.04 - 0.02
£(K %) = 0.06 + 0.04 + 0.05

o
An independent estimate for the K ﬂ+ fraction of this decay

mode can be made from the measured K*—w+ fraction of the Epﬂ+ﬂ— decay,
the K_n+ﬂo and E°ﬂ+ﬁ— branching fractions from Table III, and the
charged K* branching fractions. We expect a value of
f(K*-ﬂ+) = (.15 * 0.07, which is consistent with the fraction
obtained from the direct fit to the K—ﬂ+n° Dalitz plot.

The Dalitz plot for the K_ﬂ+ﬁ+ decay of the D+ is shown in
Fig. 20(c). Our large sample (292 events with an estimated background
of approximately 127%) provides the first evidence for a non-uniform
population of the Dalitz plot. The detection efficiency is very

uniform across the plot, dropping only near the three corners where w
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and K momenta fall below.approximately 100 MeV/c. Figure 20(f) shows
the sum of the two K_w+ invariant mass-squared combinations and a curve
‘indiggting the distribution expected for a purely uniform phase

“space decay. While no evidence for a significant K* signal exists,

we note again the large deviation of the data from uniform phase

space. We present only an upper limit on the E*°w+ channel in this
decay by assuming that all of the events observed in the resonance
region (0.685 < MKTr < 0.905 GeV?) arise from the decay E*°w+. This
assumption results in a 907 c.l. upper limit of 0.39 for the frac-
tion of this decay mode in E*ov+. (Additional systematic errors

may change this limit by %0.06.)
B, Inclusive Properties

The uniqueness of the DD final state at the §" provides a means
of studying the inclusive properties of D decays by use of "tagged"
events, In a tagged event, one D (D) is identified by the observed

-+ - - -
+, Kw, K n+n+, or K ﬂ+ﬂ ﬂ+. The recoiling system

decay into K
provides a pure D (D) sample. This sample of D's is unbiased by the
trigger requirement which is satisfied in all cases by the tagged D.
Cuts on the beam energy-constrained masses of *6 MeV around the
nominal D mass (¥4 MeV in the case of the K-ﬂ+ﬂ_ﬂ+ decay mode) were
made to select the sample of tagged events used in the analysis. The
resulting sample consists of approximately 300 D+ and 480 D° events
over a background equal to about 127 of the signal. 1In this section,
I will discuss the inclusive charged particle multiplicity and
strangeness associated with D decays. In the next section, I will
_discuss the individual p° and D+ semileptonic decay fractions.

For each tag, the multiplicity observed in the recoiling system
is plotted, with no attempt at particle identification. (For this
analysis only, no Eoﬂ+ tags were used.) These observed charged
particle multiplicity distributions are shown in Figs. 21(a)-(c).

The shaded regions represent the background multiplicity distributions
estimated from events with invariant mass between 1.800 and 1.855 GeV,
normalized to the expected number of background events contaminating
the tagged D sample. The produced charged particle multiplicity

. . . 0 + -
distributions (where K~ = 7 m decays are counted as two tracks)
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Fig. 21. Observed charged particle multi- the number of events

plicity distributions for a) DO » K-nt,
b) DO -» K'ﬂ+ﬂ+w', and c¢) Dt » K-ntpt
tagged events, Produced (unfolded) prongs, B is the number
charged particle multiplicity distribu- 4
tions for d) DO » K—rt,

e) D° > k~rtntn~, and £) Dt > K-nhrt with q charged prongs,
tagged events. Shaded regions are dis-
cussed in text,

produced with p charged
of background events

and € P is- the probabil-
ity (determined by Monte
Carlo) that a produced event with p prongs will be detected with q
prongs. The produced (unfolded) multiplicity distributions are shown
in Figs. 21(d)-(f), where the error bars reflect only the statistics
of the unfold procedure. The systematic errors are comparable. The
mean charged particle multiplicities are calculated to be
<Nch>D° = 2.46 + 0.14 (based on both samples of p° tags) and
<Nch>D+ = 2,16 + 0.16, where the errors include estimates of the
systematic uncertainties., These results are in good agreement with
the previously reported value for <Nch> of 2.3 * 0.3 for both the
D° and D+. 4
Theoretical estimates of the average D multiplicities have
generally been larger than these measured values.61 However, at
least one type of statistical model discussed by Quigg and Rosner61,
(the constant-matrix-element model) predicts average multiplicities

which are close to the experimental values. They predict

N = 2,4 and (N ,) = 2.5 for hadronic decays of the D.
ch’po ch/pt
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However, it should be noted that our measurements include contribu-

tions from the semileptonic decays, which comprise a large fraction of
+ .

the D decays (as will be discussed in the next section). If a large

“fraction of the semileptonic decays are D+ > K02+v one would expect

>
a smaller average multiplicity for D+ decays than ior p° decays, as
is observed in the data.

The tagged D samples were chosen to have unique strangeness, so
that charged kaons in the recoiling system could be characterized as
having either the same or opposite strangeness. The Cabibbo-favored
decays should produce one kaon whose strangeness is opposite that of
the tag, while Cabibbo-suppressed decays are expected to exhibit either
no strange particles, or two of opposite strangeness. p°® - D° mixing
and doubly suppressed decays can produce a particle with strangeness
equal to the strangeness of the kaon in the tag, but these effects
are expected to be very small.62

Table IV summarizes the results of an analysis to determine the
kaon fractions in the systems recoiling against the tagged D's. These

numbers have been corrected for kaon detection efficiency, misidenti-

+ + . .
fication of 7 as K, and kaons from the background events which

Table IV, Kaon multiplicities in D decays.

branching fraction (%)

decay mode DO D+ experiment

D+ KX 56 + 11 19 £ 5 Mark IT
36 + 10 10 + 7 Low®

D+ K'x® 8 + 3 6+ 4 Mark II
_-2) 6+ 6 Lo

D+ k%% 29 + 11 52 + 18 Mark IT
57 + 26 39 + 29 Lo

a)

The LGW did not separate the same-strangeness and opposite-
strangeness events; both are combined under D -+ K7X.

b)Ref. 60.

c
)These decays have kaons with the same strangeness as the kaon in
the tag.

d)

Here the strangeness cannot be determined.
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contaminate the tagged D sample. The errors include both statistical
errors and estimated sysﬁematic errors. Also shown in Table IV is a
comparison of our results with those of Ref. 60.

It is expected that if one could extract from the data the sample
of events that correspond only to Cabibbo-favored decays, the kaon
fraction (including both charged and neutral kaons) should be 100%.
This is not possible, but one can make assumptions about the Cabibbo-
suppressed decays, and estimate this fraction. If it is assumed that
B(D » KK + nm) = 0.05%3 and B(D > 7's only) = 0.05, one finds that
86 * 17% of Cabibbo-favored D° decays contain a kaon and 70 + 217 of
Cabibbo-favored D+ decays contain a kaon. These numbers were
derived independently of the measured wrong-sign kaon fractions, and
the errors do not include systematic uncertainties in the assumptions

made about the fraction of Cabibbo-suppressed decays.
C. Semileptonic D Decays and the D Lifetime

The pure leptonic decays of D mesons are expected to be strongly

62

suppressed relative to the semileptonic decays, implying that

electrons originating from D decays will come predominantly from the
64

65

semileptonic modes. Previous experiments = have measured the average

semileptonic branching ratios for D mesons ~ at several center-of-mass
energies in e+e_ annihilations. However, until recently, no measure-
ments of the individual semileptonic branching fractions of the p°

and pt have been made. Whereas it is expected that the semileptonic
partial widths of the p° and D+ are approximately equal,66 there is

no overriding reason to expect that the total D® and D+ widths are
equal. This inequality in the total widths would lead to a difference
in the D® and D+ semileptonic branching fractions. Hence, a measure-

ment of the ratio of the two semileptonic branching fractions allows

an estimate of the relative lifetimes to be made

ot _ BT > Xev)
Tho B(DO° » Xev) °

+ . s .
In order to measure the D° and D semileptonic branching
fractions, the sample of tagged events described in the previous
section was secarched for electron candidates. All events with

electron candidates were hand scanned to remove visible photon
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conversions. All remaining tracks were separated by charge relative
to the strangeness of the tag. We denote these two groups as 'right-
sign" (having the expected leptonic charge) and "wrong-sign" (having
“oppog;te the expected leptonic charge) candidates. Possible back-
grounds were carefully considered. Backgrounds arising from hadronic
misidentification are charge asymmetric (i.e., the right-sign and
wrong-sign backgrounds differ) and strongly correlated with the
strangeness of the tagged D. To estimate this background, the
measured D-decay momentum distributions were folded with the known
hadron misidentification probabilities to estimate the contamination
in each group of electrons. Backgrounds from electromagnetic processes
are charge symmetric and uncorrelated with the strangeness of the
tagged D, This background was corrected for, after corrections for
all other backgrounds were made, by subtracting the wrong-sign rate
from the right-sign rate to get the net electron rate. Contamination
from leptonic kaon decays was estimated to be negligible., Contamina-
tion of the tagged D sample was estimated from events below the D

mass (1.800 < M < 1.855 GeV) and corrections made for this.

ta .
Finally, some K_ﬂ% events were mislabeled as ﬂ-K+, which gave an
incorrect strangeness assignment. Monte Carlo estimates were used to
correct for this contamination.

A summary of the semileptonic rate calculation is shown in
Table V. After correction of the number of net semileptonic events

for detection efficiency and the number of tags, we find

B > Xev) = 16.8 + 6.4%

1]

B(D® » Xev) = 5.5 + 3.7% .

While these values are dominated by the statistical errors, they also
include our estimates of the systematic errors. Weighting these
values by the relative p° and DT production cross sections at the

" (7), we obtain an average single electron branching fraction of
10.0 + 3.2%. This is consistent with 8.0 * 1.5% measured by DELCO®4

64

and 7.2 * 1.87 measured by the LGW ' at the same center-of-mass

energy.

34



Table V. D semileptonic rate
calculation.

- p° - K-ﬂ+ and K—ﬁ+ﬂ—ﬂ+ tags

net tagged events 477
right-sign electrons observeda) 36
background? 17.4 + 1.0
wrong-~sign electrons observeda) 18
backgroundb) 11.8 + 0.9
additional backgroundsc) -0.1 + 1.0
net electrons 12.3 £ 7.6
D+ - §°n+ and K_ﬂ+ﬂ+ tags
net tagged events 295
right-sign electrons observeda) 39
backgroundb) 16.3 + 1.0
wrong-sign electrons observeda) 4
backgroundb) 4,2 £ 0.5
additional backgroundsc) 0.5 + 0.8
net electrons 23.3 + 6.7
a)

Particles satisfying electron cuts.,

b)

Expected background from hadron
misidentification.

c)

Net background from mislabeled KnT tags
and false tags.

In the ratio,
there is a cancella-
tion of some of the
systematic errors and
we obtain
Tt
T o

+
=31, . (8

6
DO 4
This ratio was
obtained by perform-
ing a maximum-
likelihood fit to the
relative rates.
Figure 22 shows the
logarithm of the
likelihood as a func-
tion"of the ratio
TD+/TDQ. The errors
in (8) represent

*1c about 3.1,
assuming a local
Gaussian form for the
likelihood function.
Statistically, a
change of approxi-

mately 2¢ is required

to obtain equal lifetimes, while the upper limit is poorly defined

because of the small number of observed semileptonic p° decays.

The DELCO collaboration has recently made a measurement of the

individual semileptonic branching fractions of the D+ and D° based on

a measurement of the number of y'" decays containing either one or two

electrons originating from semileptonic decays of D mesons.6/ The

values of the D° and D+ semileptonic branching fractions (bo and b+,

respectively) were determined by finding a common solution to the pair

of equations
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2,
]

No e? 2b°(l - b?) + N+‘et 2b+(l - b+) + smaller terms in b?

]
|

- 0,,0,9 +..+ 0
No ez(b )<+ N+ €2(b ) s

where Nle and N2e are the number of observed one-electron and two-
electron events and No and N+ are the number of D°D° and D+D— decays
in the data sample. The efficiency e? (ej) is the probability of
detecting a le event from a p°p° (D+D_) initial state in which one

D decays to an electron. (eg’+ are defined similarly for 2e events.)
They determine

+

BT + Xev) = 22.0 gg %

B(D® > Xev) < 4.0% (95% c.l.) .
These values imply that the ratio of lifetimes is
TD+
— > 4.3 (95% c.1.) .
Tho

These branching fractions are consistent with the values determined
by the Mark IT.

Based on our branching

’ LB L) B R B I AT R R B R fraction measurements, the
6 I ] theoretical estimate for the
L | partial width T(D + Kev) =
. 68
S - 1.4 x 10! sec™!,”” and the
., 6
i assumption
24
a4 F r(d » Kev) _ 0.6
'3 I (D + Xev) P
> L we estimate the DT and DP°
o lifetimes
| b
- T+ 7.2 x 10713 sec
0 Lol il
A
° ! . 10 100 Tho = 2.4 X 1013 sec
530 T+/T0 3806AIC D

. . . . ; imat a1l
Fig. 22. Logarithm of the likeli- These estimates compare we

hood function versus the ratio of with measured lifetimes from the
the DT and D° total lifetimes.
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Fermilab neutrino experiment E531 in which 5 D+ and 7 D° candidates

have been observed to decay in emulsion.70 They measure the life-
. _ + 10.5
‘times to be o+ = 10.3 _ 4.1

o= 1.00 f 8'3% x 1013 gec.

x 10-13 sec and
™D
V. 1> K*(89O)vT
The properties of the heavy lepton T~ have been carefully
studied in a number of experiments.71 I would like to briefly dis-

cuss the decay T > K*_(890)\)T (for simplicity, all references to
t imply also the charge conjugate state) which has been observed
by the Mark II collaboration. This is the first observation of a
Cabibbo-suppressed T decay.

Figure 23 compares the W-exchange diagrams for the processes
T > K*vT and T > va. The diagrams are identical except for the
coupling of the W to the final-state hadron in each case, where the
K* final state is Cabibbo-suppressed (i.e., the coupling is propor-
tional to sinzec) and the p final state is Cabibbo-favored (with
coupling proportional to coszec).

There is no reason not to expect 9.

a Vr 72
(a) to be the standard Cabibbo angle.
T Our analysis was based on a
w- . sample of 40,200 ot pairs pro-
K* (890) duced with Ec. ke 4.2 GeV. The
u decay sequence which was analyzed
sin? 6, was
4+ - -
ee >T1T
+ -—
(b) Vr L_-»'Q' \)2’\),1.
T %
K v
c -
W d ‘ -
p . g™
u ‘ + -
2 T
5~-80 cos® 8¢ 3787A5

We required four charged particles
Fig. 23. Diagrams for

a) T - K*(890)v1 and b) T > pvr. in the final state, one of which

was identified as an e or a u.
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Events in which any of the other three tracks were identified as
leptons, kaons, or protons were eliminated., Events with an observed
‘photon with energy greater than 100 MeV were also eliminated.73
‘Finai;y, it was required that two of the oppositely charged pions
reconstruct in space to form a secondary vertex at a distance of at
least 1 cm from the primary decay point and have a mass consistent
with the nominal K* mass (0.465 <M, < 0.510 GeV). .

Figure 24 shows the invariant mass spectrum for the Ksn— events
selected above. There are 1l signal events (with
0.825 ¢ MKTT < 0.950 GeV) with an estimated background of 2.5 events
(determined from events in the regions 0.700 < MKﬂ < 0.825 GeV and
0.950 < MKTr < 1.075 GeV). The detection efficiency was calculated by

Monte Carlo separately for the

events with an e and the events

with a y, yielding eeK*==2.1%

and € _x=1.4%. Seven of the
K

eleven events observed in the

o
T

J
|

signal region were electron

IN
I
|

events. As the statistics

were too limited to estimate

EVENTS/(0.025 GeV)

(M
i

;1
1

Tﬂ -] what fraction of the subtracted

H H background events were electron

o 1 L
0.6 0.8 1.0 1.2 1.4

M at  (GoV) events were scaled by 7/11 to

events, the 8.5 * 3.6 corrected

-© 374784

give the number of corrected
Fig. 24. Kgm® invariant mass distri- electron events and 4/11 to
butio% in candidate events for ive the number of corrected
T~>K (890)vT. &
muon events.
The branching fractions were calculated separately for the e

and u event samples according to the prescription

% -
N2 = ZSQK* B(t +~ K vT) x B(t -+ QvgvT) .

For the leptonic branching fraction, we used a value

B(t + QGvT) = 18,5 * 1.57 obtained from analysis of ey events in
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*
the same data sample. Our best estimate for B(t - K vT) is a

weighted average of the two determinations:

%*
B(t + K vT) =1.6 + 0.87 .

This branching fraction can be compared with theoretical esti-

mates based on the measured branching fraction for T - V. of

74 72

20.5 * 4,17 from our experiment. Based on calculations of Tsai

B(t + K*(89O)vT)
B(t > va)

= £Q, M, Me#) o tan26C ,

where f is a phase space factor and is approximately 0.93. The

value used for the Cabibbo angle is sin26c = (.07 rather than the
customary value of sin26c = 0.05 in order to take into account the

difference between the coupling constants fK and fn'75

From this,
we expect B(T - K*vr) = 1,4 * 0,47 which is in good agreement with

the experimental measurement.
VI. CONCLUSIONS

I have presented some recent results from three different areas
of e+e- annihilation physics. The first part of the talk dealt with
radiative transitions from the y to ordinary hadrons. The new results
on the n, n', and f confirm earlier results, but there is still a
possible factor-of-two discrepancy involved with the ¥ > yn' branch-~
ing fraction., I tried to emphasize that these transitions can be
understood in terms of minimal gluon-coupling ideas, with mixing
between the different isoscalar states in the SU(4) multiplet playing
a fundamental role in quantitatively understanding the results. The
results on the YE(1420) transition are particularly interesting as
the possibility exists that the E is a gluonium state. However, it
is doubtful whether it will ever be possible to show conviﬁcing
evidence for this interpretation.

Although it was not emphasized during the talk, there has been
some effort by the Mark II collaboration to look for other radiative
transitions from the ¥, All states with reasonable acceptance in the
Mark II detector (i.e., states decaying into combinations of ﬂi, Ki,

KS’ p, and p), and even some with poor acceptance (e.g., states with
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1°'s or n's in the final.state), have been considered. No statisti-
cally significant signals aside from those shown today have been
obseEyed. Thus, if the E is not a gluonium state, neither the Mark II
nor the Crystal Ball sees any evidence for such a state in radiative
transitions from the w.76
A significant amount of information on the properties of D mesons
has come from the Mark II, only part of which could be discussed here.
In terms of exclusive channels, a few new decay modes have been
observed, and a detailed analysis of the resonant substructure of
the Knm decay modes has been made. These results are important in
understanding the mechanisms involved in D decays. Of the inclusive
properties discussed, the most interesting is the result on the p°
and D+ semileptonic decays rates. The combined results from the Mark II,
DELCO, and the v emulsion experiments provide fairly conclusive evi-
dence that the D+ lifetime is considerably longer than the p° 1life-
time.
Finally, the measured branching fraction for t +’K*vT is con-

sistent with expectations from standard Cabibbo theory.
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