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~of the strangeness—changing currents. Because one set of form factors

- decay can be written in terms of the pion and kaon four-morpenta as
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The principal difficulty in extending the universal (V-A) Fermi

' ixfxtera.c'tion to strange-particle decays lies in determining the form factors

'

is sufficient to determine all of the detailed properties (rates, spectra,

polarization, etc.) of the decay, the consistenéy in measurements of
these form factors' Bésed on different éroperties is a test o'f the theory.
For a umversal vector couphng. the matrix element for K23
1
M = [%— f1 (P + P ), ‘+-§-f_- (Py - P )1 [u yx(1'+"y5)u ] .‘ .
w . ™ v e
Because terms cqntaining f- are proportional to ' (ml/MK)Z pnl'y'. the -

form factor f, can be determined from a study of Ke, decay. The form factor

. f-, or alternatively the ratio f_/f;~= £ must be determined from the Kp.3-

de.cay. The first information on € came from measurements of the ratio
of the decaly rates into the Kes and Kp3 modes, 2 but this ratio has an
inherent quadratic an?biguit‘_y in §. Early rheasurerriente of the muon
spectrmﬁ. 3-5 although free from this ambiguity in interpretation, i'ea'chéd

conflicting conclusions as to its resolution. More recent measurements '



'angular‘ distribution of the form

: loﬁgitudinal polarization, and 6

~ the muon decays.
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89 pave helped to resolve the

and crude polarization measurements
ambiguity, but the latter have not been sufficiently precise to constitute

an independent de_tei'mination of the form factors. We report here a

~measurement of § from the longitudinal polarization of the muon in Kp.3'

decay, finding £ = -0.15+.90.

A separé.ted beam of 'K+ mesons from the&Beyatron was s#oppéd in
the Berkeley 30-in. heavy;-liquid bubble char;xber filled with C3F8 in a'
magnetic field of about 15 XG. The diquid has a’dénsity of 1.22 and a
raciiation length of 28 crn. When a muon from Kpg decay cor;ies to rest in
the chamber, its spin component along the magnetic field is conserved so
that the electron a'syrr;metry' about this direction measures the muon
polarization; In the absence of any depolarizatiqn we expect an el_ectrém:‘.i

4
'

1+ (a PH gosBPB) cosGeB, L ' . (1) o *‘

“where a is the u-e-decay asymmetry parameter, Pp is the muon

WB and eeB are the observed angles between

~ the muon and electron tracks and the magnetic field vector at the point where

[

From a sample of about 12 000 measured KXu, decays with a stopping’
3 Yy . P g

muon, found in a scan of about 150000 pictures, we selected 2988 events

~which met the following criteria: . ‘

| 1. The muon r:a.nge was betweén"? and 28 cm (38 < Tp < 96 MeV)., -
This excludes background from Kwrz and K'r'. decafs in which the short
_(1;5«-mm) muon track from :17-;.{. deca:y was unobservablé. ‘

2. The muon decay vertex was more than '4 cm from the top or
bottom of the chémbver. This eliminated a region in which an electron Qit'h
dip angle of the same sign as the muon dip would leave the chamber ‘aﬁd t

thus be more easily overlooked. .
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3. lcosepBi > 0.2. This eliminated a group of events with
little or no analyzing power.

4. No "kink" in the muon track greater than 5 deg in any view

. except in the last 5 cm of track.

Most of the expected backgrounds or scanning biases in this
experiment .favor negative or zero polarization. ‘ Possiblé sources of
background include .(a) Ky, ciecays in ﬂight.\ (b) K and T' decays m
flight, in which the w-p decay is_; rmissed. and (c) Kr, decays at rest
followed by in-flight decay of the 1r+. which must be backwaxld in the 1r+
center of mass to éat:.sfy our range criteria. df these three sources,

(2) would give a polarizatio# of nearly -1, and are eliminated mainly on the

basis of the K-track ionization. Those that remain must come from a (

r

fairly small backward cone in order. to satisfy our range criieria, and

~ this cone is partially eliminated by our dip criterion. We estimate this -

background to be < 2%; the’estimatzed background from (b) is < 1%. Only
{c) favors positive polarization. Without criterion ‘(4)'abolvé.' about‘ 20% of
our evehta would come from this source, andeouldf give 5. polarization of
about ?0.751 If careful examination of a track always re\}eals a 10-d§g
p“rojected-angle kink, éhis background is reduced to 2%. Criterion (4)
insures a rejec‘i:ion at lea;st this good. L

- Since the scanner looks nearly parallel to the magnetic field, it is
difficult for scanning bias to affect the polarization, except in the region
eliminated by criterion (2) above, where the events indeed ehoxz;r a‘large o
négative polarization. No scahging bias in the horizontal plane should have
alarge effect‘on the measured polarization. This assumption has been
tested by artificially biasin‘g the final sémple of events and observing tﬁat

the polarization is unaffected,



. ig ordinarily more than adequate to prevent depolarization.

- and for cur éample <cosét&B> = 0,54,
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The asymmetry parameter of muon decé.y (2 = 0.33) must be

corrected for a bias againsi short electron tra,cké and for the % 12-deg

average measurement errors in clectron dip angle, becoming' a = 0.35,
As a rough check of thev asymimetry parameter, and to detect any gross
biases or depolarization that fnight arise, we have measured a for 8007 °
Kp.z decays in flight, Xn the observed K momentum region of 250 to 500

MeV/c, backward decays in the center of mass produce laboratory maon

'~ momenta low enough to give a sample of steep stopping muons with known

polarization. We obtain a= +0.49 % 0.13, assuming the K:Z polarizatian is -
«4.0. ‘Thia value aﬁcﬁ the high value we obtain for <PH> {see belqw) indicate
that no substantial depolarization is likely. A magnetic field of 45000 G

“‘,
[
[

- Using e:ﬁpression (1) to form a likelihood function, we obtain an

- average Kp.3 longitudinal polarization over our entire energy interval

*

| <Pp>‘ < +0.74%0.16.

The factor cosd . can be considered as the afxalyzing power of each event

pB

Another method of obtaining the polarization is to form an angular .
distribution of ths electro;xs about the magnetic field, weighting each event:
by coaepB. This is "iiiﬁ'éfi:ated in Fig. 1. A least-squares fit to the o
distribution gives Pp = 0.72+0.17. The angular diatributicn_ clearly shows
t'hat we miss a large fraction of the very steep el'ectrons. but‘si-nce this
bias i‘s independent of the muon direction, it does not affect the ?ola.riza.tion
measurement. Refittiné with the two extreme pointe omitted gives
P, = 0.86%0.23. ' | | |

Even cver our" gomewhét reétﬂcted range of energiee.' the ene‘rgy

dependence of the polarizati.oxi ?rovidea information about the form factors,
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To utilize this imormatwn efficiently, we must fit for £ directly The -

Y

. farmala for. P“ as a functxon of the kinetic energy of the muon and & foz‘
 censtant form fa.ctore has been obtained by Brene. Egardt.a,,nd Qvist. i
Using this function P (T £) in expression (i) gives us a likelihood iunction
for £, -which is plctted in Fig.. 2 and yields § = -0.415%0.90.. Tha second
.. peak at § #,-4.05£0.75 is lower and predicts a b;anching ratio for Ku,

- decay of (2.33%.47)%,. -whichl is over three aéandard deviations below t‘he

¢ . lowest quoted value for this .ra.tio_.-? «In Fig. 3 we show the cnergy dependence

of 'P(J. compared with the predictions for varicus values of §. ' The energy

.-, .intervalc .38 to 51 MeV, 54 to 70 MeV, and 70 to 96 MeV were };hoaen,t_o

...contain roughly equ.al numbera of events. . Our two sgolutions correspond

to equal average values of P’ in our energy interval but differ in the energy
deper\dc".&ce ol Pp..‘ ‘The ambiguity is not inherent in the method; 2 more 3
accurate meamuremenﬂ: or one covering a wider ensrgy range would resolVe
it. The geometry of our chamber precludea extending our meaaurement
into the region above T= 100 MeV. The ambiguity dae@ not overlap the
inherént ambiguity of branching-ratio experiménta, whose -uiegative golutions
are in the rz;nge £ = 26 through -9. éxt_:luded by our data. |

.- | ‘Our mosot prob&ble Valué 6f &, agfeea with the: féceﬁt'v{rcrk‘oﬁ the

| spéctrum by the Turin group. 8 the recenf' lower value for the I\.pB/ Ke3
.branching ratio reported by the Mzchigan group. 7 a.nd the earlier spectrum-

and angular-correlation data of the Mickigan 2nd Be:keley graupa. 37

Work on the Kg dec’ay Bpéctra'and branching ratios by the Brookhaven?

and Hlinoi& 14 groups give mmﬂar values for g Table 1 gives the current

status of meaeuremenﬁs of g o . | | | ‘
| The aimplest theoretacal model predicte g 0 2 The'eﬁ'ecte of' :

an mtermedi&te vector boaon in the weak inﬁerﬂctiens and a narrow P-wave '

Kw ?esanance (K‘C*) are indistingui_shable. both shifting £ ﬂlighﬂy negatﬁvs
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by an amount (M Z_ M )/M

being negligible. 1."’_ 13

(K o B.)" the momenturn dependence introduced

Thus, for such models, values from £ = -0.1 through
-0.5 ar- z’@awnable.. Cg.lcula,tions of the effect of an S~wave\ Ew pnase
shift on the ﬁorm factora predict small positwe values of g M’ 13.
Determinations of § at the presenﬁ level of accuracy, cazmot distmguiah

14

among the predictione of these and o;her dee:agled models. A roceat ‘

attempt by Schwingeris to explain the decay x'a.f:e for K s '.'r+ + ?.'9 relati‘}e -.
to that for Kgf‘{z*' +w requfres g = ?6.6Iwhich is inconéiateﬁt with our
result, ) | | N

| Our data excludé a pure aéalar currént (£ == w) P"ufe tengor
would give <P > = 0.40 averc.ged over our eample. This is morve tha.n T

two standard deviamons from our reault. but we cannoct e/:clude 2 mixture

of vector with some tensor.' Howeve;. agreement of our value of § with

~recent measurements by other methods suggeatc ihat a vector current s

. is sufficient to account for the data. o -
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effort on the beam petup; to Misses S; Schouten and J. Evans, Dr. M. Villani,
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évems.



== | » <7 | A UCRL-11448

S _©  REFERENCES

w’"l‘h%ﬁ wﬁrk was .d;me' ’tmder the auspié:es ‘df the U. 's. 'Atom{c‘Energy' ST
Commiéaian. .
4. N. Breane, L. Egardt, énd_B.‘ Qvist, Nucl. Phys. ;Zi' _553,(?.961).
2. B. P. Roe, D. Sinclair, J. L. Brown, D. A. Glasér, J. A; Kadyk,
G. H. Trilling, Phys. Rev. Letters 7, 346 (1961) and references’ -
cii‘.ed therein. I o A R
'3.° J. L. Brown, J. A. Kadyk, G. H. Trilling, R. T. Van de Walle, -
. B, P. Roe, and D. Sinclair, Phys. Rev. Letters 7, 423 (4964) and
- 8, 450 (1%2). also Lawrence Ra.dzation Laboratory R.epcrt UCRL-
‘ 10205, August 20, 1962 (unpublished). ’ ‘
4, J. M. Dobbs, K. Lande, A. K. Mann, K. Reibel, F. J. Scinlli,
'H. Uto, D. H. Whité. and K. K Young, Phys. Rev. Letters ;8;,‘“ |
295 (1962). |
5. A. M. Borjerski, E. C. Lah, L. Q. Niemela, D. M." Ritson,
R. Weinﬂteino' and 5. Ozaki, Phys. Rev. 28, 23‘}8 {(1962). \'\.\\
6. V. Biei, G. Borreani, R. Cester, A. Debenedetti, M. 1. Ferrero,
C. M. Garelli, A. Marzari-Chiesa, B. Quassiatti, G. Rinando,
M. Vigc;me.u and A, E. Werbrouck, f-"hys. Rev. Letters 42, 490 (1964).
7. B. P. Roe, D. Sincleir, F. S. Shakiee, and G. L. Jensen, Bull. Am.
'Piiys. Soc. 9, 34 (1964); F. .S. Shaklee, Thesig, May 1964, .Univeraity
of Michigan (unpublished); G. L. Jensen, Thesis,May 1964,
Univerasity of Michigan (ﬁﬁpubizsheg).- - -
8. G. Gidal, R. March, and S. Natali, Bull. Am. Phys. Soc. 9, 80
(1964). | | |
9. V. A. Smirnitski and A O. ngssenbérg. Phys. Rev. Lgtteré 12,
233 (1964). - L T



. '/—/; ‘.

10.

a4,

12,

13.

4.

1%,

-8- © UCRL-14448
D. Luers, 1. S. Mutra, W, J. Willia, and 8. 8. Yarmamoto, |
Phys. Rev. 433, B1277 (1964).
G. P. Fisher, A. Abashian, R. J. Abrams, D. W. Carpenter,
B. M. K." Nefkens and J. H. Smith, Bull. Am. Phys. Soc. 9,
35 (1964). ‘ | | '
See, for example, S. W. MacDawen, I} Nuevo Cimento 6, 14%5‘

14957) J. D. Jackson and R. L. Schult, University of [linois

© Tech. Report 43, October 1962 (unpublished) .
 J. L. Acioli and S. W. MacDowell, Il Nuovo Cimento 24, 606 (£962).

R;.azuadmg Nuovo Cimento 32, 4422 (1964),

R. Oehme. Phys. Rev, Letters 3.;2_, 550 (1964) and & 604 (1964);

' Bada2o Oneda, submitted to Nucl, Phys.

. J. Schwinger, Phys. Rev, Letters 12, 630 (1964).



et

-9- - . UCRL-11448

Table I. Recent Measurements of £ in k" Lepton Decays

, Soufce o Method , £
'E.‘his.ez;;erilmem o o Pal;a.rizat"i.on. | ' . -0.45+0.90 (61‘_-4.051‘:0.75)
Turin®” R © Dranching ratic®  40.340.8 (or -7.140.8)

N | Muon spectrum . >3 | | '
Mic'hig:m?_ D : .Ex'anchin;g rla;ti.o'; o TQ.-:?.ﬂ:.‘O.’_é(or ;6.5:’1&0.8)_ -
B Spectra‘ané'vm T
> angular correlation - +0.6£2.0°
| - Combined result .. -0.0840.70
Berkeley-MicmganS Combined result =  +4.850.6 -

aCompuﬁed irom the measured Kyq branching ratio, assuming a Kea

branching ratio of (5.0%0.5)%
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FIGURE LEGENDS .

Fig. ’ﬁa Weighted angular distribution of y~decay electrons about the
magnetic field. The slope of the sgolid line is based on the P
Gbﬁai@ed by a2 maximum-likelihood calculstion, whﬁcﬁh covars a.n
values :of eeB. The broken line is 2 least-squeres ﬁlﬁc..‘«fczr ‘th@
region |cos eeB} < 0.8. The positive abscissa means projectiops
of mu azid electron tracks on the magnetic {ield have the same

| sign; | _ | _

Fig.' 2. Likelihopcl function obtained by fi‘z:tiﬁg dirvectly for £

| B | L, = H[i + 0.35 P(g, Tg.) ces@ﬁg coa@eB] . |
Fig. 3. Comparison of measgured polarization with predictions fér

various values of §.
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