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tion , the radiative decay J /1jJ ->- f ey and properties of the heavy 
lepton T .  

Resume : On a presente des nouveaux resultats qui ont et� obtenus dans 
l ' annihilation e+e- et qui concernent l a  section efficace hadronique, 

la production inclus ive des mesons p ,  la desintegration radiative 
J/'41 -.. fe y et des proprietes du lepton lourd T .  
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1 .  Introduction 

The results of the PLUTO-collaboration* presented in this talk are 
based on data taken in the -runperiod of 1 9 7 6 .  In 1 9 7 7  the PLUTO de­

tector was upgraded with several new components . In the same year 
the DORIS-storage ring has also been upgraded to higher energies . 

Thus the set of data discussed in the fol lowing is the same as des­
cribed in the talk of V . Blobel held at the XII . Fencontre de Mori­

ond ( 1 ) one year ago , where he gave details on the energies we run 
and the integrated luminosities . 

My talk is organized as follows : 
In chapter 2 I shall give a brief description of the PLUTO detecto4 
chapters 3 to 5 are dealing with the total hadronic cross section , 
with the p - inclusive production and with the radiative decay 
J/� � f0y ,  which may be compared with theoretical predictions es­
pec ially from quanturnchromodynarnics ( QCD ) , chapter 6 discusses new 
results on the heavy l epton T .  In a concluding chapter 7 a short 
review on the present and future programs of the PLUTO detector is 
given . 

*at present the PLUTO-Col laboration consists of the following physicist s :  

Ch. Berger, W . Lackas, F . Raupach , W . Wagner , I . Physikalisches Institut 
der RWI'H Aachen ; 

G . Alexander 1 , L . Criegee , H . C . Dehne, K . Derikum , R . Devenish , G . Flugge , G . Franke , 
Ch . Gerke, E . Hackmack, P . Harms , G . Horlitz , Th . Kahl2 , G . Knies , E . Lehmann, 
B . Neumann, R . L . Thompson 3 , U . Timm, P . Waloschek, G . G . Winter , S .Wol ff, W . Z immer­
mann , Deutsches Elektronen-Synchrotron DESY , Hamburg; 

O . Achterberg, V . Blobel, L . Boesten , H . Daumann , A . F . Garfinkel 4 , H . Kapitza, 
B . Koppitz , W . Luhrsen, R . Maschuw, H . Spitzer , R . van Staa, G .Wetj en, 
II . Institut fur Experimentalphysik der Universitat Hamburg ; 

A . Backer , J . Burger, C . Grupen , H . J . Meyer , G . Zech, Siegen University; 

H . J . Daum, H . Meyer , O . Meyer , M . Rossler, K .Wacker , Wuppertal University .  

( 1 on leave from Tel-Aviv University , Israel ; 2Now at Max-Planck-Institut fur 
Physik und Astrophysik, MUnchen ; 3on leave from Humboldt Univer sity, Arcata , 
California, USA ; 4on leave from Purdue university, W . Lafayette I n . , USA . )  
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2 .  Bri ef Description of the Detector 

PLUTO i s  a magnetic 4rr detector at the DORIS e+e- storage ring at 

DESY in Hamburg . The detai l s  of this detector are described in se­
veral publications < 2 , 3 l , thus I shall only mention the most impor­

tant features of thi s  apparatus .  

A schemati c  view of the PLUTO detector as used in 1 9 7 6  i s  given in 

fig . 1 .  The detector cons ists of a superconducting solenoid provi­
ding a magnetic f ield of 2 Tesla in its inner volume ( 1 . 4  m diame­
ter and 1 • 1 m length) , ,  which is filled with 1 4  cylindrical propor­
tional wire chambers and two cylindrical lead converters all con­
centr ic to the beam . Thus track recognition and momentum measure­
ment for charged tracks is poss ible . The flux return yoke which i s  

used s imultanously as hadron absorber , i s  covered with a muon de­
tector consisting of plane proportional tube chambers . On the 
average a particle coming from the interaction point has to pene­
trate 68 cm of iron equivalent to reach the muon chambers . 

i ron yoke -

superconducting coil
� 

muon chambers 

lead converters ____ 

Fig . 1 Schemati c  view of the PLUTO detector ( 1 9 7 6 )  with typical 
particle s ignatures (view along the beaml ine) 
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The geometrical acceptances of the different detector components 

are listed in the table below. 

Table 1 .  Solid angle coverage of detector components 
Solid angle in 

Detector component % of 47T 

Proportional wire chambers 
- purely geometric 9 2  
- with trigger 8 7  

Inner lead converter (r = 3 7 . S  cm) 
(0 . 44 radiation lengths thick) 78 

outer lead converter ( r = S9 . S  cm) 
( 1 . 7 1  radiation lengths thick) 60 

Muon chambers S 1  
- with i cos e r  < . SS 4 S  

Particle identification i s  possible t o  a certain extent with this 
apparatus , the signatures of particles used in the context of this 
talk are the following : 

E lectrons are charged tracks giving showers behind one of the two 
lead converters . 
Muons are non showering charged tracks which can be extrapolated 
from the inner detector to a muon chamber having a set wire within 
a certain region around the extrapolated track . Charged hadrons 
(mostly assumed to be pions) are all charged 'tracks coming from the 
interaction point not showering behind both lead converters . A spe­
cial class of these hadrons are the " identified " ones , having suf­
ficient energy to penetrate the iron if they were muons , and point­
ing towards a muon chamber which has no set wire·within the appro­

priate region around the extrapolated track . If a photon has been 
converted in the second layer of lead, if can be identified by a 
shower in the two proportional chambers behind the lead , if this 

shower is not correlated with a track . In this case only the deter­
mination of the direction of the photon is pos s ible . If the photon 
produces an electron-positron pair already in the first converter , 
also its energy can be measured . 
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3 .  Total Hadronic Cross Section 

Our measurements of the total hadronic cross section have been pu­

blished in an updated version at the Hamburg-Conference last sum­
mer ( 4 ) . Here I shall discuss these results only in a brief manner 

comparing them with other result� . 

The data used to gain our cross section include a l l  events with 
� 2 tracks , having at least one track with an angle against the beam 
axis 0 > 30 ° and a momentum p > 2 40 MeV/c . For two-prongs a copla­
narity angle 1 5 ° < �¢ < 1 6 5 °  is required . Radiative corrections 
have been appl ied to the measured cross section . To determine a l l  
acceptances a Monte Carlo procedure was used , which simulates as 
exact a s  possible a l l  details of the detector . The data are best 
described , if the physical model fed into this Monte Carlo proce­
dure is of the " j et�type , with a j et-axis distribution proportio­
nal to ( 1 +  cos 2 0) and an average transverse momentum with respect 
to the j et-axis of < pt> = 3 50 MeV/c ( 5 ) . 

The overall efficiency and acceptance i s for ·two-prongs � 40% and 
for l> 2-prongs � 9 5 %  giving a total efficiency of � 7 5 %  for a l l  events . 

DJ.e to these high efficiencies the Monte Carlo corrections applied 

to our data are relatively smal l  compared to other detectors . 

R P L U TO 6.0 

4.0 
! 

2.0 
Ri: 

- - - - - - - - - - - - - - - - - - - -

o ��/��- -�--- -�--- ���__..��_.__.__VS.L-..J 3.5 4.0 4.5 G eV 5.o 
Fig . 2  Total hadronic cross section Rtot crhad/ crµ µ  

( contribution from the heavy lepton i: included) 
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In fig . 2  the ratio 

is plotted as a function of the center of mass energy IS .  

I n  the framework o f  guantumchromodynamics ( QCD ) the total hadronic 
cross section (without the contribution from the heavy lepton T )  

including the first order gluonic corrections is given by 

3 l Qi
2 • ( 1  + as/11 ) 

i 
where Qi are the quark charges ( i  = u ,  d ,  s for IS < 3 . 6  GeV and 

i = u ,  d ,  c ,  s for IS > >  3 . 6  GeV) and as the running coupling con­
stant of the strong interactions : 

1 2 11 

( 3 3 -2n ) 9.n ( s/A 2 ) 

(n = number of quark 
flavours )  

The only free parameter i s  J\ .  A f i t  to deep inelastic lepton-nucle­
on scattering data yields a value of J\ � 0 . 5  GeV , which wi l l  be 
used in this estimation . For IS =  3 . 6  GeV this leads to a value of 
Rhad = Rtot = 2 . 2  and for IS =  5 . 0 GeV to Rhad= 3 . 7 .  But these cor­
rections are far too small to be measured with existing detectors . 
To obtain at the latter energy the value of Rtot one must �dd the 
contribution of the threshold factor of the heavy lepton T 

( f3 velocity of the T )  

At IS = 5 GeV one has RT= . 9 8 yielding for Rtot = 4 . 7 , because a l l  
T +T --events contribute t o  the hadronic events selected . For both 
values at 3 . 6  GeV below and at 5 . 0  GeV above charm - and heavy lep­
ton - thresholds the measured Rtot is in good agreement with theo­

retical expectations , but one must always keep in mind that an 

overall systematic uncertainty of about 1 0% must be taken into 
account , which is on top of the gluonic corrections . 

The topology of the cross section shows three distinct peaks . The 
results of separate fits to each of these resonance like regions 

are given in table 2 .  An overall fit of the complete energy inter­
val between 3 . 6  and 5 . 0  GeV seems unreasonable since the exact 
charm threshold behavior is not really known . 
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Table 2 .  Resonance parameters of the resonancelike regions 
between 4 . 0  GeV < IS < 5 . 0 GeV 

Mass 
(GeV/c2 ) 

4 . 04 ± 0 . 0 2 
4 . 1 5  ± 0 . 04 
4 . 40 ± 0 . 03 

Width 
(MeV/c 2 )  

5 5  ± 1 0  
4 7 ± 1 1  
3 3  ± 9 

Although within the systematic uncertainties our measurements are 
in overall agreement with other results , there are �ome difference� 

The PLUTO cross section is somewhat lower than that of the DASP (G ) _ 
and the SLAC-LBL ( 7 ) -detectors while it is in agreement with the 
prel iminary cros s section of the DELCO-detector (S ) . The peaks at 
4 . 04 GeV and at 4 . 1 5  GeV are well separated in the PLUTO and DASP 
resul t s ,  but this is not so for DELCO and SLAC-LBL results . 

4 .  p- inclusive Production 
The quarks are assumed to be pointlike spin half constituents of 
hadrons . A meson h is built up by a quark-antiquark pai r .  So it is 
obvious from simple spin state counting that the vector mesons 
( spin J = 1 )  should be produced three times more frequent than the 

pseudoscalar-mesons (J = O) in the inc lusive reaction 

( In this estimate more sophisticated items of the theory , like 
quark mass di fferences ,  are neglected ) . we compar�d our measurements 
of the inclus ive reaction 

( 1 a) 

with 
+ - + e e + TI - + anything , ( 1 b )  

taking p ( J = 1 )  and n ( J 0 )  as the mesons with the smal lest mass 
of each type to test this predict ion . Reaction ( 1 b)  has been mea­
sured by the DASP-collaboration ( g ) . To look for events of the 
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reaction ( 1 a) we assigned 

pion mass to all tracks and 

plotted the invariant mass of 

two tracks with opposite 

charge (fig . 3a , upper histo­

gram) • The background was de­

termined using pairs of tracks,  

each track coming from a dif­

ferent event ( f ig . 3a, lower 

histogram) . 

The invariant masses of the 

remaining events have been 

plotted in fig . 3b . The mass dis­

tribution has been fitted 
to the p0-resonance (giving 

mass and width of 7 6 7 ± 7MeV and 

'1 60± 40 MeV re spec ti vely from 

a Breit-Wigner-fit) , a smooth 

polynomial background and a 

possible kinematic reflec­

tion of K* ( 890) which con­

tributes to the left tail 

of the p 0-signal when the 

KK is interpreted as two 

pions . 

No . events 
5000 .0 �----�----�---� 

4000 .0 

3000 .0 

2000.0 

1000.0 

900.0 

600.0 

300.0 

0 .0 

-300.0 -�---"-�--� 

Fig . 3  

0.2  0 .6  1 .0 t .• 

a) Invariant mass of IT+IT-­
system (upper histogram) 
and uncorrelated pairs 
( lower histogram) 

b) Difference between corre+ 
lated and uncorrelated IT IT 
-pairs 

The cross section of the reaction ( 1 a) as a function of the center 

of mass energy IS is shown in fig . 4  in terms of 

Like the total hadronic cross section the p0-inclusive cross sec­

t.ion shows also a threshold behavior between 3 . 6  GeV < IS < 4 . 1  

GeV . Above IS =  4 . 1  GeV a value of RP � 1 is obtained . 
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0.5 t 
0 

3.5 4.0 4.5 5.0 
fS [GeV ] 

Fig . 4 .  p 0 inclusive cross section normalised to the 
µ-pair cross section as a function of 
the center of mass energy IS 

The energy distribution of the p can be written as 

s dcr 
S dxE 

f (xE , s)  

with xE = 2 E p / /S, Ep = energy of the p ,  and S = velocity of the p .  
For high center of mass energies scaling predicts f to become 

only a function of xE 

141 



1 00 0  

1 0 0  

1 0  

PLUTO 

e•e--+ �0+ X 
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The obtained spectrum is 
shown in fig . 5 .  Due to the 
l imited center of mass ener­
gy interval from 3 . 6  GeV to 
5 . 0  GeV, in which data have 
been taken , there is a lower 
kinematical limit for xE at 
� . 3 .  Events from the reac­
tion 

+ - 0 e e ->- p Y
+ 4 rr rr

-

have been detected experi-
IIElltally· and removed as a 
background which contri­
buts to th() events in the 
xE � 1 region . This reac­
tion can be calculated from 
QED. The measured contribu­
tion is in agreement with 
this calculations . 
The slope of the curve can be 
parameterized as 

, f p (xE) a exp ( -b · xE) 

0 0.2 0.4 0.6 0.8 

Fig . 5 .  p0 inclusive energy distribu­
tion . The broken l ine repre-
sents the DASP result for the 
charged pion inclusive reac-
tion ( 1 b ) . The full line is 
the kinematic limit at 

with b = 8 . 4 ±0 . 8  nr as 

f (x ) a ..2__ . ( 1 -x ) n 
p E XE E 

with n = 2 . 4 ± 0 . 4 . 

The broken line in fig . 5  re­
presents the inclusive rr pro­
duction as measured by DASP . 
To compare the p -inclusive 
production , one must take 
into account that a certain 
number of observed pions are 
coming from the p -decay . 
Assuming the cross section 
for all p to be 
cr ( p+

+p-+p 0 ) =3 • cr ( p 0 )  

one can calculate the fraction o f  pions from a p decay and can sub-
tract them from the rr-inclusive spectrum , obtaining a direct rr spec­
trum . 
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Comparing this spectrum with tne measured p-inclusive spec trum one 
mbtains for XE � 0 . 4  

( s da 8 dx > 11  E 

3 . 1  ± 0 . 6  

direct 

in good agreement with expectation . However ,  this is an upper limit 
since the re are also contributions to the 11-direct-spectrum from 
other resonance decays . 

5 .  The Radi�tive Decay J/� + f0y 

Radiative decays of the J/� like 
JN + 11°y 
JN +  n y 

JN +  n ' y 
JN + foy 

( 2a) 

( 2b )  

( 2c )  

( 2d)  

are a useful tool to provide information on the mechanism of Zweig-

rule violation.  In the language of QCD radiative decays are des-

cribed by two different types of graphs ( fig . 6 )  

c 

-J/-='f-- -�����· c 
( a )  x ._ __ _ ( b) 

q 

Fig . 6  Diagrams for radiative decays via 3 gluon- (a)  and 2 gluon­
exchange (b)  
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In the first diagram ( fig . 6a) the decay is ·medi�ted 'by a three 
gluon coupl ing to an intermediate vectormesol'. v and a hadronic sy­
stem X with a subsequent trans! ti on of v vii;! vectordominance to a 
pho·ton . The calculation of this decay scheme leads to re-

· 1atlvely small branching ratios . This has been found to be true for 
the decay ( 2a) , indeed , the DASP-collaboration found 

But the 
higher . 

BR (J/1/J + rr0y )  ( 7 . 3  ± 4 . 7 ) 1 0-5 ( 1 0) 

branching ratios for decays ( 2b) and ( 2 c )  are considerably 
The DASP- und DESY-Heidelberg-groups measured r0 . 80 ± 

BR (J/1/J -+- ny ) 
( 1 . 3 ± r2 . 2  ± 

BR (J/l/J + n ' y) 
( 2 .  4 ± 

o . 1 8 ) 1 0-3 

0 . 4  ) 1 0- 3  

1 .  7 )  1 0- 3  

o . 7 )  1 0-3 

DASP ( 1 0) 

DESY-HD ( 1 1 )  

DASP ( 1 0) 

DESY-HD ( 1 1 )  

These branching ratios can be explained with the second graph 
( fig. 6b) , where the decay is mediated only by a two.gluon exchange . 

The branching ratio into a photon and two gluons has been estimated 
to be 

BR (J/l/J + y + 2 gluons ) "' 1 0% . ( 1 2 ) 

This leads to predictions that decays like ( 2b) and ( 2 c )  should 
have considerably higher branching ratios than reaction ( 2 a ) . The 
decay ( 2a )  cannot proceed via this graph ( fig . 6b) due to isospin con­
servation . 

To provide more information it is worthwhile to s tudy the decay 
( 2d ) . In doing so , the PLUTO collaboration - as recently reported ( 1 � 

- selected from 84000 J/l/J events those with two prongs plus one 
photon . For the latter only the direction has been determined . 
1 6 50 events fit the hypothesis 

( 3-C-fit) . 
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After QED-background rej ection we obtain a sample of 852 events 
which are either 11+11-y or 11+11-11° (with only one y of the 11 ° detec­
ted or both y are not resolved) . 

The invariant mass distribution of the neutral combination 11+11- of 
events not lying in the p ±-band ( 0 . 6  GeV/c22M ( TI ±Tio ) 2 1 GeV/c 2 )  
shows two peaks ( f ig . 7a) . A fit gives two Breit-Wigner-resonances 
with masses of (0 . 78±0 . 0 2 )  GeV/c 2 and ( 1 . 2 3 ±0 . 04 )  GeV/c 2  and widths 
of (0 . 1 3 ±0 . 02 )  GeV/c 2 and (o . 1 3 ±0 . 05 )  GeV/c 2 respectively , in 
agreement with the p0 and the f0 ( 1 270) mesons . p '  ( 1 2 50)  could be 
excluded for the second peak , because the invariant mass distri­
bution o f  the charged combination ( 11 ± 

+ X ,  X = y or 11 ° ) shows no ad­
equate peak in this region (fig . 7b)  which is expected for the· iso­
spin triplet p '  ( 1 2 50) . 

Charge conj ugation implies that the p 0 is accompanied by a 11 °  and 
the fa by a y .  Using our Monte-Carlo-procedure to determine the 
overall efficiency we obtained the following branching ratios : 

BR (.Jiiji + pa11° }  
BR (J 1ji + fay ) 

( 1 . 6±0 . 4 ) % 
(0 . 2±0 . 07 ) % 

The DASP-collaboration has obtained similar results ( l 4 l  Due to 
the fact that the branching ratio for the decay ( 2d )  is of the same 
order of magnitude as for the decays ( 2b)  and ( 2c ) , one is urged 
to study this decay in the terms of the two-gluon-exchange dia­
gram ( fig . 6b) . 

I f  one calculates this diagram, as done by M . Krammer < 1 5 l , one ob­
tains predictions for the angular distributions of the final state . 

The decay ( 2d)  is described by three independent f.0-helicity ampli-
tudes A0 , A1 and 
dis tribution for 
the ratios A 1 /Ao 
the f0 direction 
angles of the 11+ 

A2 • The combined production- and decay-angular 
this reaction W ( 8P , eM, ¢Ml is only a function of 
= X and A2 /Ao = Y ,  where 8 is the angle between 

+ p 
and the e -beam , eM and ¢M are polar and az imuthal 
in the fa helicity frame . X and Y may have values 

between plus and minus infinity in principle . 

For a given pair of values X and Y we have fitted our data (aftei: 
a background subtraction) to the angular distribution W ( 8p , eM ' ¢M) 
comparing by x 2 -values the distributions for different X and Y 
values . Details of this procedure wil l  be published soon ( l G ) . 
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Fig . 7 .  Invariant mass distributi�n� 
a) Neutr�l combination (TI TI ) , excluding events from 

the p --band + b) Charged combination (TI-+X , X = y or TI0 )  

The full line gives the. fit above an estimated polynomial 
background (dashed line) 



The results of these fits are presented in fig . 8  in form of equal 
x 2 contours in the X-Y-plane . The x 2 -values assigned to the curves 
are measured from the minimum of x 2  = 2 6 ( 2 5 degrees of freedom) . 
The best values obtained in these fits are 

4 

3 

2 

0 
<( 
-N <( 0 I I  
>. 

- 1  

-2 

- 3 

- 3 - 2  -1 0 1 
x = At /  A o  

x 

Y = A2 /Ao  
0 . 6±0. 3 

0 3+0 . 6  
. - 1 . 6 

(crossed point in fig. 8 ) . 

The values of X = 0 . 76 and 

Y = 0 . 54 as predicted by 
from the QCD-two-gluon-ex­
change < 1 5 > are in very good 
agreement with our results . 

Fig . 8 o 
F i t  of the f -decay distribu­
tion . Curves are.representing 
equal x 2 -values , measured 
from the minimum of x 2 = 26 . 

QCD markes the prediction 
from the two gluon-exchange 

2 3 model 
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6 .  Heavy Lepton 

6 . 1  Introduction 

Just one year ago the existence of the heavy lepton , found in e+e-­

annihilation in 1 97 5  by the SLAC-LBL-collaboration ( l 7 l , has been 

confirmed by the PLUTO-Collaboration ( 1 8 1 1 9 ) It should also be 

mentioned that M . Perl named this new particle T ( 20)  at the Ren­

contre de Moriond one year ago . 

During the last year a very fruitful work on this particle has been 

performed by several groups , but thet:"e are still some questions open . 

The PLUTO col laboration can contribute new results on two of such 

subj ects : we measured the branching ratio of the hadronic decay 
mode T + prrv and we can give an new upper l imit on the lifetime of 
the T ·  

Before going into the details of our measurements let me repeat 
some main properties of the T .  As discussed above ,  in the total ha­
dronic cross section there is" need to explain at l east one unit of 
Rt t above the threshold around 3 , 6  GeV, which is assigned to the 0 ( 2 1 ) heavy lepton T .  From very accurate measurements of DASP and 
DESY�Heidelberg l2 2 ) , we know that the mass of the T is a few MeV 
less than l . 8 GeV , further we know that the T behaves like a point­
like spin half particle . In the decays of the T a neutral particle 
is emitted , presumably a new neutrino vT . 

Therefore it is reasonable to discus s the properties of the T in 
terms of a sequantial (heavy) lepton , having its own ( conserved) 
lepton number and thus its own neutrino (mass assumed to be zero) . 
Using conventional weak current-current-interactions (with at least 
an arbitrary mixture of V and A components in the T -part of the 
current ) , one can calculate the branching ratio into its s implest 
decay modes , as done e . g .  by Thacker and Sakurai ( 2 3 ) . Using their 
formulae and taking into account recent measurements of the total 
hadronic cross section in the region below the mas s of the T , one 
obtains the branching ratios of table 3 < 2 4 >  . The ,measured branching 
ratios for the purely leptonic decay modes are in g�oo.d" agreement 
with theory : the world ' s  average value , as presented at the Hamburg 
Conference last sumrner (2S) , i s  

BR ( T  + evv ) BR (T + µvv ) (1 8+3 ) % 
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Table 3 Branching ratios of the heavy lepton 

Decay mode Branching ratio 
in % 

T + v,e ve 1 5 . 1  

T + v,µ v
µ 

1 4 . 7  

T + v,rr 7 . 5  

T + v, p 20 . 3  

T + v, +(strange particles ) 1 . 9  

T + v,A 1  7 . 8  

t + v + (hadr . continuum) 32 . 7  T 

But there are still some difficulties with some hadronic decay 

modes . The ve�tor part of the weak hadronic current. behav&S as pre­

dicted . The branching ratio T + v, p has been measured by the 

DASP-Collaboratlon to be in agreement with theory ( 2 G ) . But the 

axialvector part of the weak hadronic current should couple to the 

A 1 -meson as the lowest axialvector (JP 1 +) state an� via the diver­

gence of the current to the rr as lowest pseudoscalar (JP = 0- ) 

state.  Especially the decay T + vrr can be calculated , because it 

depends only on the pion coupling constant frr , w�ich is well known 

from the decay rr- + µ-vµ . The ratio should be 

but there is  no positive evidence for this decay . Tlie ,only measure­

ment of the DASP ( 26 1 27 l detector is somew�at lower than the pre­

dicted branching ratio . 

On the other hand the decay to the A 1 -mesqn is problematic because 

the A1 is in the language of the Particle Data Group ( 2 B ) a "not 

established resonance" . But to test the a�ialvector part of the 

current it is sufficent to look for a JP � 1 + hadronic final state 

( e . g .  T ' vprr)  avoiding discussions on th� existence of the A 1 • If 

the bra iching ratio of this decay is of the order of magnitude as 

predicteJ it is a strong evidence for the �ormal behaviour of the 

axialvector current . 
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6 . 2  The Decay T + vpn *)  

We looked for events with a final state containing a n  identified 
lepton t ± (e± or µ ± )  and three prongs with missing energy and no 
photon in the detector according to the reaction 

+ -e e 

Our selection criteria have been : 

(3 )  

For a n  electron we required a momentum Pe > . 4 GeV/c and for a muon 
Pµ > 1 GeV/c , a missing mass MM >  . 9  GeV/c2 and the energy of the 
3-pion-system not greater than the beam energy . A typical event is 
shown in fig . 9 .  After these cuts our sample contained 6 6  events , 
52 of them with an identified electron . Fig . 1 0  shows the mass of 
the 3-pion-system versus the lepton momentum . There is no correla­
tion between these two quantities as expected for reaction ( 3 ) .  The 
3-pion-mass is distributed in a small band around 1 . 1 GeV/c . Both 

' . ' 

�­------- ·· .. 

-- -� 
, .. .  -

... ·;�� -. ·  . 

Fig . 9 . Typical event of reaction ( 3)  
(view along bhe beam-line ) 

the electron and the muon 
momentum spectra are rela-
tively hard . Several checks 

have been made to assure 
that the observed events 
are really in agreement 
with reaction ( 3 )  < 3ol .  As 
an example I shall dis­
cuss here only the spec­
trum of electrons ( fi g . 1 1 ,  
histogram) . From the mea­
sured spectrum we subtrac­
ted the background from 
hadron - electron misiden­
tification p (h + e) = 1 . 2 % , 
taking into account , that 
the electron detection effi­
ciency is a function of 
the electron mo�entum , 

*) Resul1� 9�f this channel have recently been published by tjhe PLUTO 
group • Meanwhile we doubled statistics lowering some 
cuts and taking also events with a muon instead of an elec�ron . 
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Fig . 1 0 .  Mass of the 3-pion system versus lepton momentum. 

Muons with momenta less than �1 GeV/c are not recorded 
due to the cut-off of the iron yoke 
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Fig . 1 1  Measured spectrum of the electrons . 

The hatched area represents background from hadron-elec tron 
misidentification . The curve is the calculated electron spec­
trum of the T decay folded with the electron detection 
efficiency and normali zed to the data . 
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which raises from 30% at Pe = 0 . 4  GeV/c to 6 5 %  at Pe = 1 . 0 GeV/c . 
In fig . 1 1  the hatched area represents this background . The ramain­

ing electron spectrum is in good agreement with the theoretical 
·electron spectrum from T -decay ( full line in fig . 1 1 ) . 

� 
.-
+.� � 

1 .0 
GeV2 

0 .5  
-
o-1 
� 

• 

• ... I 
• • 

• • 
• 

• • •• 
• 

• • • 
• 

• • • • • 
• • • • • •  • • • • • 

• • •• • 
• •• 

o.s 

• 
• • 

• 

• 

• 
• 

• • 

• 
• 

• 

• 
• 

• 

• • 

1.0 GeV 2 
M 2(7r+rc-) high 

Fig . 1 2 .  Low mass combination versus high mass combination o f  the 
2-pion-system. The full lines at . 4 9 GeV2 and at . 7  GeV2 
are representing the p 0-cut applied to the data in further 
use . 

The Dalitz plot (fig , 1 2 )  shows a wel l  populated p 0-band . Thus we 
required for our further analysis at least one 2-pion-combination 

to have a mass in the p 0 -band i . e .  0 . 7  GeV/c 2� M ( TI+TI- ) � 0 . 84 
GeV/c2. After this cut 4 2  events ( 3 5  with an electron) remained in 
our analysis • 

The background s hows no p 0 -signal . Furthermore one can es timate 
the charm contribution to this channel to be less than 3 events . 
The momentum spectrum of the 3-pion-system is compatible 
with a two-body-decay of the T which supports the interpretation 
of the ( pTI ) -system to be the A1 resonance . Using our Monte-Carlo­
procedure to determine a l l  acceptances and efficiencies we ob­
tained a branching ratio 

(5 ± 1 .  5) % 

or if one assumes an A1 -resonance 
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BR ( T  -+- VA�) ( 1 0 ± 3 ) % . 

From the 3-pion-mass-spectrum we derived_ further (under assumption 

of a two-body decay of the T) an upper limit of the mass of the 

T-neutrino m < . 4 GeV/c2 • 
VT 

From the negative G-parity of the (p�) -system one can conclude 

assuming conventional weak hadronic currents with V and A parts 

that the only allowed states have a spin-parity JP = o- or 1
+

. 

This is equivalent to the statement that the weak hadronic current 

must have an axialvector componen t .  

If one admits non conventional weak interactions the lowest angular 

momentum states of the (p�) -system are listed in table 4 .  

Table 4 Spin-Parity assignments of ( P�) -system 
Assignments in brackets are only possible 
in non conventional weak interactions . 

,9, s p D 

0 l 2 

-
J 0 0 

l , +  tn (1
+

) 

2 (2-) (2+) 

In fig . 1 3a the 3-pion-mass-spectrum, corrected for background and 

acceptance is compared with the S ,  P and D-wave solutions . No pure 

state gives an acceptable fit. The data fit best , if one uses the 

s-wave plus a Breit-Wigner-resonance with a mass of 1 GeV/c2  and a 

width of 400 MeV, parameters which are in agreement with the A1 re­

sonance ( fig . 1 3b) . Thus we conclude that the A1 - if existing would 

give a good description of our data . 

6 . 3  Upper limit of the Lifetime 

From the standard model of a sequential heavy lepton with V-A decay 

structure the lifetime of the T ,  T
0 , is determined by 

• T 
µ 

where 'µ and M
µ 

are lifetime and mass of the muon . Using a branch­

ing ratio BR (t  -+- evv ) = 1 8  % and a mass of the heavy lepton 
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Fig . 1 3  3-pion mass spectrum, corrected for background and 
acceptance ( histogram) and 
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a )  theoretical distributions for S ,  P and D wave solutions 
b) theoreticel distribution for a S-wave plus a Breit­

Wigner resonance (M= 1 GeV/c 2 , r= 400 MeV/c 2 )  



M
, 

1 7 9 5  MeV/ c 2  one obtains 

'o 2 . 8  • 1 0
- 1 3  sec . 

The lifetime can be determined by measuring the average decay length 

d0 at a fixed momentum of the ' ·  But thi s length is far too small 
( d0 � 0 . 0 5  mm) to be determined by the PLUTO-detector . 

For this analysis we used our ( e+e- + µ ± + 1 prong + no photon) 

event sample as used for our anomalous muon analysis ( l 8 ) and 
applied some further cuts to get a sample of events which make a 
very accurate momentum measurement pos sible . Thus we required a 

missing mass MM2 > 0 . 4  E�
eam

' a coplanarity angle 1 5° < �� < 1 6 5° , 
2. 1 0  coordinates for each track and a momentum for the non-
muon track p2 > o . 4  GeV/c , In addition we used a special tracking 

procedure , taking into account the energy loss in the matter trans­

versed by the particle . 

Fig . 1 4  shows the vertex-distri­
bution from the remaining 6 5  
events . For each track the mini­

mal di stance to the interaction 

point in the plane perpendicular 

to the beam ( rmin) has been de­
termined and entered into the 
plo t .  The accuracy of the po­
sition of the interaction point 
in this plane i s  �x = 0 . 5  mm 
and �y = o .  7 mm (FWHM) • The ver­
tex-distribution fits well by a 

Gauss ian with a cr = 3 . 05 ±0 . 1 5  mm 
(broken line in fig . 1 4 ) . To exa­

mine the influence of a finite 

decay length on the width of the 
vertex distribution we used our 
Monte-Carlo-procedure and gene­
rated events with different decay 

length s . The result of this cal­
culations is presented in fig . 
1 5 ,  showing cr of the vertex-di­
stributions as a function of the 
decay length . 
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Fig . 1 4  Vertex distribution in the 
plane perpendicular to the 
beam axis .  The full line gives 
a fit to a Gaussian with 
cr = (3.0S±0 . 1 5)mn 
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The Monte-Carlo calculations show that the decay length distribu­
tion is compatible with the experimental resolution and therefore 
with a zero lifetime of the T .  Further we obtain from the calcula­

tion a two standard-deviation ( 9 5 %  C . L . )  upper limit for the T decay 
length d0 < 0 . 8  mm ,  giving an upper limit on the lifetime of the 

sec . ( 9 5 %  C . L . )  

This upper limit excludes models of the heavy lepton predicting re­

latively long lifetimes ( e . g .  model s  mixing lepton numbers ( 3 1 ) ,  

predicting a lifetime of about 1 0- 1 1 sec ) . 

Since the lifetime is a very important parameter for testing theo� 

ries , and unfortunately none of the existing experiments is sensi­
tive enough to measure T0 , it might be worthwhile to design a detec­
tor specially for this purpose . 

m m  
7 O' (r minl M:: 

6 

5 

4 

3 

2 3.0 

o o.s 1.0 1.5 mm d 
2 3 4 5 6 7 8 mm 

Fig . 1 5 .  Width of the vertex distribution as a function of decay 
length obtained with a Monte-Carlo-procedure . In the in­
sert the Monte-Carlo function is scaled down to the experi­
mental value to derive the 2-o- upper limi t .  
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7 .  Present and Future Program of the PLUTO-detector 

During the last year PLUTO was upgraded by installing a new system 

of shower counters of the lead-scint i l lator-sandwich type , covering 
a solid angle of 9 2 %  of 4 n . The lead converters , shown in fig . 1 , have 

been removed . The new s hower counters are equipped with proportional 

chambers to determine the position of t�e shower . 

In addition 1the muon detector has been enlarged and covers now 6 5 %  
of the full solid angle . 

During the same time the DORIS-storage ring has been upgraded to 

reach energies of more than 3 . 0 GeV p�r beam . It was operated from 
December 7 7  to February 7 8  at an ener�y of about 4 GeV per beam in 
single ring s ingle bunch mode . During the time of this conference 
the energy will again be increased to reach a center of mass energy 
of 9 . 5  GeV to measure the T -resonante in e+e- annihilation . This re­
sonance , recently found at Fermi lab 3 2 ) , is supposed to be a bound 
state of a new quark-antiquark pair . The resonance energy wi l l  be 
reached mid April .  After a short runperiod of five weeks at the 

T-energy region PLUTO is scheduled to move to the new large e+e-­
storage ring PETRA at DESY which wil l  c ome into operation next autumn. 

Note added after the conferen::e 

The DORIS-storage ring reached the energy of 9 . 2  GeV in schedule . An 
energy scan between 9 . 3 5 and 9 . 5  GeV center of mas s  energy was per­

formed . PLUTO found the T-resonance at a mass of ( 9 . 4 6 ± 0 . 0 1 ) GeV/ c 2  
( fig . 1 6 ) . The observed width of the resonance is compatible with the 

expected energy resolution of the storage ring . Thus we conclude , 
that the T is a narrow resonance being in agreement with the hypo­
thesis of a bound state of a new quark-antiquark pair . From the va­

lue of the peak integral we further derive after applying radiative 
corrections an ele ctronic width of the resonance of ( 1 . 3 ±0 . 4 ) kev, 
which favours a - 1 /3 charge ass ignment of the new quark ( 33 l . 

157 



20 
<r (nb) 

15 

10 

5 

0 9.1 5 

P L U TO 

9.25 9.35 

I 
I I 
I 

��­? 
9.45 9.55 

15 (GeV) 
Fig . 1 6 .  The total h�d�onic cross section in the T-resonance 

region in e e -annihilation (without radiative cor­
rections ) .  Only statistical errors are shown . 
The broken line gives a gaussian fit to the reso­
nance curve with a 1 /s hadronic background . 
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