
+ -
RECENT RESULTS ON e e ANNIHILATION FROM PLUTO AT DORIS 

Volker Blobel  
II.  Ins t i tut f .  Experimentalphysik , Univers ity of Hamburg 

(PLUTO Collaboration*) 

ABSTRACT:  Recent results on inclus ive produc tion of the K� , of the J/� (3 . 1 )  
and on anomalous muon produc tion in e+e- annihi l ation at c . m .  energies between 
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I .  In troduc ti on 

In this contribution recent results on e+e- annihilation are presented obtained 

with the PLUTO detector at the e+e- storage ring by the PLUTO collaboration 

(DESY, Univers ities of Hamburg, Siegen and Wuppertal ) . During 1 9 76 data have been 

taken between the 3. I resonance and 5 .0 GeV c .m .  energy W. Integrated luminosi-

ties collected at the various energies are given in Tab le I .  Only a small part of 

the data are taken at the resonances at  3 . 1  and 3 . 7  GeV . Some data are taken at 

3 . 6  GeV , as a reference point below charm threshold.  Most  of the data are taken 

between 4 and 5 GeV , and the results presented here are from this  high energy 

region with one exception .  

A cross section of the magnetic detector PLUTO , viewed along the beam direction , 

is shown in Fig.  ! .  There are 1 4  cyl indrical proportional chambers for triggering 

and track recons truction , ins ide the superconducting coil with a uniform sole-

noidal field of 2 Tes la in a usable vo lume of 1 . 4 m diame ter and I . OS m length . 

c .m . energy w f Ldt (nb - I ) month 
(GeV) 

3. I so Feb r .  

3 . 7  1 6 2  July ,  Sep t .  

3 . 6  604 July , Sept . 

4 . 03 742 Sept . 

4 . 1 7 1 6  May , June 

4 . 2  247 Aug . 

4 . 4  1 1 69 March , Aug . ,  Nov . 

4 . S  362 Nov . 

4 . 6  434 Aug . , Nov . 

s . o  1 375  Nov . ,  Dec .  

Table I .  Integrated Luminosities for the 1 976 runs of  PLUTO at the e+e- storage 
ring DORIS . The 5 GeV-data were not fully analysed at the t ime of the 
conference . 
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Fig.  I .  Cross  section of the detector PLUTO . 

The chambers , covering - 90 % of 4n , have wires parallel to the beam and c athode 

strips oriented at 45° and 90° with respect to the wire direction . The detector 

is triggered by a logical combination of  prop . wire s ignals .  Bas ic criteria are 

at least two track elements within the first four chambers , with momenta 

p > 240 MeV I c and I cos� < O. 8 7 ,  where ,t is  the angle between track and beam 

axis . Luminos i ty is monitored by small  angle (- 1 30 mrad) Bhabha scattering ob-

served by a symme trical arrangment of four coun ter teles copes . More details on 

the detector and the trigger are given elsewhere . 1 • 2 )  

Muons , electrons and photons can be identified with the detector. Outs ide the 

flux return yoke , there are 25 prop . tube chambers covering - 0 . 4 3  of 4 n ,  to 

allow identificat ion of particles penetrating the iron ,  which has an average 

thickness of 68 cm. Muons with momentum above GeV/c are identified . Two lead 

cyl inders at radii  of 37 . 5  cm (0 . 4  X ) and 59 . 4  cm ( 1 . 7  X )  al low identification 0 0 
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of electrons . In addition, photons can be identified by a shower or an e+e--pair , 

converted in the lead cylinders or the material of the beam pipe or the chambers . 

In the following results are presented on the total cross section (Ch . I I) , on 

inclus ive production of K� (Ch . III) , of the J/• (Ch . IV)  and on anomalous muon 

production (Ch . V) , and finally some pre liminary results on cascade decays of the 

• ' (3 . 7 ) (Ch .VI) . 

II.  Total cross section 

We have measured the total cross section for e+
e- annihilation into hadrons . 

Applying various cuts on the data, known QED processes l ike e+e- + e+e- , 

e+e-
+ µ

+µ- and e+e- + yy are excluded . The event efficiency is about 80 % on the 

average multiplicity,  as obtained from a Monte Carlo study us ing an all pion 

phase space mode l .  Details on the experimental procedure are publ ished2 ) ; s ince 

this  publ ication new data are obtained above W = 4 . 3  GeV up to 5 GeV . 

The total cross section divided by the muon pair cross section (R = crtot/crµµ ) is  

shown in Fig. 2 ;  the dotted curve follows the measured points . Radiative correc-

t ions are appl ied to the data assuming a flat behaviour of the total cross 

section above 4 GeV . The main s tructures first observed by the SLAC-LBL collabo­

ration3 )  are reproduced by the PLUTO data. At W = 3 . 6  GeV the ratio R is at a 

level of about 2 . 6 ;  at W = 4 GeV there is a sharp increase with peak structure 

up to 4 . 4  GeV and at higher energies the ratio R is at a level of 4 . 6 .  The step 

at 4 GeV is  attributed to the threshold for production of charmed particles ; an 

increase of  1 . 33 is  expected from the colour charm quark model . An additional 

increase is expected from the contribution of a heavy lepton . The higher level of 

4 . 6  is consistent with this  expectation .  

In detail our data differ from the SLAC-LBL data, especially a t  the positions o f  

the peaks between 4 and 4 . 4  GeV . Both experiments quote poss ib le sys tematic 

errors of - 1 2 %, and taking into account in addition s lightly different methods 

for radiative corrections the observed differences are not unexpected l arge . 
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The total cross section for e+e- annihilation into hadrons a divided Fig. 2 .  
b y  the muon pair cross section a The dotted corve i s  to g��de the eye· 

µµ 

1 . 0 III . Inc usive KS production 

If the rise of R atot/a1111 at -4 GeV by about two units of R is taken to be 

an indication of the charm threshold ,  then an increase of kaon production is ex-

pected from the decay of charmed mesons . In this experi�ent the inclus ive pro-

d . 0 • • • d4 )  uction of KS i s  investigate . 

The K� are identified by their decay into a TI+TI- pair.  The following method is 

used : a fit is tried to all pairs of oppositely charged particles , with geometri-

cal constraints and constraints for momentum conservation at the fitted decay 

point.  Cuts are applied in the x2 of the fit and in the decay length at 1 5  mm. 
0 The efficiency , obtained from a Monte Carlo study , is about 20 percent at a KS-

momentum of I GeV/c and decreases with decreasing momenta to a few percent below 

10'.3 



104 

200 MeV/c .  Therefore also a cut at a K� lllPmentum of 200 MeV/c is  appl ied . The 

invariant mass of the two-pion system obtained by the method is shown in Fig. 3 .  

A clear peak at the mass of  the K� is  seen with l ittle background. 

0 The following figures showing K5 data are corrected foF detection efficiency and 

for the n°n° decay of the K� , background is subtracted . The inclus ive cross 

200 

1 0  0 

Fig.  3 .  
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The K0 signal in the dis tribution of  the invariant mass 
of th� rrtn- system. 
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Fig.  4 .  • • 0 The inclus ive K5 cross section for W 3 . 6 ,  W = 4 . 03 GeV (a) and 
4 . 03 < W < 4 . 8  GeV (b ) as a function of x .  

section for K� production as a function of  the variab le x ,  defined by 

E (K� ) 
x = 

is shown in F igs . 4a and b .  The cross section is shown for W = 4 . 03 GeV in 

Fig.  4a and for 4 . 03 < W < 4 . 8  GeV in Fig .  4b ; shown also in both figures is  the 

cross section at W = 3 . 6  GeV for comparison .  The cross section values nearly 

agree above x = 0 . 5  for the different energies ,  but below x = 0 . 5  there is a 

large increase at W = 4 . 03 GeV and above , compared to the data at 3 . 6  GeV . This 

behavior is  also observed by the DASP group5 )  for inclus ive K± product ion ; i t  is 

cons istent with the hypothes is , that the kaons come from the decay of inter-

mediate pairs of charmed particles with a mass of  -2 GeV . 

. • . 0 The total cross section for inclusive KS product ion is shown in Fig .  5 as a 

function of the total c .m .  energy W. The data points are not corrected for the 
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cut at 200 MeV/c nor for trigger l osses ; both effects are estimated to be less 

0 than 1 0  percent .  A sharp peak in the total KS produc tion cross sect ion is ob-

served at 4 . 03 GeV , and a higher level above compared to 3 . 6  GeV , but without 

peaks . Data. on K� production from SLAC-LBL6 )  show a higher point at 4 . 4  GeV , but 

agree within errors for the other energies .  

2 6 0 6 6  

I I I 

6 0 -<J [ n b] e+e -- K5+anyth ing 
6 .  0 t 

t_L 
40 - I +++++ t I t t 
2 0 """ + 

I I 

L. 0 1. .5 5. 0 
Fig.  5 .  The total inclusive K� cross sec tion for K� 

momentum p > 200 MeV /c as a function of c .m .  
energy . 

-

-

-

0 At W = 3 . 6  GeV , the ratio of the KS cross section to the total cross section is 

0 0 cr (KS) /crtot � 0 . 1 KS per event .  For the region above 4 GeV new physics comes in 

and the fol lowing calculation can be done for the estimation of the mean number 
0 of KS per �� event . Assume that above charm threshold there are three contri-

butions to the ratio R of the total cross  section to the muon pair cross section : 

R 
a tot 
a µµ 

The old contribut ion of the Rqq (q = p ,  n ,  A quarks ) can be e s t imated from the 

measured value at 3 . 6  GeV to be - 2 . 6 .  The new contribution llR, assumed here to be 

Rec (c = charmed quark) plus �L , a contribution from production of a pair of 

heavy leptons , are about two units of R. A s imilar expression is assumed for the 



K0 
yield , s 

Again the qq-contribut ion can be taken from the data at 3 . 6  GeV ; the LL-contri-

0 . . 
bution to the KS cross sect ion can be neglected, b ecause 1t should be very small.  

Then the numb er of K� per new event i s  ob tained s imply by dividing 

6R(K�) = Rcc (K�) by 6R. Thi s  quan t i ty i s  shown by open circles in F i g .  6 as a 

function of c . m .  energy . Sub tract ing the LL-contribution also from 6R,  i . e .  

calculat ing R _ (K0
S

) /R _ ,  the full circles shown i n  F i g .  6 are obtaine d .  From the 
cc cc 

0 
charm model roughly about 0 . 5  KS per new event are expected , neglecting the 

Cabb ibo angle and assuming equal yield o f  K� , �, K
+ 

and K . Thi s  l at ter assump­

t ion is supported by a comparison of the PLUTO-K� and the DASP-K
± 

y i e l d .  Indeed 

the level of nearly 0 . 5  K� per event is obs erve d ,  as expec ted . 

1 o �.0.R I K � l I 6 R -

I I 1 

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

I I 
5 0 

F i g .  6 .  The number of K� (p > 0 . 2  GeV/c)  per new event 
above W = 4 GeV . Accounting for the heavy lepton 
contribution to the new events results in the 
ful l points . 
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IV. Inclusive J /w production 

There are different predictions for production of the J /w in the inclus ive 

reaction 

(4 . I )  

The fraction o f  the total cross section for inclus ive J/w production may be 

comparab le to the suppress ion of the hadronic J/w decays
? ) , of the order of I 0-3 . 

A very different prediction is from the molecular charmonium hypothes is , in 

with new SEates are predi�ted built from four quarksS) . A possible decay 

mechanism for these s tates is by quark rearrangement , in which a normal meson 

and a J/w is formed . There are predictions that about 1 0  percent of all events 

are of the type 

(4 . 2) 

especially at W = 4 . 4  GeV . 

Inclusive JN production is investigated in the PLUTO experiment ,  with the J/ijJ 

decaying to two muons , where one muon is required to be identified in the de-

tector .  Events of the type 

+ -e e � µ
± + m+ + � I charged particle (4 . 3)  

are selected ; for both the muon and the particle m a  momentum above I GeV/c and 

! cos � < 0 .  752  is required . Details on the muon identification are given in the 

next chapter,  The distribut ion of the mass M (µ±m+ ) ,  shown in Fig . 7 ,  shows a 

c lear clustering of events at the J/ijJ mas s .  A known contribution to these events 

is from the radiative tail of the w ' ' according to the reaction chain 

+ -e e + -ye e 1 -+l/J I � (4 . 4 ) 

Al l events cons is tent with the kinematical constraints given by this reaction 

are excluded ;  only f ive events remain , which may be due to the direc t process 

(4  . 5 )  

+ -
The results , corrected for acceptance and for the µ µ branching ratio of the 



J/�,  are given in Fig .  8 .  

The cross section for events consis tent with reaction (4 . 4) follows the calcula-

ted contribution of the � ·  radiative tail . The result for the direct process re-

action (4 . 5 )  are given for f ive energy regions as data points and 90 percent 

upper l imi ts . The process is at the level of  I 0-3 of the total cross section , 

shown also in the figure . The average cross section between 4 and 5 GeV c .m .  

energy is - 35 pb . One concludes that inclus ive J /� production is  only a small  

fraction of the total cross 

section. It is in fact much 

lower than predictions from ( n b l  0tot 
charm molecule models . 

6 
=t 
� 
0 
� 4 
Qj .a 
E :i 2 

e+ e - - µ :t (µ+ ) + ch arged particles 

3.5 0.01 

direct J/'41 production 
� upper limit ( 90°/. CU 

.. 

4.0 

+ cross section 

/ J/ lll from radiative 

--- tail of 111 ' (3.7 ) 

t 
4.5 

M µµ (GeV) W (GeVl 

f 
5.0 

Fig.  7 .  Dis tribution of the Fig.  8 .  Cross section for direct and ra-
dimuon mas s .  diat ive J/� production .  The total 

annihilation cross section is shown 
for comparison . 
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V .  Anomalous inclus ive muon production 

For the investigation of inclus ive muon production two classes of events are 

cons idered ,  the two-prong class 
+ - ± e e + µ + I charged particle 

and the mul ti-prong class 

+ - + 
e e + µ - + � 2 charged particles . 

( 5 .  I )  

(5 . 2 )  

Events with muons from inclusive J/w produc tion of  reaction (4 . I )  are excluded 

in this analys i s .  Events with tracks satisfying the criteria :  

momentum p � I GeV/c ; 

J cos.J1 < O .  752 ; 

point ing to a muon chamber ( · 0 . 45 of 4n) 

are selected. If the particle belonging to the track defined above is not de-

tected in the muon chamber, it is considered to be a hadron . A particle detected 

in the muon chamber is a muon candidate , it is either a real muon or a hadron 

from punch through or decay . The probabil ity for a hadron to appear as a muon 

has been determined from data at the 3 . 1 resonance ; this probabil ity is 

(2 . 8  ± 0 . 7 ) % ,  nearly independent from momentum in the momentum range cons idered 

here . The number of muon candidates has to be corrected for different thickness 

of the iron, the corrected number corresponds to the cut-off momentum of I GeV/c . 

Energy (GeV) 3 . 6  4 . 0  - 4 . 3  4 . 3  - 4 . 8  

f Ldt (nb - I )  6 1 3  1 660 2037 

Hadrons 630 1 684 2 1 00 

µ candidates 1 4  44 1 09 

' corrected 1 7 . 5  5 2 . 9  1 30 . 9  

Hadron background 1 7  . 6  4 7 . 2  58 . 8  

µ events 0 ± 5 6 ± 1 2  7 2  ± 27  

cross section (pb ) <36 <40 79 ± 29  

Tab le 2 .  Results on inclus ive muon production in the mult i-prong 
clas s .  



The results on the mul ti-prong class i s  given in Tab le 2 .  The number of µ events 

is after sub traction of the hadron background by punch through and decay . The 

cross section given are calculated assuming an isotropic angular distribution 

and refers to the momentum cut-off at I GeV/c . Below W = 4 . 3  GeV no anomalous 

muon signal remains . For the energy region 4 . 3  to 4 . 8  GeV an effect at the three 

s tandard deviation level is observed.  A possible  explanation for the origin of 

these events is charm pair production with a semileptonic decay of one or both 

charm particles . The size of the s ignal is compatible wi th thi s hypothes is , 

according to estimates of Gronau et al . , 9 ) , which are based on the inclusive 

electron spectrum observed by the DASP group IO ) . 

For the two-prong class a large contribution to the muon events is due to the 

QED processes 
+ - + -e e + µ µ (5 . 3 ) 

+ - + -e e + µ µ y (5 . 4) 

+ - + -e e + µ µ YY • ( 5 . 5 )  

Contributions from reaction (5 . 5 )  are estimated ! ! ) and found to be l e s s  than 

IO percent of the final result .  Elast ic and radiative muon product ion in reac-

tions (5 . 3) and (5 . 4 )  is excluded by cut s ;  cuts are applied in the relative 

azimuthal angle �� '  �� < 1 70° and in the miss ing mass according to 

MMZ > I .  4 ( ���a�eJ GeV2 , 

which takes into account the degradation of resolution in missing mass with 

increasing beam energy . For more than hal f  of the events of reaction ( 5 . 4 )  the 

photon converts  in the detector , the additional constraints provide a check of  

the missing mass  cut on  an event-by-event basis . After removal of the  QED back-

ground the subtraction of hadron background is done in the same way as for the 

mul ti-prong class . The results are given in Tab le 3 .  
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Energy (GeV) 3 . 6  4 . 0  - 4 . 3  4 . 3  - 4 . 8  

f Ldt (nb 
- I

) 6 1 3  1 660 2037 

Hadrons 209 5 9 2  7 4 3  

µ candidates 6 4 2  9 3  

' corrected 7 . 3  5 3 .  I 1 08 . 8  

Hadron background 5 . 9  1 6 .  6 20 . 8  

µ event s  I . 4  ± 2 36 . 5  ± I O  88 ± 1 5  

cross sec tion (pb ) < 2 3  7 6  ± 2 1  1 49 ± 2 5  

Tab l e  3 .  Res u l t s  on inclus ive muon produc t ion i n  the two-prong 
c l as s .  

Again the cross sect ion refers t o  the momentum cut-off a t  l GeV /c ,  but no 

corre c t i on is made for the cut in mis s in g  mas s , s ince this  cannot be done in a 

model independent way . S i zeab l e  s i gna l s  are obs erved above W = 4 GeV , but  no 

indication for anomal ous muons at W = 3 . 6  GeV . The cross s e c t ion for inclus ive 

anomal ous muon product ion in the two-prong c l a s s  is  shown i n  F i g .  9 .  S imilar 

res u l t s  have been found by the SLAC-LBL group
1 2 )

; the pub l ished values o f  Re f .  1 2  

are also  shown in F i g .  9 ,  scaled down t o  account for the different muon momentum 

acceptance . The data from both exper imen ts are in good agreement .  

Two-prong muon events are expected t o  come dominantly from product ion and decay 

o f  a heavy lepton L according t o  reac tion 

+ -
e e 

+ -
L L 

(5 . 6 ) 

with large m i s s ing momentum and energy , s ince there are at least three neutrino s . 

Evidence for a heavy lep ton has b een reported by the SLAC-LBL group
1 3 )

; the 

heavy l ep ton is now des i gna ted T by M . L .  Per1
1 4 )

. If our ob s erved muon events in 

the two-prong c l a s s  are mainly from the heavy lepton , then a certain frac t ion of 

the two-prong c la s s  shoul d  be µ e-even t s , with no o ther par t i c l e s  obs erved in the 

de tector,  from reac t i on 
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F i g .  9 .  The inclusive muon cross sect ion in the two-prong class as a funct ion 
of c . m .  energy . 

The expected number of µe-events can be es t imated under the 

lep ton mass of 1 . 95  GeV, point-like cross s ection cr (L+L-) = 

(5 . 7 )  

assump t ions : heavy 

+ - 36 - 63 
CT (µ µ ) --2-- ' 

e-µ universal i ty and a µ-spectrum from V-A s tructure of three-body leptonic 

decay . Taking into account the electron detect ion e f f ic iency and the geome trical 

acceptance , ten events o f  the type ( 5 . 7 ) are expe c te d  in our event sample . 

Indeed we find 1 2  events of this type . From the known probab i l i ty for mis i denti-

fication of e lectrons and muons , the b ackground is estimated to be less  than 

1 . 5  even ts . This clearly e s t ab l i shes a µe s i gnal in our detecto r .  The momentum 

spec trum o f  the electron shown in F i g .  I O ,  is compatible with the curve , which 

i s  a V-A lep tonic spec trum folded with the momen tum dependent detection e f fi-

c iency for e l ec trons . 

113 



114 

0.0 

d N  
d p  

0.2 

eµ - events 
4.3GeV �vs $!: 4.8 GeV 

26096 

p (ELEC TRON ) [GeV/c] 
F i g .  1 0 .  The elec tron momentum spect rum for the 9 µe events ob served in :he 

energy region 4 . 3  to 4 . 8  GeV . The curve is a V-A decay spec trum of a 
1 . 95 GeV heavy lepton , folded with the momentum dependent e l ectron 
detec tion effic iency and norma l i zed to the obs erved number of events . 

A different explanation for the ob s erved µe events could be the reac t ion 

in which charm particles C have a semi lep tonic  de cay wi th undetecte d  l ong l ived 

K0 • Assuming all events to come from this react ion , three times more events are 

expected with at leas t one � rep laced by a short l i ved K0 , tha t  decays into 

pions almo s t  always close to the p roduction vertex . About 30 events of this type , 

fall ing in the mul t i-prong class , are expe c te d .  Al l muon events in the mul t i-

prong class are examined for electron candidates among the addit ional tracks . 

Expecting seven events background from the knwon mis identi ficat ion prob ab i l ity 



s i x  events are found , wh i ch are there fore cons i s tent w i th backgroun d .  One con-

eludes tha t  the ob s e rved µe events in the two-prong c l a s s  are unl ikely to come 

from semi leptonic charm decays . 

V I .  Photons f rom decay of the w '  ( 3 . 7 ) 

In this f inal chapter pre l iminary resul t s  are presented ob t a ined w i th photons 

from the decay of the w '  ( 3 . 7 ) .  Wi th the de tector PLUTO it i s  pos s ib l e  to measure 

the photon d i re c t ion by detect ion of a shower or a e+e
-

pair from conve rsion in 

the ma terial of the chambers (0 . 2  X0 b e fore the f ir s t  lead cyl inder )  or in the 

lead cyl inders (0 . 4  X0 and 1 . 7  X0 ) .  In a certain fracti on of cases  a l s o  the 

+ -
energy of the photon can b e  measured from the e e t racks . The pho ton energy 

spec trum ob t ained at the w '  ( 3 . 7 ) resonance i s  shown in F i g .  I 1 .  

200 
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F i g .  1 I .  Photon energy spec trum from w '  (3 . 684)  decay , not cor­
rec ted for de tect i on e f f i ciency . 

No photon l ines are ob s e rved from the decays 

(6 . I )  
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because the photon energies fall in the region of steeply increasing efficiency 

for photon detection. Nevertheles s ,  it is possible to try kinematical fits to 

events with two charged particles and at least one observed photon (photons 

observed only by a shower behind the second lead cyl inder are not used in the 

fit )  to the hypothes is 
+ - + -e e + µ µ yy (6 . 2 )  

which is  equivalent t o  reaction (6 . I ) ,  if  the J/w i s  decaying t o  a µ
+
µ- pair. In 

the spectrum of M (µ+µ-) for all events fitting hypothsis  (6 . 2 ) a small peak is 

observed at the pos i tion of  the J/w . For these events the kinematical fit is re­

peated constraining the invariant µ+µ- mass to the J/w mass . Events with a large 

x2 in the fit  and also events consis tent wi th w '  + J/w n decay are excluded.  

All events are further checked for consistency with the assumed hypothesis using 

in addition the observation of showers behind the second lead cylinder.  The re­

maining 1 7  events are shown in Fig.  1 2  together with data from the DASP group l S ) 

and the SLAC-LBL group 1 6 ) ; as usual the two Jy masses are plotted agains t each 

other. A clustering of events is observed at four mass values . Three of the 

clus ters are consis tent with reaction 

+ -e e + w ' + x/Pc 
+ y (6 . 3) 

at x/Pc mass values also observed in hadronic decay modes 1 7 ) ; the posit ion of 

these mass values are indicated by arrows in Fig. 1 2 . There is  an indication of 

an additional intermediate state with mass 3 . 45 4  GeV observed up to now only in 

the cascade decay mode of reaction (6 . 1 ) .  There are five events observed by the 

DASP and SLAC-LBL groups . Three more events are added by the PLUTO group in-

creasing the evidence for the existence of this intermediate s tate . 
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Fig.  1 2 . Low mass solution versus high mass solution for the decay � ·  + yP Ix 
+ yy J/� . The positions of the resonances as determined by hadronlc 
decay modes are indicated by arrows . 
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