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ABSTRACT 

It is shown that the copious,production pf Kaons in the neutrino 

- + induced ~ e events observed at Fermilab is consistent with the charm 

hypothesis. 

*This work was done with support from the U.S. Energy Research and Develop
ment Administration. Any conclusions or opinions expressed in this report 
represent solely those of the author(s) and not necessarily those of the 
Lawrence Berkeley Laboratory nor of the U.S. Energy Research and Development 
Administration. 

+Supported by the National Science Foundation. Address after July 1, 1976, 
will be Department of Applied Mathematics and Theoretical Physics, Cambridge 
University, Cambridge CB3 9EW, England. 
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Recently, (l) the Wisconsin-Berkeley-CERN-Hawaii collaboration reported 

the observation of neutrino induced reactions with a ~ 
+ and e in the final 

state in the 15-foot bubble chamber at Fermilab. In addition, in most of 

0 
the events a K is produced. These events can only be explained if they are . s 

due to the production of a new type of hadron and its subsequent semi-leptonic 

decay. It is tempting to identify these new particles as being charmed mesons. 

Unfortunately, the observed number of K0 's (-1. - 1.2 per event) is at first s . 

sight in conflict with this hypothesis. We will show that this phenomenon is 

, explicable in either of two simple ways. 

In the GIM(2) scheme, the number of Kaons in the final state arising 

from the production of either strange or non-strange charmed mesons (which 

we will call F and D ~esons respectively) is quite different. These numbers 

also depend on whether the charmed particle was produced from the valence or 

the sea quarks. Under the assumption that every strange quark produced ends 

up in a final state Kaon, we can estimate the Kaon multiplicities. The results 

are displayed in Table 1. The K
0 

multiplicities are one fourth of the total 
s 

Kaon multiplicity given in the Table. These numbers suggest that it is pre-

dominantly the F meson which is observed in the ~e events. We can see no 

reason why the F should be produced preferentially, but can see two possible 

reasons why it should be observed more often in the ~e events. 

The first is the rather unlikely possibility that the D meson is 

sufficiently more massive than the F so as to allow strong kaonic decay of 

the D to the F. (3) The mass difference has to be greater than M1T + ~ since 

the two body decay D + FK does not conserve parity. This would mean that 

every charmed ~e event would have the same kaonic signature as F production, 

and leads to the average Kaon multiplicities listed in Table 2. We have 

assumed that the F is produced as strongly as each of the D's. 

. ' 
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The more palatable explanation is that the semi-leptonic branching 

ratios for the D and F mesons are rather different. In general the Kaon 

yield can be expressed in terms of the ratio of the semi-leptonic branching 

ratios and the production rates as follows: 

< K > (3q + 4(1 - q))/(1 + rR) + (q + 2(1 - q)) rR/(1 + rR) 

where 

R -
Branching ratio for D -+ ev + anything 
Branching ratio for F -+ ev + anything 

q is the probability of charm production from a valence quark and r is the 

D to F production ratio. In Figure 1, we display < K > for various values 

of the parameters. As before < K0 
> is one fourth of < K >. 

s 
It can be seen 

that the data is compatible with quite a wide range of R. If the F and D 

masses are similar we would expect r to be around 2. The preferred values 

of Rare in the range 0~ R $ 0.2 for r = 2 and various values of q. It should 

be realized that extra Kaons could arise from normal hadronic interactions and 

increase the values of < K > that we quote. 

We are led to ask how likely it is that the semi-leptonic branching 

ratios are disimilar. Provided the F and D have approximately the same mass, 

then this is entirely possible because the amount of phase space in hadronic 

decay modes of the F taken by the KK is greater than that taken by the Kaon 

in D decays. This has the effect of not only decreasing the rate of individual 

channels but also reducing the number of hadronic final States that the F can 

decay into. Therefore our intuitive expectation is that R is less than one. 

We are currently making a more detailed study of this point and hope to report 

on it at some later date. 

(1), 

(2) , 
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Our conclusion is that the observed ~e events are wholy consistent 

with the GIM charm model and it seems that we have no need to invoke any 

bizarre Kaon production mechanism. 
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TABLE 1 

Kaon multiplicity in }.le events associated with D or F mesons. 

Valence Sea 
Particle Production Production 

I 

D 1 2 

F 3 4 

TABLE 2 

Kaon multiplicity in 11e.events if the D mass is greater than the F mass. 

Valence Sea 

0 0 
<I).> + <KS> LS 2.0 

<rz+"> 0.5 1.0 

<K-> 1.0 1.0 

FIGURE CAPTION 

Figure 1. Kaon multiplicity as a function of R 
·~· 
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