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THE BRANCHINC RATIO r(i 3°)/r( °) 

Frank S Crawfori, Jr and L. J. Lloyd 

• 	
Lawrence Radiation Laboratory 

• 	 University of California 
berkeley, CdJ.ifornia 

and 

Earle C. Fowler 

Duke University 
• 	 Durham, North Carolina 

April 12, 196.6 

In our direct measurement of the branching ratio 

ar( i -. 3 0 )/r( 1 ... 0 ), 

the possible eta Iccay mo¼ie i 0  is incparable fror-i the 3r°  'node, and was a6sumed 

to be absent. 	Recently DI Cuigno et al. have presented convincing exper1r-ientaI 

evidence for the existence of the Tt
o yy mode. 	They find r r(°)/r( i-31T° ) 

= 1.79±0.29, In this paper we at3umc their result for r, combine it with our calculated 

detection efficiency for ti lT 0 y'j, and obtain a corrected value for R. The result is 

The same correction applied.to the similar direct measurement of R by Foster et al. 

yields a corrected value R = 0.41±0.11. A second result given by Di Cuigno et al. • 2 

F(r-. 3 T1°)/r( Al -* neutrals) = 0.209±0.027, may. be  combined with the two known ratios 

r( 11 - neutra1s)/r(i- charged) = 2.5±0.4 (sec Ref. 4) and r(n-..charged)/r(n- i1°) 

= 1.30±0.06 (Ref. 5) to give the indirect result R = 0.68±0.14. 

Thc.3e three determinations of R are in reasonable agreement with one another. 

They are in violent disagreement with the values of R predicted by any of the '-nodels 

	

- 	6 that have beenfit tothe observed spectrum for r 	1T1T 	. . 	. . 	. 
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The remainder of this paper is concerned with our detection efficiency. We 

detect gamma rays both by their external conversion into electron pairs (or triplets) 

in the liquid hydrogen, and by their internal conversion into Dalitz electron pairs. 

External conversion. For our fiducial criteria 1  we calculate an average probability 

of 0.0123 per gamma ray for pair production by the four 'y' $ from v D'yy 4y. This 

is practically equal to the conversion probability of 0.0124 per gamma ray that we calcu-

late for the six y' s from i 3O 
-. 

6y. 

Internal (Dalitz) conversion. We demand m(e+e_)  <30 MeV. 1  For this masi range, 

we estimate that 	 y e+c_)/r( 	 is equal to 

p 2  F(r— y ee)/r(t1— ry).  We also calculate t  that for m(ee') <30 we have 

- 0.0101 and 	t'(1 ° —  y 	)/r(r° 
- 

'y) 0.0101.. Thus we have p = p2  93. 

The four gamma rays from the ¶Tyy  eta-decay mode therefore have the same average 

internal-conversion probability per gamma ray as the six from the 31t mode. Coni-

bining the results for external and internal conversion we calculate that our overall d- 

tection efficiency for i 1T 0 'yy. is 4/6 of that for q 	T~ O . To correct our published 1  

determination of R. we multiply it by the correction factor 

C [1 + (4/6)rj 	= 0.46. 	We thus obtain the result Eq. (1). 
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and . C. Fowler, Phya. Rev. Letters ii, 564 (1963); 13, 421 (1964) predict 

R = 1.63±0.03 for the linear-matrix-element (LME) model, and R = 1.28±0.07 

for the Brorn and Singer (CS) sig1na-ne3on model. Foster et al. (Ref.3) 

predict R = 1.63±0.02 for the LME and 1.49±0.07 for the BS model. 

Our result of 4/6 for the relative detection efficiency for i -  II 0 yy and 

3 	is insensitive to our estimate that, for rn(e+e) < 30 MeV, we have 

x 	(p 1/p3) . 1. For x j 1 the relative efficiency is (4/6) + 0.097 (x - 1). Thus if 

we took x - I = ± 0.5, the correction factor C would be 0.46±0.02. 

Similarly we correct our.rate for 3 °  plus i0yy by multiplying it by 

(1 + r)/[ I + (4/6)r] = 1.27. There is no correction for the yy mode. Our 

corrected eta-decay ratio for r(neutrat)/r(charged) is 1.83O.57, in reasonable 

agreement With the average value 2.5.0 4 from Ref. 4. The same correction 

factor applied to the result0 of Foster et al. , gives r(neutral)/r(chargcd) 

= 2.19±0.39. 
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