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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
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We have studied the de_ca;y B;+ T

| ‘ S, | (1)

_ > 2y = 2e

using.atopping xt megoﬁs in the Berkeley 30-inch heavy liquid bubble chamber,
The chamber filling was freon, C3F8, having a density 1.22 gm c:rn"3 and

radiation leng'th 28 em. A total of 250 000 pictures containing 2.9X 106 e;topped |

K 's was taken. |

- The film w‘as scanned for Ke ,

1. The positron from the x* decay went through a maximum radius vector

decays that satisfied the following criteria:

{(Fig. 1), without change of ionization.

2. Two electron-positron pairs pointed back to the k't decay point on all three

stereo views, .

3. Neither of these pairs was tangential to the positron near the origin, -

4, The K+ ionization was consistent with a decay at rest, and there were no
kinks or changes of ionization along the incok_nirig K* track within 4 cm

of the origin,
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: Co rdition ﬁ cnsured that tne charged sccondary was unamb:guoualy 1den$zﬁed
: as a po:sitron Condihon 3 elimmated eventa in which one of the pairs waa due to '
. a bremsstrahlung from the decay positron.» This critenon may elimmate some |
Jf'_genuine events. ' We have calcolated the magnitude of this effect a.nd fmd it small
._ compared to the statistical error Condition 4 largely eliminated a. background

e contc.mmatxon of 'r' and K deca 8 for whxch the 1r p. cham or. p , respectively,
| *‘3 ¥ .

. were less than 1 cm. |
All the tracks from the decay were measured by means of the Behr Mittner
rﬁethod for ,calculatxng the momenta and errors, B A two- constraint fit for the Ke3

3 hypothesis was"m‘a.de for ea.ch'._even?.‘ éj‘l?.«ll_Q_f Z42~eme\rlt_s\wfrom 15% of the

" film, fitted the hypothesxs. . | A |

A pos;tron detection efﬁcxency D (E ) as a function of positron energy was
e calculated by means of a Monte Carlo metnod sxmilar to that deacribed in reierence -
2. This efﬁciency‘va_ried from 109% at Ee = 0 to 39%. at Ee = Ee max The o
detection efficiency D_ '(E,,) was also estimated by means of a Monte _Carlo pro- -

gram. The maximum variation in. 1r°

detectmn efﬁclency was 20% over'the spec-
- trum. Each event was weaghted by 1/[D (E ) D (E )] All the distri'outions"
shown contain &hxs weighting factor. 7 7 o - | |

| - We ignored the correlanon between D (E ) and D (E ) thxs is expected to
be sxgmfica.nt at high poaitron momenta. .The 1mportance oflthis correlation is
ev1denced by the fact that our weighted experimental dietributions ir; electron :

' variables are not identical witix ﬂie'corr_'e_sponding dietrib_utions in neutrino var-
iables. In ‘Ke3 decay these dieti'ibutione are;iden.iv:ic_lal,_in the approximat‘ionv |

i_ that - M, = 0, Because of _tiais, we have plo:zed in Figs. 3 and 5 the sum ef_tl_ue:

' posi:tron aod neutrino.discributions. ‘The reeson for doing t':'hi'a_i‘s fhet, due t_o:the'
shape of the 'Daiitz plot in Ee Va.vnd Ev' (Fig. 2), these summeo. distributions ere 3

almost independent of biases or inaccuracies in the weighting procedure, - S



' energy is given by
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‘The most general form of the matrix element for" Ke3 decay is

e

Mw;ﬂ%%%7

‘where the O.'s are the Dirac #r'xa.trice_s corresponding to the three possible types

J

of coupling scalar, vector, and tensoi-. and 'ﬁ'v Oj u, is the lepton current. The

- strong-interaction currents Aj are of the form:

Scalar . Aj ocf | .
Vector 'Aj « £,(P +P)-f (p - P -

Tedsor E Aj o ft‘ Pk pw

'_ The P's are 4- momenta, and the 's are dimensionlesa form factora tha.t depend.

on the plon energy alone, Y

The distribution in g::ds a(the angle between the dii-e.cﬂon of the n_entrinovox"

positron _momentum in the dilepton center-of-mass system and the direction of the

,' pion) is independent of the energy dependence of the form factora ahd provides a

sensitive test of the nature of the interaction'. 3 In I?xg.~ 3 the sum  of the exper-

" imental distributions in coea - and cos o.vwr is compared with the diatributions V

predicted for pﬁre vector, scalar, and tensor, ’_I‘he distribution ig.sh_own for only'
0 < cosa <4, since the distri_butien from 0> cese 2 -4 is a'mirx:’or‘ ‘i‘vmaée of the
former (cos eeﬂ = - cosa ‘m'). | Vecfo_r is very strongly favered in agreement with
the V-A theory of weak interactions, A(V, S) or (V, T) mixture is also possible
but less likely than pure vector. | |

If the coupling in Ke3 deca; is pure vector, the distribution in pion kinetic

N (T,) dT, ecfzp3d'r @

" and hence can be used to investigate the energy dependence of the form factor i

/

decay. It is generally believed that f

The term containing f_ is negligible in Ke3

!



. it may, therefore. be es.pa.nded in a power series in q .- We have ﬁtted the w° { ’

XA is A= 0.02

4 . UCRL-14553

is a siowly varying function of the 4-—momentum transfer qz M +M2 ZM E. and

o
energy spectrum, Fig 4 to Eq (2) with & f 1+)\qz/M and with the exper-' ;

“imental error distribution folded in, The x probability for the fit is 5%. The

poor ﬁt is due to an excess of events a.t low pion momenta and may arise from :

0

a tail in the L momentum error dxstribution " The value of \, which minimmes o

+g gg Since only the high-momentum end of the spectrum is

-

sensitive to the possible energy dependence. of the form fa.ctor, the value of '\ is

‘almost mdependent of the low-energy tail,

Figure 5 shows the combined electron- and neutrino-momentum epectrum
The distributiou in cosy where q; is angle between ‘et and 7%, is shown in

Fig 6. Both distnbutions ere in excellent agreement with the hypothesis of a ,

o pure vector interacticn with constant form factor,

Our resulta are in good agreement with the previoua study of Ke3 deca.jr. 4

" ‘A . However, in contra.st to. this previous experiment, our events are kinematically

. 'over determiued and hence have been completely reconstructed
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7 The maximum radius_vecto_r anax is 'm3?k°4 onthé :poéitoir:;i”track. B

o Fig 2 Therbound.‘arievs 'of'the D'alitz plot of E : E - Afo:!"' Ke3 tlccay. )

E Fxg .3' The sum oi’ the weighted distribntions in coem e:'and cos om". o
The smooth curves are the distributions predicted for a pure vector. - o
scalar, and tensor interaction Thc diatribution is _symmetrical abou_t'-

<o -0 S, e
8°TrL SR

{

o Fmg 4 Weighted pxon-kinctic onergy Bpectrum The amooth curve is a.

s S

T e

| best fit of our data to Eq (2), ,with the error sprea.d in pion energy
folded in, |

BN
o

Fig 5, Sum of tho weighted positron- a.nd neutrino momentum distribntions, L
: The curves show the distributions for 2 pure w-r..elcto‘r.. scalar. a.nd tcnsor
interaction, assuming a constant. iorm £actor. R o _.
'.F‘ig 6 sttribution of cos \.b (41 is angle bctween e+ and 1r°) for the

weighted evcnta The curves show the distributions for pure vector.

scalar, and tenaor intera.ctions. asauming a constant form factor..
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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
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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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