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ABSTRACT
A measurement of the rates K'— m0+ nt, K+-> pL+ o v, and
Kt> ety TTO + v with respect to Kt p.+ v has been made by using a

magnetic spéctrometer and spark chambers. Both the range and mo-

mentum of the charged degﬁay product are measured and compared with

" a Monte Carlo calculation. The decay in flight of the.-K+ mesons and

the scattering of pions into the apparatus are rejectied by a decay-time

requirement.
.

The results of the branching ratio measurement are

L (K ) = (65.040.0)%, T(K.,) = (19.8% 1.1)%, PK,) = (3.540.6)%, and |

HZ)
F(Ke3) = (4.4,:!: 0.4)%, on the assumptions I'(7) = (5.57+0.03)% and

{(T') = (1.74£0.007)%.
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I. INTRODUCTION
We report here the results of measurements of the branching
ratios of the decay of the k't meson, in particular the relative rates of

+ 4.0 -
K T + 7 (KTI'Z)’

| KT > ey 4 a0 (K,3):

and | v K+~—> e+ + v+ 170 (Ke3)

with respect to the mode Kt ;’-p.+ + v (KHZ) Table I and Fig. 1 show

the results of previous measurements of these qual.ltitiesf 1-15
Prior to 1964, det’erfninations of these branching ratios had been

made by use of emulsions and heavy—liquid bubble chambers. Such ineaQ

surements‘ hax}e two possible sources of systematic errors that limit t.he;.

a»ccuracby of the results: (a) Kt decay.in flight', which confuses the sep-

aration of the K , and K_, modes from the other modes; (b) the energy

. p2 _ |
dependence of the fiducial volume, which causes uncertainty in the number
of detectable decays. |

One of the objectives inthe design of this experiment was to min-
imize the'sb_e possible errors.

A secoﬁd objective of the 'experiment'.was to obtain a more pre-
cise determination of the ratio F(KTTZ)/F(K}LZ)- There is presently no
theoretical calculation of this ratio, but the previous expei‘imental re-

sults are sufficiehtly scattered to warrant further investigation.

The hadron current describing the sernilepf’onic three-body K

decay involves two form factors, f+(q2) and ‘f_(qz), which are scalar

functions of the square of the four-momentum transferred to the leptons,

qz. ' Both the ratio of decay rates of these modes F(KH3)/F(Ké3), and
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| the muon polarization can be expressed as functions of the ratio:
g(qz) =f (qz)/f+(q2). Present experiniental. evid_ence’16 indicates g(qz)
is real; however, previous experiments yield widely varying results

. for the value of &(qz) as determined from branching ratios-and mea-

1-15, 147, 18 Figure 2 shows these

surements of KH3 muon polarization.
results. A p.urpése of thi§ experiment was to investigate this discrep-
ancy.

It has been suggested that an underestimate of the momentum-
'transfer'dependencg of the form factors, f+(q2) and f_ (q'z), could be
responsible for a misinterpretation of branching ratio measurements of

18, 19 In calculating the effects of strong q2

the semileptonic modes.
.dependence we find it has little effect on the moméntum spectra of the
charged lepton. 20 Thus, allowing for a largev variation of the form
fa;:tofs does not bring the value of £ as determined by a measurement
of I‘(KH3)/1‘ (Ke3) into agreement vs}ith that of th_e polérization rﬁeasu_.re-
ment. | |

The form factors can be expanded in powers.of qz/mTrZ.. If the

: : ‘ : 21
~dependence on q2 is small only the first term need be retained:

£,(%) = £,(0)[1 + A (¢%/m_2)].

Previous '_eX'perirnents22 have determined )\+ = 0.023+0.008. As no pre-

cise measurement of A has been made, we have assumed X = 0.

In establishing. the branching ratios, we have compared the data
with theoretical predictions of the momentum épecti‘a based on hy}.::oth—
esis of local leptonic coupling, muon electron universaility, and

vector—axial-vector weak int:erac'tions.23 The expression that is used
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in relating £ to the measured branching ratios of the semileptonic modes

was obtained by Ca.bibbo:24

_ : 2. 2 '
T (K 3)/1"(Ke3) ;0.6487 +0.1045 M >\+/1v11T + Re[£(0)](0.4269 +0.006

MK x+/M ) + |§(O)| (0. 0193-00053 MK )\+/M ).

' Th1s equatlon was evaluated with )\ = O 023 and €(O) = f (q -0 /f (q =O)

II. EXPERIMENTAL DETAILS
A. Beam

K+ mesons were produced from pi'otons in the exterﬁal protoh
beam of the Bevétron impinging o‘ri a platinum target. The target was
6.5 cm along the proton beam, 0. 62 cm w1de, and 0.95 cm high. F1gure
3 shvows the transport system for the .K beam, 500-MeV/c +5%, from
the produ'c'tioh target tb the K+ Stopping region. This éYS'tem.produced
a KT iﬁage separated from the pions and protons by usé of a .separator
with crossed eléctric andv magnetic ‘fi”elds. It employed strong-focusing

bending magnets (M2 and M3) to reduce the overall length of the flight

" path while retaining the focusing properties of a quadrupole system.

The momentum spread at the stopping target was reduced to £2%
by means of a wedge-—shaped carbon degradér placed at the first focus.
The angular acceptance from the pr‘oduction target was 5 'rnillistéradians,'
and t}ie'irhage size at the stopping farg,et was 2.5 cm hc;rizohtaiiy and
v'1.8 cm ver‘tiéally. The vertical s eparation between K s and protons
Wés 61 cm, and_ between K''s and pions 2.1 cm. Approxirﬁately 3000

K+ mesons were transmitted to the stopping targét per Bevatron pulse
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.of 5X 10'11 protons incident on the production target, and of these, 800

were stopped.

B. AEEai;atus

Figure 4 shows a schematic drawing of the épparatus, inclﬁding a
typical K-decay particle trajectory. The directions and pbsitions of an
orbit were dete'rrrﬁned by twelve wirl'e spark‘c'hambers_,. placed at the en-
trance and exit of the spectrometer. The sPectronuéter was designed so
that rays leaving the center of the targe£ would focus on a plane ‘.approx— :
imately coincident with the F1 wire chamber‘ind.ependent of their initial
angle. 26_’ The position élo‘ng this focal plane of the image of such a point
source is determined only by the momenfum of the pa.rt.icles and the dis-
pver’s‘,ion of the spectroméfer, approximately 0.85 cm/(MeV/c). Another
property of the spectrometer is that rays_ of different fnornentum leaving
the center of the target along the optic axis all exit from the magnet
parallél to one another. The momentum acceptanéé of the spectrometer
is froxni 126 to 235. MeV/c.

Leavin’g.the sPec.trometer, a particle continued on'unt_il.'it étc;pbed
in a spark chamber with twenty 0.635-cm aluminum plates (exit chamber).
A x&edgé—sha‘ped po.lyethylene_ degrader was "placed between the exit of the
spevctrometer and the spark chamber so ‘that the higher momentum rnuohé |
from sz Would st.op iﬁ the exit cha’rnber‘. . | |

| An event trigger was formed by a delayed coincidence between
" the sfopping Kkt fglescope, the decay telescope formed by 521 and '322’.
and a pair of scintillation counters at the foéal-plane. The timé between
a stopping KT event and the subsequeﬁt de‘cay pfddutt that passed through

counter 521 and Sz was recorded with a time-to-height converter system,
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e.nd this information was ueed to rejeet events in which the KT decayed
in flight. B

Surrounding the ‘K’Jr stopping region was a set of three spark.
chambers with brass plates. These chambers were designed to detect
the y rays resulting from 1'ro meson decay, and were not used in the as~

pect of the experiment herein reported.

C. 'Efficiency Measurements and Calibration

The efficiency of the 'focal-'-plane.Wire spark chambers was mea-
sured by extrapolating tracks observed in the exit spark chamber back to
the focal plane. The ratio of the number of recorded wire chamber tracks

to the total number of tracks then gave the efficiency as a function of posi-

tion or momentum at the focal plane; the efficiency is'shown in Fig. 5.

‘The efficiencjrv of the exit chamber was measn_red at the Berkeley 184-inch
cy.cvlotron and ’found to be §5 +2% effieienf', independent of particle type or.
position in the ch_amber. | H

" The spectro’meter field was measured and fitted with simple poly-
nomials to an accuracy of approximately 1%. This representation of the
field was used in a corn.puter program that simulgted partiel_e trajectories
threugh the sjstem. Thé accuracy of the orbit-tré.ckingb calculation was
checked in two'VWays: (a) comparison with floating-wire rneasurements,
and (b)-comparisen between prediction and aefual position ofv’the KHZ and
Kﬂ_2 nlofrnenturn peaks. In the first method the program predicted wire
frajectories to an accuracy of’.approximatelylz- mm at any noint along the
wire. This uncertainty was included in the .finabl analy.sis.r The second
check on the >reliabilit3vr of the prograrn is discussed in the section de-

scribing the Monte Carlo calculation.
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D. Data Collection and Reduction

A PDP-5 Digital E(juipment Cofp. oh-line éompﬁter was .used to
monitor the data-taking process as well as to record the data on magnetic
tape. ;Recérded déta consisted of counter,‘ wife chamber, vanc‘i time-of—
flight information for each event. | In addition bc;th a Vidicon s?sfer’n and -
a fil_rn camera were employed to digitize and record the spark positié:ns'
of particle tracks in the exit spark chamber.

A data reduction program co;'related the spark'informatio-n into
re‘cognizable tracks, thinried .t.:he'wire-cha‘.rnber data, and merged the in-
formation on one tape with the counter data for each event. Th¢ wire
chafnber thin“ning involved the averaging ovf. adjacent wire addrésses' and
recording these a've'ra..ged éddreéses as. well as the number o.f wires av-
eraged_; " The po.ints at which the particle tréjef:t_ory’ c‘rossed_tilé wire
chambers were used té reconstruct the rhor’né#him and initial pbsitioﬁ
and direction of each event. The.pal.‘ticle range was calculated from thé
focal plane to the stopping point in the exit si)ark chamber.

As a measure of the quality of a particular event we c.al'culated" »
the distance between the actual position of the first‘s’palLr.k_ in the exit |
spark chambe'r and the expected position (estimated by extrapolation
from the focai plane wire chambér). Another quantity, XXZ: was u’sed.
in éssessing thé event reconétruction. This was defined as the square

of the difference (measured in units of the expected deviation) between
the actual location of the sparks at the focal plaﬁe and the location pre-
dicted according to the entrance wire chamber addresses and the calcu-

lated morhentum.
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If one of the focal plane wire éhambers failed to report, its ad-

~dress was constructed by an extrapolation from the wire chamber that

did report to the first spark in the exit spark chamber. If neither focal

\

‘plane chamber reported,' the reconstruction was made by using the path

~ of the track as observed in the exit chamber. . All such reconstructions

were noted on the output tape. For those events with more than one

possible set of initial or final conditions, all possible combinatidns were

~ formed and the set with the minimum XXZ was chosen.

* The resultant reconstruction for each event was then subject to

a final reduction by a variety of requirements, which are discussed in -

Sec‘tioh Iv.

III. MONTE cAR'Lb CALCULATION

The procedure ko’f the analysis was to compare:-the final data with
distr‘ibutions*géneraﬁed by a Monte Cario calculation and determine the,v
relative number of events for. each mé’de with respect to the number fof
K};Z. V'I'he'routine.\.avas désigned to simulate eiréﬁts and to analyze these
events with the data-réduction prograrhs. Decay events with initial mo-
menta randomly generated from their respective fheoretical momentum
distfibution"s were tracked by the orbit-frackiﬁg program through the
5ystem._' The energy loss, straggling, and scattering were calculated

for the hypothetical particle passing through the various pieces of material

along the trajectory. For electrons, radiation and corrected ionization

losses were included. 27-29

The decay in flight and nuclear absorption of the pions were also

simulated. In the case in which the mock pion had decayed (via 7~ p+ v)
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in flight from the target to the exit spark chamber, the trajectory of the
resultan(: muon was followed to the. end of its range. -Pion nuclear ab-
sorption was determined.by using experimentally measured cross sections
for nuclear interactions of pions in various 'rhatefials, | including la'rge

30,31 The wire chamber cross-

angle scattering and production of stars.
ing.posbitions, the counters that fired, and the positions of the first and -
last spa’rks in the exit spark chamber were generated, and this infor'r'n..ation
wastl’ien processed by the dafa—analysis programs,,.fv

Thevséanning of the exit chamber included .a‘s brirﬂary t‘racks those
 decays %x)hich occurred within 10 deg of the initial partiglé direction. This
bias was also included by calculation of the trajectory of the electron ré_

sulting from pidn and muon decay at rest. The efficiency of the focal

plane wire chambers as a function of momentum was included by folding

the efficiency (see Fig. 5) into the momentum distributions for the different

: : |
modes correcting for the fraction of reconstructed events.

: Figl_ll"e 6 shows ‘four comparisoﬁs of the data With'the Monte. Carlo
results. Plo_t I is a distribution of.the- lengfh of KpZ .mupn tra.éks Iin'the
exit _chamber. Plot II is the distribution of déviation’of the first spark in
the exit chamber from the projection using the focal plane wire chambers.
Plots III and.IV are distri:butions of pértiéle initial position and angle r‘e-
spective_ly, as projected from entrance wire chamber addresses. The
'\}alues of xz 'divided by the number of degreesv of fijeedbm for these plots
are 1.19, 1.99, 1.07, and 0..84 respectively. These particular distributions
display thg ability of the Monte Carlo calculation to simulate ciata. Plots I
and II reflect the orbit tracking, while Plots III and IV indicate the accep-

tance by the spectrometer..

L78
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IV. DATA SAMPLE AND GATE REQUIREMENTS
The final data sa{mple cohsists of 18 000 éVgnté in the momeﬁtunﬁ
interval 120 to 240 MeV/c. The momentum distribution at the focal
plane is. cbmpared wifh the Moﬁte Carlo ‘_calc’ulatio‘ﬁ in Fig. 7.

In Fig.’ 8 the data are shown as a two-dimensional plot of momen-

tum vs difference between the observea ré.nge“ and the muon range for

that momentum. In this plot muons appeér in a horizontal band about

" AR = 0, and pions appear in an approximately horizontal band about:

AR = -10.0 g/cmz;b electrons have no definite range.

The data shown in Figs.7 and 8"havve”be'en selected to satisfy ' o

various criteria that serve to remove background and ambiguous events. -

The selection requireme‘nts were chosen to minimize any biases that
might depend on the mode of deéay. The évgnts generated by the Monte
Carl'o calculation were subjeét to‘ the same Se_lection requireménts.

These included a lower 1imit‘(approxim_a,tely: 15 nsec) on the decay time
dist?ibution, 32 to eiiminate K+ decay in fiight and prompt pions scattering
inté the apparatus; an upper limit on sz to minimize the number of events
reconstructed' from accidental wire addres ses; and lirnit‘s on the initial
conditions of events tovinsure physically Ifeasona‘ble trajectories.f Figure -
9 shows the above distributions with their reSpéctive limits ‘of accept-

ability.

V. FINAL ANALYSIS |

A. Background Subtraction

There are three major sources of background: K" decay in flight,

T scattering out of the beam into the apparatus, and events coming from
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sources qther thén the target. The dec'ajré in flight and the scatterings
oc'cu'rv as prompt events with respect to the arrival of a trigger in the
beam telescope and thus can be made negligible by a.djuStrnent of the .
lower limit on the decay time.
The remaining background was removéd by a subtfaction from

" the data. Corhparison of the momentum spectrum of events "ori_gin_atihg
from the target with that of events whose projected initial position is out-
.side the target (see Fig. 9-I) shows that there are significantly rhbre off-
target events with momentum below the KpZ region. Explicitly, the ratio
of evenfs v}:.ielow 190 MeV/c to total eventé is _(14.8i 1.1)%' for events
originating inside the target volume (31.0+2.5)%for events originating
outside.. The larger‘fracti.on of low-momentum events revsul_ts from afx
increase in material through which these ’particles pass, and the only such
ma'ferial is the y-ray spark chambers positioned about the target. The
K%'s in thé beam scatter out of the stopping region a.nd‘stop'.in the plates
of these chambez."s. _ The scattered K ''s théf de’cay.from »these plates are
disti‘ibuted nearly dniformly over the faces of the chambers, aﬁd sorhe
'decay trajectories pé..ss through thé-target volume. These events are in-
'disi.:inguishable‘ from normal events in which tile K s£0pped in the targetj
~however, their morhentum'is reduced. | |

| The range momentum distribution of the background was made by
a M;)hte Carlo calculation assuming the scattered K+'s-to be uniformly
distributed over the face of the chambers. The stopping positibné in the
brass were dete"rmin'edvby using experimental range curves. The re-
.sultant range-momentum array (éee. Fig. 10) was normalized to the data

- by the fraction of background events under the peak of the initial position

Lz
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distribution. A straight-line fit to the data outside the peak of Fig. 9-I

was madé. The number of events under this line that met the selection
criteria was then used as the number of background events. The nor-

malized background was subtracted from the data r;inge-rriomentum plot.

B. Method
The bi‘anchirig ratié Qvas finailfdetermined by an analysis of the
two-dimensional range—mdmentum scattergfarﬁs. ‘These scattergrams
were divided into regions or cells as shown in Fig. 8. This cell struc-
ture was chosen so that the majority of evenfs could be classified as
follows:

‘electrons;

Cells (1, 1) and (4, 2) : Ke3

muons;

Cell'(3,2) P K

Cells (2, 1) and (2, 2): KP-3 muons;.
Qell (3,1) . - : Kﬂz_ pions;
g fAuons from decay in
flight and at rest, background from KHZ

Cells (2, 3) and (2,4): K

muons originating from within the plates
of the brass s'park_chamb'ers, and KH3

muons.

The T and 7' modes of decay (K+—> Tr+'rr-1r+ and K+-'-> 1r+1r0-n'0')

were excluded from the system due to insufficient range of the decay
pions. To determine the relative branching ratios, Ri = I“i/F (KMZ)’
with i = sz, KH3’ Ke3’ a x- function was constructed comparing the
calculated and experimental déta~distributions' on a cell—b?—cell basis,

2 e 3 ' ’ -
and the yx~ was minimized. 4 The uncertainties included in the
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formation of the xz function were those due to .statistical'uncertainties
in the data and the Monte Carlo calculation, and the uncertainty in the
fo?al plane wire chamber effi_ciency. - In addition, instrumenfal uncer-
tainties and possible systematic errors, pres'ented in Table II, \_x}ere

added to the errors resulting from the XZ minimization routine.

C. Results
-The range-momentum;séatter plot for the final data sai’nple is

shov&h' in Fig. 8 along with the division into bins.v The calculated diétri—
butions for the four modes measuredvin this'expériment are sho§vn ivn

Fvi.gs. 1 '1‘ through 14. The background calculation is shown in Fig. 10.
- Table III éhowé the data array after,backgrpund‘s'ubti'agltion;vthe input to
the IXZ program for eachvmode, normaliz.ed.band corrected for chamber
: ineffiéiencies; and'the resulting composite array from thev)’(2 'minimizatioﬁ.

The branching ratios calculated as relative rates normalized to the K

2
cell are
K . =0.997+ 0.045,
p.2 '
K_, = 0.304 £0.017,
K 3 = 0.054 % 0.009,
K_3 = 0.069.+ 0_-006-__'

- The errors include statistical and systematic uncertainties as shown in

Table II.
The reason the KpLZ is not.identically 1.000 is that a small amount
of K' , muons extend beyond the (3, 2') cell (see Table III). The abtual

pl

normalization is to this cell, and the sz ratio is then evaluated along with

~ the other br:anching ratios.
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‘When one uses the accepted branching ratios for the three-pion -
modes, T'= (1.71£0.07)% -and T = (5.57 i0.03)%35 the branching ratios
become

- _KHZ = (65.0 £ 0.9)%,
K 5= (19.8 £ 1.1)%,

KH3 =( 3.5% (_)‘.6)%,

~

3= (44 0.4)%_

;Cbrn'parison of the composite range-momentum plot for the Monte Carlo

éaléulatidn with the data array, using the above branching ratios, yields
a XZ of 8.77 for six degrees of freedom.

From the above one has
I‘(KH3)/ (K ,) = 0.81%0.13,
which gives the form-factor ratio

£(0) = 0.91+0.82,

" assuming )\+ =0.023 and N\_=0.0.

The.momentum distribution of the K mode was g_eneratéd for.

| u3
both g(qz) =0 and g(q-z) = 4.0. These two spectra were compared with
the data and both yielded the same value of T'(K. 3) / (K 3) to \Vlthln

the statistical 51gn1f1cance of the experlment

The result of the measurement .of the K 2/K > ratio is

I‘(KHZ)/F(KTTZ) = 3.28 +0.18.
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'D. Conclusion
As seen in Fig. 1, our results are in general agreement with
previous measurements; in particular, we show general agreement with

11,14, 15 In view of the

the other previéus spectrometér measurements.
faét that ouf énalysis'was signific-antly different from previous methods
and that the experimental apparatﬁs Was'also different, the possible

systematic errors of our fesulfs are, for the most part, vdiflf'er,ent from

previous branching-ratio determinations. That we do have an independent

measurement and yet are also in disag'reement‘w—ith the pola'rization

measurements of the parameter § indicates that the discrepancy is most

likely not due to systematic errors in thevbra‘riching-ratib measurements.

in Sécfion I the possibility that the discrepaﬁcy between the mea-
surement of £ by different methods is due to a large momentum-transfer
dependence of the form factors was discussed and fejected.‘ it was é.lso
ovb‘Served that the charged-particle mo?nentﬁm specti‘um is veffec‘tively’i.n-
dependent 6f the value of §£(0), fo'f £(0) between zero and 1.0. Thus, any
incorrectﬁess of the branéhin‘g ratio measurements is not likely to be due
to assumptidns (5f the § parameter in the various data analyses.

Examination of Fig. 1 shbws that our result ofﬂ |

P(sz)/m%z) =

4,11

3.28+0.18 is in agreement with previous results in the

region'of 3.0,
1,2,12 "

but is in conflict with the results lying in the _Il'.egicl)n of
2._5. Thus, when establishing a weighted averége for these mea-
surements we have excluded the latter, low results. This wéighted av-

erage i53.08+0.05, and is in good agreement with both the previous spec-

trometer spark chamber measurementii and this experiment.
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Table I. Results of previous Teasutrements (branching ratios, in %).

_OZ_

2 a
o + 1
> £ e - e & %
+ + + + ~+ o
+ e + ¥ + +
R 4 5} 3 +
t ¢ 4 4 N Y
+ + B + -4-T +T
X X X N v v
, .
Ref. ’ Experiment K}J.Z_ . K'n'2 K; 3 Ke3 Kp.3/Ke3 'r+ ’r+_ Method
1 Alexander et al. '57 , 56.9 *2.6 23.2 *¥2.2 5.9 #1.3 5.1 #1.3  1.16 +0.39 6.8%0.4 = 2.2%0.4  Emulsion
2 Birge et al. '59 : 58.5 £3.0 27.7 #2.7 2.8 #1.0 3.2 1.3 = 0.88 #0.47 5.630.4 2.1#0.5  Emulsion
-3 Taylor 's9 ' . 2.8 20.4 5.2%0.3 1.5%0.2 * Emulsion
4 Roeetal '61 64.2 +1.3 18.6 0.9 4.8 #0.6 . 5.0 0.5  0.96 *0.45 5.720.2 1.74#0.2  Xe BC
5 Shaklee et al. '64 . 63.0 20.8 22.4 0.8 3.8 20.5 4.7 0.3  0.63 £0.40 " 5.10.2 1.840.2 Xe BC"
6 Borreani '64 ' . : ) 5.12%0.36 _ .Hz BC
7 Bisi '65 ; 3.450.56 " 'H, BC
8 Callahan et al. '65 : 21.0 *0.56 - Propane frieon'BC
9  Callahan et al. '66 : - B 21.0 £0.9 2.77+0.19 3.94%0.21 0.703%0.056 Freon BC
10  Trilling 165 63.5 #0.7 24.6 0.6 3.17#0.35 4.49%0.25 0.7060.087 S (Summary)
11 - Auerbach et al. '67 . 63.34+0.44 20.61+0.32 3.81%0.26 4.96x0.413 0.767+0.052 S Spectrometer and spark
o ) . ) chambers :
] R = . ; -
12 Beck '66 . | KHZ/KFZ 2.340.24 . Spectrometer
13" ABC OPPVM Collab. 67 ' '0.62 +0.047 Bubble chamber
14  Garland et al. '67 ' _ 3.5 0.3 4.4 0.4  0.80 #0.40 ‘ _ Spectrometer
15 Botterill et al. '68 | 3.290.11 4.94%0.11_ 0:667£0.047 - Spectrometer
- «

¥6F8T-TIDN
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Table II. Summary of ﬁncertainties and errors (%).

Sources of Errors

- ,

‘Electron scattering

KMZ ' KTTZ u3 Ke3 '
Statistical fluctuation: Data +0.8 »:i:3.0v - *+6.3 -+5.8
Statistical fluctuation: Monte +1.0 +1.5 +3.5 3:3.5
Carlo a ' o :
Tracking program +3.0 +3.0 +3.0 +3.0
LQcation of pieces of apparatusa 0.0 0.0  £1.0 +1.0
Pion nuclear absorption cross *1.4
sections? : '
Energy-loss calculations +0.8 +2.5 +0.8 +1.0
+3.0

a. These errors do not affect T‘.(KH3)/1."(Ke3)
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Table III. Range-momentum arrays.

20.0 120-139  140-159  160-179  180-189 190-235

Range-momentum ari‘ay: Numbers of events (data minus background)v
_ P(MeV/c) |

5.0 106.2#10.9 134.5%12.5 177.1%48.2 51.5%13.9
~6.0 26.7% 5.7 252.3%17.9 448.4249.5 99.4%59.0 15208 0%154.0
-20.0 o - 1002.0+33.6 | |

AR (g/cﬁnZCu)

Range-momentum array: Monte Carlo (arbitrary normalization)

KEZ-
| 0.13 10.56
0.13 - 0.52 1.26 556.44
| 0.82
K‘ITZ .
1.28° . 10.15 = 5.57
0.57 13.18 37.47 . 15.26 - - 3.87
' R 147.58 ‘ '
7.07 . 5.43 3.03  0.55
13.93 72.18 49.72 495 . - 0.95
' 1.16 '
Ke3
46.76 68.62 ©39.05 7.48
4.68 12.81 10.96 - 1.34 3.48
' 1. 71

Monte Carlo results scaled by branch1ng ratios and summed:

‘95.9 . 144.0 163.7 75.9 |
33.8 242.6 1418.3 170.7 15204.5
1002.5
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'Fi‘-gu re Captions

Branching ratio of previous measurer’nén‘ts.
Compari’son of‘g(qz) by brahching ratio and polarizétion.
Plan view of K' beam arrangement.

Schematic drawing of Elbek spectrometer and detection apparatus .

(the K+'s enter the scintillator target in a direction out of the plane of

the paper).
5. Focal plane wire chamber efficiency as a function of momentum.
6. Comparison of data and Monte Carlo calculations.
I. Distribution of penetration into the exit chamber of muons
from K 5. : '
II. Deviation of actual spark location in the exit chamber from.
projected positions.
IIT. Initial spatial distribution of events.
IV. Initial angular distribution of events.
7. Momentum spectrum as seen at the focal plane (solid line is data;

dashed line is calculated histogram). :

. 8.

9.

I.
1I.

III..
. 10.
11.
12,
13.

- 14.

Data scatterplot.
Distributions with gates.

Initial spatial distribtition.
2 4 bt
Xy 1stribution.

Ratio of events below 190 MeV/c to ‘events above vs decay time.
Scatterplot of background calculation.

Scatterplot of K|.L2 Monte Carlo calculation.

Scatterplot of KTT2 Monte Carlo calculation.

Scatterplot of KH3 Monte Carlo calculation.

Scatterplot ofKe3 Monte Carlo calculation.
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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.



