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ABSTRACT 

Recent r e s u l t s on r a d i a t i v e t r a n s i t i o n s from the tfj(3095), * 
charmed meson decay, and the Cabibbo-suppresscd decay T * K « t a re 
reviewed. The r e s u l t s cose pr imar i ly from the Hark 11 experiment at 

SKAR, but pre l iminary r e s u l t s from the. Crys ta l Ball experiment 

on + r a d i a t i v e t r a n s i t i o n s a re a l so d i scus sed . 

I . INTRODUCTION 

This t a l k i s the f i r s t of two reviewing recent r e s u l t s from 

SPEAK. I w i l l concent ra te on r e s u l t s from the H.irk I I experiment* 

and have se l ec t ed t h r ee top ics to d i s c u s s : r a d i a t i v e t r a n s i t i o n s 

f roa t h e if-(3095), charmed meson decnys, and the Cnblbbo-suppressed 

decay r •*• K v . Some pre l iminary r e s u l t s from the Cr>'ctal Ba l l 

experiment 1 on 4 r a d i a t i v e t r a n s i t i o n s w i l l a l s o be p resen ted . 

The d i scuss ion on r a d i a t i v e t r a n s i t i o n s w i l l be r e s t r i c t e d to 

t r a n s i t i o n s from the i> to ordinary hadrnns , where ordinary hadrons 

a r e defined to be those which to f i r s t order do not con ta in charmed 

quarks . The s t a t u s of the n (2980) and r a d i a t i v e t r a n s i t i o n s to t h i s 

s t a t e w i l l be discussed in the next t a l k . 2 I w t l l begin with a b r i e f 

d i scuss ion of i nc lu s ive photon production at the ^ . This leads 

n a t u r a l l y i n t o a d i scuss ion of the four exc lus ive r a d i a t i v e t r a n e i -

t l o n s which wc (i.e., the Hark I I ) observe . Three of these t r a n s i ­

t i o n s , t o the n , n ' ( 9 5 8 ) , and f(1270), have been previous ly observed. 

Our r e s u l t s a rc in r e a sonab l e , but not p e r f e c t , agreement wi th the 

previous branching f r ac t i on mcaaurencnts. The fourth observed 

t r a n s i t i o n i s to a s t a t e which wc t e n t a t i v e l y ident i fy as the E(]420) . 

This t r a n s i t i o n has not been prevloucly observed. 

The discussion on charmed meson decays w i l l cover new r e s u l t s 

on exc lus ive decoy nodus of the li ;md general i nc lus ive p r o p e r t i e s 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 I)0 and D senileptonlc branching 
fractions, which allows a determination of the ratio of the D° and 
D total lifetimes. 

Finally, we have measured the branching fraction for the Cablbbo-* 
suppressed decay T •+ K v . The measured branching fraction la con­
sistent with expectations based on the previously measured, Cabibbo-
favored decay t * pv . 

II, EXPERIMENTAL APPARATUS 

The Hark It magnetic detector was designed to be a second-
generation, general-purpose detector for doing physics at SPEAR 
(snd 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 particle 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-laycr 
cylindrical drift chamber, a layer of scintillation counters which 
provide time-of-fllght (TOF) Information, a 1-radiation length 
aluminum coil (which provides a BolcnoldaJ field of approximately 
4,2 kG in the central detector), a set of lead-liquid argon (LA) 
shower counter moduleB, 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-
tionn] 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. 

••j'-UW 13 U U L W M 1 



Pipe Counter [2 layers, 
scintillation centers! 

Time of Flight Counters 
(48 total) 
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Fig. 1 . Schematic o£ the Hark IT m.ipneti.c d e t e c t o r viewed perpendic ­
u l a r t o the bean d i r e c t i o n . Not shown a rc the muon p ropor t iona l 
counters on both Bides of the de tec to r and the endcap shower coun te r s . 

Charged t r acks a re r econs t ruc ted from h i t s in the- 16 c y l i n d r i c a l 
dri f t chanter l a y e r s 4 of r a d i i 0.37 n to 1,51 P\ which provide s o l i d 
angle coverage over 852 of 4« :ir. Tin- nzitnuLh.il coord ina tes of 
Charged t rackn a r t measured to :i- rms ncour.iry of approximately 
200 uta at each l aye r . The polar coord ina tes .-irr determined from the 
10 atereo layera o r i en ted a t ; 3 r to tlu- l.c.im a x i s . The momentum 
resolut ion can be expressed as sp/p " [ (0 .0165) + (0.005 p ) : ] ' s , 
Vhere p i s the momentum In CeV/c. The f i r s t term i s the c o n t r i b u t i o n 
from m u l t i p l e Coulomb s c a t t e r i n g and the second ia the c o n t r i b u t i o n 
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from the measurement urror. The tracking efficiency la greater than 
95X for tracks with p > 100 MeV/c over 75X of 4TT ar. 

Photons arc Identified by energy deposits In the shower counter 
nodules. The shower counter system consists of eight LA barrel 
monies which nurround the central detector and two endcap modules. 
The endcap modules have not been used extensively In the analysis, 
and X 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 bean axis. The system of eight modules covers 
approximately 642 of An sr. 

The rms energy resolution for electrons and photons detected in 
the LA has been determined from measurcocnt of pulse height distribu­
tions from particles of knovn 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-

§,500 
' 1 ' 1 

jQ f \ | i ooo J \ " z 500 
S '. , V 

is i Gaussian resolution func-
tion, with SE/E - 0.12 E~" 
(E in CeV), convoluted with the 
radiative tall. This expres­
sion provides a reasonable 
representation of the energy 
resolution for both electrons 
ond photons of energies down 
to a few hundred HoV. 

The ruin angular resolution 
obtained for electromagnetic 

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

Figure 3 shows the detection efficiency for Y , f l and it '.i in the 
LA as a function of energy. The measured value3 for the Y efficiency 
were obtained from 2-constraint (2C.) fits to 2-pronR and 4-prong events 
at the iji according to the hypotheses * + n u y(v> and iji •»• « it if it y(y), 

Fig- 2. Energy deposited in the 
LA for a sample of Bhabha events 
at Ec.m. " 4.16 GoV. Curve is 
described in text. 



where a particle In parenthesis 
is meant to Imply an unohserved 
particle. The n 6 mass constraint 
was imposed on the y(y) system. 
The detection efficiency was cal­
culated from the fraction of 
events in which the missing r 
was observed and tracked in the 
LA. Corrections were made to 
correct for the geometrical bias 
imposed by the requirement that 
a l l charged particles he observed 
in the detector, A similar pro­
cedure was utilized to measure 
the TT° efficiency from 1C f i ts 
according to the hypotheses 
<i> -*• n TT (IT ) and ') * t 3 i n (i ) , 
The t° detection efficiency was 
calculated from the fraction of 

s observed, with similar corrections 
efficiency measurements 

Y and 

r ig . 3 . Detection efficiency for 
Y*» end itO'i in the LA as a func­
tion of energy. Data points arc 
MMurad values and curves are 
Kmt* Carlo estimates. 

•vents In which the missing n r 

for geometrical bias. However, these 
•uet be considered as lower limits since the decays i> •* 
• + » « n r "111 successfully fit the corresponding hypothesis in 
which the Y i t replaced by a ir°, but no TT° will bo observed. The 
•olid curves represent the results of Monte Carlo determinations of 
the y and J efficiencies employing the EG5 electromagnetic shower 
development code.8 

Particle identification for hndrone Is accomplished with 48 TOF 
scintillation counters which surround Lite drlfc chamber and cover 
approximately 752 of kr sr. The rros time resolution la 0.30 ns for 
hadtona. The average flight path of 1,85 m provides a separation of 
pioai from kaons up to momenta of 1,35 CPV/C and knons from protons 
up CO 2.0 CeV/c at the l-o level. 

Identification of electrons utilizes both the LA. system and the 
TOF vyetera. For tracks wilt, momenta less than 300 MeV/c, the electroi 



identification is 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 bntween 301) and 500 MeV/e, both TOF 
and LA pulse height information is required for electron identifica­
tion. The hadron misldentificatlon probability ( i . e . , the probability 
that a hadron will be misldentlffed as an electron) Is 7Z for 
p < 500 HeV/c, « for p - 600 HeV/c, and 2X for p - 800 HeV/c. 

Muons are idcntifl"-) by hits in the raiion proportional counter 
system. This system consists of layers of proportional tubes (two 
below and on each side of the detector and three above i t ) inter­
leaved with steel and covers approximately 553 of 4ir sr. The 
detection efficiency for muons within the solid anglu of the detection 
system with momenta greater than 700 McV/c is greater than 985!. The 
hadron nlsldentlfieatlon probability Is Wi. for p - 800 MeV/c, HZ 
for p - 900 MeV/c and 22 for p > 1 CeV/c. 

The detector is triggered with a two-stage hardware t r igger , ' 
selecting {with efficiency greater than 99X) all interactions emitting 
two or more charged tracks, each with transverse momentum greater 
than 100 MeV/c, within the solid angle covered by the drift chamber, 
one of vhlch oust be within the central region of the drift chamber 
which covers 67X of 4n sr. The luminosity is measured *ilth indepen­
dent shower counters detecting Bhabha scattering at 22 mrad, and 
checked against wide-angle Bhabha events observed In ihe central 
detector. 

I t i s customary In a talk such as this to show a computer 
reconstruction of a "typical" event to lmprenn other experimenters 

.with how well the detector works. Figure '» shown n resconstruction 
of an event corresponding to the ^'(3684) decay 1 0 

One can see that there Is no problem tracking the charged particles 
through the drift chamber. The flight time of each track is dn.er-
nincd by a TOF counLer (represented by a icctangl..- .it the end of each 
reconstructed drift chamber track). Finally, unambte/jaua Identifica­
tions of the nuona are made in the muon proportional counter system. 
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Fl(. *• Computer reconstruction of typical event in the Mark II 
dstactor. 

At the tracks are all due to the minimum-ionizing particles, no large 
energy deposits am observed in the LA. 

III. RADIATIVE TRANSITIONS FROM THE ̂ (3095) 

Hsisurements of Inclusive photon production at the M3095) by 
this experiment11 and chc Lead-Class UaLl (LOW) experiment12 have 
ahowa that there Is a sizable direct photon component in the momentum 
spectrin• However, because of the relatively poor photon energy 
resolutions of our 1<A shower counter system and the lead-glass counters 
in the W W (6E/E =s 9X/E 1' 1, E in CcV), neither experiment was able to 
observe any narrow structure in the inclusive photon momentum distri­
bution. 



The Crystal Ball detector 1 3 was designed to provide good energy 

resolution for electromagnetic showers. The use of Hal(Ti) for shower 

2 . 8 / E " 4 (E In GeV) detection presently allows a resolution of 6E/E 

to be obtained. 

Figure 5 shows a preliminary measurement of the inclusive y 

energy distribution of the * from the Crystal B a l l . 1 4 It is plotted 

as a function of the logarithm of the Y energy (E In MeV) so that 

the bin width is roughly pro-

1000 |—\ ; ; 1 1 portional to the energy resolu­

tion at all energies. This 

distribution is based on a 

sample of approximately 900.0Q0 

events obtained during approxi­

mately two weeks of running 

near the peak of the <!>. 

Details of the analysis can be 

found in Ref. 13. 

The structure observed In 

Fig. 5 is evidence for exclu­

sive processes of the type 
J U U IIUL* I J ^ U I 3 U U 

h ( W e v > if •*• y + X . 

Fig, 5. Inclusive Y distribution at There is clear evidence for the 
the i|> as a function of the logailthn r a d l a t i v e transitions to the 
of the y energy in MeV (data from .. 1 7 is I R 
the Crystal Ball collaboration). 1, " 1 / n , < 9 5 8 ) , 1 3 ~ x o and a 

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

been observed by u s . 1 9 [Although I refer to this state as the E C W Z O ) , 

this assignment ie still open to question.] An additional transition 

which has been previously observed is <t> •*• y f ( 1 2 7 0 ) , * 0 ' 2 1 Becau&e 

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. 

As tho n and n' are members of the same SU{3) nonet. It makes 

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



M M time, along with the transition to the * . I will take the 
extraately 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 
either from the outgoing quark line (assumed 
to be u, d, or s) as In Fig. 6(a) or from 
the in i t ia l charmed quark line as In 
Fig. 6(b). In Che f irst case, the minimi 
coupling between the charmed quark l ine and 
the ordinary quark line requires three gluons* 
In the second case, two gluons are sufficient. 

Let me first consider only the process 
shown In Fig. 6(a) and assume i t i s the 
dominant one. By invoking vector-meson 
dominance, I can relate the yir° and P°f° 
decay widths 

r<* - Y*0) - («*/Y *)r<* + P V ) . 

g I • - - • . I * I q 

(b) -r 

c • * i "***^ r *•»*• i q 

J I • ii i • • i I q 

Tit- *>• Leading-order 
diagrams for radiative 
transitions fron the 
i with a) photon emis­
sion from the final-
state quark line and 
b) photon emission 
from the init ial-state 
charmed quark line. This leads to a prediction for the T" 

branching fraction Bty •+ yn 0) ss 2 * 1 0 - 5 

from the measured p°v branching fraction.J-8.22,23 T n i s i s consistent 
with the experimental measurement16 B(tf> •*• yir°) - (7 * 5) * 10~ 5 . 

The next step Is to relate the widths of the yn and yn" t ransi­
tions to the width of the yu transition. The n and n' have the 
following SU(3) singlet and octet components 

n • na cost) + m sinfl 

n' - -n s sino + H] cose 

where B Is the standard octet-singlet nixing angle. If one assumes 
SU(3) invarlance, only the octec components contribute to the process 
shown In Fig, 6(a) and one obtains (up to phase space corrections) 

r (* + Yn°):r(i!' ••• Yn):r(C- •* yn') « 3:cos 20:sin 29 . 

Using the cxperimentolly determined mixing angle 9 - -11", one cal ­
culates 



T(* + Tir°):r(* •+ T n ) : r ( * * Yl ') - 3 :0 .96:0 .04 , 

which groaely contradicts the experimental measurements. The 
YT)* branching fract ion has been experimentally determined to be larger 
than the Y n branching frac t ion , and both are a t laaat an order of 
magnitude larger than the ir t r a n s i t i o n . The conclusion i s that the 
process In F ig . 6(b) l a the dominant one. 

On* can proceed with s imi lar ca l cu la t ions for the second process 
[shown In Fig. 6 ( b ) ] , Assuming SU(3) invariance (now only the s i n g l e t 
components contribute) and ignoring phase space correct ions , on* 
obtains 

T(* •*• Yir°):r(* + vn) : r ( * •* Y D ' ) - 0t«ln 26:cos 2fl . 

This i s q u a l i t a t i v e l y in be t t er agreement with tha data, Howevet, 
the predicted r a t i o Tty •+ Yn') /r(* -> vn) 1» much larger than the 
experimentally measured r a t i o . 

If one allows for SU(3) symmetry breaking, these re su l t s are 
modified. Fr l tzsch and Jackson have calculated the r e l a t i v e widths 
of the yn and YH* trans i t ions by considering gluon-mediated mixing 
between Che three i soscalar s t a t e s n, T , and n (2980) . Based on the 
experimental masses of these s t a t e s , they find the following admixture 
of n and rj' in the n : 

n • cc + c*H + e ' *n ' , 

where t « 10 - 2 and c* as 2.2 * 10~ 2. The decay widths (for Ml transi­
tions) for Yn and Y V are 

r«*T,)-. 2^(|) 2ic'n s 

C 

!•(*- Y1') - (e') 2 -^r(f) (k') 3 n 2 , 

where m is the charmed quark mass, k(k') is the momentum of the 
n(n'), and 11 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 
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By estimating the overlap integral A* ~ °-l. Frltzsch und Jackson 
alio make predictions for the absolute values of Llic widths, 
T(* * yn) w 60 cV and r(* •* yn") = ^20 eV. 

Branching fractions for the transitions ^ * yr\ and <!>**• Y*I' 
have recently been published by the Crystal Ball collaboration. 

• The measurements were based on a scrapie of decays î  * 3Y- Figure 7 
chows the Dalitz plot for this sample of events. Two distinct bands 

2J0 p~n—i—i—i—»^—i—i—i—i—i—;—'—i—r—[associated with Y" and Y n' 
transitions are observed. 
The branching fractions for 
these transitions were 
determined from a fit to 
the Dalitz plot. They are 
B(« •+ yr\') -
(6.9 ± 1.7) * 10"3 and 

JB(* •* Yl) -
(1.2 ± 0.2) x 10 - 3. 

4 b B We have measured the 
MlythigM (GeV2) ,„.. . .,, .. 

"-*» '* '""'branching fraction for the 
Fig. 7. Dalitz plot for * -*• 3Y. 20 
Boundary includes effects of both process 
kinematics and yy opening angle cuts , , + -
(data fron the Crystal Ball collab- * -* Yn . n -*• it TT Y • 
oration). 

The data sample used in this 
analysis is basically the same as the Crystal Ball dato sample, as 
•both experiments were running at SPEAR simultaneously. Events with 
two oppositely charged tracks identified as pions and two or more 
photons observed in the LA shower counter modules were fit to the 
hypothesis 

Events in which the fitted YY invariant mass was between 0.12 and 
0.15 GeV (i.e., ̂ —.-'stent with the -n0 mass) wore eliminated. The 
•» Tt_Y invariant mass distribution for the events which remained after 

- \' \ ' i 
; \ 

••'.* r 
^ . ': 

- y . 
'- J& ~- *8w? • * ^ ^ W W J i 1 t < i i 



the x and ir° cuts Is shown in Fig. 8. From Honte Carlo calculations 
of the detection efficiency (which included an assumed 1 + cos 28 

dependence for the i> decay, where 
8 is the angle between the photon 
and the beam direction), we 
measured the branching fraction 
B'(* + T V ) - (3.4 ± 0-V) x 1 0 - 3 . 

Due to the bias imposed hy 
the trigger requirement, we 
are unable to observe the reaction H 

M „ , (Gev) H t ( < i 

Fig. 8. it IT~Y Invariant ma6S dis­
tribution for events satisfying 
(1) with Tt° combinations elimi­
nated. 

e e + Ji •>• 3 y . 

In order to measure the yi\ 
branching fraction. I t was neces­
sary to analyze the mote compli­
cated process 

*' •*• IT T7~* , \lf •*• 3Y • (2) 

The TT *~ from tho i[r' cascade decay provided the trigger. Figure 9 
shows the invariant mass of the low-mass YY combinations for the 10 

events satisfying fits to (2). 
Eight arc peaked at the n mass. 
From this, the branching frac­
tion B(I[I -*• yn) -
(0.9 ± 0.4) * 1 0 - 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 yj\ and Yl' branching 
fractions. Our measurement af 
the yn.' branching fraction is 
somewhat larger than, but still 
consistent with, the previous 

Fig. 9, Low-masa Y Y invariant mass measurements. The Crystal Bali 
combinations for events satisfying f l n d s a b r a n c h l n E f r a c t l o n that 



T»ble I . Branching f r a c t i o n s for r a d i a t i v e t r a n s i t i o n s 
from t h e tfi t o t h e n and n*. 

branching Fract ion 

(3.4 ± 0.7) x 1 0 - 3 Mark I I 

(6 .9 ± 1.7) * 1 0 - 3 Crys ta l Ba l l 

(2 .2 + 1.7) * 1 0 ' 3 DASPa> 
(2 .4 ± 0.7) * l O " 3 DESY-HcidelbergW 

3.3 * 10" 3 theory* ' 

(0 .9 ± 0.4) x 1 0 - 3 Hark I I 

(1 .2 ± 0.2) x 10~ 3 Crys ta l Bal l 
( 0 . 8 ± 0 .2) x 10~ 3 DASP a ) 

(1.3 ± 0.4) * 10~ 3 DESY-Heidelberg b J 

0.9 * 10* 3 theory 

°'*»£s. I S , 18 

c *Ref. 24 

i s twice as l a rge a s o u r s . This d iscrepancy i s not t o t a l l y unders tood. 
However, I t should be noted t h a t the two measurements a re based on 
d i f f e r e n t decay modes of t h e n ' , and a t l e a s t p a r t of the d iscrepancy 
aay come from the unce r t a in ty in the r e l a t i v e branching f r a c t i o n s of 
t h e two decay nodes. On t h e other hand, a l l four de te rmina t ions of 
the branching f rac t ion t o yn a r e c o n s i s t e n t . AIHO shown in Table I 
a r e the t h e o r e t i c a l p r e d i c t i o n s ca lcu la ted by F r i t z sch and Jackson. * 
The e x c e l l e n t agreement between theory and experiment i s b e t t e r than 
one has a r i g h t t o expect because of the u n c e r t a i n t i e s in the c a l c u ­
l a t i o n s . 

Table I I summarizes the measurements of the r a t i o 
3((i ** Y H * ) / B 0 J •* Y l ) . The measured va lues range from approximately 
2 to 6 and the t h e o r e t i c a l p r e d i c t i o n i s 3 . 9 . Thus, I th ink i t i s 
f a i r t o 6ay t h a t we have a reasonable understanding, of the Ml t r a n s i ­
t i o n s from the i> to the ord inary pseudoscalar meeon s t a t e s . 

In o rder to fur ther explore the p r o p e r t i e s of the charmonium 
system, t h e Crysta l Ball and Mark I I col laborat ion!* hava begun s imi l a r 
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Table I I . B (* •* Y l ' ) / B ( * •* YH) . 

r a t i o experiment 

3.8 ± 1.9 Hark I I 
5.9 ± 1.5 Crys ta l B a l l 
2 .8 ± 2 .3 DASP3' 
1.8 ± 0 .8 DESY-Heidelberg b ) 

3.9 t h e o r y C ' 

' R e f s . 1 5 , 18 
c ) R e f . 24 

s t u d i e s of r a d i a t i v e t r a n s i t i o n s 
from the <*'. Naively , one vonId 
expect t h e s e branching f r a c t i o n s 
to be approximately an order of 
magnitude sma l l e r than the c o r ­
responding branching f r a c t i o n s a t 
the i>. P r e s e n t l y , no evidence 
for YH o r 711' production from the 
ij>' has been observed, with p r e ­
l iminary 90% confidence l e v e l 
upper l i m i t s from the Crys ta l Ba l l 
of B(* ' •* Y I ' ) < 8 x lO-** and 

B(v' •*• yn) < 10~**. As these l i m i t s a re only a f a c t o r of e i g h t below 
the measured <l> branching f r a c t i o n s , t he r e i s no reason to worry about 
the absence of these s igna l s a t t h i s t i n e . 

B . * + Yf(1270) 

In order to understand the radiative transition to the f(1270), 
I will once more consider the two processes shown in Fig. 6. The 
measured branching fraction far the process (1 -*• uf Is approximately 
3 x 10~3. Invoking VMD for the process shown in Fig. 6(a), one is 

led to expect a rate for the yf transition which i s considerably less 
than the measured value. * Thus, even in this case, where the 
final state has j " = 2 rather than 0 , i t appears that the process 
In Fig 6(b) is dominant. 

He have measured the branching fraction for the ft transition. 
.Figure 10 shows the IT H invariant mass distribution (data points 
with error bars) for events which satisfy a fit to the hypothesis 

* + TIVY (3) 

with x 2 < 15. Two structures are evident in the mass distribution, 
one at the p mass and Che other at the f(1270) mass. Since the decay 
ty -*• p Y does not conserve charge conjugation parity (C-parity), it 
is assumed that the events in the p° mass region resulted from p TT° 
decays In which an asymmetric decay of the IT led to an acceptable 
fit to (3). A Monte Carlo was used to determine the it rr'ir feeddown 
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Fig. 10. i T~ invariant mass 
distribution for events satisfy­
ing (3). Histogram shows the 
*xp*cted feeddown from the 
r*H-jr° final state as determined 
by Konte Carlo. 

-10 U 1 1 1 1 1 L 
0.6 1.0 1.4 |,Q 

*• M,v [GeV] 

Kg. 11. * ir~ invariant reas3 
distribution after subtraction of 
**K*Tr0 feeddown. Curve is de­
scribed in text. 

into the TF it y channel. The 
resulting distribution (including 
production of both p it and p-**) 
is compared with the data in 
Fig. 10 and can clearly account 
for the observed p peak. 

Figure 11 shows the « TT mass 
distribution after subtraction of 
the IT IT it background. The dis­
tribution is dominated by the f. 
An expression consisting of a 
Breit-Wifiner resonance term plus 
a flat background term was fitted 
to this distribution. The curve 
in Fig. 11 shows the best fit * 
which gave H = 1280 HaV and 
T = 180 McV for the resonance 
parameters. The branching frac­
tion for (3) was found to be 
B(* •*• yf) - (1.3 ± 0.3) x 10 - 3. 
This branching fraction is con­
sistent with the previously 
measured values of B(^ •»• Y f) = 
(Z.O • 0.3) * 10~3 from PLUTO 2 0 

and B O •*• yf) between 
(0.9 ± 0.3) * 10"3 and 
(1.5 ± 0.4) x 10 - 3 (depending on 
the hclicity of the f in the final 
state) from DASP. 

As pointed out in the previous 
section, we seem to have a fairly 
good understanding of the transi­
tions to the 1 = 0 members of 

P - z 

the J • 0 nonet. If measure­
ments of the radiative transitions 



to the f' and A 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 902 confidence level upper limits of 
B(* •* yf) * B(f' + !«)< IO-3 and B(«|< -> fA°) < io"3. Unfortunately, 
these limits arc not yet small enough to provide meaningful con­
straints on model*. As in the case of the yii0 transition, one expects 
to see a very small branching fraction for yA? because of isospin 
conservation. However, the y f transition should be observable. 
Based on a naive calculation assuming SU(3) invarlance (similar to 

i 34 
the n-n calculation described earlier, one expects 

B(» •» yf') 1 
B(* * yi) 2 • 

Our limit i s not yet inconsistent with this prediction. 

C. • f yE<1420) 

As the E(142D) is a fairly obscure resonance, 1 will briefly 
review what was known about the E as of the last (1978) Particle Data 
Group tables 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. J - o" and 1 are the preferred values. The principally 
observed-decay mode is KKw, but there is soma evidence for an nww 
dcc.y mode. Finally, up until 197fi, the best signals for the E were 
observed In pp annihilations at rest. 1 will mention only one of 
these experiments here. Baillon et al. studied a sample of pp 
annihilations in the CERN 81-cm hydrogen bubble chamber. They did 
a spin-parity analysis of the E observed in the reaction pp -*• Enir 

P -and determined J • 0 , 
We see evidence for the process 

ij> •*• Y E , E -* KgtTiT* . (A) 
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Ob»«rv*tioa of this transition establishes C = + for the E, 
figure lZ(a) s!iows the K-ICTT' Invariant mass for events satisfying 

the 5C fit to (4) with x 2 < 15. 3? 

1°) 

™W klrUUlfwu. 
IB) 

1 J ̂ 
- r c •CI H inill—fl-DH 

The c o n s t r a i n t s a r e t h e normal ones 
of energy-momentum conserva t ion 
with an a d d i t i o n a l c o n s t r a i n t 
for the K„ mass, A peak I s seen 
near t h e mass of the E(1420). One 
i s not compelled t o i n t e r p r e t 
t h i s s t r u c t u r e as the E(1420) . but 
due to t h e s i m i l a r c h a r a c t e r i s t i c s 
of t h i s s t r u c t u r e and t h e p r e ­
v ious ly observed E, I w i l l make 
t h i s t e n t a t i v e assignment . 

The parameters of t h e r e s o ­
nance were obtained by f i t t i n g the 
i n v a r i a n t mass d i s t r i b u t i o n t o a 

? l g . 12 . KsK"ir invar ian t mass 
d i s t r i b u t i o n s for events s a t i s f y ­
ing a) 5C f i t s and b) 2C f i t s 
( i . e . , observa t ion of the photon 
! • not requi red) ta (4 ) - Shaded 
regions have the a d d i t i o n a l 
x e o a i r t o e o ; Hjgf < 1,05 GeV. 

Breit-Wigner' 
ground. 
and F = 0.05" 

38 
plus 

We find H * 1.44" 
C-K>.Q3 
-0 .02 

e r r o r s inc lude sys temat ic unccr-

t a i n t i c s due to the func t iona l 

smooth back-
+0.01 
•0.015 

GcV. These 
GeV 

form used in the f i t . The branch­
ing f r a c t i o n product , based on 

47 i 12 observed events , i s B(I£ •*• YE) x B(E •*• K K Sn*) -
(1 .2 ± 0.5) * l Q - 3 , 3 9 wi th the assumptions t h a t the E i s an 
i i o i c a l a r and t h a t K and K, production a re equal in the decay of 
til* 2 , one can r e l a t e ttic K*K*"fl°, K 0R°it°, and K ° K V branching f r a c ­
t i o n s and determine the branching f rac t ion product 
B(* + YE) * B(E - KKir) " ( 3 . 6 J l.A> * 1 0 " 3 . 

Previous experiments have found the decay of the E t o be 
aa ioc l a t ed with a low mass KK enhancement which we a l so observe . If 
* cut r e q u i t i n g H ^ « 1.05 CcV i s Imposed on the d a t a , Che shaded 
region i n F i g . 12(a) i s o b t a i n e d . 



Since the signal is quite clean, it is possible to relax the 
requirement chat the photon be observed. The resulting 2C fit to 
(4) is shown in Fig. 12(b). Although there is an improvement in 

40 statistics, 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 Dalit2 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 (Kit) 
invariant mass squared vs. 
the (Kir)" invariant mass squared. 
The KK axis, if 1c were shown, 
would be at an angle approxi­
mately bisecting the two Kir 
axes. One sees an excess of 
events in the upper right-hand 

41 corner of the Dalits plot. 
It is not clear whether these 
events correspond to a low-
mnsfl KK enhancement (spread 
out by the movement of the 
kinematic boundary as the KKTI 
mass changes), or to constructive 

interference where the K bands overlap. 
Figure 14(a) shows the K K~ invariant mass distribution for 

cents 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 
ie absent for events outside the signal region. One possible inter­
pretation of this enhancement is the 6(900). 

1.0 

1 1 1 1 

r ' * *^*\ 
» 0.8 ^.s—t'-Vt-.^/^A 
1 //^T^J.*;?" "• \ 
\ 0 6 - [•... *.t\fc. J -E k yJis*^ 

0.4 ^ ^ ^ - ^ 
< W W J ) ' 

Fig . 1 3 . D a l i t z p l o t for even t s 
with 1.375 < H [ ^ n < 1.500 GeV. 
Curves show low-mass and h igh -
mass k inemat ic boundar ies . 
Dashed l i n e s show nominal K 
mats v a l u e s . 



In an attempt to under-

aLund the decay mechanism of 

the E , fits were made to the 

Dalitz plot which included 

K*K (the inclusion of both 

this state and the charge 

conjugate state are implied 

by this notation), 5v, and 

phase space contributions. 

These three contributions were 

added incoherently, but the 

K*K contributiit; included 

components from both the 

charged and neutral X states, 

which were assumed to inter­

fere constructively where they 

crass on the Dalitz plot (as 

demanded by the even C-parity 

of the E ) . The best fit favors Sir as the primary component cf the 

decay with 

B(E •» Sir) x B(6 -»- KK) _ 0 & ± Q 2 

B(E •*• KKTT) 

The quoted error «.cua not include possible systematic errors. One 

h u to be careful In interpreting this result, as the best fit to 

the Dalit i: plot does not completely simulate the KK invariant mass 

distribution. This indicates that the decay mecharism 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 tor events con­

sistent with 

<G«V) 

FJi. 14. KgK" invariant mass distri­
butions for events a) in the signal 
region and b) outside the signal 
region. 

• Y E • S T T 

However, the limited s ta t i s t ics do not allow a stat ist ically signifi­
cant determination of the spin. 



Preliminary results from the Crystal Ball also show evidence for 
the transition * + Y E . 1 Figure 15 shows the K+K~ir° invariant mass 

42 distribution for events which 
io , , 1 , satisfy the 2C fit to 

• YK K IT (5) 

F i g . I S . K K TT" i n v a r i a n t mass 
d i s t r i b u t i o n fo r events s a t i s f y ­
ing (5) wi th HiQt < 1.1 GeV (da ta 
from the Crys ta l Bal l c o l l a b o r a ­
t ion ) . 

with Mj^ < 1.1 GeV. Although 
the C r y s t a l Bai t d e t e c t o r has 
e x c e l l e n t energy r e s o l u t i o n for 
photons , the absence of a 
magnetic f i e l d does not a l low 
a momentum measurement fo r 
charged p a r t i c l e s . This reduces 
the eons r-.-a l o t c l a s s for (5) 
from 4 t o 2 . Evidence for t n 
E s i g n a l i s seer in t h i s d i s ­
t r i b u t i o n . As the Crys t a l B a l l 
e f f i c i e n c y c a l c u l a t i o n s a r e 
s t i l l i n a very pre l iminary 
. T a t e , e s t ima tes of the branch-

f two a t b e s t . When correct­ing f r a c t i o n a rc only good t o a fac tor 
+ - 43 

l i o n s a r c made for the K K mass cut and t h e unobserved decay modes 
of t h e E, they f ind B(fr •* YE) X B(E * KXTT) as 2 x 1 0 " 3 . 

As was mentioned e a r l i e r , the re i s nome evidence for the decay 
of the E i n t o i\it v~. Figure 16 shows the nir Tt~ inva r i an t mass d i s ­
t r i b u t i o n (from the Crys t a l Bal l ) for even t s s a t i s f y i n g f i t s t o 

ty •+ Yin *~ . (6) 

In a d d i t i o n to the n ' s i g n a l , the re 1H evidence for a peck in t h e E 
mass r eg ion . A pre l iminary es t imate of the branching f r ac t i on product 
B(di * *E) x B(E * nun) f inds i t to be smal ler than the corresponding 
nimber for KKn, but a firm number w i l l have i wait u n t i l c a l c u l a t i o n s 
of tho e f f i c i e n c i e s are made. 

To summsri7« our r e s u l t s , the E i s observed very s t rong ly in 
r a d i a t i v e t r a n s i t i o n s from t h e ty. The only o t h e r t r a n s i t i o n t h a t hna 
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fig. 16. nn 7i invariant mass dis 
tribution for events satisfying 
(6) (dita from the Crystal Ball 
collaboration). 

been observed with a com­
parable branching fraction is 
the Yl' transition. Observa­
tion of this transition has 
established the C-parity of the 
£ as even. Unfortunately, a 
d .ermination of the spin la 
Impossible with the prese - ' 
s t a t i s t i cs . Finally, we find 
the KKu decay mode of tne E 
to be predominantly 6n. 

Recent results ort the E 
have come from two hadronic 
experiments vhich I would like 
to discuss briefly, as these 
results are relevant to the 

first results are from a high s ta t i s t ics Interpretation of the E 
(90 «vents/ub) bubble chamber experiment in which the reaction 

IT p + KglTTi n 
was studied at 1.95 UeV/c. They observe significant E production, 
and measure values for the E mass and width of M = 1426 ± 6 HeV and 
I* - AO ± 15 HeV, A partial-wave analysis of the data determined the 
spin-parity of the E to be J = 1 , and also determined the branch­
ing fraction ratio 

»<*••» ««K> - 0 . 6 6 , 0 . 1 2 . 
B(E + K*K + STT) 

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

In experiment E110 using the Kermllob nultiparticle spectrometer, 
the reaction 

ir p • K.K'r + H 



was studied at 50 and 100 GeV/c. Without Kinematic cuts, they see 
no evidence for an E signal. However, if a & cut is applied, a 
prominent E signal is observed. If a K cut is applied rather than 
a 6 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 t 6 HeV, 
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 <5ff decay mode of the E over the K K decay mode. 
However, questions of (cinematic 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 predominately into S« or K K. 
This experiment (and possibLy also the Fermilab sx?'ilincnt of Bromberg 
et al.") seems to favor the decay E •+ in. On the other hand, 
Dionisi et al. see little evUence for in and find the predominant 
decay of the E is into K*K. As for the spin, Dionisi ct al. find 
J • 1 which agrees with some earlier results, but disagrees with 
others. However, thetr 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 '-hot one 
should ptill consider the spin of the E to be an open question until 
the decay mechanism is understood better/'6 

To understand my reasons for this excessive interest in the 
quantum numbers of the E, let roe refer ior the last time to fig. 6(b), 
As discuaaed by numerous people, if gluonium states exist, the 
process sho-jn in Fig, 6(b), after elimination of the outgoing quark 
lines, wouH be an ideal process for production of such states. I 
would like to Suggest the possibility that the E might be Gi-ch a 
gluoniuro state, rather than an ordinary qq resonance. Although there 
is certainly no real evidence for this hypothesis, there arc a few 
peculiarities associated with the ft radiative transition from the * 
which I would like to point out. 
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First, the branching fraction for ij> •*• yV. Iv. larger than the 
corresponding branching tractions for transition:] to other ordinary 
hadrons, with the possible exception -jf the .y. This is in contrast 
to hadronic 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-gluan intermediate state 
In Fig. 6(b). Whereas the production of gluonium states is expected 
to be significant in <i> radiative transitions, there is no reason to 
expect significant production of such states In hadronic reactions. 

Second, whereas in most liadronlc experiments in which an E is 
unserved to decay into KKn, one observes roughly comparable D(1285) 
production. Neither this experiment nor the Crystal Ball experiment 
sees much evicincc foi D production. We have calculated an upper 
Unit for D production from ou^ data of 
B(* •*• YD) * B(» •> lOCit) < 0.7 x io~: at the 90X confidence level. 
This might be taken as strong evidence fir 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 nsBumen that the D and E are both members of the 
standard J - 1 nonet, and the E is the primarily singlet state 
•nd the D is the primarily octet state, one would expect D produc­
tion to be suppressed relative to E production because of SU(3) 
iynoetry arguments. Thus, this suppression may not be relevant tD 
the gluonium question at all. 

In my opinion, the most important question which should be 
resolved regarding the E le its spin. If the E can be firmly 
established an on axial vector state, there is no reason not to 
mrjee the standard qq meson interpretation and put it in the same 
nonet as the 0(1285), Aj, and Q A. if, on the other hand, the E is 
finally established OH a pscudoscalar, it is difficult to interpret 
it within the standard quark model. The J • 0" nonet is complete, 
and one would have to consider the existence of another 0*" nonet, 
possibly a radial cxeitntion of the ground ittntc, in order to accommo­
date the E. However, I think it is equally plnufiible to Interpret 
the £ as a gluonium state. 
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IV. PROPERTIES OK D MESONS 

Evidence for production oC charmed D mesons by reconstruction 
of exclusive final states camo first from the SLAC-LBL magnetic 
detector collaboration at SPEAR.50 1 will present some recent 
results based on a sample of events taken at the «"(377Z) which 
corresponds to an integrated luminosity of 21150 nb - 1. 

In the charrconium model,52 the £" Is presumed to be the D. 
level of the cc system, lying between DD and DD* threshold. Because 
it is loss than 100 KeV above the ̂ *(368'i) , but has a total width 
about two orders of magnitude greater than the (1 ' width, the width 
Is generally attributed solely to the strong decay of the resonance 
into the newly-opened DD channel. If the tf" has a unique isospln 
(cither 0 or 1), then it couples equally (within phase space factors) 
to pairs of charged and neutral D mesons. Thus, a measurcmcrt of the 
ifi" resonant line shape permits a local evaluation of the Inclusive 
D° and D production cross sections. Our results from a fine scan 
over the v" give 

.0 ± 1.0 + 1.2 nb 
(7) "Do 

o D + <= 6.0 ± 0-7 i 1.0 nb 

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 54 reduction of background through kinematic constraints. 
A. Exclusive Dccuys 

The branching fractions for various Cabibbo-favored decay modes 
(i.e., modes containing either one charged or neutral kaon) hnve 
been measured. Figure 17 shows the beam energy-constrained Invari-

- _ + + _ _ + + _ ant masn distributions for the D decayn K if , K_ir TT , and K i r 11 . 
(For clarity, references to D° or D and their decay modes will bo 
assumed to refer to both the state and Its charge conjugate.) 
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mass distributions for Fig. 18, Beam energy-constrained in-
D° decays detected in variant mass distributions for D + 

all charged particle decays detected in all charged particle 
modes. modes. 

Figure 18 shows the Invariant mass distributions for the D decays 
K-it , K ti IT , and Kit u it . Figure 19 shows the invariant mass 
distributions for the decays K„Tr0, K~TI n", nr.d K_n »°, each of which 
contains a single * ° , These distributions provide evidence for the 
previously unmeasured decays of the D° Into K°ir° and u into K°n n° 
and K T IT « , 

Table III gives the calculated branching fractions for these 
nine decoy nodes. The detcclion efficiency for each decay mode was 
determined by Monte Carlo calculation. Except for the channels 
K IT ir and K u it , 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. Boom energy-constrained invari­
ant tnasn distributions for D° and D"*" 
detectcdin nodes with a single " ° . 

generation, all final 
states were assumed to 
follow a uniform phase 
space distribution. The 
quoted errors include all 
ays tenia tic 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. It should be 
noted that the values ue 
find for a~a and a D + 

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

We have analyzed the 
Oalitz 

and K n 1 
plot distributions 

for the K> +-° — ' S°- +-^ 
decays of the D" and the K~i decay of the D T. The apparently 

R decay Into t : < has always been theoretitiilly hnrt! to under­
stand. However, our now results! on the resonant substructure in 
these 3-l>ody decays combined with the apparent difference in total 
widths of tho I) nnd D° (to be discusntd Inter) allows a resolution 
of the problem,J' 



Table I I I . Branching fr.ictlm 
for OiMhbo-favorud 1' decays 

branching f ran . ion (3) 
Mark I I LCWa) 

Figure 70(a) -.lie. 
the Dal it?. p lo t for t 
^ , y n ° . v . ° - V . 

3.0 ± O.O 2.2 i 0.6 
2.2 ± 1.1 — 
3.8 ! 1.2 4.0 - 1.3 
8.5 ! 3.2 12.0 J 6 .0 
8.5 » 2 .1 3.2 i 1.1 
2.3 S 0.7 1.5 i 0 .6 
6.3 1 1.5 3.9 t 1.0 

12.9 i 8.4 — 
8.4 i 3.5 — 

Ref. 56 

Figure 20(d) show;, the low-
^o i i 

mass K v mass-squared p ro ­
j e c t i o n . One see:; a 
s i g n i f i c a n t popula t ion ° r 

the K liandr., but no s t rong 
evidence for p product ion. 
To d c t e m l n e the anount of 
resonant subs t ruc tu re In 
the decay, uc 'lerfornert a 
maximum-llJu-llhood f i t tD 
the data in the Da l i t s p l o t . 
Ue used a dens i t y function 
which represented the 

background, with c o r r e c t i o n s for 
the f i t , the o and K 

allowed f i n a l - s t a t e channels pi 
d e t e c t o r acceptance made at each p o i n t , 
amplitudes were represented ns p-wavc Breit-Ufgner l i ne shapes , 
with energy dependent widths and with the appropr ia te decay angular 
d i s t r i b u t i o n s . The amplitudes! of . i . . . i nd i s t Jncuishable. rosonmt 
f i n a l s t a t e s that were acccns ih lc in the decay were allowed to in ter ­
fere with a r b i t r a r y phase. The non-resonant conponcnts ( i . e . , pure 
3-body decays and background events) were added incoherent ly t o the 
d e n s i t y function used In the f i t . The f r a c t i o n s of Y?n v~ events In 
each f i na l s t a t e ( a s determined by the f i t ) a re 

f(K > - D . l i •• O.Oh 

f ( K,i ) - 0 . 0 2 

f(K"i ) 0.30 O.K. 
0.13 

The f i r s t set of e r r o r s in each cane 1? the 
from the l ikel ihood function In the f i c i i n , 
s e t of e r r o r s In the c*>tinat<>d systematic u 
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f) K"r + from K _ T + n + . Curvus represent fit t i-i l s i .hu ion« d i scuss 
In t e x t . 
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HontC Carlo statistics and acceptance calculation, and our assumptions 
•bout 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. ZD(d) represents the fitted solution. 

Figure 20(b) shows the K~v TT Dalltz plot, with TT IT mass-
iquared projection shown in Fig. 20(e). The p peak is evident in the 

Dalltz plot. One would expect the o band to extend across the plot 
fro* one boundary to the opposite boundary. However, the n detec­
tion efficiency varies rapidly from the upper right edge of the plot 
(where it is relatively large) to the lower left corner (whore it is 
very snail). 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 
Dalltz plot (dona in an identical manner to that for the previous 
Dalit* plot) arc 

«KV> " 0. ,85 + u 
0. .11 

+ u, 
0. 

.uy 
,10 

(K*°»°) - 0. ,11 4 0 
0, 

.12 

.Ob '. 0. .10 

(K*V) - 0 .07 + 0. 
0, 

.0b 

.0'. 
+ 0, 

0. 
.05 
,02 

f(K v v ) - 0.0f> + 0.04 *. 0.05 

An Independent e s t i m a t e for t h e K u f r a c t i o n of t h i s decay 
mode can be made from the measured K ~'i f r a c t i o n ol the K u «~ decay, 
t h e K~TT rt and K n ir hrnnchiug f r a c t i o n s from Table I I I , and t h e * 
charged K branching f r a c t i o n s . Ue expect a value of 
f(K V*") - 0 .15 ± 0 . 0 7 , which i s c o n s i s t e n t with ilic f r a c t i o n 

obtained from t h e d i r e c t f i t to the K~i+i° Dnl i tz p l o t . 
The Da l l t z plot f o r d i e K~n TI d r ray of t h e I) i s shown in 

F i « . 2 0 ( c ) . Our larfic "--iimpJe (292 events with an es t imated background 
of approximately 122) provides the firf>t evidence for a non— unif orm 

popula t ion of the Dali t ; : p l o t . The d e l u i t i n n e f f i c iency i s very 
uniform ac ross the p l o t , dropping only near the throe corners where " 
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and K tfiomonta f a l l below approximately ]00 MeV/c. Figure 20(f) shows 
the BUIB Of the two K n invar i an t mass-squjred combInnI Ions and a curve 
I n d i c a t i n g the d i s t r i b u t i o n expected for a purely uniform phase 
space decay. While no evidence for a s i g n i f i c a n t K s ignal u x i s t s , 
wo note again the l a rge d e v i a t i o n of the dat/i from uniform phase 
ftpacu. Me present only an upper l i m i t on the K * channel in t h i s 
decay hy assuming that a l l of the events observed In the resonance 
region (0.685 < M^ < 0.905 GeV?) a r i s e from t h e decay K*°TT + . This 
assumption r e s u l t s in a 902 c . l . upper .'.lmlt <if 0.39 for tr.e f r a c -

—*o + t i o n of t h i s decoy mode In K n . (Addi t ional systematic e r r o r s 

may change t h i s U n i t by ±0.06 . ) 

B. I n c l u s i v e P r o p e r t i e s 

The uniqueness of t h e VI) f i na l s t a t e a t the i" p rovides a means 
of s tudying the inc lus ive p r o p e r t i e s of I) decays by use of "tagged" 
e v e n t s . In a tagged e v e n t , one D (D) i s i d e n t i f i e d by the obf-erved 
decay i n t o K0;' , K~ii , K~n v , or K~n v~n . The r e c o i l i n g uyscem 
provides a pure D (I)) sample. This sample of D's i s unbiased by the 
t r i g g e r requirement which i s s a t i s f i e d in a l l ensen hy the tagged D. 
Cuts on t h e beam energy-const ra ined masses of i6 McV around the 
nominal D masts ( i4 MeV in the ease of the K~"ir tT~n decay mode) were 
made t o s e l e c t the sample of tagged events usud in the a n a l y s i s - The 
r e s u l t i n g sample c o n s i s t s of approximately 3»(J n and 480 D even t s 
over a background equal t o about 122 of t h e s i g n a l . In t h i s flection, 
I w i l l d i s c u s s the i nc lu s ive charged p a r t i c l e m u l t i p l i c i t y ar.d 
s t r angeness assoc ia ted with R decays. In the next s e c t i o n , I w i l l 
d i s c u s s t h e Individual D and D scmllcptnnlc decay f r a c t i o n s . 

For each t ag , the m u l t i p l i c i t y observed in the r e c o i l i n g system 
Is p l o t t e d , with no attempt at p a r t i c l e i d e n t i f i c a t i o n , ( ro r t h i s 
a n a l y s i s only , no K ir t a g s wore used . ) Those observed charged 
p a r t i c l e m u l t i p l i c i t y d l i t r i b u t i o n s arc rhoun in F i g s . ? l ( a ) - ( c ) . 
The shaded reg ions r ep resen t t h e background m u l t i p l i c i t y d i n t i i b u t i o n s 
es t imatrd from events with invar i an t mass between 1.800 and 1.855 CeV, 
normalized to the expected number of background events contaminat ing 
the tagged 1< sample. The produced charged p a r t i c l e m u l t i p l i c i t y 
d l s t r l h u t i o n s (where K ->• n if decays a r e com.ted as two t r a c k s ) 
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> 120 

? BO fljl 
obtained by a 

v i ra l unfold oroci 
B r i e f ly , a m 

i<: r.oiifht for IJ 
P 

i.vi'r-.-tmsl raliH-d 
,11 hystrm of ctpiil 

j 0.4 • 1 I N 
I P 

+ 11 

\ whore K i s t h e number o£ 
q 

uvent (t de tec ted with q 
charged prongs, H Is 
the number of. events 
produced wi th p charged 
p ron r s , B i s the number 

q 

of background events 
with q charged prongs, 
and t I s t h e p robub i l -

qp 

i t y (determined by Monte 
Curio) t h a t a produced event with p prongs w i l l bo de tec ted wi th c] 
p rongs . The produced (unfolded) m u l t i p l i c i t y d i s t r i b u t i o n s a r e shown 
In F i g s . 2 1 ( d ) - ( f ) , where tho er ror bars r e f l e c t only t h e s t a t i s t i c s 
of t h e unfold procedure . The systematic e r r o r s arc comparable. The 
n u n charged p a r t i c l e m u l t i p l i c i t i e s a re ca lcu la ted to be 
^Nch^Dt> " 2 , / ' 6 ± ° * 1 4 ( b a s t d o n b o L h s a m p l e s of D° t ags ) and 

P i g . 2 1 . Observed charged p a r t i c l e m u l t i ­
p l i c i t y d i s t r i b u t i o n s for a) D° -+• K _ u + , 
b) DO t- K-H+II+U-, and c> D + - K~v*v+ 

tagged e v e n t s . Produced (unfolded) 
charged p a r t i c l e m u l t i p l i c i t y d i s t r i b u ­
t i o n s for d) D° •• K**it+, 
e ) D° •+• K - J T V 1 ! ! - , and f) n+ • K-n+n+ 

t i g g e d even t s . Shaded regions are d i s ­
cussed in t e x t . 

<o h'l>+ • 2.16 * 0 .16 , where tho e r r o r s include e s t ima tes of Che 
sys temat ic uncer ta in t i e s These r e s u l t s a rc in good agreement with 

> of 2.3 * 0.3 for both the ch' t h e prev ious ly reported value for <tl 

D» «<1 D + . 6 ° 

Theore t i ca l e s t ima tes of the average D m u l t i p l i c i t i e s have 

g e n e r a l l y bucn la rger than LIIRSH irunsuved v a l u e : . / However, at 

l s a s t one type of s t a t i s t i c a l model dir.cjr.sed by Quigg and Kosnc/ ' 

( t he COnstant-Tnatrix-olomcnt model) p r e d i c t s average m u l t i p l i c i t l c 

which a r e close to t h e experimental v a l u e s . They p r ed i c t 

^ Hcb?D° ** 2 ' ' ' a n , J < Kch*D+ = 2 - 5 f o r h a d r o n l c rfcciys of the 0. 
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However, 1": should be noted that our u t s ^ u r t n e n t s include c o n t r i b u ­
t i o n s from the scmilcptonic decays, which comprl::^ a l a rge f r a c t i o n of 
Che D decays (as w i l l be discussed In the next s e c t i o n ) , n" s. I T R B 
f r a c t i o n of the semileptonii- decays a re D -* K S. v one would expect 
a smal ler average m u l t i p l i c i t y for D decays than for D° decays , a s 
i s observed In the d a t a . 

The tagged D samples were chosen to have unique s t r a n g e n e s s , so 
that charged kaons In the r e c o i l i n g system could be cha rac t e r i zed as 
having c i t h e r the same or opposi te s t r a n g e n e s s . The Cobibbo-favored 
decays should produce one kaon whose s t r angeness i s opposi te t h a t of 
the t a g , while Cablbbo-suppressed decays a re expected to e x h i b i t e i t h e r 
no s t r a n g e p a r t i c l e s , or two of opposi te s t r angenes s . D - D nixing 
and doubly suppressed decays can produce a p a r t i c l e with s t rangeness 
equal t o the s t rangeness of the kaon in the t a g , but these e f f e c t s 
a re expected to be very smal l . 

Table IV summarises the r e s u l t s of an a n a l y s i s t o determine the 
kaon f r a c t i o n s in the systems r e c o i l i n g aga ins t the tagged D ' s . These 
numbers have been cor rec ted for kaon d e t e c t i o n e f f i c i ency , m i s i d e n t i -
f i c a t i o n of it" as K", and kaons from t h e background events which 

Table IV. Kaon m u l t i p l i c i t i e s In D decays . 

. . branching f r ac t i on (7.) 
decay mode n o

 b

 n

v

+ 

D - K X 56 I 11 19 ! : 5 Hark 11 
36 • 1 0 n > 10 i . 7 LGWb> 

V * K + X C > 8 1 3 6 ! '- 4 Mnrk I I 
„<•> 6 J 1 6 LGWb> 

D -• K V 29 S 11 52 ' ' 18 M a r k 11 

57 * 26 39 ! 1 29 LCW b> 

i t rnngeness and oppos t tu -
s tn ingeness events ; both are combined under D •' K"X. 

b J R e C . 60. 

o 
These decays have kaons with the same s t rangeness as the kaon in 
the t a g . 

hero t h e s t rangeness cannot be determined. 
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contaminate the tagged D sample. The errors include both statistical 
errors and estimated systematic errors. Also shown in Table IV is a 
comparison of our results with those of Sef. 60, 

It la 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 100X. 
This la not possible, but one can make assumptions about the Cablbbo-
supprassad decays, and estimate this fraction. If it Is assumed that 
I(D •*• j5 + nt)«. 0.0563 and B(D •*• IT'S only) w 0,05, one finds that 
86 ± 17Z of Cabibbo-favored D° decays contain a kaon and 70 ± 212 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 
mad* abouL. the fraction of Cabibbo-suppressed decays. 

C. Semilcptoaic 0 Decays and the D Lifetime 

The pure leptonic decays of D mesons are expected to be strongly 
suppressed relative to the semileptonic decays,62 implying that 
electrons originating fron D decays will came predominantly from the 
•emlleptonic modes. Previous experiments have measured the average 
•amlleptonic branching ratios for D mesons at E&voral ccnter-of-mast 
energies in e e~ annihilations. However, until recently, no measure­
ments of the individual semileptonic branching fractions of the D° 
and D have been made. Whereas It is expected that the semileptonic 
partial widths of the D° and D arc approximately equal, there is 
no overriding reason to expect that the total D° and D widths arc 
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 setnlloptonic branching fractions allows 
an estimate of the relative lifetimes to be made 

In order to measure the D and D semileptonic branching 
fractions, the sample of tagged events described in the previous 
section was searched 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 oC the tag. We denote these two groups as "right-
sign" (having the expected leptonlc charge) and "wrong-sign" (having 
opposite the expected leptonlc charge) candidates, possible back­
grounds were carefully considered. Backgrounds arising from hadronlc 
misldentificaticm 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 
neasured D-dccay momentum distributions were folded with the known 
hadron misidentification probabilities to estimate the contanlnation 
in each group of electrons. Backgrounds from electromagnetic processes 
are charge symmetric and uncorrected with the strangeness of the 
tagged D. This background was corrected for, after corrections for 
all other backgrounds were made, by subtracting the wrong-aign 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 t < 1.655 CeV) and corrections made for this. 
Finally, soma K'n* events were mislabeled as v~K , which gave an 
incorrect strangeness assignment. Monte Carlo estimates ware uaed to 
correct for this contamination. 

A summary of tVv. semileptonlc rate calculation Ifl shown in 
Table V. After crrrcction of tht number of net semlleptonlc events 
for detection efficiency and che number of tags, we find 

B(D +* Xev) • 10.8 ± 6.4X 

B(D° •* Xeu) • 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 D and D production cross sections at the 
>i>" (7), we obtain an average single electron branching fraction of 
10.0 ± 3.2X. This is consistent with 8.0 i 1.5Z measured by DELCC6A 

and 7.2 ± 1.8% measured by the L.GW at the same center-of-mass 
energy. 
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Table V. D spmik'ptonl c r. i t c In the ratio, 
calculation. there is a cancella­

D° - K V and K"» + iV tag s 
tion of some of the 
systematic errors and 

net taggod events 477 we obtain 
light-sign electrons observed 36 £--£: • » background 17.h * 1. .0 £--£: • » 
wrong-sign electrons observed 18 

£--£: • » 
background 11.8 • 0, .9 This ratio was 

additional backgrounds -0.1 t 1.0 obtained by perform­
net electrons 12.3 i 7. .6 ing a maximum-

+ —o + - + + D - It* and K v IT i tags 
likelihood f i t to the 
relative rates. 

net tagged events 295 Figure 22 shows the 
right-sign electrons observed 39 logarithm of the 

background 16.3 i 1 .0 likelihood as a func­
wrong-sign electrons observed It tion 'of the ratio 

background 4.2 ± 0 .5 V'V>- T h c c r r o r s 

additional backgrounds 0.5 1 0, ,8 in (8) represent 
net electrons 23.3 * 6 .7 ±l<3 about 3.1, 

a) assuming a local 
Particles satisfying electron 
Expected background from hadrc 
nLsidcnlif ication. 

cuts. Gaussian form for the Particles satisfying electron 
Expected background from hadrc 
nLsidcnlif ication. likelihood function. 

Net background from misInbelee 1 K" T tags Statistically, a 
and false tags. change of approxi­

mately 20 is required 
to obtain equal lifetimes, while the upper limit ; is poorly defined 
because of the small number of observed r.emi.lepLonic D decays. 

The UK1.C0 collaboration has recc^Lly made a measurement of the 
individual scmllcptonic branching fractions of the D and I)° based on 
a measurement of the number of y" decays containing either one or two 
electrons originating from ::^mileptonic decays of D mesons. The 
values of the D and I) sctnilontonic branching fractions (b and b , 
respectively) were detcrminrd by finding a common solution to the pair 
of equations 
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( ^i 2b" ( l - b ) + N + Cj 2 b T ( l - b ) + smal ler terms t n b z 

where N and N a re the number of observed one-e lec t ron and two-
e l e c t r o n events and W and N arc t h e number of D°D° and D 0~ decays 
In t h e da t a sample. The e f f i c iency Cj (Cj) i s the p r o b a b i l i t y of 
d e t e c t i n g a l e event from a D°D° (D D~) I n i c i a l s t a t e in which one 
D decays t o an e l e c t r o n , (c ' a r e defined s i m i l a r l y for 2c even t s . ) 
They determine 

B(D+-»- Xev) - 22.0 * * ' * X 

B(D° •+ Xcv) < 4.OX (95X c . l . ) . 

These va lues Imply t h a t t h e r a t i o of l i f e t i m e s I s 

- T ^ > 4 .3 (95Z c . l . ) . 

These branching f r ac t ions a rc cons i s t en t wi th the values determined 
by the Hark I I . 

Based on our branching 
f r a c t i o n measurements, t h e 
t h e o r e t i c a l e s t imate for the 
p a r t i a l width T(D •+ Kev) -
i . 4 x I 0 1 1 S E C ' 1 , 6 8 and the 

assumpt ion 

I'fp •• Kev) 0.6 
T<D •* Xev) 

we estimate the D + and D° 
1ifcrimes 

L=S 7.2 * 1 0 _ n sec 

2.4 io-.13 

He. 22 . Logarithm of thti l i k e l i ­
hood funct ion vorsus the n t i o of 
the B + and D° t o t a l JifcLinoji . 

These e s t ima tes compare well 
with neor.iired l i f e t i m e s from the 



Farmilab neutrino experiment E531 In which 5 D and 7 D cand ida t e s 
have been observed t o decay In ernulsion. Thay measure t h e l i f e ­
times to be -c^ - 10.3 * J ° £ 5 x 10-13 s e c flnd 

v - i-w t g:g* l o~" i«-
V. x -* K*(890)VT 

The properties of the heavy lepton T~ have been carefully 
studied in a number of experiments. I vould like to briefly dis-
custi the dec*; T~ •*• K ~(690)v (for simplicity, all references to 
T iixply also the charge conjugate state) which has been observed 
by the M*rk XI collaboration. This is the first observation of a 
Csbiabo-sujipressed T decay. 

Figure 23 compares the W-oxchange diagrams for the processes 
T **• K v_ ar.d T •*• ov . 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-cupprossed (i.e., the coupling ia propor­
tional to sin28 ) and the o final state 1H Cabibbo-favorcd (with 

coupling proportional to cos20 ). 
There is no reason not to expect 9 C 72 to be the standard Cabibbo angle. 

Our analysis was baund on a 
sample of 40,200 T T~ pairs pro-

(890) d uced with E > 4.2 GeV. The 
decay sequence which was analyzed 
was sin 2 6e 

T T 
IL-,,,,-, 

Ll 
L.V 

We i- .quired four charged particles 
Fig. 23. Diagrams for . . , - , , , . . . r u i . 
a) T * K*(890)VT and b) T » P0 T. *" t h o »"" 1 B t M - ™* ° f u h l c h 

was identified as an d or a u. 
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Events in vhich any of the other throe tracV-s -»er<- identified as 
leptons, kaons, or protons were eliminated. Events t.lth an observed 
photon with energy greater than 100 HeV we: e also eliminated. 
Finally, 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 

Figure 24 shows the invariant mass spectrum for the K TT events 
selected above. There are 11 signal events (with 
0.825 £ M ^ < 0.950 GeV) with an estimated background of 2.5 events 
(determined from events in the regions 0.700 s li < 0.825 GeV and 
0.950 < M^ < 1.075 GeV). The detection efficiency was Calculated by 

Monte Carlo separately for the 
events with an e and the events 
with a u, yielding c K*»2.1Z 
and c „* D 1.431. Seven of the 
eleven events observed in the 
nlgnal region wore electron 
events. As the statistics 
were too limited to estimate 
what fraction of the subtracted 
background events were electron 
events, the 8.5 t 3.6 corrected 
events were scaled by 7/11 to 
give the number of corrected 
electron events and A/11 to 
give the number of corrected 
muon events. 

The branching fractions were calculated sepaiarely for the e 
and u event samples according to the prescription 

* B(T • 

Fig. 24. Kgii- invariant mass distri­
bution in candidate events for 

"t * K*<890)v_. 

,6»K" • K v ) y B(T * V T 

For the leptonic branching fraction, i 
B(T -* Evv ) = 18.5 ± 1.5X obtained fn 

: used a value 
i analysis of ou events in 



the sane da ta sample. Our best es t imate far B<x •* K <- ) i s a 
weighted average of the two de te rmina t ions : 

B(T -* K*v ) -- 1.6 t 0.8X . 

This branching f r a c t i o n can be compared with t h e o r e t i c a l e s t i ­
mates based on the measured branching f r a c t i o n foe t •+ ov^ of 
20 .5 ± 4.1Z from our e x p e r i m e n t . 7 i Based on c a l c u l a t i o n s of Tpai 

B(T * K*(B90)vT) 
=7~-r c—— - K M , , M , t\,*) • t a n 2 9 
B(r "* P«T> * P it C 

where f i s a phase space f ac to r and i s approximately 0 . 9 3 . The 
value used for the Cabibbo angle i s s in ? G - 0.07 r a t h e r than the 
cuctoaary value of s in a B = 0.05 in order t o t ake i n to account t h e 
d i f f e r e n c e between t h e coupl ing cons t an t s f.. and f . From t h i s , 
we expect B(T * K*v ) « 1.4 ± 0.42 which 13 in good agreement with 
t h e experimental measurement. 

V I . CONCLUSIONS 

I have presented some recent r e s u l t s from t h r e e d i f f e r e n t a reas 
of • e~ a n n i h i l a t i o n phys i c s . The f i r s t p a r t of t h e t a l k d e a l t with 
r a d i a t i v e t r a n s i t i o n s from the $ t o o rd inary hadrons . The new r e s u l t s 
on t h e TI, T ] ' , and f confirm e a r l i e r r e s u l t s , but t h e r e i s s t i l l a 
pos s ib l e fac tor -of- two discrepancy involved with t h e 0 -* Y n ' b ranch­
ing f r a c t i o n . X t r i e d t o emphasize t h a t t h e s e t r a n s i t i o n s can be 
understood in terms of minimal gluon-coupling i d e a s , with mixing 
between the d i f f e ren t i s o s c a l a r Btates in t h e SU(4) m u l t i p l e t p laying 
a fundamental r o l e in q u a n t i t a t i v e l y unders tanding the r e s u l t s . The 
r e s u l t s on t h e Y E ( 1 4 2 0 ) t r a n s i t i o n a rc p a r t i c u l a r l y i n t e r e s t i n g as 
the p o s s i b i l i t y e x i s t s t h a t the E i s a gluonlum s t a t e . However, i t 
i s doubtful whether i t w i l l ever be poss ib l e t o show convincing 
evidence for t h i s i n t e r p r e t a t i o n . 

Although i t was not emphasized during the t a l k , t he r e has been 
some e f f o r t by t h e Mark I I co l l abo ra t i on to look for o ther r a d i a t i v e 
t r a n s i t i o n s from the iji. A l l s t a t e s with reasonable acceptance in the 
Hark I I de t ec to r ( i . e . , s t a t e s decaying i n t o combinations of n" , K~, 
K s i P» and p ) , and even some with poor acceptance ( e . g . , s t a t e s with 
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ii *a or n ' s in the f i n a l - s t a t e ) , have been cons ide red . No s t a t i s t i ­
c a l l y s i g n i f i c a n t s igna l s as ide from those shown today have been 
observed. Thus, If the E i s not a gluotiiun s t a t e , ne i t he r the Hark I I 
nor the Crysta l Bal l sees any evidence for such a s t a t e In r a d i a t i v e 
t r a n s i t i o n s from the *. 

A s i g n i f i c a n t amount of information on t h e p r o p e r t i e s of D mesons 
has come from the Mark I I , only pa r t of which could be d i scussed h e r e . 
In terms of exc lus ive channe l s , a few new decay modes have been 
observed, and a d e t a i l e d a n a l y s i s of the resonant subs t ruc tu re of 
the Knit decay modes has been made. These r e s u l t s a r e important in 
unders tanding the mechanisms involved in D decays . Of liie i n c l u s i v e 
p r o p e r t i e s d i scussed , the most I n t e r e s t i n g i s the r e s u l t on the D 
and D semi leptonic decays r a t e s . The co - j ined r e s u l t s from the Mark I I , 
DELCO, and the v emulsion experiments provide f a i r l y conclusive e v i ­
dence t h a t t h e D l i f e t ime i s cons iderably longer than the • l i f e ­
t ime. 

F i n a l l y , the measured branching f r a c t i o n for x •*• K v i s con­

s i s t e n t wi th expec ta t ions from s tandard Cablbbo theory . 
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