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ABSTRACT 

UCRL-16684 

A search for electron pairs produced in hydrogen by the gamma 
\ 

rays from a sample of 33 kinematically determined events of the type 

+ . + + - h . 'ld d 1T p - 11' P"1• T) - 1T 11' y, as y1e e one event. This can be compared 

with an "expected" 0.4 electron pairs, based on our gamma-ray path 

length and the known cross section for conversion. 

A systematic search for six-pronged events in the same 72-in. 

bubble-chamber film has yielded· three events. One event corresponds to 

th 't 1 . - + + +-+-. e 1n erna -convers1on process n p ·+ 1T pT), T)- 1T 1T e e . Based on 

this event, and on a corrected denominator of 38.0 kinematically de- . 

. + -term1ned decays T) - 1T 1T y, we find an internal-conversion probability 

+ + The second six-pronged event corresponds to 1T p - 1T p 11, 

T) -1T+11'-1T 0 , 1T 0 - e+e-y. We expect 1.8 Dalitz decays of this type. The 

third six-pronged event corresponds to 1T + p - 1T + p11' 0 1T 0 , with both neutral 

pions undergoing single Dalitz decay 1T 0 
- e + e-y; 0.6 events is expected. 

+ + + - + -No ev~nts were found of the type 1T p - 1T ptr 1T 1T 1T , even though 
; ;~ ' 

the center-d£:.;mass energy is 120 MeV above threshold (the inciden~ 
+ ~·. 

1T momentuili is 1170 MeV/c). One such event would have corresponded 

toa cross section of 0.35 f..Lb. 
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• . t .... , _·. < . /' . ·~ · .... I. INTRODUCTION· 
;,> t',' r 

' ' 
.: > .. The decay. ~ode 

• ~. i. ~ 

; . , . . .. ~' -~· .. ( 1) 

wa~ established1 by a pu'r"ely kinematical analysis of four-pronged 

·events ofthe type 1T+p_TT+pTT+TT-x0 , where the missing neutral,.x0 , 

· is identified as a gamma ray if it has zero rest mass (but nonzero 

·energy) •. In the present paper we establish the fact that the gamma 

.. · rays from (1) are perfectly ordinary, in the sense that they exhibit 

'both 11 external" and "internal" electromagnetic conversion into e + e-, 

with roughly the expected probability. (We find one exa'rnple of each.) 

To the best of our knowledge, the internal-conversion process from 

reaction (1) has ·not been previously observed. 

II. FOUR-PRONGED EVENTS WITH ASSOCIATED 
GAMMA-RAY CONVERSIONS 

·We sta.rt with 33 good four-pronged events of the type 

+ + + -TT p - rr p't}, 'tl - rr rr y (2) 

produced by 1170-MeV/c positive pions incident on the Alvarez 72-in. 

hydrogen bubble chamber. Each event is identified by a purely kinematical 

analysis. 
2 

The events are then reexamined on the scanning table. We 

look along the predicted line of flight of the gamma ray for electron 
\ . 

pairs (or trip:lets) produced in the liquid hydrogen v~a the (external-

conversion) reactions· 

and 

+ -yp- pe e 

- - + -, ye - e e e . 

(3) 

( 4) 
i-~·=4 . 

One electrokpair was found (-event 2196202}. We find excellent self-
_·1"~'! . 

. consistent kiHematic fits to all stages of the sequence given by Eqs. {2) · 
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~nd (3}~ 3 The ~~n-et~ back~round for (2) is almost negligible. 
2 

Our 

observed conve-rsion (3) is therefore almost certainly due to a gamma ray 

- from eta decay (2). The path length and gamma-ray energy distributions 

are such that we expect ~.40 conversions in the hydrogen. 
4 

III. SIX-PRONGED EVENTS 

The same sample o(film was systematically scanned for six-

pronged ev~nts. Only three events were found. They maybe classified 

as follows: 

A. Internal conversion in fl- Tf+Tf--y. · One of the events (No. 2176531) 

gives an excellent iit5 to the sequence 

+ + + - + -Tf p-lT pT), T)-1T 1T e e ( 5) 

The invariant mass of the electron pair is s_mall (5 MeV). Thus the 

virtual gamma ray 'Yv in fl- 1T+1T-'Yv -1T+1T-e+e- is 11 almost real". 

We expect the internal-conversion probability to be of order a.. 

Experimentally, this probability is given by the number of events of · 

type (5), namely one event, divided by the corrected number of events 

of type (2), which is 38.0. We thus find that the internal-conversion 

probability in the decay T)-+ n.+Tf-'V is 1/38.0 = 3.6a, based on one event. 
6 

B. Event with one Dalitz decay. The second six-pronged event 

'(No. 2201285) corresponds to the sequence 

+ + + - 0 1T p - Tf p'YJ, T'l - 1T 1T 1T • (6) 

Tr 0 -+ e + - (7) e 'V 

(The + and are identified on the scanning table. ) The film con-e e 

tains 140.8 {corrected) events of type (6) where 'the 1r0 does not undergo 
:~ 

Dalitz decat {7). We therefore expect about 140. 8/80 = 1.8 .associated 
~ .. ;\ 7 

Dalitz decat~; 
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·)_;~·'·_where both neutral pions .undergo single Dalitz decay (7), :·.(The two 
. ':''. ~;;;. · .. ~ ' . . 

.. ~.··,:.':.·.:_positrons and two electrons are identified on the scanning table_. The 
. •, I·~· ' • 

< , .... ,. 

_:;;-~:~->invariant mass recoiling against the final ,..+ p is Z80 MeV.) In the 

>?~;x· .. :.: ... >~/'::~,.·-s~me film. we have :bserved about 50 examples of reaction (8) with a 

. ::.: .... , .. :_.·: ·. · ···.:._ .... :. s1ngle Dahtz decay.. Therefore the expected number of events of type.· 
.:- ·"; ;;·~ . . ·;, :. ·: \ 

',-.! .... 
... 

~ l ' 

·n. Events without electron pairs. No example· was fouljld of th_e reaction 
• • • ~" ' 0 

.. , .. (9) 

, + I . ·., The incident 11' momen_turn is t t 70 ~eV c, corresponding to a c, m• 
. ; I ,• '~ 

·.;_energy 12.0 MeV above threshold for this reaction •. If we had:found one. 

••• ,l, 
'· . 

·'\ .. 1' 
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.. 
it_would have yielded.:\. cross·section o£'0;35-tJ.b~ :.· 
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2. F. S. Crawford, Jr. and L. R. Price, Lawrence Radiation 
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, I 

' 3. The fit to reaction (2) gives x 2 
( 2C) = 2. 7 .' The fit to the sub

sequent: conversion (3) gives· x 2 
( 1C) = 2.0, with a transverse 

.. ::: ;; mom.entum transfer to the proton of 9 MeV/ c. 

· 4.· The average potential gamma-ray path is about 30 em. The 

average laboratory gamma-ray energy is 144 MeV. The (energy-

weighte~).ave.rage c:ross section for .materialization of pairs or 

triplets is 11.3mb, and is. obtained from Fig. 3c of D. C. Gates, 

R. W. Kenny, and W. P. Swanson, Phys. Rev. 125, 1310 (1962). 

The average conversion efficiency is then 0,012, and the expected 

number of conversions is 33 X 0. 012 = 0.40; the probability of getting 

at least one conversion is 1 - exp{ -0.40) = 0.33. 

S. The proton, e + and e- are unambiguously identified on the 

scanning table. Thefitto 1T+p-+1T+pt'\gives x2 (1C) = 0.1. The 

subsequent fit tot'\~ 1T+1T- e+ e- gi'Q'es X 2 {4C) = 3.2. 

6. This event also gives a good fit to the external-conversion sequence 

given by Eqs. (2) and (3). However, the corresponding gamma-ray 

path has zero length (with an experimental upper .limit of about 2 mm); 
. ~ 

we ther~fore discount the possibility of external conversion. 

' ~: ,, 
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