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ABSTRACT

Decays of the heavy lepton T have now been observed 1n e+e -~
collisions at the energy of the u'-resonance, which results in an
improved mass determinaticn My = 1.807 = 0.020 GeV. For the t-life-
time a new upper limit of t¢ < 3.5 » 10712 sec. is given. The
evidence for the decay Tt - vip has been strengthened, and the mp-
system is found to be in an S-wave state with JP = 1*, proving the
axial vector component in the leptonic coupling of the 1t to
hadrors. The branching ratio is given with BR{T™ =+ vr Q)
= 0,050 £ 0.015. The total hadronic cross section agrees within
errors with the guark sum rule including (CD=-corrections, The
production and decay distributions of the decay J/¢ - f9y have been
measured and found to agree well with a QCD calculation based on
the exchange of two gluons.

INTRODUCTION

The results reported here have been obtained by the two de-
tectors PLUTO and DASP at the ete~ -storage ring DORIS in the
period following the latest Lepton-Photon-Conference held in Ham-—
burg, August 1977. The institutions and physicists involved in
these experiments are listed in references 1,2, My talk covers the
following subjects

-~ mass of the T
- lifetime of the =t
— the decay 1 -» uTD
+ = . .
- the total e ¢ hadronic cross sectlon

~ angular distribution of the decay J/y - fOY.

MASS OF THE TAU

3
The first publication concerning the observaticn of a new

heavy leptcon quoted a mass between 1,6 and 2.0 GeV, Since that time

the mass value of the 1 has narrowed down by measurements from
!

PLUTO 7, M_ = 1.79 - 1.92 GeV, and, more recently by the LBL-SLAC
lead glass wall detector > MT = 1.80 - 1.85 GeV, where the 1 has
+)
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been observed at the ¢'' resonance. The accuracy in the mass deter~
mination increases the more as we approach the production thres=
hold. There is now an observation of T-decays at the energy of the
', below the charm threshold.

This experiment has been carried out by the DASP-collaborat-
ion 6 with the double arm spectrometer shown in fig. 1. The two
spectrometer arms shown cover 0,072 str. A particle emerging from
the e'e - interaction region passes three proportional wire cham-
bers in front of the magnet, six spark chambers behind of it, time of
of flight- and shower-counters, steel absorbers and range counters.
A high momentum resolution is achieved, with Ap/p = 0.007 p (p mea-
sured in GeV/c), and an excellent separation of =, K, and p. The
inner part near the beam is free of field. It contains a detector
with four layers of
‘sandwiches, consist-

ing of scintillators,

n lead and proportio-

e

l nal tube charbers,

and a lead scintill-

il H+

g

ator shower counter,

i . .
! i This part is shown

fi in fig. 2. It covers

i U L & 0.70 x 47 str.. Two

:
i
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i
i
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i
e

drupols m : Cerenkov counters

™ have been inserted

to improve the elec-

Fig. 1. Plan view of the double arm tron identification

spectrometer DASP at DORIS. . .
in the outer arms in

order to detect
electrons from 7t- (and charm-) decays. The resulting suppression of
hadrons achieved is given by the probability of misidentification
4 .

for hadrons with P =4 « 10 .
h-e



The detector is triggered on a single track in one of the outer arms,

requiring a momentum p > 0.4 GeV/c at Vs = 3.684 GeV, and p > 0.1

GeV/c at other energies, 3.1 i_/§ i 5.2 GeV. The events are selected

according to the following signatures

+ - +

e e =»>e’ + Ipr + n*y
+ - +

ee >y + Ipr + nsy
+ - + +

e e =+ eau + nothing.

23367

5

L

fET

]
:

.
|

. ) ! :
shower counter ‘." B
. proportional chambers | tube chamber

scintiltator | | lead |

- 150 ecm —I

Fig. 2. View in beam direction of the
inner DASP-detector.

(1

I restrict myself
here to the data sample (1)
at vs = 3.864 GeV, where
1400 nb_l have been collec-
ted and 17 events been
found. The momentum dis-
tribution of these events
is shown in fig. 3. The
cluster around 1.5 GeV/c is
explained by the cascade
decay ¢' + J/u+X »> e+e*X,
where X are photons, and
one electron is misidenti-
fied in the inmer detector
as hadron (Pe+h = 2 10_21

The 9 events in the second

cluster are compared by the

. hypothesis that these

events come from the decay

T+ vev with M = 1.80 GeV

and a massless neutrino (solid line). Being on the y' resonance, the

production of pairs is enhanced over normal QED by a factor of 2.3

The effective luminosity was derived from the number of elastic

muon palrs observed in the outer detector. The hypothesis clearly

is compatible with the observed event distribution. The background

to these events 1s estimated as follows



eeyp 0.6 evts.
beam-gas < 0.1 evts.
h=+e 0.84 evts.
Dalitz pairs 0.2 evts
total < 1.7 evts.
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The conclusion is that a significant signal is observed in the

momentum spectrum, which is compatible with the decay T + vev.



A further proof that these events come from t-decays is de-
monstrated by the accompagnying photon multiplicities shown in
fig. 4. While the distribution for the electron class (1) observed
at the y' agrees well with the..same class observed all the way
up to 5.2 GeV, it drasticly disagrees with the equivalent hadron
class at the y'. The conclusicn is that the electron events seen

at the energy of the §' are in fact coming from the decay 7 - vev.

7755, This observation
. " — ' of 1 below the
ol e. +& " — e~ +non showering track + any photons- charm threshold for
the first time sep—
arates unambiguous=-
“-E‘ ! ly the phenomena of
= 05 - v charm and heavy
@ leptomn.
0.3“' The mass
#ﬂ Upper limit J=0 determination then
~ 0 ) . r includes the total
3SI 40 . 45 50 60 amount of data for
W (GeV) the event class (1)
Fig. 5. Integrated inclusive cross section taken up to ¥s =
for event class (1) as function

of Vo 5.2 GeV., The integ-

rated inclusive

cross section is plotted in fig. 5, where the solid line, marked

J = 1/2, is a fit of the data to the threshold function of tr-prod-

. _ 2 . _ 2.1/2 .
uction ZGTT_— GuuB(B B7), with B = (I (MT/Ebeam) ) . The fit
yields a mass value of MT = 1.807 = 0.020 GeV for the T.

LIFETIME OF THE TAU

From measurements with the PLUTO detector, a lifetime limit

was given of T < [ 10_11 sec at the time of the Hamburg-Con-

ference 7. The lifetime expected on the basis of a sequential heavy



lepton is given by

5 -13
T, = BR{p) -~ T (Mu/MT) = 2.7 10 sec (2)

with BR(p) = 0.18, T Mu the lifetime and mass of the muon, and
MT = 1.807 GeV. The analysis has been refined resulting in an im=-
provement of the upper limit quoted earlier.

For the lifetime determination events of the two prong class

(3) with one identified muon and no photons are studied :

+ * . .
e e >y + lpr + missing mass (3)

These events have been discussed in a previous publication
where it was shliown to originate from t-decays. The data have been
taken between »s = 3.9 and 5.0 GeV, with a total integrated luminos=-
ity of 5600 nbm]. We found 131 events of type (3) with a momentum
pu‘i 1 GeV/c, °3 of which are used for the lifetime analysis. They
have an average center of mass energy Vs = 4.5 GeV.

The detector is shown in fig. 6. It is a &4T7-spectrometer of
compact design? due to its superconductive coil, which produces a
uniform magretic field of 2 T. The space inside the coil, .4 m dia-
meter and [.05 m length, contains 14 cylindrical proportiomnal chamb-

ers, interleaved with two lead converters of thickness 0.44 and

. . L
tron yoke e rﬁ
superconducting coil P

muor: chambers

3
~

o

leod converters ____

pruportiongl ———
chambers

— 3

Fig. 6. The detector PLUTO, view in beam direction.



1.72 radiation lengths respectively. The converters allow the id-
entification of photons and electrons through pair production,
Bremsstrahlung or showerdevelopment, which are detected in the sub-
sequent chambers. The surrounding iron yoke acts as mucon filter,
Hadrons are stopped by nuclear reactions and the penetrating muons,
P, > 1 GeV/c, are detected in proportional tube chambers covering -
the outer surface. Due to the iron thickness (70 cm average) and
the stort decay length for m + pv, K + pv the misidentification of
muons is low : Ph+u = 2.8 10_2.

To get an idea of the experimental approach to the problem,
the decay length expected from the lifetime (2) is given at
Vs = 2E = 4.5 GeV by

beam

1

- - 2 _
d = CTOSY = CT ((Ebeam/MT) 1)

1z 0.067 mm.

In view of the fact that the beam size at DORIS is three
times as large, o, = Oy = 0.2 mm, and that the origin is recon-
structed from tracks with a precisien 0. = 0.5 mm, 1t becomes evi-
dent that the experiment yields only an upper limit at the energies
available at present.

A quantity which is sensitive to the decay length d is the
distance roeo of the extrapcolated track from the origin, as indi-

cated in fig. 7. The resulting Gaussian distribution of T oin from
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Fig. 7. Decay schematic foree > T T =+ vuv + v + lIpr.

a set of events is characterized by G(rmin’ d). As explained above,

the experiment yilelds this quantity only at zero decay length,



whereas the dependence on d has to be studied by a Monte Carlo
program, which generates the final state (3) according to the prod-
uction and decay of a t-pair (see fig. 7). The program simulates
the tracks and reanalyses them to obtain the distribution of T oin
by varying the decay length.

- From extensive studies of

the pure muon and pure hadron

samples, and a comparison be-
tween them and the T-sample as
defined by equ. (3), we made
sure that at zero decay length
the value obtained from the

| Monte Carlo simulation,

0), is well understood.

(T .
MC( min’
This investigation becomes

necessary since gexp(rmin’o) not

only depends on the momenta,

e’ — T pt s Tpreny

Fig. 8. Monte-Carlo result but also is somewhat sensitive

UMC(rmin) as function of decay to the difference in multiple

length d of the T, compared fo scattering of muons and hadrons.

the experimental value g (r The Monte Carlo results

exp min’o)'

are given as function of the
decay length in fig. 8. The
width of the errors is indicated, and repeated in the insert,
scaled to the statistically best experimental value at d = 0 of
oj (r . ,0) = 3,05 = 0,15 mm deduced from the data sample (3),.
exp  min

If its 2 standard deviations error is projected on to the lower
error bound from Monte Carlo, a maximum decay length d < 0.8 mm

is obtained, corresponding to an upper limit
-12
T_ < 3.5+ 10 sec; 95 7 CL. (4)

The new lifetime limit, which can also be expressed as a

ratio, TT/TO < 13, has the following bearing on the nature of the



T-neutrino :

(1} If the v, is identical with the old muon neutrino v the

»
uL
t can be produced in neutrino beams via the reaction

vuL +N+>1T + ... e + ..+, Wwhere the observation of soft elec~

trons indicates the t—decay. Both FNAL and CERN bubble chamber
groups 8’9, have looked for this process and quoted lower limits
TT(vu)/TO > 40 and 15 respectively. Thus the lefthanded muon neu-
trino is ruled out as possible T-neutrineo,

(2) In models 10, where the T-neutrino is of heévy mass, Mv,a MT,
the decay can only proceed via mixing to the old neutrinos,

vote v 4 suvu, where the limits on the mixing parameters,

€1 € < 0.1, are derived from nuclear reactions. The %owerzliTit
on the lifetime ratio for this model is then T/TQ = (ee + Eu)

> 30, which exceeds the PLUTO limit and excludes a heavy mass

neutrino,
THE DECAY T - vmp

This decay was first reported on the Hamburg Conference 7
and has been publishéd 1]. Since that time the statistics was in-
creased by extending the emnn sample and by including events of the
type umwT.

The experiment has been carried out with the PLUTQO detector
by investigating the final state

+ .
e e - inmm + missing mass {(3)

where 2 = e or u, the charge of the four particles is balanced and
no photon is detected. It has to be shown, that the majority of the
event sample (5) coriginates from the production and decay of
T-pairs in the reaction

+ - + -
ee =TT > 2uv + wmrmv, L = e,u (6)
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etele ettt

Fig. 9. Four prong event in PLUTO,

view along the axis. The
lead converters are indicated,
the electron produces a shower.

27561
Min xx) , L .
Pk It —+ e B
- + - ¥
184 e'e” —eln'w x*
1.6 + ° o # . 4
o .
1] 8 °° e, o ¢
& @ vo .
1.2+ ° ne e %o -a: : e o
@ o =
.0+ ° ::aoo%::n :e.::“ . 7
B ° °® s o ° ° »e 4
[
.61
. t
“p
e
27t L] p’u
+ f———t——pm——pt———+
0.5 1.0 1.5 MeVic

Fig. 10. Momentum distribution

of leptons versus the
invariant three pion mass, from
the event class (5).

An event of type (5) is shown
in fig. 9. The electron and the
three.pion-system eme:gé from
the interaction regidﬁ.in
opposite directions as would

be expected if the event is in-
terpreted according to reaction
(6).

The analysis is based on the
same total data set as quoted
in the last chapter. Charge
balanced 4 prong events without
photons are selected out of the
total data, and electrons iden-
tified by an.analysis of the
shbwer pattern in the proport-
ional chambers behind the lead
converter, The method yields.a
misidentification of hadrons
Ph+e = 1.2 Z, and a detection
efficiency for electrons ris-
ing from 0.30 at 0.4 GeV/e to
0.65 for momenta P, > 1.0 GeV/e.
QED-events are removed by a
missing mass cut MMz_z 0.9 GevZ
After a final cut in momenta,
P > 0.4, P, > 1.0 GeV/c, there
remain 66 events. Fig. 10 shows
the event sample before the
momentum cut. The invariant 3m-
mass is plotted versus momentum
The plot demonstrates that the
3r-mass is low, ~1.1 GeV, that

the lepton spectrum is hard as
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Fig. 11. Distribution of electron momenta.
Solid line : calculation for

T -+ vve, normalized. Dashed line : spectrum -

from charm decays !2, not normalized.
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Fig. 12. Distribution of the invariant two
pion mass (high solution). The

black points are the experimental background,

calculated from the misidentification of

hadrons, Ph+e' -

expected from T~
decays, and that
both quantities are
uncorrelated. All
this is consistent
with the decay of a
.pair of heavy parti-
cles., |

Consistency with

reaction {6) is

further verified by

the momentum distri-
bution of electrons
shown in fig. 11.
The spectrum agrees
well with the cal- -
culated T—Jécay
into electrons and
neutrinos. An esti-
mate of the contri-
bution from charm
decays yields at
most 3-events and
the épectrum is
moreﬁver soft. We
therefore conclude
that the three pions
and_the'leptons are

-indeedtcbming from

:reactipﬁ_(ﬁ)}

- In order to
investigate the =

three pion system
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+_
M{w 7 )2 in the Dalitz plot
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sY~bands : 0.70 E_M(ﬂ+w‘) < 0.84 GeV,
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Fig. l4. Invariant 3w-mass distribution of
: events within the rho-bands.
Calculated 3m-mass distributions are given
for JP = 1+, S-wave (solid line);

JP = 0-, P-wave (dashed); and JP = 1+,
D-wave (dotted).

the invariant two
pion mass distri-
bution is plotted
in fig. 12, A
clear peak at the
rho-mass is seen.
It contains 33
events within the
rho-band 0.7 <
M(r n ) < 0.84
GeV. The back-
ground, which is
not peaked at the
mass of the rho
meson, contains
25 events, 6 of
which lie within
the rho-band.
Both, high and low’
soclutions are
shown in the
Dalitz plot given
in fig. 13. Out of
the 66 events, a
total of 42 lie
within the rho-
bands. In view of
the 25 background
events we conclude
that the final
state must be a
pure mp—system.
The branching

ratio is then
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calculated with the result BR(T = vw-po) = 0.052 * 0.012, con-
sistent with.the branching ratio expected on the basis of a
sequential heavy lepton of 1/2 » BR{(T =+ vA;) = 0.0&13. Fig, 14
finally shows the three pion mass distribution compared with the
calculated distributions of a wmp-system for the three lowest éngu—

lar momentum states $, P, D, which have JP = 1+, 0-, lf respective=-

ly. Clearly, the state J' = 1%, 2 = 0 is favoured by the data,

with a resbnance like peak at threshold. This result is supported
by a three diﬁensional Dalitz plot analysis. The Al—meson is the
only known axial vector meson, JP = ]+; in this mass region. A
preliminary mass determination yields MA] = 1,0 GeV, PA} : 0.47 GeV,
The decay of the heavy lepton t into the hadronic state 1 establ-

ishes the presence of axial vector in the weak coupling,

THE TOTAL e e HADRONIC CROSS SECTION

The total cross section for hadron production, Uh(e+e-'+ h),
measured with the PLUTO detector, is shown in fig. 15. The cross
section is given in units of the cross section for muon pair prod-
uction, R =rgh/cuu,‘and covers thg energy range from 3.6 to 5.0 GeV,
with a gap between 3.7 and 4.0 GeV. Contributions to R come from

the cross section for one photon annitilation, and the cross

“tot’
section for the t-pair production, which rises above the threshold

according to S = *+B=(3 ~ 82)/2; 8 denotes the veloéity of

o}
the t. R. which is sﬁswn by the dashed line in figure 15,
approachés one unit for g - 1., It must be remembered that 85 %

of the decaying t-pairs have hadrons in the final state; the 15 %
of pure leptonic decays left have not been removed from the data
because of their acollinearity. All other QED events, however,

is predicted by the trip~—
4)

were separated by appropriate cuts. Tyot

let Quark sum rule. Including QCD-corrections the following

theoretical expression for R is then expected :
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Fig. 15. Total hadronic cross section in units
of o vs. center of mass energy.

HU
2
R = £3Q; (1 + a(s)/m) + R (7
Qi= quark charges (u, d, s, c)

al(s) = 12v/(25 « In S/Az)

The QCD~correction with the wvalue A = 0.73 GeV 15), amounts to
0.30 at vs = 3.6 GeV, and 0.42 at ¥s = 5.0 GeV. It can be seen
that the data agree well with the prediction, though a definite
conclusion is prohibited since the data have a systematic error of
10 7 which is indicated in the figure.

The rise of the cross section seen above 4 GeV is now believed
to be well understcod by the new channel which opens for charm prod-
uction at ¥s = 3.73 GeV. If the observed peaks are interpreted as
resonances (due to D, D*, F, P production), a fit to the data

yields the resonance parameters given in table I,
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Table I Resonance paramters

M (GeV) I'(keV) reé (keV)
4.035 55+ 5 0.7 £ 0.1
4.146 47 + 11 0.4 £ 0.1
4.400 33+ 9 0.3 + 0.1

ANGULAR DISTRIBUTION OF THE DECAY J/y - fOY

This process has been observed in the PLUTO detector 16 via
the decay £ > w70 at the resonance energy ¥s = 3.091 GeV. The

signature of the selected events is thus :
ete” » J/u - W+ﬂ—Y(ﬂo) (8)

The momenta of the pions and the direction of the photon are
measured. The detected photon can also be an unresolved photon pair
from the decay of a neutral pion. The trigger efficiencies for
n+w_y and w+w_no are 73 Z and 75 7 respectively, as obtained from
Monte-Carlo studies. Out of 84 000 J/% hadronic events, 1650 sur-
vive a fit to the hypothesis (8) with Xz_i 20. These are further
reduced to 825 events by cuts removing QED background. The distri-
bution of these events in the Dalitz plot is shown in fig. 16,
where the three rho-bands are seen to be populated. To study the
neutral ' m masses we impose cuts 0.6 i_M(w+XO) < 1.0 GeV and plot
the invariant mass distribution M(w+w—) in fig. 17. In the figure
the p° - and f%-signals are clearly visible. The solid line is a
resonance fit with a polynomial background, from which the reso-
nance parameters Mf = 1.23 + 0.04 GeV, and Tf = 0.13 £ 0.05 GeV
are obtained. Several checks assure that the signal is neither e
nor p'(1230).

17)

As the J/y decays violate the 0ZI rule , i1t is of con-

siderable interest to understand the nature of the decay mechanism.



Fig. 16.

Dalitz representation of
reaction (8), M('ir_Xo)2 Vs,
m x% 2, x°

o
= vy or T

The branching ratic obtained
for this decay is BR(J/y - foy)
= (2.0 = 0.7) » 107>, This rate
can be compared with the decay
into £w: BR(J/y » )
= (4.0 % 1.4) » 1073

103, 18)

ref.

which has the same order of
magunitude. This
(a) of fig. 18,
decay J/y - £%

in fig. 18 (b)),
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result would be incompatible with the decay diagram
where we expect a2 ratio of order 10_3, However, the
may be dominated by a two gluon exchange, as given

where photon couples directly to the c(c) quark.

Though a rate calculation does mot exist for this diagram, there

is a calculation of the angular distribution for the foy system in
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Fig. 17. Invariant mass distribution M(w T )
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19)
the framework of QCD , which offers the possibility for an
20)

experimental test

JIy

Fig., 18. Diagrams for the decay J/y - on with
(a) three gluons, and (b} two gluons exchanged.
The angular distribution in terms of the fD—helicity ampli-

tudes A, A, A,, with x = AI/Ao’ and y = AZ/AO is given by

W (Sp, ) o« (9)

£ Sur Oy
3x2 sinzd sin226 +
P M

2 - 2 2 3 2.4
(1 + cos 5P) LFB cos GM 17+ 5 ¥y sin GPJ
/ixsinZGPsin ZGM(Bcos2 SM -1 -//g‘y sinZGM) cos¢M +

/E&sinzﬁPsinzéﬁ(3c0326M - 1) c032¢M,

where GP is the production angle between the f®-meson and the e -
flight direction. The polar and azimuthal decay angles 6M and ¢M
~are those of the w+-meson measured in the helicity frame of the

7 T center of mass system, where the z-axis is defined by the
flight direction of the Alr - system.

The results of a fit to the data, the method of which is too
elaborate to be discussed here, are given in fig. 19 by lines for
constant xz in the x, y-plane. The xz values assigned to the con—
tours are measured from the minimum XZ = 26, marked by a cross,

obtained for 25 degrees of freedom. Also shown is the QCD-prediction

of x = 0.76, v = 0.54 Ig).The best experimental values of x =
0.6 £ 0.3, vy =0.3 1?'2 are in very good agreement. The same is

true for the nearby values of x = 0.71, y = 0,41 derived from a
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. 21
tensor dominance model ).

To check the fitting
results we repeated the fit by
varying the background per-
centage in the £° mass band
in the range of 40 - 60%, but

no appreciable difference from

the result given in fig. 19
were observed. A fit to only

the background distributions,

however, yields a rather

different result, namely

x=-1.2, y = -0.4 with

XZ = 77 for 25 degrees of free-

dom. A final check is made by

applying the method tc the ang- Fig. 19. Diagram of the constant
ular distribution of the decay X~ 1o th? x,y—plane_
o o from a fit of experi-
J/p > p m . As fig. 17 shows mental data to distribution (9).
21’5\-'"
+ :2' ——t—t——t+—+—+—+—+—+—+ o . i
X Np=28 | the 5, 1is observed simultane-—
T8¢ i ously with the fo, but has to
180 be associated with a 7°. The
- angular distribution of this
process
160 + :
- 50
+ L0
+ 30 +
Fig. 20.
120 . : :
Fit to the angular distrib—
1 10 R 1 ution (10) of the decay
0 2
. — A , J/y +~ o wo, x vs. R.
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W (855 8y ) (10)

(1 + coszﬁp) sin26M + R sinZGPsin2§Mc052¢ﬁ
is described by only one independent helicity amplitude and is
therefore uniquely fixed with R = +]. Our fitting procedure yields
in fact R = 1.0 £ 0.1 with xz = 25 for 28 degrees of freedom, see
fig. 20, a result which is in excellent agreement with R = | for
the JP = 1 assignment to the J/y particle.

The gzgay J/y + £ has also been.observed &n the DASP

detector by requiring one pion in the outer arm, and one track
with a photon in the inner, non magnetic detector. The resulting
Dalitz distribution, given in fig. 2I (a), is similar to the one
given in fig. 16 for the PLUTO data. Fig. 21 (b) shows the result-
ing invariant mass distribution, where the po and £° mass bands are
populated. The branching ratio obtained in this experiment depends

276, on the assumed angular distribution,

! which is unmeasurable. It is given
2

@
o

in table II for the three radiative

Efﬂ: v . multipole transitions E,, M,, and
50[5 JRN . 4 . . 1 2°
T e ?? ‘ g E3, which are also shown for com-
%ﬁaiﬁf . ﬁf;“ ] parisen in fig. 19. It can be seen
: o ::’ﬁ; that only the M, transition lies
290, :_.:% 1 within one standard deviation from
: 1;{ﬂ?’§%ﬂ:gﬁgf . the best value obtained by PLUTO.
Hor e &%ﬁmwio R The branching ratio given for M,
i " ‘ ~ ] also agrees best with the respective
i gz:f) o ) value obtained in the PLUTO experi~

ment.

EVENTS f80 MeY

Fig. 21 (a) Dalitz plot represent-
ation of reaction (38),

R PR (b) Invariant mass distrib-
N i O ution M(m*r~), DASP.
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Table IT Branching Ratios for J/¢ - £y, DASP

type of transition branching ratio
E, (0.9 + 0.3) o3
M, (1.5 + 0.4) « 1073
E, (1.0 + 0.3) + 10°°

Being aware that the storage ring is an integral part of
+ - ] :
e e = physics, our thanks go to the collegues of the DORIS oper-

ation group for their continuous and effective efforts to optimize

the running conditions for experiments.
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