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ABSTRACT
An anélysis of 545 decays KT - e+9 in a freon-filled bubble
‘chamber is descri_b‘eds_ The events were kinematically overdetermined
so that a complete reconstruction of each decay was possible. All decay
configurations were detgctable exc'eptAfor those with positron momentum
less.than 5 MeV/c.‘. The data is satisfactorily described by a pure

vector interaction. The energy dependence of the vector form factor

| | 2

) i 2 _ M . _ +320 .
f, is given by £, (q )l.— 11, (0} ——-Z——ZF , with M=840"""/» MeV, or
equivalently, l-f+(q2)l = 1£,(0)] [1+>\(q2/r_n§r)], with A = 0~028f8.812'

In the Callan-Treiman relationship for Ky and Ky3 decays this value
_ . ‘ ' f (0) '
-0of N\ leads to the prediction that &[= — ] =4+0.43+0.14 or

' o ‘ ,f+3 0) ¢

~2.43 % 0.14. Upper limits for scalar and tensor currents are given.

Systematic biases “inherent in the heavy’—liquid—vchambe‘r technique are

discussed.
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EXPERIMENTAL STUDY OF K' - % + ¢" + v DECAY
George E. Kalmus and Anne Kernan
Lawrence Radiation Laboratory
University of California
Berkeley, California

June 1, 1967

Professors W. J. Willis and R. J. Oakes have called our attention
to an error in our interpretation of Callan and Treiman's paper. This
error does not affect the results reported in the paper.

Section VI in the paper should be replaced as follows:

VI. CURRENT ALGEBRA PREDICTION FOR §
It is interesting to consider the q2 dependence of f+ in relation
to the current algebra formula of Callan and Treiman, ? which connects

the K22 and K, ., decay form factors, evaluated at zero four-momentum

£3

of the pion:

] = | 285 m/g, M| |1, (M5, 0) 4 £ (M5, 0) | (12)

In this expression ga is the ra.tio.of axial vector to vector B-decay
coupling constants, g, is the strong pion-nucleon coupling constant,
and m is the nucleon mass. The experimental value5 for fK’ which is
proportional to the amplitude for KpZ decay, is 0.070%x0.001. The
quantities f+ (qz, Pﬂz) and {_ (qz, PHZ) are the K‘£‘3 form factors defined
in Sec. II; they depend on the variables q2 = (PK - Pn)z and PWZ. Since

P 2 equals m_~ and is not experimentally variable, the dependence of

™ ™

f+ and f_ on this quantityis usually not shown explicitly. We rewrite

Eq. (12)

£, | = 0.32 | £, (MKZ, mn,z) | |1+¢ (MKZ, mﬂZ)I. (13)



-2- o UCRL-17351

Errata

-1 M2 mBA/f (M2, m 5. B luating f and £ at
where € = f_(MK, mﬂ) ,+( K * My )e By evaluating {, and {_a

PW2 = mn_z, we introduce an uncertainty of 10% in the relafionship‘. !

Using the parameterization £ (q%) = £ (0)(1 +xq%/m ), valid

for )\5'0.1,, one obtains

, 2 r ~Se o G1/2,, 0 | R
f+(IvIK., m_") = 8.4xX10 7 {I Ke3]v / .(‘1 + 14.7N), B (14)
where FKe3 is the Ke3'decay 'ra.tes jn'sec;‘1; inserting (14) into (43)

gives the fela.ti.on'ship between 'é +11and )\.displayed in Fig. 12(a). Fox;
X\ = 0.028, as measured iﬁ this e}xperinier’ﬂ;,‘ aValue of !§+ 1 i =1,0+0.1
is predicted by the Cal].an'—Treima,;n relation; thé error is the 10%
‘uncertainty alluded to above. The ci_rc.-l'e in Fig.v'ﬂ.Z(b) shows the allowed
rangé of values fbr complex § A #ecént rfleasﬁr.ement dfv thé trans-
verse polarization in the deé cieéay gavé Im £ - -0,012_51:0.059. 1

If we assume that § is purely real, then the current algebra relation

2 2,
K mg)

predicts § (M = 0.0+0.1 or 2;0&0.1.-'

At present there are two inconqpa;tible rneasur.ements of
€; £ = +0.27+0.23 and § = - 1.25+0.3. The former value was obtained
from the momentum a.hd angular distrib‘utio1ls in K“3 decay combined
with the KH3/Ké3 decay;rate fatio {(rmethod i); the latter yalu'e was deduced
from the measured polarization of the muon in KH3 decay (method 2).
(These values are weighted means of the data in Ref. 6.)

Both values of £ were obtained by analyzing the experimental data
under the assumption that f_ (qz)/f+(q2) is coﬁstant. It is knowvn that
method 1 gives an inco_rrect value of § if this assurnption is incorrect.
For example, the value of £ = 0,72 in Callahan et a.l.12 is changed to 0.25

for f_ (qz)/f+ (qz) = f_(O)/[f+(O) (1+0.028 qz/mﬂz)'] ., i.e., assuming our

measured value for N and constant f .
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The pfedic’t_ed {f_a.lues_ of § = 00:!: 0.1 or -2.0+0.1 f'rofn the
Cailah—Treiman rela'tionship-sh'ould éls}é be vsubstitﬁ{t}ed fo: the values
qﬁote_d in the paper in the Abstract (p.1) ahd‘_ 1n the Conciusion p- 17
© Section VILA4. | | e
| Finaliy‘new'figure 12, (a) and (b), .should repla.‘ce 61d Fig.. 12,
and the figﬁre legend should fead: |
. Fig. 12 (a).. ‘T‘h'e rélationslli,p between ]'f;. + 1| and N from Egs. (13) and
{14) zis given by Callan anci Tr‘eim_anu The solid line is calculated
for the K}..LZ and Ke3. decay r_avtes gjveﬁ in ‘Rvev{.IS. The broken lines
correspond to.a £10% un._cer-tainty.'in the reiatiohéhip. _ The shadéd
area indicates ihé_range of V_élues of € + 1 ‘ allowed by our
mea;sqreménf of X\ :.O'.OZISi fg(())ii | |
(b) The circles show the £ values corresponding to the two

values of [£+ 1| indicated by X, and X, in Fig. 12a.
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vé, for a

. . . . Z
pure vector interaction and setting m, = 0, the ¢~ depeddence of f+

structure of the form factors. Inspection of Eq. (3) shows

can be inferred from the pion kinetic-energy distribuffon
dN 3 D R e
a_Tn o« f+ P dT“. Most theories predict that the foyp

varying functions of qz, so that a parameteriz

factors \are|slowly

(4)

| z | |
m\) is the mass of a J =1, 1=1/2 int7/

' £ ' :
mediate K state. If X js found\to be negative experimentally, the

-may be used, where M(= Xi/_

single-pole dominance as!umption is not valid. For IN] <€ 0.4, the '

expressions (4) and (5) /re equivalenf with K=1/Xq
All the present/evidence on muop capture and decay, and on

beta decay of the free/ neutron and nuclei) suggests that the strangeness-

conserving currents/have a purely V, A character. For strangeness-

s in K£2 and K!3 dec

but it is also in satisfactor

changing currents » the experimental data

. is less extensive, agreement with a purely
V and ‘A wéak interaction. |
T‘he experiments on Ke3 decay which have bee;ﬁ published in
final form are given in the lisf of References. 3 All these experiments
are in satisfactory agreement with a purely vector interaction for Ke3

decay. In addition, preliminary accounts of several Ke3 studies have

" been reported at the Argonne Weak Interaction Conference, and the
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. XIII High-Energy Physics Conference at Berkeley.4 The experimental

results in references 3 and 4 are summarized in the proceedings of

5,6

the aforementioned conferences.
III. EXPERIMENTAL DETAILS
The K' mesons were stopped in a chamber filled with freon

> .

C,Fg with a density of 1.22 g/cr_n-3, and radiation length of 28 cm. A

total of 240 000 pictures containing 3)(106 stopped K+’s were taken.

A Scanning ,

A total of 70 000 pictures were scanned for the decay seqﬁence

-+

a0 te’ + v

Lnyz(e++ e ).

| The- topology of“_the event is shown in Fig. 1.

. The following_scanniﬁg criteria were applied:

1." The track of the charged secondary from ,K+. decay ended
within the.cha‘mber,\ or it"c'ux;le.d up sufficiently so that the vectér R
(Fig. 1) passed thro_ﬁgh a maxiinum valﬁe. In either case the track
had min‘imum ionization.

2. Two ele;trérﬁ-positron pairs pointed back to the K+ decay
vertexin all three stereo views, and the angle ¥ (in space) between
them was greater than 45vdeg. [The mix}imﬁm value for ¥ in Reaction
(6) is 61.6 deg.] ' |

3 Neither of the pairs was tangential to the decay positron.

4. The K+ ionization was consistent with a decay at rest, and
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there were no - kinks or changes of jonization along the K" track
- within 1 cm of the de;:ay point.
Cvondition 1 ensured that the charged secondary was ‘unambiguously

identifigd as a positfon. Condition 3 éliminéted events in Whicﬁ one
of the pair's'was radiated by the decay positron. This criteribﬁ elimi- -
nated only 0.1% of genuine vae3 decays. Condition 4 was designed to
reduce contamina.tviori’by 7" and K“?) decays for which the -rr+;¢+
‘chain or the }.L+, respectively, were less that 1 cm in length. Back-
ground from t_his source isﬁelstimated at less than 1%

| . 'fhé data was also coritaminated by Ke3 decays in flight in the
" K¥. momentum interval 0 to 200 MeV/c. Above 200 MeV/¢, K'
decays in f}'gon lcain‘be. ideritifie‘d'By ionization of the primary track. he
Monte Carlo érogranﬁ, described in Sec. IV, showed that for a pure
vector interaction only 1-1/2% of these decays would fit the KZ3 decay
:at rest hypotheSiS, Athis amounts to 8 events in our experiment. Sub—

traction of these events from the experimental data left our conclusions

'unchang.ed‘. .

B. Measurement and Reconstruction
For each event the tracks of the decay positron and the two
" electron pé.ii‘s were méasured on 2 Franckenstein. Geometrical .
reconstruc‘ti‘onvand kinematical.fitting were done with FOG-CLOUDY
’programs.
The levents were kinématically éverdetermined. The fit to the
dec‘ay sequence (6) can be done in two ways: f‘rom the measured mo-

0

menta of the two electron pairs the m° momentum can be obtained by

0

" a one-constraint fit to the reaction = = y+vy. Then a one-constraint
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Afit to‘the' process -K+—>7r?e+v can be madé using the calculated pion mo-
mentum and the measured decay positron momentum. Alterﬁatively,-

a sirhixlténeous' two-vertex fit to the complete Vdeci.ay sequence (6) can be
made. - Both procedures were{tri’ed and gave the same answer.

Of 630 eventsv processed through the geometry and kinematics
programs, 5'29' fitted the. Ke3 decay hypothesis. Events in which the
dip angle of the decay positron with respect to the film plane exceeded
60 deg, or ,tﬁe positron momentum was less than 5 MeV, were removed

‘because of large measurement eri'o_rs az;xd possible‘ scanning bias asso-
ciated with these configuratibh‘s. There remained 515 evepfs which
satisfied the selection c_riteria and fitted the Ke3 hypothesis.

The estimation of electron momentum from curvature is compli-
cated by;'thet*.b‘re‘msstrahlung_:'process. We used theApresc'ription of Behr

and Mittner:7

_03BLZ |, o kyy | -
" 8lcos 8)S | . Zxo“log 2(cos &) i
| 2 | 11/2
A(i/p) S p - -Lyo - . ’ 42 2 cos & : (8)
1/p = LE(logZ)xO(cos o) 03B - 6L 0 -;

' Where p = probable momenturﬁ in MeV/c, B = magnetic field in kilogauss, -
L = projected chord length _in cm, & = dip of the track from the plane of the
“window, S = sagi_ttaf.at the mid?dint_ of L in cm, x4 = radiation length .
in cm, and 'yo = log (E/E —hvma}c)-_’»‘ where E '.isl the-e.nergy.of the electron
at any pbinf along its track. This formula applies under two conditions:

1. The leﬁgth L does not exceed an optimun:x length LO, which
| minimizes A(1/p).

2. The track is not measured beyond the point at which a fractional
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.‘bremsstrahlung léss' hvmax/E or a noticeable kink has occurred. The
length: L. depends on the radiation length of the chamber liquid, and is
=43 cm in lthis experiment. All track .points mea_sured beyond LO were
-discarded in the geometry pr.ogram. We scrutinized a photograph of |
each event for radiation losses hvmax/E greater than one half along
the electron and pos‘itron‘trac‘ks, and marked off the\lgngth of track to
be measured. | |

Formulas (7) and (8) were tested by recc_mstructing the m°-mo- -
mentum in the K:Z decay s.eque'nce: | |

K+ ”"'n'+ + 70

L—r 2y~2(et+e).

_We measured the pair rripmenfa pP_o0= p\(1 + pY2 foxf 1‘62 K:Z decayé;

we found that the averagé- m° momentum was 1'0%"&gher than the ex-
pecte;i value of 205 MeV/c, and that’ A(i/p) wé.s also loveresfimated.

This was réc_tified'by changing hvmax/E. from 1/2 to 1/3 in the expres- "
‘sion yg = log (E/E - hymax)' We ééncluded that we had been overzealous

in eliminating large bremsstrahlung losses.

IV. EXPERIMENTAL BIASES
- We now consider biases due to (a) variation of the detection

effviﬁc”iech D(Ee,' Eﬁ)’ and (b) large measurement errors.

'A. .Detection Efficiency D(Eé, E_)

The detection efficiency D(Ee’ Ew) is the probability that a x*

decay with configuration (Ee,' E'rr) satisfies the scanning criteria in
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Sec. III.A. The decay-positron‘detectio‘n efficiency. for events satisfying‘
the selection critéria varied fromiioO% at a few MeV to 40% at the maxi-
- mum energy. The pion-detection efficiency randeci from 6.3 to 8.4% ..
The Monte-Carlo program used to evaluate D(Ee" E“) et 54 values of
(E,» E_) is described below. |
A total‘ of 2200 fake K decays was Agenerated‘_iﬂﬁﬁthevbubble chamber for
each (Eé, En‘) configxé.ratiom The deca& points were assigned accord-
ing to the actual distribution of stopping X' mesons in the chamber.
The spatial orientation of the event was rando.rn.ized. For each event
- the electron was caused to uhdergo_ a sefies of random.energy losses
. and changeé in direction, throegh»_s'cattex;ing and bremsstrahlung, until
(a) it left fhe Bubble chamber, (b) it ended in the chamber, ox; {c) the
-~ radius vector R _f.rond the VK+' decay veftex passed through a maximum.
In case (a) £=0, Whefe £ is_‘the?probability that the K decay satisfies
.the selectiori cvriteri.a. In cases :(b) and (c), the decay 1T°—>\(i +y, was
.randomly generated, 'ar‘;d the probability fY of eech photoh converting
"~ .within the fiducial volume‘wavs evaluated analytically, giving |
f=f ,f

viy2®

Then '.D(Ee, E_) equalled =£/2200.
The function D(E o E;rr) was obtained by fitting a fifth~order 2-di-

_ mensmnal polynomlal to the 54 values of D(E E ) determined in the

Monte Carlo program.

B. Measurement Errors

If measurement errors were negligible, the true dlstrlbutlons could
be obtalned by giving each experlmental event a weight 1/D(E o’ E-n')' In
general, measurement errors cause a broadening of the experimental

distributions. We find in this experiment that they also caused syste-

matic shifﬁs in the distribution of the constrained variables.
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These effects were studied empirically for n° reconstruction by

+ 0

, \ . + ,
measuring ©m° mesons in K +7° decay. We found that the =
'_momentum was reconstructed correctly.

A total of 162 events fitting the decay sequence
R
Kt L )

L 70 2y~ 2(e+e-)
was measured. The 7 momentum was uniquely 205 MeV,/c and
G-rr+'n'° was 180 deg. Figure 2 shows (a) the «° momentum and (b)
61r+1r° both calculated from a one-constraint fit to reaction (10) of the
measured electron and positron momenta and photon angles. The
median value dlf w0 momentu'm was 209 MeV/c, with an average error
of ®10% we found that G‘TT+TTO peaked at 180 deg with an error of 6’ deg.
The relatively small errors are due to the negligible erfors in the
photon angles.

A I;/Ionte--Carlo program was used to examine K e tn® v
recqnstruction. ' The— constra,ined 1e'pt9n momenta in Ke3 decay were
found to be seriously distorted from the true values. This is not sur-
prising in a one-constraint event with large measurement errors. |

In thié experiment, the K" decay was reconstructed by a cne-
constraint fit to the hypothesis K+-’e+ﬁ'°V, using the measured positron
momentum and the fitted w° momentum." - The effect of measure-
ment'errorls on the . K+ rec‘pnstructibn wa.xs.' studied by generating

20 000 Ke decays, with a pure vector interaction and a constant form

3

factor .. The positron and w° variables were assigned a typi-

cal measurement error and were shifted according to a Gaussian error

v
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' distribution. The modified variables were constrained to the K 3
. . ; _ e

hypothesis. We found that the contrained variables Qeré systematically
shifted from their original vaiues, )7

The constraining procedure for fhe Monte-Carlo events was con-
siderably simpler than the CLOUDY program used for the experimental
déta. Thé 'inpﬁt éuantities in CLOUDY for the K" —et 4 %+ v fit are rthe
vector momenta of the positron and vvo, expres.s:(igl) as p, a, and B,
the‘svcalar momentum, and polar and azimuthal angles. CLOUDY makes
a least-squares adjustment of these parameters so as to satisfy the
four-constraint equationsv of energy and momentum consex.‘vation.. We
discarded the in.essential‘information on the spatial orientation of the
decay, and used only.the qua.ntities' p;n, pTrTn’ and 9:’; and their e\rrors,
* where the supex;scriptv m denotes a measured quantity. The single~
constraint equation Cén be written as . |

~
}

cos eenf{MKJ’ -2 M (E_+ EW)+ ZEeETrj/:_zp‘ep.w., (11)

The least-squares solution is the (Pe" pﬁ) value which minimized the

function
. my2 . m 2. ‘ mi2
F ) = /pe " Pe \ g ;{pv_p'rr ! +-/ eefr(pe’pw) - 6e1'r k
(PP _&Am—_}' A Tom 5‘ Ag ™ fo
' Pe L “Pr oo em /

w.here een(pe"’bp-ﬁ) is given byEq (11).
The FORTRAN IV program SIPMIN search for the minimum of
F(pe. p“). It required épproxirﬁately 7 minutes to generate and con-

strain 20 000 events on the CDC 6600 computer.
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°

As_a“check,. the experimental events were also constrained with
this program. DBecause the constrained variables were identiéal with
those calculated in CLOUDY, “the equivalence of the two minimizing
routines was established.

In Fig. 3 the lepton-momentum distributions for 20000 KZ?) decays
with vector interaction are compared with the corresponding distributions
after error f{olding and constraint. The distributions éf the constrained
variables are clear'ly shifted from the original distributions, and the
constrained elepfron-momentum plot is different from the constrained
neurrino-momentum plot. In a vector interaction the iepton distributions
are identical; a real difference between the electron and neutrino mo-
mentum spectra would indicate a scalar-tensor interference term in
the matrix element. Measurement errors can thus simulate a scalar-

tersor interaction term in the decay.

V. . ANALYSIS OF THE EXPERINENTAL DATA
A total of 515 events satisfied the selection criteria and fitted the

Ke3 hypothesis. Figure 4 shows the experimental distribution in

COS O, Tﬂo- The experimental distributions in cosa, T 4, Py and P,
: : T

are shown in Figs. 5 through 8, respectively.

To test a given hypothesis, we compared the experimental (N,
er i iE

and predici:ed (Nip) Dalitz-plot densities in (cosa, T_n_) and computed

20 2
2 (N = Nip)
X = N

i=4 ip

where the experimental events were combined inte 20 boxes as shown

in Fig. 4. (N;  was obtained,as described below,from the 20,000 Monte
P _ .
Carlo generated events.) No information on the.Ke,j decay rate was used

in the analysis.
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As described in Sec. 1V, ‘th'e experimental parameters are shifted
from thé true values due to various systematic effects. In order tcl)
make ‘a comparison befWeen theory aﬁd experiment, it was first neces-
sary to distért the theoretical distribution in a fashion simiiar to the
experimental ones. ThiS'v;/as accomplished by the method described in
Sec. IV and sum;;narized below. |

A total of 20000 KZ3 decays was generated by a Monte-Carlo method
for a distribution function « dE;2 dEﬁ. Events with'Pe <5 MeV/c were
rejected so as to‘cohform to the selection criteria. The kinematical
variables weré shifted.according' to the known measurement errors, and
each evenf was then const;ained .to the KZ?) decay hypothesis.

The D.alit'z-plot density for a given hypothesis was then obtained by
. ‘assi-gning to each constrained event a \yeigh’c N(Ee, EW) D(E'e’ E_), where
N(E_E,) dE_ dE, is the distribution function fox the hypothesis under .
cons_i_deré.tion,_ D(Ee', E_) is the detection efficiency (Sec. IV), and
Ee, E_ are the vériables of the.generafed event. DBy this means
compufer time was minimized, sincé any number of hypotheées could
be tested with a single set of ZOFOOO coﬁstrained Monte Carlo events by
| éhanging the function N(EeEﬂ_)
| The caléulated Dalitz-plot dénsity in (cosla, T o) fvor each hypothesis
was normalized to a total of 545 events, and the theoretical distribution
was then in a form suitable for comparison with experiment. Here-.
:after we shall refer to these adjusted normalliz.ed theéretical distributions

as "fake' distributions.

In Fits 1 through 4, the vector form factor had an energy dependence

'{fJ_

f = 1f+(0) IX/[ X.-qz /mZTr] as in (5), and the scalar and tensor form
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- factors is and f,'I. were considered constant. The comparison of the
data with the different hypotheses is described below.

Fit1 - Pure V dnteraction T

A fake distribution was generated according to Eqs. (3) and (5), with
]

_tion for each value of X was compared with the experimenfal distribution

= IfT| =0, and 1/X in the range -0.12 to + 0.08. The fake distribu-

in Fig. 4,A.‘and,x2 was computed. Figure 9 shows x'z as a function of

M(= Xi/z xn“). The best agreement between theofy and'experiment

occurs when M = 810+iig MeV. The upper and lower, limits correspond
to one standard dev1at10n (XZ .' + '1) The 95% confidence band for M is

min

580 to » MeV. |

The probability for thie fit is O."lQ, oorrespondiné <to a )(_2 minimum
'of 26.0 for 18 degrees of freedom. 'fhe data is thus satisfaotorily de -
secribed by a pure vecfor interaction. - | |

Below; we describe the f_its 'to'the data”wvitn yario'ue combinations of .
V, S, and T‘. ,Howevelr, ‘v-ve elmphasize that a good fit to the data is |
obtained wiFh a .pu;re vector interaction. |

Fit 2 - V and S interactio'n

" A total of 20000 fake events was generated accofdiné -to Eqgs. (3) and" |

'(5) with |le =0, lfsl/lf ] varying between O - 0.35 and 1/X in the same

range as F1t 1. Flgure 10 shows XZ as a function of lfs|/|f | and 1/X.
_The best fit to the data occurred for ]fs/[f | = 0.2, 1/X = -0.028,

with a probablllty of 13%.

Agreement between theory and _expoez"iment is thus slightly improved

by inclusion of some scalar interaction.
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If the interaction is V and S, the maximum value of [fs l./ lf+] o
compatible with the data is 0.30 at the 95% confidence level.

Fit 3 - v and T interaction

The Dalitz plot in (cos a, Tw) was geﬁerated according to Egs. (3) anci .
(5) with [fSI= 0,  ]le/[f+l vai‘ying bétween O andli.i, énd 1/X in the
same range as before., These ‘fake dist¥ibutions were compared with the
experimental distribution in the manner previously described; the resulting'
two-dimensional plot.in XZ is displayed 1n Fig. 11. The XZ minimum
at [f.[/|£,] =0 and 1/X = +0.028 shows' that the fit to the data is not
ifnproved by adding a‘ten‘sor, éompﬁnent. For a V'a.;ld T interaction, the
upper limit for lfT]/[f+] i.s 1.1 at the 95% confidence level.

Fit4 -V, S, and T interaction

A fit to the data was made by varying X, |ig|/]£, |, and |£;]/]1, ]|
simultaneousiy. For fixed X and [fs I/ ]f+ !., XZ was always minimized
by || = 0. | | o |

Fit 5 - Pure V interaction and two-pole form factor

Lastly we fitted the data with a pure vector interaction in which the

form factor was parame.ter_ized as
! ‘ l C:{: M:% | C:k:}: Mi:ﬁ: 1
) | = | £.(0) - 1 s |
| * Me - % ME, - q”

g L sk

J
as suggested‘ by Dennery, and Primakoff,g here M, and M, are the

: . P .
masses of two J . ranging from

=47 K" states. Values of C,/ Cu
x 0.5 to =10 were used, and M, and M** were varied from 3 m_ to 'iOmn.
We calculated XZ at 72 points within these limits; in no case was the fit

improved over Fit. 1,
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In comparing theory and experiment, we did not find it necessary to
make any assumptions about the role of time-~reversal invariance in weak

interactions. If TRI is violated, the VS, VT, and ST interference'terms

- in the matrix element are multiplied by a phase factor. However, for the

values of [fs [/|f+| and |f~'1" [/ier] found in the experiment the interference

terms are negligible, whatever the. phase factor., This was verified by a

Monte Carlo calculation. Since the VS, VT, and ST térms are very small, By

KeS decay is sensitive only to the absolute values of fvy f‘S’ and fT

[as is clear from Eq. (3)]."

'VI. CURRENT ALGEBRA PREDICTION FOR £.(0)/£,(0)

- "It is interesting to consider the qz dependence of f+ in relation to

‘the current algebra formula of Callan and Treima119 connecting the - Kz 5

and K,

43 decay form factors:
]fK[ = |2 gAm/g My | ]£,(0, O)j—f__(0,0)]‘. o (12)
In this expressiocn ga is the ratio of axial vector to vector B-decay

coupling constants, g, is the strong pion-nucleon coupling constant, and

m is the nucleon mass. The experimental value for fk’ which is pro-

&

. portional to the amplitude for K,, decay, is 0.70£0.01 (Ref. 6). The

qué.ntities' f+ and f_are the K£3 form factors defined in Sec. II; they

2 2 . 2 .
and m,. Since m_ is not ex-

depend on the variables q2 = (PK -P)

perimentally variable, th‘e dependence of f+ and {_ on this quantity is

' usually not shown 'expllicitly. We rewrite Eq. (12)

{Kl 03a[f Om AERE SN o (13)

' ]
where £ = {_{(0, m )/£,(0, m By evaluating f, and f_ at mT‘;:mTZr,

. . . . .10
we introduce an uncertainty of '10% in the relationship.
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Using the parameterization £t (qz) = £+(0) (1+ )\qz/mi), valid for

] N I s 0.1, ‘c.)ne obtains :

r ) .
5! - Fes ;1/2 ~

where I‘K is the K o3 decay i'atesin secmi; inserting (14) in.to (13)
gives the relatlonbhlp between !& + 1 l and S dlsplayed in F:c.} 12(a).
. For \ = 0.028, as measu_red in this experlment, a value of
i& + '1.‘] = 1.43+£0.14 ia predicted by the Calian Treiman relation; the
error is the 10% ﬁncertainty alluded to above. The circle in Fig. 12(b)
shows the allowed range of values for conglex £, 'A recent measurement
of the transverse po’arlzatlon in the K°3 _decay gave Im§ = -0.0425%0, 039
If we assume .thatv £ is purely real, then the current algebra relatlon
predicts £ = 0,43£0.14 or -2,43%0.14,

| At present there are two -incompatible measurements of
é; £ =+ 0,27+0.23 and § - '.l. 25+0.3, The former valua'was obtained
from the momentum and angular distributions in K w3 decay combined
with the KH3/ o3 decay rate ratio (method 1) the latter value was de-
duc‘ed from the measured polarization of the muon in KM3 decay (mefchod 2y,
(These values are weighﬁed means of the data in Ref. 8.)

Both values of £ were oBtained by analyzing the exparifnental data
under the assumption that f_ (qz)/f+(q2)_= _ f_(O)/f+(0). It is known that
method 1 gives an incorrect value of € if this assumption is incorrect.
For example, tha.value ofﬁ = 0,72 in Callahan et al. 12 is changed to
0.25 for £_(q%)/%,(a%) | 0V, (0) (1 + 0.028 g /m ], i.e., assuming

our measured value for A and c,onstant f .
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The value of £ predicted by the Callan-Treiman relation with
A = 0.028 is in clear disagreement with the value of £ obtained from

polarization measurements.

VII. CONCLUSIONS

0

An analysis of 515 decays K >n0etv gave the following results:

1. The experimental data is satisfactorily described by a pure

2

vector interaction with a form factor If+(q yI = ]f+(0)] M‘Z/l\/[zuq2 and

+320 : 2 2, 2
M =810 ;,, MeV. Equivalently, .l £,(q") = If+(0)l(1 +2q“/m +)s and
- +0.013 3 L . . o +
\ = 0.028_0.014. The data does not require a two-pole fit. The Kg?:

decay is then in good agreement with the V-A theory of weak interactions.
2. The energy dependence of f, is compatible with previous re-

ported estimates in K:3 and Kg3 decay. The |AI] = 1/2 leptonic rule
Q Leaa

]

requires that f be the same for K and Kg decay.

3 3

3. Tests for scalar and tensor currents gave the following upper
limits at the 95 % confidence level:
l£g | E& | ' _
W_;T < 0,30 and TTJ;T < 1.1, where f+, fS" and fT are defined in (2).
The kinematics of Ke3 decay are insensitive to TRI violation be-
caﬁse of the dominance of the vector current with a single form factor f+.‘
4. We find that our value of N when substituted in the Callan-
Treiman equatioh relating K£2 and K13 leads to the prediction that g
is either +0.43 % 0.i14 or -2.43 £ 0.14.

A comparison of these predictions with the experimental values of
P :

£ 1is discussed in Sec. VI.
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We note that in the reconstruction of Ke3 decays in a heavy-liquid

chamber, the constrained variables are systematically shifted from their

true values.
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Fig. 1. Schematic diagram of the decay sequence K'—
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FIGURE CAPTIONS - -

0

+ .
e v at vertex

(13, followed by y = e++ e” at vertices (2) and (3).

Fig. 2. The % momentum (a) and 6w+'rr° (b), calculated by a one-constraint

-

Fig.

+

fit to the reaction m0— 2y - 2(e++ e”) for 162.m%"g produced in thé

v

décay KM= at s TT'°‘ at rest.
3. };istografrl 6f the constrained electron and neutrino momentum for

20 000 Monte-Carlo de‘c':‘ays" K+—*1T° +et+Vv. The events were generated

for a pufé vector interaction and distorted by the known experimental

errors before constraint. The smooth curve is the theoretical distribution

for pure vector. The distribution is normalizes to a total of 515 events.

Fig. 4. Experimental distribution in cos a and Two;

Fig.

5. Histogram of cos a, The curves were obtained from the 20000

‘'fake' events for a purelvecto_'r (V) (Fit 1), pure scalar (S), and pure

. tensor '(T)‘ interaction.

Fig.

6. Experimental distributions in pion kinetic energy T _o. The

 smooth curve is calculated from the solution to Fit 1.

Fig.
Fig.

Fig.

7. Exp"erirhe_nt‘;al. distribution 'in.the electron fnofhentum 'pe. The
smooth curve is the solution to Fit 1.

8v. Expériﬁental distribution_i}n the neutrino momehturn_ Py- The
smooth curve is the solution to Fit 1.

9. Chi square (for '18-degrees(of fr'_eedofn) as a.func‘tion of M in

Fit 4, . The exp.er‘imental data is fitted with a pure vector interaction
and form factor f+(q2) = f+(O) ——-zi—z— . The value of M which

M -q
2 +320
-140 MeV.

minimizes ¥~ is 8410
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Fig. 10. ' Contours for‘ (% me + 1) g.nd {x Zmin + 4) as a function of

5| 1 e L2 | |5 1

and — in Fit 2, The ¥~ minimum at : = 0.2 and — = -0.028
l£+ ! X . ‘f+l ' X
is indicated by @ "The (X erin + 1) contour defines the 68% probability
, S : :

interval; the (X‘-ﬂmin + 4) contour defines the 96% probability interval.
Fig. 14. antours for (Xzznin + 4) and (¥ Zmin + 4) as a function of

. and = in Fit 3. The ¥~ minimum at T - 0 and —=+0,028

I + [ X s |f+ l X

' is indicated by (&) .
Fig. 12 (a). ‘The relationship between l £ + 1[ and N from Egs. {V-2) and

(V-3)as given by Callan and Treiman. The solid line is calculated

for the K;J.Z and Ke3 decay rates givga)n in Ref. 6. The broken lines
2 B

correspond to a £10% uncertainty in the relationship. The shaded

area indicates the range of values of { + 1 allowed by our measure-

N +0.013 -
ment of N = O"OZS-;O,Oié .

Fig. 12 (b). The circles show the { values corresponding to the two

Y

values of [£+ 4| indicated by X, and X, in Fig. 12(a).
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