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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

A s.éarch for electron pairs produced in'hydrogen by the gamma
rayvs from a sample of 33 kinematically determined everfts of the type
‘n'+pv—‘> 1r+pn, n - Tr+1r"y, has yielded one event. This can be compared
with an "expected" 0.4 electro'n. 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 vielded three events, One event corresponds to

- 4 -
e e e . Based on

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

termined decays n —+ 7r+1f-y, we find an inte‘rnal-—conversior‘x probability

I'n-ntr ete™) /I - ntr"y) = 0.026.
The second six-pronged event corresi)onds to TT+p - 1r+p'q,

n - TT+1T_1T°, 0 e+e-y. We expect 1.8 Dalitz decays of this type. The

third six-pronged event corresponds to rtp = 7t pmon?, with both neutral

+e“y; 0.6 events is expected.

+

pions undergoing single Dalitz decay 7° — e

No events were found of the type mtp = tprtr rtn”, even though

- the center-dff‘-’mass energy is 120 MeV above threshold (the incident

7t momentuid is 1170 MeV/c). One such event would have corrGSponded

- to a cross section of 0.35 pb.



events of the type Tr+p-* TT+pTT T X
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. © 1. INTRODUCTION

& TR

L ety SN )
was e‘vstta..blished1 by a purely kinematical analysis .Of four-pronged | A
. *1°x%, where the missing neutral, . x°, ¢

--.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

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

- _both ""external" and "internal" electromagnetic conversion into e+e-.
~ with roughly the expected probability. (We find one example of each.)
To the best of our knowledge, the internal-conversion process from

reaction (1) has not been previously observed.

" 1I. FOUR-PRONGED EVENTS WITH ASSOCIATED
GAMMA-RAY CONVERSIONS

- We start with 33 good four-pronged events of the type
| m'p - wlpn, n - wnly (2)
- '7produced by 1170 MeV/c positive pions incident on the Alvarez 72-in.
“ hydrogen bubble chamber. Each event is identified by a purely kmemdtical
analysis.2 'The events are then reexamined on the sce.nning table. We
look along the pred1cted line of flight of the gamma ray for electron

"palrs {or tnplets) produced in the l1qu1d hydrogen v1a the (external-

.

conversion) reactions-
: . oo )
YP ™ pe e (3) y

and
_ . -4 - , '
ye —ee'e . (4)

.\g ’

. irq N
*. One electrofi. -pair was found (event 2196202). We find excellent self-
A

~consistent kilematic fits to all stages of the sequence given by Eqs. (2) 4

i



s
& .
13
(R
7
-

~ virtual gamma ray Y, in m = n+1r’yv -7
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and (3‘); 3“’ Théndn-été baékéfound for (2) is almost negligible. 2 Our

obser?ed éonvé’rsion (3) is therefore almost cerfainly due to a gamma ray
" from eta decay (2). The path length and gamma-ray energy distributions

. are such that we expect 0,40 conversions in the hydrogen.

III. SIX-PRONGED EVENTS

- The same sample of film was systematically scanned for six-

iv’-'pronged events, Only three events were found. They may be classified
: '_las follows:

.,'A. Internal éonversion in nn - 1_T+1T_y.' One of the events {(No, 2176531)

. gives an excellent fit5 to the sequence i

'rr+p - ‘|T+p'r], n - 'n'+1r.'e+e- . (5)

Thé invariant mass of the electron pair is small (5 MeV). Thus the
*roete” is "almost real'.
We expect the internal-conversion probability to be ;)f order a.
Experimentally, this probability is given by the number of events of g

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 0 - wtn”y 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

+ + +_= ' ,
Tp>wpn, - ww wl, | (6)

[4)

ety | ()

- {The e+ and e are identified on the scanning table.) The film con-
tains 140.8 (dorrected) events of type (6) where the 7% does not undergo -
¥ o

| - Dalitz decaii (7) We therefore expect about 140.8/80= 1,8 ‘associated

Huli

Dalitz decays;



atp > m p1r°1r° R o (8)
.wh.ere both n.eutra.l pions undergo single Dalitz aeca.y (7). . (The 'two
_'-,.pogitrOns ar;d two electrons are identified on the scanniné table, The
".invapiant masej recoiling against the final ﬂ+p is 280 MeV.) In. the
same film we have observed about 50 examples of reaétion (8) with a :

vsingle Dalitz «:leca,y..B Therefore the expected nuinbe; of events of type- '

":"..j o "_D. Events without electron pairs. No exampl.e was fouﬁ\d of the reactxon

The incident n' momentum is 1170 MeV/c, corresponding to a c. m,’

: . energy 120 MeV above threshold for this reaction. f If we had found one

,
T ‘. - o
v e e

- ST i event, it would have. ymlded a cross’ secnon of 0. 35 p.b S

,.,;é' jl‘ K We are grateful to Luis W. Alvarez for his interest and support., ‘

" (8) with two Dalitz'decays is about 50/80 = 0,6, A e vl

. ;,'_'_.;;':" i P -tr "+P"+ﬂ 1.'. TI’ . ' ) “ . . (9) ' '. 'f\. ..'\,.'.‘-;"i' . R

-

v
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1.

“ momentum transfer to the proton of 9 MeV/c.
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- The fit to reaction (2) gives XZ(ZC) = 2.7, The fit to the sub-

sequent: conversion (3) gives: xz (1C) = 2.0, with a transverse

: ‘The average potentié.l gamma-ray path is about 30 cm. The

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

weighted) average cross section for materialization of pairs or

triplets is 14.3 mb, 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 33X 0.012 = 0,40; the probability of getting

at least one conversion is 1 - exp(-0.40) = 0.33,

' The proton, e’ and e” are unambiguously identified on the

. scanning table. The fit to 1r+p - T!’+p11 gives x2(1C) = 0.1, The

subsequent fit to n = nTn ete” gives xz (4C) = 3.2.

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);

PR

'we theréfore discount the possibility of external conversion.
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mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
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—Bir—Assumes any liabilitiés with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
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of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
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