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We have measured the reaction e+e- -~ e+e-at the T. Using the excess of electron pairs over the QED expectation we 
obtain an electronic branching ratio of Bee = (5.1 -+ 3.0) %. Combining this with ptiblished values of the muonic branching 
ratio Bug we conclude that the T is a narrow state with a total width < 180 keV at 95% C.L. 

After the discovery of the T family in proton- 
nucleus collisions [1 ],  e+e--experiments have deter- 
mined precisely the mass and the leptonic width of 
the T(9.46)  [ 2 - 4 ] .  However only lower limits for 
the total width could be given thus far, due to the 
large errors in the muonic branching ratio measure- 
ments [2,5,6]. 

In the present paper we report on an analysis of 
the reaction e+e - -~ e+e - at the T. Using the evalua- 
tion techniques for Bhabha scattering developed for 
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testing QED at PETRA energies [7], we determine 
the T branching ratio into electrons from the excess 
of electron pairs over the QED expectation. As- 

suming ~-e universality, we obtain the branching frac- 

tion of the T into lepton pairs, Bl l  = F l l /F to  t. From 
this we derive the total width ['tot of the T using tile 
electronic width published previously [2]. 

The experiment was performed with the detector 
PLUTO at the e+e - storage ring DORIS [7]. Data 
were taken on the T from 9.450 to 9.465 GeV. The 

electron pairs were identified by means of the inner 
track detector and the surrounding shower counters. 

Events were accepted if both electrons deposited 
more than a third of the beam energy in the shower 
counters and if they were collinear to within 15 ° in 
spatial angle. We obtained a final sample of 2953 

+ - -  

events. The total efficiency for recognizing an e e 
+ - -  

-+ e e event was determined to be 99.3 + 0.4%. 
The acceptance in scattering angle 0 was restricted 

to the region Icos 01< 0.8, where charge identifica- 
tion was possible. The probability of misidentifying 
the charges of both electrons was determined using 
the small sample of electron pairs where both tracks 
had the same charge assignment. The corresponding 
event numbers for different regions of Icos 01 are 
given in table 1. This point is of particular relevance 
since the effect of the resonance decays shows up 
mainly in the backward region where misinterpreted 
electron pairs from the forward direction could fake 
a higher electronic branching ratio. For the final cos 0 

distribution the electron pairs with the same charge 
assignment were divided up according to the meas- 
ured ratio of events in the corresponding forward and 

backward bins. The remaining charge misidentifica- 
tion probability is negligible. 

Table 1 
Charge misidentification probability. 

Icos0[ No. of Bhabhas with 
unique sign of cos 0 

No. of Bhabhas with 
ambiguous sign of cos 0 
from the momentum 
measurement 

0-0.3 338 
0.3-0.5 406 
0.5 -0.7 893 
0.7-0.8 1211 

sum 2848 

9 
7 

29 
60 

1 0 5  

The main background sources were (i) reactions 

of the type e+e - -+ 77 where both photons convert- 
ed in the innermost part of the detector, (ii) the re- 

action e+e - ~ ~-+~-- ~ e+e urn, u, (iii) cosmic showers 
and (iv) beam-gas interactions. Five events of the last 
two classes were removed from the sample of back- 
ward scatters by a visual scan. The total background 
resulted to (0.5 -+ 0.2) % and was subtracted. For 
more details of the analysis see ref. [7]. 

Fig. 1 shows the resulting differential Bhabha cross 

section in the resonance region (9.45 ~< Ecm ~< 9.465 
GeV). The full curve is the first order QED cross sec- 
tion modified by radiative corrections [8] and the 
angular resolution. Although QED describes the over- 
all behaviour of the resonance data quite well, fig. 1 
shows a small excess of events in the backward direc- 
tion (cos 0 < 0). ttere a contribution from T ~ ee de- 
cays is expected to show up. 

In the presence of a resonance the QED Bhabha 
cross section has to be modified by adding a resonance 

10 ~ 
' ' ' I ~ I ~ 1 i I , 

e÷e - ~ e+e - 

Y (9./-,6) 

PLUTO 
l o  ~ 

.S. 

10 2 J- " ~  

-(18 -04 O0 0.4 08 
c o s ®  

Fig. 1. The differential cross section s do/(d cos 0) for reac- 
tion e+e - -~ e+e - on the resonance (9.45 < Ecm < 9.465). 
The full curve is the QED part including the effects of radia- 
tion and of finite angular resolution. The dashed curve also 
includes the direct decay T ~ e+e -. 
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contribution and an interference term. Since we in- 
tegrate over the central part of the resonance region 
from 9.45 to 9.465 GeV *1 the interference effect 

does not contribute to first order. The angular dis- 
tribution of the T -+ ee decay is expected to be of 
the form I + cos20, i.e. it is symmetric in cos 0. The 

dashed curve in fig. 1 shows the result of fitting the 
sum of the resonant and the Bhabha distribution to 
the data, each with one free scale parameter. The fit 
gives a total cross section for ee ~ T -* ee of (0.53 
-+ 0.31) nb. Using the theoretical angular distribution 
as a reference is justified by the good agreement be- 
tween QED and experiment at 9.4 GeV and also at 
higher energies [7]. In fact, a fit which uses only 
the measured on- and off-resonance cross sections 
leads to (0.42 + 0.43) nb, consistent with the more 

precise value above. 
The cross section has so far not been corrected for 

radiative effects. We therefore compare it to the cor- 
responding uncorrected cross section for hadrons [9] 
Oto t in order to eliminate the effects of radiation in 
the initial state. We estimate that final state radiation 
affects the result by less than 5%, and other system- 
atic uncertainties by less than 15%. The resulting 
electronic branching ratio, including all errors, is Bee 

= (5.1 -+ 3.0) %. 
This value is compatible with the muonic branch- 

ing ratio Buu = (2.3 -+ 1.4) % (average value from refs. 
[2] and [5] ), and therefore with/a-e universality in 
these decays. Assuming lepton universality to hold, we 

can take the weighted mean of all, Bll = t'2.9 + 1.3) %, 
as the best estimate of the leptonic branching ratio. 

The larger expectation value and the smaller error 

Of Bll now lead to a nontrivial upper limit on the to- 
tal width Ftot(T ). Using our published electronic 

width Fee = (1.33 +- 0.14) keV [2], we obtain 1/Pto t 
= (22 + 10) MeV -1 , and in particular Ptot < 180 keV 
at 95% C.L. This limit is two orders of magnitude 
lower than the previous ones obtained from the beam 
energy spread of DORIS. The best estimate ,2 for the 

,1 This corresponds to an interval of 2o (Ecm), where 
a(Ecm) is the r.m.s, energy spread of the storage ring. 

,2 Note that the branching ratios as well as 1/Fto t have nor- 
mally distributed errors, but Ptot does not. 

- - + 3 8  total width, 4 3 1 4  keV, is well compatible with QCD 
expectations [ 10]. 

In conclusion, our result shows that the "I' is in- 
deed a narrow state with a total width comparable 
to that of the J /~.  This observation confirms the cur- 
rent idea of the T being a heavy quarkonium state. 
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