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ABSTRACT

Recent results on radiative transitions from the y(3095),
charmed meson decay, and the Cabibbo-suppressed decay 1 -+ K.v‘ are
ravieved. The results come primarily from the Mark 11 experiment at
SPEAR, but preliminary results from the Crystal Ball experiment
on ¢ radiative transitions are also discussed.

1. INTRODUCTION

This talk 1s the first of two reviewing recent results from
SPEAR, 1T will concentrate on results from the Mark 11 experimentl
and have selected three topics to discuss: radiative transitions
from the y(3095), charmed meson decnys, and the Cabibbo-suppressed
decay T + K.v', Some preliminary results from the Crystal Ball
expnrllent’ on ¢ radiative transitions will also be prescented.

The discussion on radiatrive trarsitions will be restricted to
transitions from the ¥ to ordinary hadroms, where ordinary hadrons
are defined to be those which to first order do not contain charoed
quarks. The status of thke n:(2980) and radiative transitions to this
state vill be discussed in the next talk.? I will begin with a brief
diacussion of inclusive photon production at the v. This leads
naturally into a discussion of the four exclusive radiative tranci-
tions which we (i.e., the Mark II) observe. Three of these transi-
tions, tg the n, n'(958), and £(1270)}, have been proviously ohserved.
Our remults are {n reasonable, but not perfect, apruenent with che
previous branching fraction mcasurements. The fourth observed
transition is to a state which we tentatively fdentify as the E(1420),
Thig transition has not been previously observed.

The discussion on charmed meson decays will cover new results

on exclusive decay modes of the B and general inclusive properciea uof
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the final atates 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,
ve have determined the inclusive P° and D+ semileptonic branching
fracctions, vhich allows s determination of the ratio of the ?° and
5" tocal lifetines.

Finally, ve have messured the brarching fraction for the Cabibbo-
supprassed decay T -+ K.VT- The oessured branching fraction is con-
sistent with expectations based on the previously measured, Cabibbo~
favored decay v + [

II. EXPERIMENTAL APPARATUS

The Hark II magnetic detactor wan designed to be a second-
generation, general-purpose detector for doing phyaics at SPEAR
{and a first-generation detector for doing physics at PEP). The
design vaa based on the earlier SLAC-LBL magnetic detector? which
wvas responsible for much of the pioncering work in e+e' aanihilation
physica done at SPEAR. The Mark II detector has signiffcant advan-
tages over the previous detector in its charged particle momentum
resolution, time-of-flight resolution, neutral particle detection,
lepton ideutification, and trigger design.

A achematic of the Mark I1 detector 1s shown in Fig. 1 viewed
perpendicular to the beam direction. A particle traveling radially
outwards from the interaction region passes through a 1l6-layer
cylindrical drift chacber, a layer of acintillation counters which
provide time-of-flight {TOF} information, a l-radiatien length
aluminum coil (which provides a solcnoidal fleld of approximately
4.2 kG in the central detector), a set of lead-liquid argon (LA)
shower counter modules, and finolly o sec of proportional counters
for muon identifieation. In adiftfon to the muon caunters which
are shown above and below the detector in Fig, 1, there are addi-
tionn) muon proportional counter layers on bath eidea 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 17 mapnetic detector v!ewed perpendfc-
ular to the beam direction. Kot shoun are the muon proportiomal
counters on both sides of rhe detector and the endcap shower counters.
Charged tracks are reconstructed from hits in the 16 cylindrical
drife chamber laycrs® of radif 0.37 n ta 1.51 m which pravide solid
angle coverage over B5Z of 4n sr. The azimuthal coordinates of
charged tracke arc measured to a~ mms accurary of approximately
200 ym at esch layer. The polar coordinates arc determined from the
10 sterco layers ordented at :3° to the beam axis, The momentum
renolution can be expressed as fp/p = [(0.0145) + (0.005 p)?1%,
vhere p ie the momentum in GeV/c. The first termm Ls the contribution
from multiple Coulowb scattering and the second is the contribution
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from the measuroment error. The tracking efficlency is greater than
95% for tracks with p > 100 MeV/e over 75% of 4% er.

Photons are f{dentified by enorgy deposite in the shower counter
modules. The shower counter syntemﬁ consists of eight LA barrel
woitles which aurround the cencral detector and two endcap modules.
The endcap wmodules have not been used extenaively in the analysis,
and I will restrict the remaindar of the discussion to the barrel
module system. FEach module consists of approximately 14 radiation
lengths of lead and argon, with readout strips parallel, perpendicular,
and act 45° to the bean axis. The system of eight modules covers
approximately 642 of 4n sr.

The rms energy rosolution for electrons and photons detected in
the LA has been determined from moasurement of pulae helght distribu-
tions from parcicles of known energy passing through the liquid argon,
Figure 2 shows the cnergy deposited in the LA for a samplc of Bhabha

events ar 4.16 GeV center-of-

mass energy (Ec - ). The curve

§ 4s a Gaussian resolutien func~
& tion, with SE/E = 0.12 E
3
o (E in GeV), convoluted with the
<
¢ radiacive tail. This expres-
z
¥ aion provides a rcosonable
@
representation of the energy

3 20 23 resolution for both electrons
" Eoup 10V} o
‘ and photons of cncrgies dowm
Fig. 2. Energy deposited in the to a few hundred MoV,
1A for a sauple of Bhabha events
at Ec.m, = 4.16 Gov. Ourve 1s The rma angular resolution
described in text. obtained for electromagnetic

showers is typically 4 mrad, both in azimuth and dip angle, for high
energy particles. At lower energirs, the angular resclution can be
a foecor of two worse,

Figure 3 shows the detection efficiency for y's and w°'s7 1n the
1A as a function of energy, The measured values for the y efficiency
woro obtained from 2-constraint {2C) fits to 2-prong and 4-prong events
at the ¢ according to the hypotheses 4 + ataTyCo and ¢ > v,



where a particle in parenthesis

1s mcant to imply an unohserved
particie, The 7% mass conatraine
was irposed on the y(y) system,
The detcetion efficieney was cal-
culated from the fraction of
events in which the missing v

was obgerved and tracked in the

EFFICENCY
e

1A. Corrections were made to
correct for the geometrical biaa
imposed by the requirecent that

all charged particles be observed

a0 . P detector. A similar pro-
o 0z 05 10 20 in the detector P

- E (GeV) v cedure was ut{lized to neasure

the »° cfficiency from IC fits

?ig. 3. Detaction efficiency for accurding to the hypotheses
Y's and 70's in the LA oas a func- + -, 0 N +_ - + =, 0
tion of energy. Data points are v (r) and § o nTaeTR ().
measurad values and curves arc The n° detection efficiency vas
Youte Carla escimaces. calculoted from the fraction of
events in which the miseing 7° was observed, with similar corrections
for geometrical bins. Hovever, these »° efficiency measurements
must be considered as lower limits since the decays b = 2*r7y and
v+ '+v-'1'||_1 vill successfully fit the corresponding hypothesis in
which the v is replaced by a no, but no »° will be observed. The
solid curves represent tho tesvlts of Monte Carlo determinations of
the v and a° afficiencies cmploying the EGS clectramagnecic shower
development code.8

Particle identification for hndrons Lw accomplished with 48 TOF
scintflletion counters which surround the drift chamber and cover
approximstely 752 of & sr. The rms time resolution is 0.30 ns for
hadrons. The average f1izht path of 1,85 m provides a separation of
ploas from kaons up to zomenta of 1.35 GoVic and kaons from protons
up to 2.0 GeV/c at the l-o level,

Identification of electrons ut{lizes both che LA system and the

TOF wystem. For tracks wiii momenta less than 300 MeV/ec, the electron



identification is based solely on TOF. For tracks with momtnta greater
than 500 MeV/c, only the LA system is used for clectron identifica-
tion, For tracks with momenta bntween 30U and 500 MeV/e, both TOF

and 1A pulse height information is regquired for clectron identifica~-
tion. The hadron misidentification probability (i.e., the probability
that a hadron will bo misidentified as an electvon) is 77 for

p < 500 MeV/c, 4Z for p = 600 MeV/c, and 2% for p = 80O MeV/c.

Muons arc identifi-? by hits fn the muon proportional counter
system, This systam consists of layers of proportional tubes (twa
below and on each side of the detector and three above it) inter-
leaved with steel and covers approximately 55% of 4r sr. The
datection efficlency for muons within the solid angle of the detection
eystem with momenta greater than 700 MeV/e is greater than 98%. The
hadron wisideatification probability is 4% for p = 800 MeV/c, 112
for p = 90G MeV/c and 2% for p > 1 GeV/c.

The detector 13 criggered with a two-stage havdware c:lgger,9
selecting {wich efficiency greater than 99%) all intcractlions emitcing
two or more charged tracks, cach with transverse momentum greater
than 100 MeV/c, vithin the solid angle covered by the drift chamber,
one of which must be within the central region of the drifr chamber
which covers 67X of 4n sr, The luminesity is measured »ith indepen-—
dent ghower counters detecting Bhabha scattering at 22 mrad, and
checked against wide-angle Bhabha events observed in the central
detector.

It 15 customary in a talk such as this to show a computer
reconstruction of s "typical" event to impress other cxperimenters
.with how well the detector works. Figure 4 shows a resconstruction
of an cvent corrcsponding to the §'(3684) decayl”

preatny L et

One can cee thac there is no problem tracking the chatrged particles
through the drift chamber. The flight time of each crack is da.er=~
wined by 8 TOF counter (represented by a vectangle at the end of each
veconstructed drift chamber track), Finally, unanbiguious fdenetfica-

tions of the muons are made in the muon proportional counter System.
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Fig. 4. Computer reoconstruction of typical event in the Mark 1I
dstector,

As tha tracks are all due to the minimum-ionizing particles, no large
mnergy deposits ave observed in the LA.

III. RADIATIVE TRANSITIONS FROM THE y(3095)

Maasurements of Inclusive photon production at the ¢(3095) by
this expertment!! and the Lead-Glass Wall (LOW) experiment!? have
ahown that there 1s o sizeble direct photon component in the momentum

P s b of the relatively poor photon ecnergy

resolutions of our LA shower counter system and tho lead-glase counters
in the LGW (SE/E = 91/5”7, E in GeV), neither experiment was able to
observe any narrow structure in the inclusive photon momentum distri-
bution.



The Crystal Ball detectorl3d was designed to provide good energy
resolution for electromagnetic showers. The use of NaI(Tt) for shower
detection presently allows a resolution of SE/E = 2.8/1-:”" (E in GeV)
to be obtained.

Figura 5 shows a preliminary measurement of the inclusive y
energy distribution of the ¥ from the Crystal Bau.”‘ It is plotted
as a function of the logarithm of the vy energy (l!Y in HeV) so that

the bin width is roughly pro-

1000 T portional to the energy resolu-
tion at all energles. This
600 -] distribution is based on a
A sample of approximately 900,000
S 60 4
<t events obtained during approxi-
3
5 mately two weeks of running
& 400 .
a near the peak of the v.
200 - Details of the anslysis can be
found in Ref. 13,
oLl . — The structure observed in
68 70 %2 74
tn €, Fig. 5 is evidence for exclu-
O e B W | sive processes of the type
200 ngo 1300 (500
. Ey (Mevt VY +EX

Fig, 5, Inclusive y distriburien ot There is clear evidence for the

the ¢ as a function of the loparithm radiative transitions to the
of the y energy in MeV (data from 15-17 15-18
the Crystal Ball collaboratlon). . n'(958), and a

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

been observed by us. 19 [Although I refer to this state as the BE(1420)},
this assignment is still open to question.] An udditional tramsition
which has been previously observed is ¢ + v f(l.z?ﬂ).mv21 Because

of the relatively small branching fraction for this transitiom, it is
not observad in this inclusive distribution, Each of these four
transitions will be discussed in turn in the following sections,

A Y+ yn, '

As the n and n' are members of the same SU(3) nonct, it makes
sense to discuss the radiative transitions to these two states at the

B



sase time, along with the transition to the . I will take the

extramely naiva approach that it is possible to understand these

processes in terms of leading-order QCD diagrams. Thus, one can
imagine that the radiated photon is produced

Y either trom the outgoing quark line (assumed
to be u, &, or s) as in Fig. 6(a) or from
the initial charmed quark line as in

H H Fig. 6(b). 1In the first case, the winimal

coupling berween the charmed quark line and

ta)

c Q

ib) r the ordinazry quark line requires three gluons.
¢ a In the second case, two gluons are sufficient,
P H 1et me first consider only the process
3-® nas'  ghown in Fig. 6(a) and assume it is the
Fig. 6. Leading-order dominant one. By Invoking vector-meson
::::::::a::'f:::":;:va dominance, I can relate the yr° and p©r®

% wvith a) photon emis- decay widths

sion from the final- a °

state quark line and I+ v = (amfy D+ %1

b} photon emission e

from the initfal-stat

il Pty Mna©  This leads to a prediction for the yr©
branching fraction B(y + yO) = 2 = 10-%

from the meacured p%n° branching fraction.!8:22,23 Tnis 1s consistent

with the experinental measurcmentl B(y + yr%) = (7 = 5) x 1075,

The next step is to relate the widths of the yn and yn' transi-
tions to the wldth of the yn° transitfon. The n and n' have the

following SU(3) singlet and octet components
n = n3 cos + n; sind

n' = -ng 54n0 + ny cosd

vhere ® iz the standard octet-singlet mixing angle. If one assumes
SU(3) invariance, only the octec components contribute to the process
shown in Fig, 6(a) and onc obtains (up to phase space corrections)

PO + v°):T (¢ + yn)sT(¥ + yn') = 3:cos?Biein0 .

Using the cxperfmentolly determined mixing angle 8 = -11*, one cal-
culates



DO+ ) :D(y + y))aT(y + yn*) = 3:0.96:0.06 ,
whicu grosely contradicts the experimental -uuurmntn.ls'm The
m' b £ has been exp 1ly det d to be larger
than the yn branching fraction, and both are at least an order of
magnitude larger than the x° transition. The comclusion is that the
process in Fig. 6(b) 1s the dominant caa.

One <an praceed with similar cslculations for the sacond procesa
(shown in Fig. 6(b)]. Assuming SU(3) Lnvarfance (now only the singlet
components contribute) and ignoring phase smpace corrections, ons
obtains

T+ v°) Ty + )Ty + ') = Dtsin®8:cos?e .
This is qualiratively in better agreement with tha data, However,
the predicted tatio I'(y + yn")/T(y + yn) 1s much larger than the
exparimentally measured ratio.

If one allows for SU(3) symmetry breaking, these results are
wodified. Fritzsch and Jackson® have calculated the relative widths
of the yn and yn' transitions by considering gluon-nediated mixing
betwveen che three isoscalar states n, n', and nt(2980). Based on the
experinental masses of these states, they find the following admixtura
of n and n' in the n.:

n, = cc 4+cn+c'n' ,

where ¢ = 1072 and c' = 2.2 x 10~2, The decay widths (for Ml transi-
tions) for yn and yn' are
b4a (2

2
NERLERS == (3) @ a?
3o

c
240 (2 0} 2
R R L A [ I N
In
&

where LA is the charmed quai—k mass, k{(k') is the momentum of the
n(n'), and ©t is an overlap integral, 1If it 1s assumed that the over-
lap integral 1e the same for both the n and n' transitious, one fiunds
for the ratio of the two partial widchs

10
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By estimating the overlap integral i = 0.1, Fritzsch und Jackson
alap make predictions for the absolute values of the widths,

T(Y > yn) = 60 cV and T(p » yn') = 220 V.

Branching fractions for the transitions ¢ = yn and ¢ = yn'
have recently been published by the Crystal Ball collaboration.l’
. The measuyrements were based on a sample of decays ¢ + 3y, Figure 7
ahows the Dalitz plot for this sample of events. Two distinct bands
20 T

7Tt T assoclated vith yn and yn'

transitions are observed. 25

YT TV 7Y

(6.9 * 1.7) x 103 and
B(y ~ yn) =
(1.2 £ 0,2) » 1073,

o
tn
T

=15 . ] The branching fraccions for
& - ]

2 Jthese transitions were

o B

- Jdetermined from a fit to

3 Jthe valitz plot. They are
S 4B + vn") =

on ]

= J

a . 5 We have measured the
a-ry Mylnigh)  (Gev?) s pranching fraction for the
Fig. 7. Dalitz plot for y -+ 3y. 26
Boundary includes effects of both process
kinematics and yy opening angle cuts ) . . + -
(data from the Crystal Ball collab- vruml e runy .
oration).

The data sample used in this
analysis is basically the same as the Crystal Ball data sample, aos
-both experiments were running at SPEAR si.multannously.27 Events with
two oppositely charged tracks identified as plons and two or mave
photunszs observed in the LA shower counter modules were fit to the
hypothesis

+ -
vy . )
Events in which the fitted yy invariant mass was between 0.12 and

0.15 GeV (i.c., w..:‘stent with the n° mass) were eliminated. The
¥ -
* % ¥ invariant mass distribution for the events which remained after

n



the x? and 7% cuts is shown in Flg.

8. From Monte Carlo caleulationa

of the detection efficicncy (which included an assumed 1 + cos?0
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¥ig. &, ﬂ+\!-'( invarisnt mass dis-
tribution for cvents satisfying
(1) with #° comhinations elimi-
nated,

dependence for the y decay, where
© 1s the angle between the photon
and the beam direction), we
weasured the branching fraction
By + ') = (3.4 £ 0.7) x 1073,
Tue to the bias imposed by
the trigger zequil'emen:.z9 we
are unzble to observe the reaction
e vy >3y .
In order to measurc the yn
branching fraction, [t was neces~
sary te analyze the more compli-

cated p:ocessm

PSR I W )

The w+n' from the ' cascade decay provided the trigger. Fipure 9

shows the invariant mess of the low-mass yy combinations for the 10
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gvents satisfying fits to (2).
Eight arc peaked at the n mass.
From this, the branching frac-
tion B(y + yn) =
(0.9 * 0.4) * 10-3 s obtained.
In Table I is a compilation
of our results and the Crystal
Ball results, along with the
previous exporimental resulcs,
for the yn and yn' branching
fractions, Qur measurcment of
the yn' branching fraction is
somewhat larger tham, but still
consistent with, the previous
The Crystal Ball
£inds a branching fraction that

measurements.




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

decay mode branching fraction experiment
v+’ (R (3.4 % 0.7) x 1073 Mark 11
82 (6.9 2 1.7) x 1073 Crystal Ball
v (2.2 £ 1.7) x 1073 DASPR)
[ 2.4 ¢ 0.7) x 10-3 DESY-Hetdelbergh’
3.3 %1079 theory®
¥~ Al (0.9 £ 0.6) x 1073 Mark 11
£ 2 (1.2 + 0.2) x 10-3 Crystal Ball
o 0.8 £ 0.2) x 1072 pase®
. (1.3 £ 0.6) x 1078 DESY-Heidelberg?)
0.9 » 107 thmtyc)
ges. 16

Ygots. 15, 18

pet. 24

1s 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 port of the discrepancy
may come from the uncertainty in the relative branching fractions of
the two doacay modes. On the other hand, nll four determinacions of
the branching fraction to yn are consistent. Aldo shown in Table I
are the theoretical predictions calculated by Fritzsch and Jackson.2?
The excellent agrecment between theory and experiment is better than
“one hag a right to expect because of the uncertainties in the calcu-
lations.

Table II pummarizes the measurements of the ratio
B(y » ™*)/B(y ~ yn). The measured values range from approximately
2 to 6 and the theoretical prediction is 3.9. Thus, I think 1t is
falr to say that we have a reasonable understanding of the Ml 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 II eollaborations have begun similar

13



Table IX. B{Y + -m')/B(Y + yn). studies of radiative transitions
from the ¢'. Naively, one would

ratfo experiment expect these branching fractions
3.8219 Hark XX 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-}leidelbergb) the w.n Presently, no evidence

3.9 thecn-yc for yn or yn' preduction from the
.)Ref % ¥' has been observed, with pre-
) ‘ liminary 90% confidence level

Refs. 15, 18

Sy upper limits from the Crystal Ball
Ref. 24

of B(Y' » yn*) < 8 x 10™ ond

By' =+ yn) < 107%. As these limits are only a factor of eight below
the measured ¢ branching fractlons, there s no reason to worry about
the absence of these signals at this time.

B. ¥+ vE(1270)

In order to understand the radfative tramsition to the L(1270),
T vill once more considet the two processes shown in Fig. 6. The
measured branching fraction for the pracess ¢ + wE 1s approximately
3 x 10‘3.3z Invoking VMD for the process shown in Fig. 6(a), one is
led to expect a rate for the yf transition which 1s considerably less

than the measured vah.m.zo‘21

Thus, even in this case, vhere the
final state has 3F = 2+ rather thae 0, it appears that the process
in Fig 6(b) is dowminant.

We have measured the branthing fraction for the Yf Lrnnsil.i:m.”

. Figure 10 shows the ﬂ+ﬂ‘ invariant mass distribution (dara points

with error bars) for events which satisfy a fit vo the hypothesis
vty ()]
with x2 < 15. Twe structures ate cvident In the mass distribution,
ane ac the p mass and che other at the £(1270) mass. Since the decay
| g p°v does not consarve charge conjugation parity (C-parity), it
48 assumed that the events in the pD mass reglon resulted from DOT‘D
decays in which an asymmetric decay of the =° led to an acceptable
£1t to (3). A Monte Carlo was used to determine the x'n 1° feeddown

14



EVENTS/{0.05 Gev)

06 o 14 X:]
ae Me*y~  (Gev) etver
+ -
Pig. 10. » 7 invariant mass

distribution for events satisfy-
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Fig. 11. = n invariant mass

distribution after subtraction of
whry0 feeddown, Curve is de-
scribed in text.

+ -
iate the n ® y channal.

The
resulting distribution (including
a3
production of both Bo"n and p7m7)

1is compared with the data in
Fig. 10 and can clearly account
for the observed p° peak.

Figure 11 shows the n+w— wass
diseribution after subtraction of
the 77x 1 background. The dis-
tribution 1s dominated by the f.
An expression consisting of a
Brejt-Wigner resonance term plus
a flat ba.ckground term was fitted
to this discribucion.
in Fig. 11 shows the best fit *
which gave M = 1280 MoV and

The eurve

I' = 180 McV for the resonance
parametera. The branching frac-
tion for (3} was found to be
B( » v£) = (1.3 £ 0.3) x 2073,
This branching fraceion 1s con-
sistent with the previously
measured values of B(Y + vf) =
(2,0 ¢ 0.3) x 107% from PLUTOZ0
and B(¥ » vf) between
(0.9 % 0.3) x 1073 snd
(1.5 £ 0.4) x 1072 {depending on
the helicity of the f in the final
state) from DaSE. %l

As pointed out in the previous
section, we seem to have a fairly
good understanding of the transi-
tions to the I, = 0 mesbers of
the 3 a 0" nomet. 1f measure-

ments of the radiative transitions

15



to the £' and A: could be made, we would have an additional check on
the theoretical idess discussed previously. We have preliminacy
results which show no evidence for transitions to either of these
two states, They give 90X confidence level upper limits of
B + ¥E") * B(E'+ KK) < 10~% and B(y = vA7) < 1073, Unfortunately,
these limits are not yet small enough to pravide meaningful con-
straints on modals. As in the cese of the y1r° transition, one expects
to see a very small branching fraction for yl\; because of isospin
conservation, Hovever, the y£' transition should be observable.
Based on a naive calculation assuming SU(3) invariance (similar to
the n-n' calculation desvribed on‘lier,:’[' onc expects

By » vfY) _ 1

By +vl) 2 7
Our limit 4s not yet inconsistent with this prediction.
C. ¥ YE(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 tableszs before discussing the results on the YE radiative
traasition. The E is a fairly wnarrow resononce with width estimates
ranging from 40 to 80 MeV. Measurcments 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 bean 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 1+ are the preferred values. The principally
observed -decay mode is KK, but there is some evidence for an nwr
decny mode. Finally, up uncil 1978, the bast signals for the E were
cbserved in pF annihilationa at test. I will mention only one of
these experiments here, Baillon et 31.36 atudied a sawple of p;
annihilations in the CERN Bl-em hydrogen bubble chamber. They did
a spin-parity analysis of the E observed in the reaction PP+ Emnn
and determined JP =0,

We see evidence for the processm
¥ ¥E, B+ Rk L (&)
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Obsarvation of this transition establishes C = + for the E,
Figure 12(a) s'iows the KSK:W: iavariant mass for events satisfying
the 5C fit to (4) with x? < 15,
20 (—~——p——————y—— The constraints ace the normnl cnes
o of energy-momentum conservation
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vith an additional conskraint

for the Ks mass. A peak 1s seen
near the mass of the E(1420). One
1s not compelled to interpret

this structute as the E(1420), buk
due to the similar characteriscics

EVENTS/10.028 Gova®)

af this structure and the pre-
viously cbserved E, I will wake
this tentative assignment.

The parameters af the reso-—

nance were obtained by ficting the

a iPEaT) ‘
7.} L5 2.0 2
. MKt e? (Gavre?)

invariant mass distribution to a
Bzei:-"ignerw plus a smooth back~
- +0.01

Fig. 12. Ksl(tw’ invariant mass ground. Ve _:‘“gjn -1 “‘ -0.015 Gev
distributions for events satiasfy- and [ = 0.05_0 0z GeV. These
::';)’ Zﬁsg:::‘::: :)f ig:é::tm errors include systematic uncer-

is not required) to (4). Shaded tainties due ro the functional

::::‘;:i;:';enz};‘ai?;?:gf form used in the fic. The branch-
ing fraction product. based on

47 % 12 observed cvonts, is B(Y -+ YE) X B(E » K Kn Fy -

(1.2 £ 0,5) % 10,7 wich the assumptions that the £ s an

{soscalar and that K and KL production are equal 1n the decay of

the B, one can miate the XX "7®, KORn®, and KOK* dranching frac~

tions and determine the branching fraction product

B(V + YE) x B(E+ Kkm) = (3.6 : 1.4) x 1073,

Pravious expetlmentsjs have found the decay of the E to be
asscciated with a low mass KK cuhmncement which we also observe, If
& cut requiring MKR < 1.05 GeV is imposcd on the data, the shaded
region in Fig, 12(a} is obtained.
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Since the signal {s quite clean, {r {s poasible to relax the
requiTement that the photon be observed, The resulting 2C fit to
(4) is shown in Fig. 12(b). Although there is an improvement in
utatlsucs,w there is also an increase in the background level.
However, as shown by the shaded region, the KK mass cut again sub-
etantially reduces the background.

The Dalirz plot for the sample of cvents shown in Fig. 12(b)
with maszes between 1,375 and 1.500 GeV {(the signal region) is showa
in Fig, 13. The curves show the low-mass and high-mass kinematic
boundaries and the dashed lines
show the nominal R‘(&QO) mass

ol values. The points are plotted
T as funcetons of ene (xn)®
invarlant mass squared vs.

the (Kn): invariant wass squared.

The KK axis, if it wvers shown,

5081 - would be at an angie approxi-
mately bisecting the two Xm
04 { axes. One sees an excess of
1 1 ) 1 events in che upper right-hand
as 06 08 W corncr of the Dalitz plm:.k:l
. Mrgs (Gevic?)?
1t is not clear whether thesa
Fig. 13, Dalitz plot for events cvunts_:cr:cspund to a lav-
with 1.375 <€ Mypy < 1.500 GeV. mass KK enhancement (spread
Curves show lov-mass and high-
mass kinematle boundaries, out by the movement of the
Dsshed limes show nominal K* kinematic boundary as the KKn

mar3 values.
mass changes), or to constructive

interfercnce where the l(. bands overlap.

Figurc 14(2) shous the KK' invariant mass distribution for
c.ents in the signal region and Fig. 14(b) shows the correcaponding
distributlon for events outside the signal region. There is evidence
for a lou-mass XK ephancement for events {n the signal reglon which
ie absent for events outside the signal region. One possible inter-
pretation of this enhancement 1s the 6(980) .
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— T T T J In an attempt to under~

by this notation), &, and

30 |- ta)
stund the decay mechanism of

20 4 the E, fits were made to the
z Dalitz plot which included
T 1 R*E (the inclusion of borh
a8
3 L s o ' this state and the charge
2o X
2301 | conjugate state are implied
z
g
@

phase space contributions.

o i These three contributions were
added incoherently, but the
4 > L . . L KK contributirn included
os [ [ ¥ S L)
Mot (Gev) components from both the
“ S

o
charged and ncutral X states,

Fi3. 14, I(SK‘“ invariant mass distri- which were assumed to Inter—
butiors for events a) in the signal N .
vegion and b) outsice the signal fere constructively wheve they

region, cross on the Dalitz plot (as

demanded by the even C-parity
of the E). The beat fit favors 67 as the primary component ¢ the
decay vith

B(E > &1) s_(_s + XK | 2.8 % 0.2
B(E + KKr)

The quoted error srcug not include possible systematic errors, One
has to be careful in intorpreting this result, as the best fit to
the Dalitz plot does not completely simulate the KX invariant mass
distribution. This indicates that the decay mecharism is not com-
pletely underatood,
An attempt has been made to determine the spin of the E by

analysis of the double decay angular aistribution for events con-
sistent with

v+ YE, E br

However, the limited statistice do not allow g statistically signifi-
cant Jotermination of the spin.



Preliminary results from the Crystal Ball also show ¢vidence for
the transition b + vE.** Figure 15 shows the K'K ® invariant mass
distribution’? for events which
10 satisfy the 2C fit to

RS SN (5)

with Hlu—i < 1.1 Gev. ATthough
the Crysctal Ball detector has
excellent enorgy resolution for

photons, the absence of a

EVENTS/10.03 Gevi

wagnetic field does not allow
a momertum measurement for

charged particles. This reduces

the consrvalnt class for (5)

8 2c

‘2 “ N":‘:”_ wlm .. from 4 to 2. Evidence for cn

E signal is goer in this dis-
-

Fig. 15. KK n° iavarlant wass tribution. As the Crystal Ball

distribution Eor events .satisfy- " .

ing (5) with Mg < 1.1 GeV (data afficiency calculatioue are

from the Crystai Ball collubora- still in a very preliminary

tion).

z*ate, 2stimates of the branch-
ing fraction are omly good to a factor of two ac best. When correc-
tiong arc made for the V.+l(- mass cutu and the unobicrved decay modes
of tho E, they £ind B{p * YE) % B(E » KXn) = 2 x 1073,
As vas mentioned earlier, there is rome evidence for the decay
of the E inco mv+n_. Figure 16 shaws the nw"lw- invariant mass dis-
tribution (from the Crystal Ball) for cvents satisfylng fits to

gy L (6)
In addition to the n' signai, there is ovidence for a peck in the E
mass region., A prelimlaary estimate of the branching fraction product
B(y + YE) x B(E + nrn) finds it to be smoller than the corresponding
nimber for ld('w, but a firm number will have 1 wair until calculatfons
of the eificiencles are made.
To summarize our vesults, the E is observed very strongly in

radiative transitions from the ¢. The only other transition that hae
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20 ¥ L T been obscrved with a com-
parable branching fraction is
the yn' transitiou. Observa-

&
T
e |

tion of this tramsition has
established the C-parity of the
E as even., Unfortunately, a

d .ermination of the spin is
1impossible with the prese~*
statistice. Finally, we find
the KKn decay mode of the E

EVENTS/{0.06 Gev)
3
T

o
T
4

L ! '
° 10 s 20 25 to be predominantly én,

. Maete~  (Gevi Recent resnlts oi the E

¥ig. 16. nn'n” fnvariant mass dfs.  Mave come from tuo hadronic

tribution for events satisfying experiments which I would like
(6) (date from the Cryatal Ball

collaboration) . to discuss briefly, as these

results are relevant ¢o the
ingerpretation of the E. The first results are from a high statistics
(90 events/pb} bubble chamhor experimenc in which the reaction

T p I(SKin’n
vas studled ar 3.95 Gev/e,%4 They abserve significant E production,
and measure vslues for tke E mass and width of M = 1426 + 6 MeV and
T = 40 & 15 MeV, A partial-wave analysis of the daca determined the

spin-parity of the E to be JP = l+, and also determined the branch-
ing fraction ratio

—BETKE | o865 0.12

B(E + K*( + &m)

However, it should be puinted out that rhoeir U signal is over a rela-
tively large background which has a significant K*K conponent, so
that one should regard this result with caucion.

In experisent £110 using the Fermilab rwltiparcicle spectrometer,
the reaction

P KSK’K 1t
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was stulied at 50 and 100 Gev/c.®d Witheut rinematic cuts, they see
no evidence for an E signal, However, if o & cut is applied, a
prominent E signal is observed. If a K. cut 1s applied rather than
a § cut, one stil] sees an E Bignal, but with considerably more back-
grovnd. They find a value for the mass of the E of M = 1440 ¢ 6 MeV,
The width is not well determined b of uncertaintles in the

shape of the background. On the surface, this data seems to indicate
a preference far the §v decay made of the E aver the K’i decay mode,
However, quostlons of kinewatic overlap in the Dalitz plot and phuse
apace boundaries have not becn considercd in detail. Thus, this pref-
erence should bc considered only as an indication until a more
sophisticated analysis is done.

Despite all the new information on the E from recent oxperiments,
the situation is not much clcarer than it was in 1978, Ome point of
controversy is whether the E decays predominmartly inta ér or K‘E-

This experiment (and possibly also the Fermilab eap-ciment of Bromberg
et a1.%%) seems to favor the decay E + &t. On the other hand,

Dionisi ot al.“ see little ovfdence for &m and find the predominant
decay of the E is into K*K, As for the spin, Dionisi et al. find

JP - 1+ which agrees with some earlier vesults, but disagrees with
others, However, their determination of the spin goes hand-in-hand
with the determination of the predominance of rhe K‘E decay mode.
Since this predominance is not firmly cstablished, I think l{hat one
should gtill consider the spin of the E to be an open question until
the decay mechanism is understood better.46

To understand my reasoas for thils excessive interest in the
quantum numbers of the E, let me refer ifor the last time to Fig. 6(b),
As discuased by nunerous |:-m:ple.4‘7 if gluonium scal:cs“ exisc, the
process showm in Fig. 6(b), after eliminarion of the outgelng guark
lines, would be an ideal proccss for production of such states. I
would 1ike to sufgest the possibility that the E might be such a
gluonium state, rather thar an ordinary qa resonance, Although there
is certainly no real evidenee for this hypothesis, thcre are a few
peculiarities associated with the yE radiative traonsition from the ¥
which I would like to point out.
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First, the branching iraction for ¢ '+ YE 15 larger than the
corresponding branching tractions for transitions to other ordinary
hadrons, with the possfble cxceptior of the a'. This is In contrast
to hadronic expcciments where E production is jn general small com-
pared to the production of other resonances. This would lead one to
fufer a connection between the E and the 2-gluon intermediate state
in Fig. 6(b). ) Vhoreas the production of pluonium states is expected
to be significant in ¢ vadiative transitions, there is no reason to
eipec: significant production of such states in hadronic reactions.

Second, whercas in most hodronic experiments in which an E is
woserved to decay inte wa, one observes roughly comparable D(1285)
production. Neither this experiment nor the Crystal Ball experiment
cees much evicice fov D production, We have caleulated an upper
limit for D proi-ction from our data of
B(v + YD) x B(D + KKr) < 0.7 x 10~ at the 90% canfidence level.
This might be taken as strong evidence {nr a diffcrence in the pro-
duction mechanisms involved in the two diffcerent processes, and
hence an indication of a large gluonium component in the E. How-
ever, if one nssumes that the D and E are both members of the
standard .I?c - IH nonet, and the E is the primarily singlet otate
and the D is the primarily octet stutc,l‘9 one would expeet D produc—
tion to be suppressed relative to E production because of SU(3)
symmetry arguments. Thus, thls suppression may not be relevant to
the gluonium question at all.

Ih my opinion, the most important question which should be
resolved rcgarding the E le its spin, if the E can be firmly
ntnhust}cd as an axial vecter state, there is np rcason not to
azke the standard qa meson interpretation and put it in the same
nonet as the D(1285), Ay and QA' 1f, on the other hand, the E is
finally established as a pscudoscalar, it 1s difficult to Interprct
it within the otandard quark model. The JP = 07 nonet is complete,
and one would have to consider the cxistence of another 0  nenet,
posaibly a radial excitation of the ground state, in order to accommo-
date the E. However, I think it s equally plausible to interpret
the E as a gluonium state.
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1V, PROPERTIFS OF D MESONS

Evidence for production of charmed D mesans by reconstruetion
of cxclusive final states came {irst from the SLAC-LBL magnetic
detector collaboration at SPEAR.SC 1 will present some recenmt
results based on a sampie of events taken at the ¢"(3772) which
corresponds to an integratcd luminosity of 2850 nb".s‘1

In the chamonlun model,32 the ¢ 1s presuned to be the D,
level of tha cc syatem, lying between DD and DB* threshold. Because
it is less than 100 YeV above the '(3684), but haa a total width
about twn orders of magnitude greater than the ¢' width, the wideh
1g geunerally attributed solely ta the strong decay of the resonance
inte the rewly~opencd D channel. If the 4" has a unlque isospin
{either 0 or 1), then it couples nqually (within phase space factore)
to paitre of chargod and neutral D mesony. Thus, o measutemert of the
¢" resonant line shape permits a local evaluation of the inclusive

1° and D production cross scctlons. OCur vcsults fyom a €ine scan

aver the ¢ glve -
Opo = 8:0% 1.0% 1.2 mb
(N
Oyt = 6,0+ 0.7 1.0
at Ec me 3. GcV.H The first error is statistical and the

second is systemotic. Knowledge of these inclusive cross scctions
allows a determination of absolute branching fractions for observed
D decuys. In addition, the proximity of the ¥" to DD threshold

regults in low momentum, 2-bady production, which permits a further

reduction of background through kincmatic constraints .54

A,  Exclusive Decoys

The branching fractions for varlous Cabibbe-fnvored decay modes
(1.c., modes containing cither onc chargped or neutral kaon) have
been measured, S Figure 17 shows the beam energy-constrained invari-
ant masn distributions for the D° decays K-w+, sz+w_, and Kntnte,
(For clarity, roferences to p° or D+ and their decdy modes will be

assumed to refer to both the state and its charge conjugate.)
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Figurc 18 shuws the invariant mass distributions for the D+ decays
Ksn K n 1| , ond K, w 1|+n . ngrc l‘) shown the invariant mass
distribueions for the decays K \1 N K'r 'n , nnd k L wo, cach of which

contains a single n°, These discribulimu- |-ro\-idc cvidence for the

previously unmeasured decays of the n®

Crtate”
and K'm7wn .

w9

+
tnta B and 0¥ tneo Kor*e®

Table 111 gives the calculated brunching fractions for these

nine decay modes. The detection efficiency for cach decay mode was

determined by Monte Carlo caleulation,

Except for the channels

+ - -+ o0
K'n'® and K n n, where the mcasured resonant substrurture in the

decay {to be discussed shortly) was used in the Montc Carlo event
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Beam cnergy-constrained invari-

ant mass distributlons for DO and UF
detected “in modes with a single w9,

n e to the
statistical errors which
were obtained from fits to
the invariant mass dis-
tributions. Also shown
4in Table III are the pre-
viously measured branching
It should be

noted that the values we
3

fractions,

find for g,, and aD+5
are approximately 30%
swmaller than those employed
in the previous determina~
tion of the branching

® This should

be taken into nccount when

fzacuona.s

comparing branching frac-
tions from the two experi-
ments,

Ye have analyzed the
Dalitz plot distributions

for the K'1*1® and KPn*s”

decays of the 0° and the K'n'n* decay of the 0¥, The apparently

-+
large branching froctfon of the D° fnto the K n'n” relative to the

p* decay into k5%t has aluays been theoretically hard to under~

stand. >’

Nowever, our new results on the resonant substructure in

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

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

of the prublum,5‘

8
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Table 111. Branching fractions Figure 20(a) shows

for Cabihbo-favored I decays. the Dalfez plot for the

docay 20 > 10T

branchinp fraction (%)

decay mode Flgure 20(d) shows the lou-

Mark IT LGwa) ot

miss Ko mass-squared pro-
st 3.0 ¢ 0.6 2.2 ¢ 0.6 Jection, One sees a
©° 2.2+ 1.1 — significant population of
ot 3.82 1.2 4.0 1.3 the &* hands, but no stremy
Xntn® 8.5+ 3.2 12.04 6.0  cvidence for p product fon.
ntnte” 8.52 2.0  3.2¢ 1.1 To deterine the amount of
ot 2.3 % 0,7 1.5+ 0.6 resonant substructure in
Kttt 6.3+ 1.5  3.9% 1,0 the decay, we werforned a
i 12.9 + 8.4 - maximun-1ikel thood (it Lo
Cntata” 8.4 ¢ 3.5 - the data In the Dalitz plot,
" Ve used a density function

Ref., 56

which represented the
allowed Iinal-state chaancls plus background, with corrections for
*
detcctor acceptance made at cach peint. 1In the fit, the o and K

amplitudes werc reproseated as p-wave Breit-Wigner line shapes,

with cnergy dependent widths and with the
distributions. The amplitudes of L. ind

appropr Late decay angulne

st fnguishable resonant
final states that were accensihble in the decay were allowed to Inter-
ferc with arbitrary phase. The non-resonant conponents (i.e., pure
3-body deeays and background events) were added incoherently to the
density function used fn the f1t. The fractions of ¥n'2~ cvents n
each final state (as determined by the fit) are

+0.13 10,05

-+
FOCPT) = 020 C0Ths L olon

w0 0 + 3.08
fCR) = 0,02 7 0nh 0.0
o+ - + 0,16 .
F(EaTnT) « 0,30 T gt 0405

The first set of errors in cach case is the statistical crrvor derived
from the 1ikelilicod function in the fituing procedure, The «ccond

set of errors jo Lthe estinated systemalic uncertafnty from Ul
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Honte Carlo staciscics n_u'l acceptance calculation, and our assumptions
about backgrounds and xesonante line shapes. (The values we gquote
represent the fractions of channels in the absence of interference,
and hence the fractions will not neecssarily sum to unity.) The
curve in Fig, 20{d) represents the fitted solution.

Figure 20(b) shows the K'n'n° Dalitz plot, with n'n° mass-
squared projection shown in Fig. 20(e). The ¢ peak is evident in the
I+W° 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. WHowever, the n° detec-
tion efficiency varies rapidly from the upper right edge of the plot
{vhers 1t is relatively large) to the lower left corner (where 1t is
very small), This results in good detection efficiency for p's only
near the right side of (ks Dalitz plot. The results of a fit to the
Dalitz plot (done in an identical manncer to that for the previous
Dalite plot) are

4. + 6,05 + 0.09
fKp) = 0.85 _ 471) - o.10

=*0_0 4+ 0.12
£E%) =01 202y 010
+ +0.06 + 0.05

) =007 5l0n - 0202

£r*®%) = 0.06 « 0.04 2 0.05
*a
An independent estimate for the K +* fraction of Ehis decay

.~
mode can be made from the measured K «' fraction of the K°

s~ decay,
the Kn*4% and ¥n¥n” branching fractions from Table 111, and the
charged K. branching fractions, We expect a value of
£0¢""5") » 0.15 £ 0,07, which is consistent ulth the fraction
Jbtained from the direet fit to the K'n™2° palitz plot.

The Dalicz plor for che K n¥n’ decay of the 0* is shown in
Fig¢. 20Ce). Our large <sample (292 cvents with an estimated background
of approximately 12%) provides the first cvidence for a non-uniform
population of the Dalitz plot, The detection efficiency (s very

uniform across the plot, dropping only near the three corners where =
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and X momenta fall below approximately 100 MeV/e. Figure 20(f) shows
the sum of the two K™n fnvarfant mass-squared combinations and a curve
indicating the distribution expected for a purely uniform phase
space decay, While no evidence for a significant K- signal wists,
wa note again the large deviation of the data from uniform phase
space. We present only an upper limit on the ®*°1" channel in this
decay by assuming that all of the events obscrved In the resonance
reglon (0.685 £ M, < 0.905 GeV?) arlse from the decay Eont. This
assumptlon resules Ln a 90% c.l. upper Mimit of 0.39 {or the frac-
tion of this decay mode 1in f'vw"‘. {Additiona) systematic errors

may change this linic by 20.06.)

B. Inclusive Properties

Tht uniqueness of the DD final state at ihe v 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 obeerved
decay into ©at, K'n+, katet, or Knteoet. The recoiling system
provides a pure D (D) sample. This sample of D's is unblased by the
trigger requirement which 1s satisfi{ed in all cases hy the tagged D.
Cuts on the heam energy-constrajned masses of t6 MeV around the
nominal D mass {24 MeV fn the case of the K'n¥n™n* gecay mode) were
made to scelect the sample of tagged events used in the analysis. The

result ing sample consists of approximately 00 0" and 480 D° evenes

ovoxr a background equal te about 12X of the signal. 1n this sectfon,
1 will discuss the fncluslve charged particle multiplicity ard
strangeness assoviated with D decays. In tha next scction, T will
_@ircuss the Ladividual D° and D' semileptonic decay fractlons.

For cach tag, the multiplicity obscrved in the recoiling system
15 plotted, with no artempt at particle identification., (For this
analyals only, no Kor' tags were wsed.) Thesc observed chorped
particle mulriplieity distributions are shown in Figs. ?1(a)-(c).
The shaded regions represent the backgrouad nuitiplicity distiibutions
estimated from events with {nvariant mass between 1.800 and 1,855 GeV,
normalized to the expected number of background events contaminating
the tagged 1 mample. The produced charped particle multiplieity

dtnerthucions (where ¥ " decays are counted as two tracks)

30




CHMERGEC Wi Y31 Ty N 4 A were obtained by a

2140 - . nanerical uwnfold proce-
é.zo dure.”” Briefly, a selu-
? 80 tlon 1= sought for 'ﬁ'p in
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L] linear system of cqua-
B o ctons
F
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E where N fs the number of

o

cvvents detected with g

charged prongs, ip is

Fig. 21. Obsorved charged particle m:lti- the number of cvents

ie. 2+ K-w
E; thz :&:ﬁ:#:gtl::j i;rni)ubx‘"*i* ’ produced with p charged
tagged events., Produced (unfolded) prongs, B is the nusher
charged particle multiplicity distribu- q
tions for d) DO - K-nt,
e) D° + x=r*rtx=, aad £} nt e Kontet with q charged proags,
tagged events. Shoded regions arc dis-
cussed in text.

of background events

and ¢ is the probebil-
ity (determined by Monte
Carlo) thac a produced cvent with p prongs will be detected with q
prongs. The produced (unfolded) multiplicity distributions are shown
in Figs. 21(d)-(f), whera the error hars reflect culy the statistics
of the unfold procedure. The systematic eryors are comparable, The
mean charged particle multiplicities are calculated to be

(N dpa = 2.46 + 0.14 (based on both samples of ° tags) and

(N:h>D+ = 2,16 & 0.16, where tho errors include cstimates of the
systematic uncertainties. These results are In good agreement with
the previously rcparted value for (M) af 2.3 ¢ 0.3 for both the
° and p*.

Theoretical estimates of the average D multiplicities have
generally buen larger than these weasured vnlueb.h) However, at
least one type of statistica) moedel discussed by Quigg and Rosner®! .
{the constant-matrix-element model) predicts average muleiplicities
vhich are close to the experimental values, They predict

(“ch)D" = 2.4 and <Hch)l7* = 2.5 for hadronic decays of the D.

n
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However, 1t should be noted that our wer<urements include contribu~
tions from the semileptonic decays, which comprice a large [raction of
the 0¥ docays (as will be discussed in the next sectien), 1i & large
fraction of the senileptenic decays are D+ -~ K°l+vl, one would expect
a smaller averape pultiplicity for D+ decays than for o° decays, as
1s 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 vhose strangeness 1s opposite that of
the tap, while Cabibbo-suppressed decays are expected to exhibit either
no strange pacticles, or two of oppovite strangeness. p® - 0° nixing
and doubly suppressed decays can produce o particle with strangeness
equal to the strangenoss of the kaon in the tag, but these effects
are exprcted to be very esmall.

Table IV summarizes the resslts of an onalysis to detcrmine the
kaon fractions in the systems recoiling against the tagged D's, These
numbers have been corrected for kaon detection efffcicncy, misidenti-
fication of n* as K’

, and kaons from the background events which

Table IV. Kaon multfiplicities in D decays.

dezay mode brn;:hblg fractfon D(*’Z) experiment

DoKX 56 ¢ 11 19+ 5 Mark II
2) b)

26 & 10 1047 LW

o+ K 8s3 644 Mark I
- 626 Lo

p o koD 292 1 52 4 18 Mark I1
57+ 26 39+ 29 Lo’

a)Tlu: 1LV d4d not scparate the same-strangeness and oppositu-
stranguness events; both are eombined under D - K7X.
b)lh:[. o0,

© These decays have kuens with the same strangeness as the kaon in
the tag.

d liere the strangencss cannot be determined.
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contaminate ghe tagged D_umple. The errors include both statistical
errors and estimstad systematic errors. Also shown in Table 1V is a
comparison of our results with those of Ref. 60,

1t is expected that if one could extract from tha data the sample
of avants that correapomd only te Cabibbo-favorad decays, the kaon
fraction (including both charged and neutral kaons) should be 100Z.
This is not possible, but one can make assumptions about the Cabibbo-
suppressad decays, and estimate this fraction. If it 1s assumed that
30+ 5X + om) 2 0.05%% and B(D + n's only) x 0,05, cne finds that
86 + 17% of Cabibbo—favored D° decaye contain a kaon and 70 * 21% of
Cabibbo~fsvored D+ decays contain & kaon. These numbers were

derived ind 1y of the d wrong-sign kacn fractions, and
the axrora do not include &y: 1e ies in the ptions
wmads abou. the fraction of Cabibbo-suppressed decays.

€. Semileptonic D Decays and the D Liferime

The pure leptonic decays of D mesons are expected to be strongly
suppressad relative ro tha aemileptonic dat:ays,62 implying that
electrons originating from D decays will come predominantly from the
smilepronic modex, Previous expari.munts“ have mcasured the average

65

weaileptonic branching ratios for D mesons - at scveral center-of-mass

energias in e+e' annihilations, However, until recently, no measure-
ments of the individual semileptonic branching fractions of the p°
und D+ have been made. Whereas it is expected that the semileptonic
partial widths of the »° and D+ are approximately equnl,66 thera is

. oo ovarriding 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 p° and D+ eomileptonic brenching fractions. Hence, a measure-
ment of the ratio of tha two semileptonic branching fractions allows
an estimate of the relative lifetimes to be made

Tot _ 30t o xewy

o = B(DP =+ Xev)

In order to measure the 0° and D* scmilepténic branching
fractions, the sample of tagged events described in the previous
section was scarched for electran candidates. All events with
electron candidates were hand sca.n;;:d to remove visible photon



ions, All tracks were separated by charge relative
to the strangenesa of the tag. We denote these two groups sz "right-
sign" (having the expected leptonic charge) and "wrong-sign" (having
ite tha d lep charge) did Possible back-
grounds vere carefully considered, Backgrounds arising from hadronic
misidentification are charge asymmetric (i.e., the right-sign and
wrong-sign backgrounds dﬁ'hr) 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 ta estimate the contamination

Back

in each group of el . ds from el ic

are charge symmetric and uncorrelated with the strangeasss of the
tagged D. This background was corrrcted 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. Contaminatien
from leptonic kaon decays was estimated to be negligibla. Contamina-
tion of the tagged D sample vas estimated from events below the D
mass (1.800 ¢ £ Mgg < 1.855 CeV) and corrections nd= for this.
Finally, some K™nt events were mislaheled as w K » which gave an
incorrect strangeneass assignment. Honte Carlo estimates vere uaed to
correct for this contamination,

A summary of the semileptonic rate calculation is showm in
Table V. After correction of the number of net asemileptonic events
for detection efficiency and the number of tags, we find

B0 = xev) = 15.8 ¢ 6.4%
B(D® > Xev) = 5.5 % 3.7% .

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

V" (7), we obtain an average single electron branching fraction of
10.0 # 3.2%, This is consistent with 8.0 & 1.5% measured by DELCCSY
and 7,2 + 1,8% measured by the Low®¢ at the same center-of-mass
energy.
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Table V. D semileptonic rate In the ratio,

caleulat fon, there is a cancella-

tion of some of the

Do - K_”‘ and K-H+-’_"+ taps systemat ic errors and
net tagged events 477 we obtain
right-sign electrons obscrvod:) 36 - e
packgrond® 174+ Lo e aaf? L@
wrong-sign electrons absc.wed“) 18 o°
ba:kgroundb) 11.8 * 0.9 This ratio was
additional bnckgroundsc) -0.1 &+ 1,0 obtained by perform-
net electrons 12,3 + 7.6  ing o maximum-

oF - ®* and k=t likelihood fit to the
- o T taes relative rates,

net tagged events 295 Figura 22 shows the

right-sign electrons absurveda) 39 logarithm of the
background” 16,3 ¢ 1.0 likelihood as a func—

wrong~sign electrons ebscrveda) 4 rion’of the ratic
backgroundb) 4.2 £ 0.5 T/t The errors

additional backgrounds': 0.5+ 0,8 in (8) represent

net elcctrons 23,3 ¢ 6.7 tla abour 3.1,

a) T - assuming a local
Particles satisf{ying cleckron cuts. Gaussian form for the

Expected background from hadron 1ikelihood function

wuisidentification.
et background from mislabeled K™s* tage Stacistically, a
and false tags. change of approxi-
mately 20 is required
to obtaiu equal lifezimes, while the upper limic is poorly defined
becauso of tho small number of observed semsleptonie D° deeays,

The DELCO collaboration has recernily made a measurement of the
indsvidual semileptonic branching fractions of the bY and h° based on
a measurcment of the number of V" decays containing either one or two
electrons origirating from simileptonic decays of D mesona, 87 The

values of the 0% and ' sumileptonic branching fractions (b° and b+,

ely) were determined by finding a common sclution to the pair
of cquations
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+ ..+ +
W= e 2% - b%) 4+ N €] 2671 - B7) 4+ spaller terma tn B2

L R MU LI
where Nu and Nzc are the number of obhserved one-electron and two-
electron events and ¥, and N_ are the nunber of B°F° and b'D” decays
in the data sample. The efficiency c;’ (cr) is the probability of
detecting a le event from o D°D° (3'D7) initial stete in which one
D deccays to an elcctron. (:;’+ are defined similarly for Ze events.)

They determine

s(u"’ + Xew) = 22.0 t :‘2‘ x

B(D® + Xev) < 4.0 (95% c.1.)

These values imply that the ratie of lifetimes is

;:—::7 4.3 (95%Z e.l1.)
These branching fractions are consistent with the values determined
by the Mark II.
Based on our branching
L el A i AL e A AL fract lon measurements, the
thearctical estimate for the
partial width F(D + Kav) =

i % 101 sec! %8 ang che
69
nssumpt jon
LM Kew) o o

£ (D + Xev)

we eatimate the D ang p°
1liforimes

e 7.2 x 10713 cec

Thpo ® 2.4 % 30713 see

Fig. 22. Loparithm of the 1ikeli- Theso estlimates compare well

nood function versus the ratio of with measured liferimes from the
the D% and 1° rotal lifetimes.
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Permilab neutrino experiment E531 dn which 5 D' and 7 0° candidates
have been observed to decay in avtulsion.70 Thay measure the life-
B + 10,5
times to bn:g,,s; 10.3 5 %4
Tpo = 1.00 T 031 10-13 gec.

x 10-12 gee and

LR o

The propsrties of the heavy lepton T have been carefully
stulled fn & number of experiments.’’ I would like to briefl:- dis-
cuss the decay T -+ R"(B9o)v‘ (for simplicity, all references to
T dixply also the charge conjugate state) which has been observed
by the Mark YI collaboratien. This is the first observation of a
Cabibbo-suppressed t decay.

Figurn 23 compares the W-exchange diagrams for the processcs
T+ K‘\aT ard T+ oV . The diagrams are identical except for the
coupling of the W to the final-state hadron in cach case, where the
K. final state is Cabibbo-guppressed (i.e,, the coupling 18 propor—
tionsl to ain®0 ) and the o final state is Cabibbo-favorcd (with

coupling proportional to cos2p e
There 15 no reason not to expect 8,

v
(o} N to be the standard Cabibbo angla.n

¥ OQur analysis vas bauod on a
" R sample of 40,200 e patrs pro-
x*{ggp) duced vith Ec_m. > 4,2 GeV. The
a decay sequence which was analyzed
sin? 6, vas
-+
ee *+TT
4=
{b}) v I—.-, Ve
T K*-\J
wo ]
P
]
-0 cos? 8, anaas

We r.quired four charged particles
Fig. 23. Diagrams for

8) 1 > K¥(B90)v; ond b) 1 + pyg. in the final state, one of which

was identificd as an ¢ or a u,
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Bvents in which any of the other three tracks ser. identified as
leptons, kaong, or protons were eliminated. Events with on observed
‘photon with cnergy greater than 100 MeV we: e also clmmucd.”
Finally, {r was required that two of the oppositely charged pions
reconskruct in spacc‘ to form a secondary vertex at a distance of at
least 1 cm from the primary decay point and have a mass coasistent
with the neminal K® mass (0 465 s H - <0 510 GeV).

Figure 24 shows the invariant mass spectrum for the K, w events
selected obove., There are 11 signal events (with
0.825 < Men € 0.950 GeV) with an estimated background of 2.5 events
(determined from events in the regions 0.700 s H'Kw < 0.825 GeV and
0.950 ¢ H'Kw < 1.075 GeV}. The detection efficicney was calculated by

Honte Carlo separately for the

events with an e and the events

8 T T T ] with a u, yielding o= 2:12
and c“Ka=1.47.. Seven of the
;.:5 3 cleven events observed In the
E ’ signal region were clectron
_S;“ r evencs. As the statistics
E were tod limitea to estimate
EZ - what fraction of the subtracted
I‘I-‘ 1-| H[‘L' n I-| background events were clectron
° 1 1
08 Q 4

events, the 8.5 ¢ 3.6 corrected

06 (K B

W1 (Gev] events were scaled by 7/11 to
Kyw

give the number of corrected
Fig, 24. Kgn® Invariont mass distri- electron events and 4/11 to
bution in candidate cvents for
Ty K’(ﬂﬂo)v R glve the number of corrected
muon events.
The branching fractions were calculated sepmarely for the e

and ¥ event samples according to the prescriptic-
* -
=2 3 .
Ny = 2eppx Bt ~ K vT) * B{t + & 1v,[)

For the leptonic branching fraction, we used a value
B(t » 2y ) = 18.5 £ 1,5% obtained from analysis of ou cvents in



*
the same data sample. Our best cstimate for B(t +~ K \4') is a
weighted average of the two determinations:

e+ k') v 1.6 2 0.87 .

This branching fraction can be compared with theoretical esti-

mates based on the measured branching fraction for t -+ oV, of

74 72

20.5 % 4.1% from our experinment. Based on calculations of Teal

B(x + K*(890)v )

. . tan?
Gy = E00, N, M) - tale,

where £ 1s a phase space factor and is approximately 0.93. The

value used for the Cabibbo angle 1s sin’0_ = 0.07 rather than the
customary value of sinzec = 0.05 in order to take into account the
difference between the coupling constants fl( and fﬂ..,s From this,
ve expect B(r + K*v_) = 1.4 * 0.4% vhich 15 in good agrecment with

the experimental measurement.
VI. CONCLUSIONS

1 have presented some recent results from three different areas
of a’e” annihilation physics. The first part of the talk deelt with
radiative transitions from the y to ordinary hadrons, The new results
on the n, n', and f confirm carlier results, but there 18 still a
possible factor-of-two discrepancy involved with the ¢ » yn' branch-
ing fracrion. 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
& fundamental role in quantitatively understanding the rosults. The
results on the yE(1420) transition are partfcularly interesting as
the possibility exists that the E is a gluonium state. However, it
45 doubtful whecher it will ever be possible to show convincing
evidence for thiz interpretation.

Although it vas not emphasized during the talk, there has been
some effort by che Mark Il collaboration to look for other radiative
transitions from the §. All states with reasonable acceptance in the
Hark IT detector (i.e., states decaying into combinatfons of ni‘ Ki,
KS’ p, and p), and even some with poor acceptance (e.g., states with
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#%'s or n's in the final.state), have been considered. No statisti-
cally significant signals aside from those shown today have baen
cobserved. Thuk, Lf the E is not a gluoaium atate, nelther 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 informatien on the properties of D mesons
has come from the Mark II, orly part of which could be discussed here,
In terms of exclusive chanrels, a few new decay wodes have been
observed, and a detalled analysis of the resonant substructure of
che Knn decay modes has beean made. These results are important in
understanding the mechanisms involved in D decays. Of tie inclusive
properties discussed, the most interesting is the result on the p°
and D+ gemileptonic decays rates, The co..ined results from the Mark I1,
DELCO, and the v emulsion experiments provide fairly conclusive evi-
dence that the D+ lifetime is considerably longer than the p° 1ife-
tima,

Finally, the measured branching fraction for t K‘v' is con~
sistent with expectations from standard Cabibbo theory.
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