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We are investigating the physics of electromagnetic decays of the no and the feasibility 
of making measurements of these decay modes at the IUCF Cooler Ring. This report 
contains a short description of the physics which can be learned from studying ?rO decays 
and a listing of design work done to date. 

The electromagnetic decays of the no can answer some intriguing questions. The 
physics issues which can be addressed fall into two broad categories: exotic interactions 
and the pion structure. For example, the ?rO -+ e+e- branch is sensitive to interactions 
beyond the Standard Model because the QED predicted decay rate is highly suppressed. 
The other pseudoscalar meson to lepton pair decays (e.g. K i  -+ C1+p-) have measured 
branching ratios close to the Standard Model predictions. The no -+ e+e- decay has not 
been measured accurately enough to confirm the Standard Model prediction. The internal 
structure of the no enters into the prediction of the differential decay rate of ?rO -+ e+e-y. 
Measurements of this differential decay rate have not been accurate enough to test the 
models of ?rO internal structure. We can make state-of-the-art measurements of both of 
these decay modes at the IUCF Cooler Ring. 

The branching ratio, B = r ( n o  -+ e+e-)/I'(nO -+ yy), is suppressed with respect to 
r ( T O  -+ yy) by a2(m,/m,o )2,  and this suppression opens up the possibility of seeing con- 
tributions to B from exotic interactions. Predictions1 of B are in the range 6.2-6.9 x 
Any significant deviation of B from this range can only be explained with physics beyond 
the Standard Model. 

The measurement of the differential decay rate in ?rO + e+e-y is a sensitive test of 
the models of the ?rO structure. This rate can be written as the product of the QED result 
and a transition form factor, F(x), for the no yy vertex. The form factor is normalized at 
the photon point, F(O)= 1. 

d I'(?rO -+ e+e-y) Z(  TO + ??I )=G a - x x)3 (2 + I) ,/< F ( X ) I ~  

The variable x is equal to the square of the invariant mass of the e+e- pair divided by 
m:, and r = 4m2/rn:, . The form factor is usually linearly parameterized to give: 



There have been many theoretical predictions for the no transition form factor and 
the slope parameter. Models used to predict the slope parameter include Vector Meson 
Dominance2 and Quark Triangle Diagram.3 The theoretical predictions tend to cluster 
around the value a G 0.03. 

We are investigating the backgrounds for the no decays. They fall into two categories: 
backgrounds associated with the no production reaction and backgrounds associated with 
no decay. Many previous experiments have used the no production reaction n- + p  -+ nnO. 
This produces a large e+e- pair background because the cross section n- + p -+ ne+e- is 
large. The pairs in the reaction n- + p -+ ne+e- come from internal conversion of the 
photons produced in n- + p  -+ yn and the cross section is large because of the anomalously 
large value of a(n- +p -+ yn)/a(n- +p -+ nOn). We plan to use the reaction p + d -+ pdnO 
to produce no's. We expect the e+e- background from p + d -+ pde+e- to be relatively 
small because a(pd -+ pdy)/o(p + d -+ pdnO) will be small. 

Backgrounds to the no -+ e+e- decay can also arise from other no decay modes, such 
as external conversion of y's from no -+ yy or no -+ e+e-y or from high mass e+e- pairs 
from no -+ e+e-y and no -+ e+eWe+e-. The former are reduced by eliminating material 
near the target and the latter backgrounds are reduced with good invariant mass resolution. 
A target made of a thin tube of mylar containing D2 gas is more than an order of magnitude 
thinner than the smallest LH2 targets available. This is a particular advantage of the Cooler 
experimental environment. Our calculations show that we can achieve rms invariant mass 
resolution of 5 1% with a cylindrical drift chamber in a solenoidal magnetic field; this is 
a factor of 2-3 better than previous no -+ e+e- experiments. 

We are also evaluating the systematic errors and backgrounds for the no -+ e+e-y 
slope parameter measurement. Our preliminary results indicate backgrounds will be 
greatly reduced compared to previous measurements because there is much less mate- 
rial near the target in a Cooler experiment. We are in the process of simulating systematic 
effects, and their influence on the measurement of the slope parameter. 

We have done a Monte Carlo calculation of the detector acceptance and count rates for 
the experimental layout shown in Fig. 1. Results indicate the no -+ e+e- and no -+ e+e-y 
experiments are feasible at the Cooler Ring. The count rate estimates will be more firm 
once the p + d -+ pdn0(CE21) cross section and angular distribution results are known. 
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Figure 1. Side view of a possible large acceptance/tagging detection setup at the Cooler 
ring. 


