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ABSTRACT 

The branching ratio for the decay n + evy has been measured in a counter 

experiment in which the e+ was detected in a magnetic spectrometer and the 

y-ray in a lead glass hodoscope. From tIle measured branching ratio we determine 

y, the ratio of the axial vector to the vector form factor. The latter is 

computed using evc and t'o,the nO lifetime. Adopting a best value 0.86 x 10- 16 
n 

sec, we obtain y = O.lS ±0.11 or y =-2.07 ± 0.11. A comparison between the 

measured values of y, and various theories is made. 
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Recent theoretical d~velopments in quark models and current algebra 

have made it interesting to make a more accurate measurement of the axial-

vector form factor of the pion radiative decay, IT -+ evy, first measured at 

CEHN over ten years ago. 1 TIle general form for the radiative decay amplitude 

has been calculated by several authors. 2 TIle so called inner bremstrahlung 

tenll (IB) arises from diagrams in which a photon is radiated from one of the 

charged, external lines of the ordinary decay IT -+ ev and can be calculated 

fronl the observed rate of the decay IT -+ ev by standard methods of quantum 

electrodynamics. 

= (1) 

InEq. (1), a = 1/137, Wev = rate of IT -+ ev, x = 2Py/m
lT

, y = 2Pe/m
lT 

and the 

rest mass of the electron has been set equal to zero. 

TIle interesting effect is a structure dependent (SD) process involving 

intermediate states generated by the strpng interaction. TIlese intermediate 

states are described by vector and axial-vector form factors, a(q2) and b(q2) , 

which may be treated as constants because the momentum transfer in the decay 

is small. The equation for the SD rate is customarily written in terms of the 

vector form factor, a(O), and y = b(O)/a(O). 

2 d WSD = dx dy 

Here G is the weak coupling constant, e is the Cabbibo angle, D = (1 - x) 

(x + y - 1), and E = (1 - x) (1 - y) 2 • TIle SD- IB interference tern is small and 

is neglected. 

(2) 
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The experimental layout is shown in fig, 1,With the low-energy 

achromatic pion beam at the Berkeley l84-inch cyclotron, about 2 x 105 TI+/sec 

were stopped in a counter 110doscope, which was slanted to increase the stopping 

material and minimize the positron energy loss. The positron momentum was 

measured in the magnet-spark chamber spectrometer system with a resolution of 

about 2 MeV, Momentum normalization and resolution were determined by fitting 

the end point in the momentum spectrum of positrons from J.l - decay and by 

triggering the system occasionally on'the monoenergetic positrons from TI+ + e+v. 

The photon was detected in a Cerenkov hodoscope consisting of 24 six­

inch cubes of lead glass, each with its own 5-inch photomultiplier which 

determined the position of the photon to within ± 8°. The apparatus was 

designed to accept events with a large opening angle between the positron and 

photon thus covering a region of phase space where the SD part of the amplitude 

is at its largest and the IB portion is small. For radiative decay events the 

fractional acceptance of the apparatus was 0.0185, as evaluated by a ~bnte 

Carlo calculation, and the event rate was 0.3/hr. 

Candidates for radiative decay events were required to have a prompt 

coincidence between the positron trigger counters and the Cerenkov counter 

within 100 ns of a pion stop. Only those events with positron momentum greater 

than 58 MeV were analyzed further, In this way we avoided the overwhelming 

positron background from muon decay. The distribution of events in ~T, the 

time difference between the positron and photon signals, is shown in fig. 2. 

Radiative decay events stand out as a sharp peak at ~T = 0 above a flat background. 

After the subtraction of an appropriately normalized (p,a) distribution of back­

ground events chosen from the out-of-time region of the ~T spectrum, we are left 

with 170 ± 15 events, 

In analyzing our data the theoretical distributions given by Eqs. (1) 

"-
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and (2) were folded with the experimental resolution and acceptance; then a 

maxiInum likelihood technique was used to fit the resulting expression to the 

binned data as a function of momenturri and angle simultaneously. Because Eq. 

(2) is quadratic one obtains two values of y which give good fits to the data. 

Figure 3 shows the data in momentum and angle projections, with fitted curves 

corresponding to the two solutions. 

Figure 4 shows the relation between the axial-vector form factor and 

the vector form factor determined from our data. The dashed curves give the 

one-standard-deviation error in b(O) due to sources of error internal to this 

experiment. Approximately equal contributions to this error come from the 

uncertainty in the photon detection efficiency and from the statistical 

uncertainty given by the width of the likelihood function. 

In order to evaluate the axial-vector form factor, or y, a value for 

the vector form factor must be taken from some other source. In the framework 

of the eve theory one may calculate the vector form factor from the nO lifetime,3 

la(O)1 = -1 (0.0259 ± 0.0015) m • 
·n 

Here, 0 is the lifetime for nO -+ yy, for which we have used the value 
n 

'no = (0.84 ± 0.10) x 10-16 sec. 4 This value for 'no must be used cautiously 

since even the most recent measurements do not fonn a consistent set. A value 

for the vector fonn factor, independent of the nO lifetime, may also be obtained 

from a vector dominance model in which an unsubtracted dispersion relation is 

saturated by the p meson. 5 This method yields la(O) I = (0.035 ± 0.0025) m- l • 
n 

The values of b(O) and y obtained from combining these values ofa(O) 

with our data are summarized in Table 1. Note that although we obtain both the 

magnitude and sign of y (for each solution), the sign of b(O) is not detennined 

because the sign of a(O) is unknown. 

1 To compare our experiment wi th that of Depommier, et al., we chose the 
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value of a(O) used in their analysis to calculate y from our data: y = 

0.263 ± 0.10 or -2.18 ± 0.10 (internal errors only). On the basis of 143 

events they obtained y = 0,4 or -2.2 (no errors quoted), in agreement with· oUr 

results. 

The predictions made within the framework of current algebra6,7,8 range 

from Iyl = 0.12 to Iyl = 2.14. Despite the wide range of these predictions, 

the calculations are essentially identical except in their treatment of the 

n~trix element <~IA Iy> where A is the axial-vector current. If it is assumed 
l.I l.I 

, 
that this vertex function satisfies an unsubtracted dispersion relation 

dominated by the Al pole, then b(O) = f 1m2 (f is the ordinary pion decay 
~ p ~ 

coupling constant) and Iyl = 0.59. 9 It is generally believed, however, that 
. \ 

this matrix element must have a subtraction since <~oIA Ip-> and <~oIV IAl -> , 
l.I l.I 

which are related to it through vector dominance, are known to require subtrac-

tions .10 Schnitzer and Weinbergll have used current algebra to compute the 

various matrix elements; the parameter 0 appearing in their forn~lism relates 

the unknown subtraction constant to the rates for p and Al decay, the ~+ _ ~o 

mass difference and to the electromagnetic form factor of the pion. This is 

summarized in Table II. 8 = -1 corresponds to no subtraction in the pion form 

factor, 0 = -~ comes from a fit to the experimental widths of the p and AI' 

The last choice, 8 = 0, has the merit that, in the soft pion limit, the logarithmic 

divergence from the Al contribution to the mass difference cancels out. 12 

It is clear that theory requires a value of y smaller than our large 

negative solutions. (An exception is the prediction Iyl = 2.14,7 which is, 

however, based on a very uncertain detennination of the pion charge radius.) 

Thus even with the uncertainty in the value of a(O) we can conclude from this 

experiment that y must be close to zero and that, at least within the context 

of the Scrulitzer-Weinberg fo~lism, a subtraction is required in the dispersion 

( 
." 
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relations for both the pion form factor and the <~IA Ip> matrix element. We 
I ~ 

should point out that recent work using substantially different current algebra 

1m. d· . 7 13 tec lques pre lCts y - • • 

Finally, we would like to draw attention to the prediction y = 0 of the 

static quark model14 which is in agreement with our results. However, this 

model involves assturrptions which are quite incompatible with the current 

1 b . f· • 15 age ra P01nt 0 Vlew. 
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Table I. Values of b(O) and y obtained from the experimental solutions and the 
two values a(O). 

a(O) x 
-1 

m 1T ( 
up;er ) 

solution 

.0259 0.15 ± .11 
(CVe) 

.035 -0.18 ± .09 
(p-dominance) 

b(O) x -1 m 1T 

.0040 ± .022 

- • 0062 ± • 0040 

( 
lo!er) 

solution 

-2.07 ± .11 

-1. 74 ± .09 

Table II. Predicted values of several observables for various 

cS hi reAl -+ pn) r(p-+1T1T) 

-1 0,59 61 MeV 140 MeV 

-~ 0,35 116 MeV 107 MeV 

0 O. 190 MeV 79 MeV 

b(O) -1 x m 1T 

-.0537 ± .0022 

- • 0609 ± • 0040 

choices of O. 

Pion charge 
radius 

0,63 fenni 

0,59 fermi 

0,55 fenni 

-~ 

'\ -
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FIGURE CAPTIONS 

Fig. 1. Experimental Layout 

Fig. 2. Spectrum of time differences, 6T, between positron and photon 

signals. 

Fig. 3. (a) Positron momenttDll spectrtDll 

(b) Opening angle distribution 

Fig. 4. Relationship between a(O) and b(O) as detennined by our data. 

The portion of the graph which is symmetric upon the exchange 

b +(-b), a +(-a) is not shown. 
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