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ABSTRACT

Ina very low momentum KOL beam, a sample of KOI._"'» reFy
decays has .been identified in the 25-inch hydrogen bubble chamber by

means bf BuBble density. | Based on 531 events, the energy—depehdence e
parameter for the KOe3 vector form factor was determined A=+0.01£.01 5,. »

which is consistent with no energy dependence.




- iinately 100 to 500 NMeV/c and peaking at about 280 MeV/c. The K

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

T be'en brepo rted previously. 5

‘l, s well determmed from the known position of the small target and the '

observed decay pomt. If the 1dent1ty of the decay secondames is known,ﬁ

2
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A portlon of the data from a low- momentum KO experiment -

L

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

deterrrune the energy dependence of the form factor of the K0 e3 decays 1

Although this form factor is predicted by the » I Al l 1/2 rule to be the

. + ) .
same as for K &3 decays, some of the more recent experimental results

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

for the K.l-e3 decay form factor is rather well known, that of the Koe3 is
generally characterized by much larger experimental uncertainties, and

with one exception, the KOe3 experimental results appear to indicate a

. larger energy dependence than seems to occur in K o3 decay. 2‘ The

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

the Koe3_form' factor is consistent with no energy dependence, and is in

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

In this experiment, the decays were observed in the Lawrence‘ i

Radiation Laboratorys 25-inch hydrogen bubble chamber exposed to a

L
0

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

ground tracks in each picture. Other details on the experimental tech- <

o ni‘que, as well as a preliminary analysis of KOLp interactions have " '

Although the KO morhenturh is not well knowh, the direetion'"

L

Iy

KO beam having a broad momentum spectrum extending from approx-

‘a reasonably high rate of KOL decays associated with.oniy a few back-—:-'v":};‘.‘_l S




)
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quadratic ambiguity S o SN _: S

The correct decay mode could be 1dent1f1ed by means of bubble'

,
L 2l

a

S

den51ty in'a large fraction of the cases, since the KOL momentum, and_ .

therefore the secondary momen_ta, were quite‘l’ow,__ The average electron
momentum from K0e3. decays was about 140 MeV/c. The tracks werei"""

"¢/ % identified by comparison of the observed bu'bble density with that predicted -

RN for m, u, and e fro_'m the measured momentum, using the appropriate U
comcal prOJection of the track on each v1ew. These decisions weremade N
by phy51c1sts and by experienced scanners working closely w1th and \;":g‘,,‘;:’

, ) Co
“checked by the phy51c1sts For many eVents, an unambiguous 1dent1f1ca- o

.0 s - tionm could be made solely from a v1sual estimate of the bubble den31ty , e

‘In more d1ff1cu1t cases, usually when the secondary momentum was high
.: __”a gap- counting technique was also used.’ These two techniques were found B
~ to ag’r'ee well onv events where the identification could be made with cer- ' .

| tainty. Most of the.more difficult ‘judgm-ents were made more than once',;

o <. by different people, whose independent conclusions nearly always were

,. " the same. ‘Using'these me_thods, it appears that .relia‘ble'_identificatiiqns:

e of'electrolns"' can be made on _trackshaving momenta up to at least 200

i

' MeV/c. Each event,_in the sample was resolved either uniquely, or to

tne

© e

L7,
Y2,

ta1nt1es of Judgment Before any selection cr1ter1a were 1mposed 801 ;

" events were con31stent w1th the K 3

KT}
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less than 200 MeV/cNext, twogeometrlcalselectmns Weire?Made:i;ntHe‘:‘ d
dip angle of all fraiéks was required to be within %80 deg of thé_,chambér,,”’_:g‘z:"
* 7 midplane, and the opening anglé. of the VO to be between 10 and 154 deg. .- "
The latter criterion décreased the data by.:ﬂles.s than.l()”]o, but.élimihéte'd.”%.;
" any possible scanning biases a.r.isingv from similarity befWeen KOe3 de—:j
cays and electron pairs or w-u decairs in flight. 4 These restrictions
reduced the sample to 531 events used for determinaﬁon of X\, plus only o
5% events ambiguous with other decay modes;. ' B |
In orde‘r to fest the energy dependencé of the K0e3 form factor,
we pa'raméterized it in a conventional way, Whicl;x assumes a small energy
depéndence: .
£, (q%) = £, (0) (1 + X\ q/m?),
“.whe.re f+(q2). is vthve forrﬁ factor and q2 is the square of the 4—momentum
"t'rans‘fer between the K and_n mesons, To find 5\, we simula'vc’ed several
sets of- Koe'3 decays by ﬁ'sing FAKE,/5 a Monte Carlo program. Each
" set was generated with a different value of A and accorﬂing to ﬂle hypb- )
r thesis of pure vector interaction. The KOL momentum spectrum ‘was ‘ :
B generated in the FAKE program froﬁ a Gaussian distribution having a
220-MeV/c full width at half maximum and peaking at 280 MeV/c. For,:, v
" the puttposes of this analysis this representation was found to be a good:;_'f‘

,-'i’_-'_approximation to the actual spectrum.

) f‘Aé is well‘known‘;.v two valid solutions generally are obtained ‘

from: solving the zero-constraint fit which corresponds to two distinct " -7

L

Vva_‘lﬁes of K momentum. There are different ways to handle this prob- k
-+ lem, but as long as both real and simulated events are treated identically,

T

no bias should result‘in the determination of A, and only different degrees

A



1A

' appear to be lost from the upper end of the p1on spectrum only in the last B

 The functionali dependenc'e on ,)_\"o[f"the 'e‘his‘squared probabilitj}': of fitting is’ I

-~

weight factor, : whlch was equal to the product of two factors= (a) the rel-: ‘

1

ative hkehhood for obtammg the observed KO momentum as deduced

L
from the K L Spectrum, and (b) the relative probabihty 1n the Dahtz _
. \ P
plot 6_ .By subj'e_cting the samples of real and simulated 'events to exactly, .= .

the same sele'_ction ‘criteria as described above;, and by comparing between
samples the distribution of events in the Dalitz plot, - we obtained the best k
fit for A2 L - | e _ - - ST

A= 40,01%.015, 0 Lo

’

shown in Fig.i’ 1 : | e P : PR ‘
it should"fbievi _n-ote‘d that in'thi'_s an.alylr.sis;. events occurring 1n all ‘- '
regions of the:D.alitz plot':bwere used in fitting for A. No_portion of tﬁe I
Dahtz plot was removed from the sample. | The-c‘. m electron spectrum"i‘-t‘i g ’
shown in Fig, 2a’ 1nd1c:ates no need for any additlonal correctlon for .
variatlon of electron detectlon eff1c1ency other than that prov1ded by the
\ sele'cti:on‘ criteria. ' Figure 2b gives th'e' c. m pion energy distrib’ution for . " \ ;',
.the real events, compared with the Monte Carlo prediction for \ = 0.0l.__--; . J
The re_solution in determining the c. m pion energy appears to be less ’ ‘ '
than 10 MeV; this‘estimate was inferred from' the observation that event‘s‘.'.f ‘-
y




(4]

- ambiguity from the invariant (w, e) mass.
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A sea'réh for"v other‘p'o's'siblev systeméfic effects‘hais : _r;;_‘realed : b
none larger than about half the quoted statiéﬁcal e.rl;or, and co;';ectionéﬂ' :
for these have been me_».de'., This includes the effects of !finifce measure-~
ment error.s, and of KOL particles that scatter béfore entering the
fiducial volume. A fraction of the KOL particles scattef 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 scétters is well known from fitting the KOLp interactions,
but if neglected would amount to a shift in X of only AN = 0.01, Due to
finite measurement érrors, a’'small fraction (predicted to be 12% by
FAKE) of the Koe3 events from unscattered KOL will fail to have any

kinematic solufion; a larger fraction of the events from scattered KOL

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

“analysis which predicts the fraction of all Koe3 events that fail to be 20%.

This prediction agrees well with the observed fraction of failures among

the real events.
A

We have also éheéked the effect of ’chle 5% of events that are am-
biguous with Koe3, by fitting for N\ separately under the 'a\.ssumptions that
(a) all ambiguous eyents are _Koe3 and aré included in the fit,‘ or (b)
none of the ambiguous events are Koe_,; and are ex";lgded from tiie-fit_.
in each case, né significant shift was found from the previousl.y détérQ :'__._

mined value of ‘X = 0.01, =

AR Finally, the c.m. neutrino spectrum was compared with that:" -
jpredicted by pure vector interaction and these were found to be in very '

~ good agreement. Note that this spectrum is deduced directly without * -~

L S
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Proceed1ngs of the Internahonal‘Conference on Weak Interactlong,

- Argonne National.Laboratory, Oct. 25-27, 1965, ANL-7130; and int"'-“
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Physics (University of California Press Berkeley, 1967), p. 44. ’.'v et
In regard to the result pubhshed by G. Kalmus and A Kernan in the 4 '-.‘5:‘_'

+.013
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latter Proceedlngs, a corrected value of \ (K 3)

-.014
glven in UCRL-17351, January 1967 [to be pubhshed in Phys Rev‘z

Letters ig (1967)]
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Although‘the‘nu'mb”er of electron pairs,of - decays that would

pass the bubble-density criteria for Koe.3 eve'ntsv is quite negligible

~ 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 K0e3 decays, no appre-

ciable biases are expected.

Gerald R. Lynch, Lawrence Radiation Laboratory Repc;rt UCRL-
10335, July 10, 1962 (unpublished).

The a priori probability calculated'from the transforlmatior; .Taco‘bian
bétween the ¢c.m. and lab. systems was found to be of negiigible im-
poi‘taﬁ'ce in helping to choose the correct solution, and was not used
in our aﬂalysis. The value of N assumed for the purpose of calcu-

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

fitted value of \, and was set equal to zero in the final fitting.
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Fig. 1. x vs )\from fitting the Dalitz "13’1o't‘:di‘s_t:'1?1'15.1'_11':{_;5}1.:'t
) ten'de.gree;s of fréédom.r N is d.e‘terr_nine&‘ i:_o bé._ +_0;61-£ .015.:‘

Fig.. 2. Dist?ibﬁﬁ..()l"ls jn the c.m. system <_5f the (e.).). eiectrop_eﬁérgy v
spectvrurrzl_, . _ana \(b‘) pion energy spectrurn“, using f_fxe selection

cfiterié d'e'scribed in the text. The dashed curves are the Monte

v

Carlo predictions for A = 0.01, usingv the same criteria, and nor-

malized to the same number of events, 531.

f

4
f
¥
+
. .
i L
. v
+ v
» A'
v s
E . -
5 - Sy .
4 . . ¢
. M
oy . : @
' d T (IS
. v Lt
. N " N s,
f e :
. v
+ Cam H W e -
EEEE s I. R . N
f hd h R .
. .. . H -,
N ; { e
. oo R \
K t ] . A
“ i
S ; , S N
N i . .
L ! : .
A . . '
i i
N 1 . vy "
N ] . Oy,
) v - i
1 £
. ’ . .
i, + - R '
W
B N ;v B
* - > Wi
iy . »
* = ‘ s T
e , -
. + .
M B
i s ' .
*, . 5 . ‘,,_ e n
Lo ' Ty ] Y i
oA Lo
. . \
. f
* L3 .
- " n .
- v
o :
%
- - ,
- 4
¢ E
Wt N
C oy
Loy .-
- -
' d 3
N
- . “a
¥ »
i
. Y
’ . .
+ N i}
FA 4. -
’ i
.

" There are

w e

-t
*,
.
iy
.
RAEIN
N
L.
t
.-
o
e,
.
.
,



x2 (10 degrees of freedom)
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
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
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.
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