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ABSTRACT 

.' 0 0 ±-
In a very low momentum K L beam, a sample of K L - 11' e + v 

decays has been identified in the 25-inch hydrogen bubble chamber by .' 

means of bubble density. Based on 531 events, the energy-dependence' .. 

o parameter for the K e3 vector form factor was determined }"=+O.Ol±.015, 

which is consistent with no energy dependence. 
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, " ' ",,' . "-;- ',' 0 
A porti~m of the data from a low-momentum K L experiment .. ;' 

has been carefully analyzed to identify the common decay modes, and to 
',' 

,0 1 
determine the energy dependence of the form factor of the K e3 decays. ..." 

.' , 

Although this form factor is predicted by the 1611 = 1/2 rule to be the ,,',.:,,;::~' ",' 

+ same as for K e3 decays, some of the more recent experimental results 

'have cast doubt on the validity of the rule. While the energy dependence 

+ 
for the K e3 decay form factor is rather well known, 

, 0 
that of the K e3 is 

generally characterized by much larger experimental uncertainties, and 

with one exception, the K
O 

e3 experilnental results appear to indicate a 

larger energy dependence than seems to occur in K+ e3 decay. 
2 

The 

,'" present experiment yields, with relatively high precision, the result that 

the K
O 

e3 form factor is consistent with no energy dependence, and is in 

,J _ 

'!.' . 

;' 
~ : ",' I - ~ 

.. ,-
"j. 

1 ' 

, + 
good agreement with the result from K e3 decays. 

In this experiment, the decays were observed in the Lawrence 

Radiation Laboratory's 25.-inch hydrogen bubble chamber exposed to a 

K
O 

L beam having a broad m.omentum spectrum extending from approx

imately 100 to 500 N1eV/c and peaking at about 2BO'MeV/c. The K
O 

particles were produced by K+ charge-exchange on a dense target 

located 22 in. from the center of the chamber; in this way we obtained 

, .,': 

" , 

, '!: 

a reasonably high rate of K
O 

L decays associated with only a few back-,' ,i(, " 

ground tracks in each picture. Other details on the experimental tech- .... ·, :'~}': 
r !~. .- ,-' ,'. : . i 

nique, as well as a preliminary analysis 
o '~ 

of K L P interactions have \,: :' .<,\ , 
:,:'~>\ ';.',', 

"" - '-'. ',; ,i'-. 

Although the KO momentum is not well known, the dire~tion[,;"""'i,,,,::,. 
",' ': L . .";:,;?~,:.,:, 

is well determined from the known position of the small target and the:,",.";.: ,,' 
'. ", • • • ~':.:"~~~::' ,. • ~ J 

observed decay point. If the identity of the decay secondaries is known, 

" '3 
been reported previously. 

.1 '. 
'''\, " 
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-. .. •• ~".ol. • ~;- ·f .- t. 
'V ,;,: / 

the decay may thenh~"~'omplet-ely reconsGh~'ted except for a two-fold ",;;:,l, .. 
. ., " .• " .. I' .'~'. .<,~;·i. 

-,-', , ,r.~ , 

quadratic ambiguity. 
i" ?,. 

The 'correct decaym,odetould be id.entified by means of bubble~;: '!' '~". 

density in a large fraction of the cases, sin~~ the K O L momentum, and . .'~i: «': ':~.: 
.·f:. 

therefore the secondary momenta, were quite low. The averag~ electrC:;~;' 

momentuin from K O
e3 

decays was about 140 MeV/c. The tracks were';:', 

. ,I;.~. " 

•. ! • 
" . 
,'t .... ,'., • 

~ ~,' c.',) 
.J. 't:. 

identified by comparison of th~observed bubble density with that predicted, l' .-" 
'.: 

for 11', f.L, and e from the measured momentum, using the appropriate :, ,oj" , . .' ~ ... 

conical projection ,of the, track on each view. These decisions were made '. ,','; 

by physicists and by experienced scanners working closely with and, 
\ 

, checked by the physicists. 
" ) ) ,,', .. ',' 

For fnany events, an unambiguous identifica-

'. 
; ~,! 

-' .. ~ '. '-:. ~.,,," ", 
"',. ~ ... ~.; , 

tion could be made solely from a visual estimate of the bubble density. ," '.' . '~, ., ., . 

': " . ". 

In more difficult cases, usually when the secondary momentum was high,- :.,,' .-:,,;, 
? ,\ '. ' 

, '" 
.a gap:"counting technique was also used. These two techniques were found ,; ,:' ' 

. -:. 

" to agr~e well ~n events where th~ identification could be made with cer-. 
'. , . '. '. ' 

tainty. Most of the more difficult judgments were made more than once: 

, by, different people, vvhose independent conclusions nearly al~ays were" '. :':';:~.:'" 
." - '. ~: .. ; ... , 

the same. Using these methods, it appears that reliable identificatfunsi . ": 
., .. ,' - .'-t 

. of 'electro~s' can be made on tracks having momenta up to at least 200 
....... : 

MeV/c. Each event,in the sample was resolved either uniquely, or t~ .. . . . ' .. ~ 
. ",,' '.~ ~l 

. "'. . :J' /", ,,-\:.':.' t.' ~". 

'< ,< the minimum' number of ambiguities consistent with the estimated uncer->:·. ': ..~;;,~, 

< _;,'~:,:- ~'., .' tain ti e ~\f judgment. ' .. Before . any s ele cti 0 n~ rite ria we r e irnpo sed .. 80 1 ;_;t~";:-':; 
'r·:,·;.<; \.~:,' :. ,.' , .,' ." ,"', " . ",'. 0····; .. ' . .', , 

i ~r~~:; :-':;:::::i:: ::e:::::s 
:::::::it::. K e3 '. d~C: Yrnode. 59 

3 

~f WhiC~, had:',~~i~,::<' 
;>~;'~;:~.:)f\",":~':';;"""~!·"':· :'.:;,<To :r:t::duce th~" ambiguities, still further, we nsed the folloWlng : ' ".'" .:-:.;.' i, 
;~'r.' ·i;1l.,~' ",J h ;-" ~ '.~. •. :.';. :.'. .' . ,<p' t.. . ' .: , •• >~;'~,::'·;~;t"'('\~ ~. 

f~;!~'f~t';'· :eleCti~:c rit~.r:a._;;. :':,ri,t'.:,.th~.·electro.n ... ~~rnent~ wa s reqUired. t: be;~~li!f:~~::H.:~,~ 
~.. ',' '), -:. .,'; .' .I \. '. . •• .'; \, .;, "~-
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less than 200 MeV/c. ' Next, two geomet:ri~al selections were made:; the ,{ :i:>' 

dip angle of all tracks was required to be within ±80 deg of the. chamber ,,';' 

midplane, and the opening angle of the VO to be between 10 and 154 deg . 
• " I 

The latter criterion decreased the data by less than 100/0, but elimina.ted ,:" ; 

any possible scanning biases arising from similarity between KO e3 de-" 

cays and electron pairs or 11"-/-1 decays in flight. 4 These restrictions 

reduced the sample to 531 events used for determination of x., plus only' . 

5% events ambiguous with other decay modes. 

In order to test the energy dependence of the KO e3 form factor, 

we parameterized it in a conventional way, which assumes a small energy 

dependence: 

f+ (q2) = f+ (0) (l + x. q2/m;>, 

2 2 
'where f+(q ) is the form factor and q is the square of the 4-rnomentum 

transfer between the K and 11" mesons. To find x., we simulated several 

o . ~ 
sets of· K e3 decays by using FAKE, a Monte Carlo program. Each 

set was generated with a different value of X. and according to the hypo

thesis of pure vector interaction~ The KOL momentum spectrum was, 

generated in the FAKE program from a Gaus sian distribution having a 

220-MeV / c full width at half maximum and peaking at 280 MeV/c. For,,:,-

the pl.'liltposes of this analysis this representation was found to be a good." 

., approximation to the actual spectrum. ',' , 

:', . As is well knownj. two valid solutions generally are obtained 
I~ • 

. frmnsolving the zero:'constraint fit which corresponds to two distinct'>-',:,' "':-,' 
',' 0 

values afK L momentum .. There are different ways to handle this prob-" :_ t.' 

,; ",,' .1em, but as long as both real and simulated events are treated identically, 

no bias ,should result in the determination of x., and only different degrees '" .> ~ ,', 
~, ' . .': . :;/ 

'1, " 

:" .;,r 

", " 
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',r 
,': .. ;":,' ,:.: 
'I .,~ ~ ~." 

'.> .. ~".,. 

' ..... "; , 
I I. . 

'. t" \. l ', :,,' /~~':""::.ij. .. :...'~" "l.~ '3" 

.. ~. 

of sensitivity to X willre~ult. In practice'thisis found to be the casco ",:;, ., ,.. /' .',,'>' , . "? . , ,; -1' ..... ; '; :. ~.J, • '.' • 

The inetliodchos~ri was to ~~lect th~'sol~ticm having the gr~~ter: normai~~ed:t){!;/(;. 
'.' . '. ,.. ~ 

, '.' . ,\ 

weight factor~ . which was equal to the product :'~f two factors': (a) the rel-, 
• . • ,,' I ~r!:l 

ative' likelihood for obtaining the observed K
O 

L ~~mentum as d~duced':i, 
o 

from the K L spectrum, and (b) the relative probability in the Dalitz 
, 6 

plot. ,By subjecting the samples of real and, simulated events to exactly, 

the same selection 'criteria as described above, and by comparing between 

samples the distribution of events in the Dalitz plot, : we obtained the best 

fit for A.: 

A = +0.0 1 :t: • 0 1 5 • 

The functional dependence on A of the chi-squared probability of fitting i~' ' 
. .; 

shown in Fig. 1. 

it shouldb~ noted that in this analysis, events occurring in all 

regions of the Dalitz plot were used in fitting for A. No portion of the 

" ' 

, ":,:,, .';: 
.1 -' 

'~ ',' 

., . t . . " 

," ' 

.... 

.' ~. . 

' .. ' . 

Dalitz plot was removed f~om the sample. The c. m. electron spectrum 

shown in Fig. 2ai~dicates no need for 'any additional correction for . :., .. . ~ . .~ 

''':'' ..... ", ~: .. 
. h'l" . ~'" .' 

, ' 

variation of electr'on detection efficiency other than that provided by the " " 

selection criteria. Figure 2b gives the c. m. pion energy distribution for 

,the real events, compared with the Monte Carlo prediction for A = 0.01. 

The resolution in determining the c. m. pion energy appears to be less' ,~. .., 

" than 10 MeV; this estimate was inferred from the observation that events, , 
. . .... . . /. . " ":' 

. f. ' • • ... ". 

'":~ . 
"':; appear to be,lost from the upper end of the pion spectrwn only in the last,::" 

, .. ' ~". . . .:I>_.~~.:.' .. ~' 

bin" which is 8.5 MeV, wide'. . ' 

, .. ~ ~. ... ~. '- \.: ~ 

.'- '.fl 0 .. -

:'" . .~ 

, ' . ~. ; t.· 

, ~ .. ~' ~ 
.' ... rj'·';: " 

. '/ . ~. 
'.' .O! 

.... , .. 
,' .. ,~ . ~.t", . ";' 

, ~' . 
. ,.,. '~ . ~ 

) 

. ~,v 
1 • 

'! \'. 

'"', - ~:. 

, " 
" 

:~ , . ' .. 

~:~:.'~ i . -V: ~ •. ~-.~::" 
' .. '\ . . " .. ~ 

.... ~ .. " \ ~.' 

"I:., 

~, .. 
~ " . 

. ~ ';.:. 
, , 

' .. ' 

f' ,c • 
o 'J: ~ . " ;.~' 

" , 

.-,~, ~ . \,/-" 
,I 
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A search for other possible systematic effects has, revealed >, 

none larger than about half the quoted statistical e,rror. and corrections 

for these have been made~, This includes the effects of finite measure

ment errors, and of KO Lparticles that scatter before entering the 

fiduCial volume. A fraction of the KO L particles scatter in a region, 

close to the target before entering the fiducial volume, and this effect 

{:. 

has been included in the Monte Carlo analysis. The number and distri

bution of these scatters is well known from fitting the KO LP interactions, 

but if neglected would amount to a shift in I\. of only .6.1\. = 0.01. Due to 

finite measurement errors, a'small fraction (predicted to be 12% by 

FAKE) of the KO e3 events from unscattered KO L will fail to have any 

kinematic solution; a larger fraction of the events from scattered KO L 

will fail. Both of these effects have been included in the Monte Carlo 

, analysis which predicts the fraction of all KO e3 events that fail to be 20%. 

This predi~tion agrees well with the observed fraction of failures among 

the real events. 

We have also checked the effect of the 5% of events that are am

biguous with KO e3' 'by fitting for I\. separately under the assumptions that 

(a) all ambiguous events are KO e3 and are included in the fit, or (b) 

none of the ambiguous events are KO e3 and are exCluded from. the fit. 

In each case. no significant shift was found from the previously deter": 

mined value of,' I\. = 0.01. , ., 

'. 
, Finally; the c. m. neutrino spectrum was compared with that',:'· : 

predicted by pure vector interaction and these were found to be in very': 

.'" good agreement. Note that this spectrum is deduced directly without ,', <' 
ambiguity from the invariant ('IT, e) mass. 

:. ~ 

;. , 

" 
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Although the number of electron pairs of IT-jJ. decays that would 

pass the bubble-density criteria for KO 3 events is quite negligible e . 

even without these cuts, some scanning bias is conceivable, and the 

cuts are made to guard against that possibility. Since the average 

,scanning efficiency was found to be 88% for KO e3 decays, no appre

ciable biases are expected. 

5. Gerald R. Lynch, Lawrence Radiation Laboratory Report UCRL-

10335, July 10, 1962 (unpublished). 

6. The a priori probability calculated from the transformation Jacobian 

\, . 

'. 

between the c~m. and lab. systems was found to be of negligible im-

portance in helping to choose the correct solution, and was not used 

in our analysis. The value of X. assumed for the purpose of calcu-

lating the Dalitz-plot weight had only a very small influence on the 

fitted value of x., and was set equal to zero in the final fitting. 
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>..: fro~"fitting the Dalitz plot dist:db~tio-~~..' -. There are - ;', Fig. 1. 2 
X VB 

ten degree's of freedom. >.. is determined to be +0.01 ± .015.-' 

Fig. 2. Distributions in the c. m. system of the (a) electron energy 

spectrUlTI, and, (b) pion energy spectrum, using the selection 

criteria described in the text. The. dashed curves are the Monte 

Carlo predictions for >.. = 0.01, using the same criteria, and nor-

rhaJized to the same number of events, 531. 
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(b) Pion spectrum 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mlSSlon, 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 
may not infringe privately owned rights; or 

B. Assumes any liabilities 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 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






