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1, INTRODUCTION

My charge was to review ete™ annihilation into hadrons excluding the new particles, I will inter-

pret this last phrase liberally and consider anything which Dr. Ltth did not cover as fair game,

I will briefly review the detectors which have been used at SPEAR and then»discuss the total
hadronic cross sections, the charged multiplicity, and inclusive distributions, \I will conclude with
some results on the search for new particles at SPEAR: searches for monochromatic photons from
the §', a search for nonleptonic decays of charmed mesons, and evidence for anomalous lepton pro-
duction.

2., DETECTORS

The bulk of the data in this report come from the SLAC-LBL magnetic detectorl) which is shown
in Fig., 1, Dr, Llth has already described this detector in some detail,z) so I will just point out
some of the features which will be relevant for this report. The detector has a solenoidal coil which
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Fig. 1 Telescoped view of the SLAC-LBL magnetic detector,

produces a magnetic field parallel to the incident beams. A set of cylindrical spark chambers
measures trajectories of charged particles over about 70% of the full solid angle. The trigger for an
event is two or more charged particles which each fire a trigger and shower counter. The counters
cover about 65% of the solid angle. Separation of 7's, K's, and p's is accomplished by time-of-flight

measurements in the trigger counters, w-K separation is possible up to momenta of about 700 MeV/e
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and K-p separation is possible to momenta of about 1 GeV/c. Electrons can be identified as particles
which cause large pulse heights in the shower counters and muons can be identified as particles which

penetrate the flux return and fire the muon spark chambers.

I will also report on results of two ex-

periments which were situated in the other
interaction region of SPEAR. The appara-

tus of a Princeton-Pavia-Maryland experi-

ment is shown in Fig. 2. The important

feature of this experiment was a gas Ceren~ HADRON

FILTER

kov counter followed by a magnet, which
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provided particle separation at high mo- HADRON DETECTOR
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Figure 3 shows the apparatus of a

Stanford experiment. The main purpose of

the experiment was to study quantum elec-
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crystals were also useful te search for

monochromatic photons from y' decay, and SHOWER /1 L
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it is on this aspect of the experiment that I

will report.
PROPORTIONAL WIRE CHAMBERS

3. TOTAL HADRONIC CROSS SECTIONS
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The event sample used in determining . . .
Fig. 2 Princeton-Pavia-Maryland experimental
the total cross section by the SLAC-LBL apparatus viewed from above.
magnetic detector includes events with

three or more observed charged particles

: TIMING
and events with two observed charged par- MAC}:EL'ZED PLASTIC
; . . PTI
ticles in which the two particles satisfy two %ONeg:TLE:b
APERTURE.
conditions: (a) that their coplanarity angle : PLASTIC
h
with the incident beam is greater than 20° i
I
and (b) that both particles have momenta ll Nal(Tt)
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greater than 300 MeV/c. These two condi-

tions are necessary to eliminate back-

grounds from one and two photon leptonic

events,
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Corrections must be made for tracking

=

STEEL MWPC

logsses, beam-gas interactions, two photon- MAGNET
leptonic events, and radiative effects. Im
These corrections are relatively straight- Fig. 3 One of the two Nal crys tal-
forward. The correction for triggering ef- spectrometers of the
ficiency is not so straightforward. To cal- Stanford experiment.
culate this, we must construct a model of
the final state and perform a Monte Carlo simulation, In this way our imperfect knowledge of the fi-

nal state leads to a 10 to 15% uncertainty in the absolute value of the total cross sections. 3)
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Fig. 4 a) The total hadronic cross section versus center-

of-mass energy.

b) The ratio R of the total hadronic cross section to
the theoretical muon pair production cross sec~
tion. The dotted points are older results from

Frascati and the CEA,

particle states are being produced.

There is an enhancement around 4,1 GeV which
is probably a resonance, but might possibly be a
threshold enhancement. We presently have little ex-
perimental information about this region, but we are

currently acquiring more data,

4, CHARGED MULTIPLICITY

Figure 5 shows the mean charged multiplicity as
a function of c.m, energy, which is plotted on a log-
arithmic scale. This is an "experimenter's multi-
plicity"'; for example, on the average a Kg is counted
as 1.4 charged particles. The errors shown are only

the statistical errors. Note the high statistics points

I emphasize this point in order to
warn you not to take the absolute
values of the cross sections too

literally.

Figure 4a shows the total
hadronic cross section as a func-
tion of center-of-mass energy
and Fig. 4b shows the ratio R of
the total cross section to the p
pair production cross section,
The data through 5 GeV have been
published4) while the data from
5.6 GeV through 7.4 GeV are new
preliminary results. The posi-
tions of the ¥ and §' are indicated
by arrows. On the scale of this
plot, they are infinitesimally nar-

row spikes,

There are two regions where
R appears to be constant - below
3.5 GeV where R ~ 2.5 and above
4,8 GeV where R ~ 5.5, Ina
quark-parton model R is just the
sum of the squares of the quarks.
Thus the two plateaus in R sug-
gest that new quarks are being
coupled'to at the higher energies

and that, correspondingly, new
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Fig. 5 The mean charged multiplicity

versus center-of-mass energy.

at 3.0, 3.8, and 4,8 GeV. Within errors all of the data lie on a straight line corresponding to a mul~

tiplicity which is proportional to In s. In particular, there is no evidence for any change of slope in
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the transition region between the two plateaus in R.

5. INCLUSIVE DISTRIBUTIONS

5.1 Momentum distributions

Although I was originally planning to show some momentum distributions, I will not do so today
in order to generate some time for more exciting results, Iwill simply apologize for the current
state of our inclusive distributions. Back before we knew how the land lay, we chose c.m. energies
3.0, 3.8, and 4.8 GeV to do detailed studies of inclusive distributions, With hindsight, we can now
see that we could not have picked three worse energies at which to study scaling. One is in the lower
plateau region, one is in the upper plateau region, and the third is in the transition region and heavily
contaminated by the tail of the y'. New studies of the inclusive distributions are in progress and
some results should be ready by the Photon Conference. The old results were presented at the

London Conference; I refer you to those Proceedings for them. %)

5.2 Polarization and angular distributions

We have an exciting new result from the SLAC-LBL magnetic detector on the inclusive angular
distributions which is now barely two weeks old, In a nutshell, we have observed that the e+e_ beams
are polarized at a c.m. energy of 7.4 GeV and that high momentum hadrons develop an azimuthal dis-

tribution which is similar to that developed by p pairs.

It has been realized for a long time that, in the absence of depolarizing effects, electrons and
positrons in a storage ring would become polarized antiparallel and parallel to the magnetic guide

field. 6) The polarization builds up exponentially in time

p(t) = Py -/ 7) M

where PO is the maximum polarization, theoretically P0 =,924, The characteristic time r is
machine~dependent and is a strong function of the c.m. energy, E:

5280
E5

TSPEAR hours (2)
where E is measured in GeV., Eq. (2) is evaluated for several energies in Table I. Since we nor-
mally refill the rings every two to three hours, there is
TABLE 1 almost no polarization at the i's, only a small amount at
Calculated Polarization Time at SPEAR 4.8 GeV, but very high average polarization at 7.4 GeV,

E T Under the assumption of one photon exchange, the
C. M. . T . 7)
v 18 hours inclusive angular distributions are of the following form:
1 7% hours do {op + o) + {0 - )cosze +

4 z Q I U (R

4,8 GeV 2 hours 5 2 .
’ + P (O‘T - og) sin” 8 cos 2¢ 3)

7.4 GeV 14 minutes '

where 6 and ¢ are the polar and azimuthal angles and
where ¢ is taken to be zero in the plane of the ring. The important thing to note about Eq. (3) is that
there are only two parameters, T and og which are functions of c. m. energy and the momentum of
the detected hadron. These parameters can clearly be measured even if the polarization were zero.

Therefore the polarization gives us no new theoretical information. However, since the detector



measures only a portion of the § region, but is almost completely unbiased in ¢, the polarization is

extremely important experimentally.

To illustrate Eq. (3), we'll take two examples: If we produce a pair of point spin % particles

such as u's, and ignore their mass, Op = 0. If we average over ¢ or have no polarization, then

dg 2
go ©1*cos™e . (4a)

On the other hand, if we take the somewhat unphysical

case of 100% polarization and look around 6 = 900, then 200 T T !
do Vs = 7.4 Gev +
10 o 1+cos 2¢ , (4b) o +
Sty oty
For the case of a produced pair of spin 0 particles, Z 100 |- + + + ++ +_
Egs. (4a) and (4b) become & #++++ 4 '
a@g « sin’6 (5a)
o) I I |
and 0 90 180 270 360
¢ (degrees) ens
dg
de” 1 -cos2¢ . (5b) Fig. 6 Preliminary results for the

azimuthal distribution of

Figure 6 shows the azimuthal angle distribution for observed hadrons with
x=2p/Afs > 0.3 at 7.4 GeV

high momentum hadrons observed in the detector. The center-of-mass energy.

distribution shows a clear azimuthal dependence of the

type expected for u pairs. Figure 7 shows the quantity

(op - US)/(gT + as) as a function of x (x = Zp/Ec.m. ) ok ! ! '_4; |
At low x, Op ™ Og» which corresponds to an isotropic
distribution, but at higher x, o >> oge 0.8 + 4

These results agree with an old prediction of the 06 - |
spin 3 parton model - that leading particles should
have the same distribution as ¢ pairs. Of course the 0.4 - _+_ -
data do not prove that the parton description is cor-
rect; but it is significant that they occur in the manner oo c.2 - -+— B
predicted by the model. ?_5:_ oh A

blb -

Even more interesting is that we have found evi-
dence for jet structure in the 7.4 GeV data. In each =02 - 7
event we find the axis to which the sum of squares of 04l ]
the transverse momenta of all the particles is a min-
imum., We then compare these transverse momenta to ~-0.6 -
those predicted by an isotropic phase space Monte
Carlo simulation and find that on the average they are ~08 - I
significantly smaller. Further, the jet axis shows the -1.0 ! \ L '

0 0.z 04 06 08 1O

same azimuthal dependence as the high energy hadrons, X% 2p/E o, o

We are presently putting these results into quantitative

Fig, T Preliminary results for
(_ch - O'S)/(G’T +0g) versus
x = 2p/fs at 7.4 GeV center-
of-mass energy.

form.
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Fig. 8 The fraction of charged particles

versus momentum at 4.8 GeV
center-of-mass energy. Data are

from

both the SLAC-LBL and PPM

experiments,
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versus center-of-mass
energy.
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5.3 Particle ratios

As we noted earlier, the SLAC-LBL detector
can differentiate between different types of par-
ticles at low momenta by time of flight and the
PPM experiment can do the same at high mo-
The

fraction of each type of particle as a function of

menta by using a gas Cerenkov counter,

momentum at 4,8 GeV for both experiments is
shown in Fig. 8. 8,9) The fraction of K's rises
with momentum from 0 to about 20% while the

fraction of protons rises to a few percent.

Figure 9 shows the invariant cross section
The data

are roughly described by a single exponential

as a function of the particle energy.

with a temperature of 190 MeV, This dependence
is not to be taken too literally - for instance, the
slope through the kaon data alone is not the same
as the general slope. However, it does indicate
that the suppression of kaon and proton produc-
tion relative to pion production is probably due

more to mass than quantum numbers.

We have constructed the fraction of events
which contain a ¥~ with momentum less than
700 MeV/c.
but it is at least something the SLAC-LBL detec-

tor can try to measure.

This is not a fundamental quantity,

The data are shown in
Fig. 10. Two points are significant: (a) There
is no large increase in the K fraction as the en-
(b) And

there is an apparent small, but noticeable, de-

ergy increases through the step in R.

crease in the K fraction in both the y and y' de-

cay.

6. SEARCHES FOR y' RADIATIVE DECAYS

6.1 Introduction

It has been suggested that if the y and y' are
bound states of charm quarks, then other bound
states should exist which the ¢ could decay into
by the emission of a photon, 10) Some of these
states could then decay into ¢y, giving the se-
quence ' — yyy. The most likely transitions in

this scheme are shown in Fig. 11.



6.2 Search for yyy cascades

We have already seen that the branching ratios

for ' — ¢ arez’u)

$' — o + anything

7= all = 0,57+0.08, (6a)
' yr
LY = 0oz 0.04 (6b)
and
' — i + neutrals _
T anything 0.44 £ 0,03 . (6¢c)
If we take the y' to have I =0 so that
v 00
YT - o5, @
P' =y

then, combining with Eqs. (6a) - (6c), we obtain

Y' — ¢ + neutrals (not 7ro7ro)
P! — all

= 0.09%+0.03. (8)

To investigate these modes we subtract 3/2 of the
AR )p1r+7r" spectrum from the y' — ¢ + anything
The peak
around a mass squared of 0.3 (GeV/cz)2 is evidence
for the mode y' — ¢yn which is observed in both the

spectrum and plot the result in Fig. 12.

charged and neutral decay mode with a branching

ratio

L
b - o.0as0.02. ©)

We don't know directly what the remaining
events in Fig., 12 are. However there are two

pieces of circumstantial evidence that they are the
mode ¢' — Yyy:

i) This is the only mode left with reasonable

quantum numbers.

ii) There are events below the 21° threshold at the

2. 3 standard deviation level.

There is no evidence that the yy mode goes via
an intermediate state; it could be a direct electro-
magnetic decay. I it does go by an intermediate
state, then from the allowed kinematicslz) we can
set an upper limit of

P —dyy

ST all < 0,066 at the 90% confidence level .

(10)
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Fig. 11 The most likely gamma ray
transitions in the charm
model,
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Fig. 12 The missing mass squared to

the § corresponding to ' — ¥
+ anything - 3/2(@®"' — yntr-).
The solid line indicates the
missing mass squared spec-
trum of events in which the y
and an additional charged par-
ticle are detected, but the de-
tected particles are not kine-
matically compatible with

W o— Yrra-,

We are presently studying these yy mode candidate events for evidence of intermediate states.
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6.3 Search for monochromatic photons

Another, and more general, method of searching
for intermediate states is to look for the monochromatic
photons directly, Two such searches have been done,
one in the SLAC-LBL magnetic detector and the other
in the Stanford experiment. Neither has found signifi~

cant evidence for such photons.

in the magnetic detector, the search was conducted
by looking for photon conversions in the 0. 052 radiation
lengths of material which surround the interaction re-
gion, The observed momentum spectrum is shown in
Fig., 13. The solid line represents the shape of the ex-
pected background from 7° decay. The present analysis
does not detect charged particles with momenta below
80 MeV/c and this accounts for the dropoff between 300

and 160 MeV,

In the Stanford experimentl?’) the photon energies
were measured in large Nal crystals., Data are pre-
sented separately in Fig. 14 for photons which convert
in lead converters in front of the crystals and for those
which fail to convert. In the latter case the trigger re~

quirements are more restrictive.

The momentum resolution and upper limits on the
branching ratio B,

P — X

B = ! — all

(11)

where X is a narrow state, are given in Table 2 for

both experiments.

7. SEARCH FOR NONLEPTONIC DECAYS OF
CHARMED PARTICLES

We have searched for nonleptonic decays of
charmed mesons with the SLAC-LBL magnetic detector
by looking for narrow peaks in inclusive two and three
body state invariant mass distributions in various
modes. 14) The data sample was about 10, 000 hadronic
events at ¢c. m. energy 4.8 GeV. This was the largest

data sample available until quite recently.

Data for a typical mode are shown in Fig, 15,

This plot shows one of the two four standard deviation

peaks which were observed - the bump at 2,40 GeV/cz. (The other was at 2, 05 GeV/c2 in the KgKi
mode, ) We do not consider either of these peaks significant since they could not be found in the
5.0 GeV data sample,



TABLE 2

Limits on monochromatic radiative y' decays

SLAC-LBL Stanford
Enezgr;a(yGeV) —-(:)—————— C?;)verted v's Unz:':)nverted v's
P s ® dp g (©) dp B ©
P P b
0.075 ~ - .075 .05 .019 .06
0.15 - - . 047 .04 .019 .09
0.25 .03 .05 .033 .04 .019 .08
0.40 .03 .03 .025 .01 .019 .06
0.60 .03 .02 .025 .05 .019 .04
0.80 .03 .02 . 025 . 005 .019 .015

(a)

rms resolution.
(b)Upper limit on the branching ratio at 90% confidence level.
(C)Upper limit on the branching ratio at 99% confidence level.

Upper limits have been set for eight modes and they are listed in Table 3. These limits are a
factor of two to five higher than what would be expected from conventional models. 15) However, the

limits are probably not siringent enough to rule out the charm model, 16)

8. EVIDENCE FOR ANOMALOUS LEPTON PRODUCTION

We have observed evidence for anomalous lepton producﬁon in the SLAC-LBL magnetic detector
which cannot be explained by any conventional process, 17) The primary evidence is 24 events at

Ec m =4,8 GeV which appear to contain an electron and a muon, but no other visible charged or

peutral particles, There are conventional pro-

cesses which can yield events of this type through —--~ Efficiency

—— - 2
misidentifications, but calculations of these back- FWHM Resolution (Mew/c?)

grounds give only 4 to 6 events. Various internal g 1600
checks make it very unlikely that these events 'é To (200
come from known processes. ‘g’ X
© 2 800
Possible processes which could give events of s § ‘2
>
this type are heavy lepton production, é @ 400 §
Z ]
. o)
ete” . L™ 5 20 25 30 35 40
Trvariant Moss (Gev/c?) e
L—> eV (12) )
e ; Fig. 15 Observed invgr&azlt mass +di_stri--
+ - butions for K7 7 and K' 7 =
LR Ne combinations, The solid line

represents a smooth curve fitted
to the data.
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TABLE 3

Upper limits at the 90% confidence level for inclusive production
cross section times branching ratio (nb)

Mass Region (GeV/cz)

Decay Mode 1.50 to 1.85 1.85 to 2.40 2.40 to 4.00

K r andK'r 0.25 0.18 0.08
K2w+1r_ 0.57 0.40 0.29

+ -
TT 0.13 0.13 0.09

-
Kk 0.23 0.12 0.10
Krrand Ko n™ 0.51 0.49 0.19
K:ﬂ+ and KJn~ 0.26 0.27 0.09
K:K+ and K:K‘ 0.54 0.33 0.09
rrr eand rrr 0.48 0.38 0.18
K'rt, R and Kor'n™ 1.16 0.90 0.58
KK and 1 1 0.23 0.16 0.15
K rtt, ROrF and KO#F 0.64 0.51 0.30
Rok*, KOkT and 7' 7t 1.10 0.76 0.29

or production of a new heavy spin one boson which decays weakly,

ete” ~ M'M”

(3)

There are also other possibilities, We have not yet been able to determine which process is occur-

ring.
Candidates for anomalous lepton production in the e’e” and u+p._ modes have also been observed.

The observed cross sections into the ey mode at 4,8 GeV and several other energies are shown
in Fig. 16. Corrections for geometrical and momentum cuts, which depend on the process and may

be a factor of 2 to 10, have not been made.
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for observing ane and a u
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geometry of the detector.
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on the origin of the events.
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