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NUCLEAR INSTRUMENTS AND METHODS 9f (1971} 221-230; £

MORTI-MIOLLAND FUBLISINING C,

CONSTRUCTION AND PERFORMANCE OF LARGE MULTIWIRE PROT'ORTIONAL CHAMBERS
: F. SCHILLY, P. STEFFEN, ). STEIMRERGER, T. TRIPPE, F. YANNUCCT and m;fnrn.ut
CERN, Gewera, Switzeciand

K. KLEINKNECHT and ¥. LIYTH :
Fegtiiet e fockencrplepfymd der Universitdi Heideiberg, Heidetberr, e P e
Receaved 21 September 1970

[srge-area muiwise prepartiana | chambers have baen develamed.
n Licwdar, uochamber 2 m =05 m, using bolh horizosial sl
@!--ml wired [me D300 wires bnooll), bos beew construcesd. The

I. olrmdention

Charpak ¢1 5l have shown that wire chambers can
be contirccted which operate in the prapsstional
mede'), Such multiwite properional chambers have
womme outstanding ehnrneteristics for  pppliostion ia
high-enegy plivaics. The mwost imiercsting of these,
for the btk of the experisente, are s Tullowing:

L The chambors are apecatnd in a de otz and
thevefore cnn ael beoth e comiers and FONitian
Frpasreiaenf, devices

£ Fhe vesclving tiemo of the chambors deprnady on
e porticelir gas, bul it can be as shert as
% 25 maee. Thia may  he compared with  (he
mrwary ume of & | wsec of wire spark cliambers,

o1 Wherefore possthle to emplay the propor-

oy Neiomal clombers ender correspondingly higher

11 Wekgrovsl  eanditions. 1n Many cxperimenis
thiz ® immedistely translatible into a4 corress
ramlingly higher raie,

1. An eficiency of more than 99% car be reached.

Af e Gy thin work was staried, small multiwire
fromerional chambens had alreacly beon wmedl sucess.
Ay, bt ehambern of suffizient size for mas| particie
Fhysien applications bad a0l been allempicd. We
shewe bure Gt o is possibls to construct such delestors,
il give some design details and performanse charng.
Peristies®. A description of an isportant contribation
e this woek, ic, the desipn of cleriromic vireniilg
viapakle of munintaining the wirinsic tGme resoturiog of
the muliivire proportional chambers, pnd with Tt
{100 nsee) pemdanl, will be publidied clsewhere?),

The elementary desipn raramglers, such a8 wipe
gy amd dismeter, pas illing, and the basis sV -

¥ Rerwe of e pradts Jiges alrealy beon reporiad in the fosm of
CER™ imgrral separin®s

211

chamber performance & very nessiy The ssme as that of smaler
chambers, Detsiled design ansl performe. oo dats AT presenie|

metrical geomelry of two high-vollege planes, are hyned
oa the previons work of Charpak o al'), Usles
otherwise stated, the chambers have ihy follewing
fealures:

I The signal wires bave » dinncter of 002 mm,
A are siretohed with 2 ensen of = S g; 1here
i3 2 mm gpacing between each wire.

2. There are two highovolinge planes for cach signal

wire plane. placed symmetrically one on each

side with b mm spacing belwsen the high-voliage

wodl Uhe signa! plancs, .

The high-vallape plases nre consiructed of paralic)

wires, W05 mm in diameter, spaced | mm AT,

and having lension of == 110 p.

4. The gas filling is 65% argon ond 35% feobutans,

& The clestronic circuits are those designed by
Sippach et 2l®). The discriminator threshold is
2000 iy,

b

2. Problems of efvctroytatic afabiliny

L1, STAMLITY OF SKINAL WiRES

Our first attempt ot larger chiamber was a rather
#pectacular Failure awul it wo oo obwions why,

A cross section of a porlion of 1% chamber is showa
in fig. la. Consider the displacement of a sipnal wire
from its equilibrinm  position towards one or the
eiher high-volispe plane (we treat the sipgnal wire
stability only, stwe thy high-valtipe wires are heavier,
thercfare under preater tensing nnd mare slalile), |l
resalls i an clectroststic foree, linear in the iz plinee-
mest, and fending o increase Ui deplceiient, 1 is
net diflicalt 1o show that for (he regiime of e actaal
chambers, with wire spacing much smaller thas the
listanee between U wife plangs, the mulual repulsion
ol 1 (whanges on the) signid wirey it more [THTENTR T




Fig. |1
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A SHOETLIVED NEUTRAL BEAL

E. Kleimknecht end H. Wahl f 4 ¢ g\

Ingtitut £0r Hochenergiephysik, Universitfit Heidelbarg, and CERF, Geneva

& newtral hyperon beam &% high energy ia fairly simple and inexpensive to
conmtruct, requiring essentially a streight magnet in which a psollimator
ecan be placed, and 109-1010 protona/burst in order %o get a decent hyporon
flux. Another advantage of a =saortlived nzutral beam comea from the facs
'r.ﬂutlfnm.tgal particles can be eksidy identified in a ::a.gnatm.hpectrume T
by the cbservation of thelr itwo body decays and the reconstruction of the
irveriant mess. The difficult experimental problen of charged particle
identification at high energy iz therefore avoided.

In addition far several uxplrinqn & the anbesence of Coulomb acettering ia
a congldarnble advans lﬂfﬂﬂ:wﬂ:d to charged hyperon beams.

s ¥ ﬁ-rw?..t..,ff.,:- EMpen tcoe iy des
fhe saaleac sxperimente are those where iwo body decays aze recorded and
the momentuE ef ths Ayperon ean be salsulated far each eveni. Expericents
Which we have in miad for the bsam gsonsidered inglude the following

-AM AN E°N total cross secticno

“AN AN elagtic seattering

- Ay~-1° ?Primakoff effect ( £’ lifetizme)

- search for E--lw'“ j decay [AS=Z)

- gearsh for k"---’q.q.':,u'rj, e e decays

atudy of J‘:-L_‘T*if"rﬁdﬂﬂa:r'

Bigh precision study of the AS-AQ rule for K, "’"*}I decays

The common feature of these experiments is ihat ohly @ comventiocnal swo
partlcle l,n.gnﬂuhp&ntrn:e..er ig required and Sor gome of thes & Teonil ars
or a shower counter for the datection of electroans and ;}n‘:m:...

TEE CCLLIMATOR

)
caleulations 1/ and extrapolating experience at 24 GeV/c proton somensur
ilndleate that a eollimptor lerngtih of 400 en iren would sufficiently miten-
nate the Nedronic cascads 1n the collismator walls, We conelude that an
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f MEASUREMENT OF THFE TOTAL CROSS=SECTIONS FOR
\ HYPEROM |IKTERACTIONS ON PROTONS AND NEUTRONS
[N THE MOMENTUM RANGE FROM 6 GeV/c TO 21 GeV/c

5. Gjesdal, G. Presser, P. Steffen, J. Steinberger,
"
F. Vannueecl ) and H. Wahl

CERE, Geneva, Switzerland

K. Kleinknecht, V. Luth and G. Zech

Institut fur Hochenergiephysik der Universicht Heidalherg,
Heidelberg, Germany

ABSTRACT

The Ap, An, ;p. and An tocal croms—sections ware measuted In Che
A momentue interval &-21 GeV/c. Within the experimental uncertainties
the cross~sections are momentum-independent in thie isterval and che

moDentum—averaged cross-sections are found to be:

9{Ap) = 34.6 & 0.4 mb
g(An) = 34.0 * 0.8 mb ;
ag(fp) = 56 % 11 mb

offn) = 46 + 20 mb .

The first two Tesulcs are in agreement with charge symmetry, and with
simple quark model sum rules applied to previous results on PP, K‘_n, and

= ;
M p tofAl eroms—mechions.

lreneva, 1 May 1972
(Submicted to Physics Letcers)

*} On leave from Institut de Fhysique Nucléaire, Orsay, France.
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SEARCH FOR THE DECAY Ks + Iy

S. Gjesdal, G. Presser, P. Steffen, J. Steinberger,
-
F. Vannucel ) and H. Wahl,

CERN, Gemeva, Switzerland

H. Filthuth, K. Kleinknecht, V. Luth and G. Zech,

Inatitut fiir Hochenergiephysik, Heidelberg, Cermany

ABSTRACT

4 search for the decay !E * 2| has given negative results. Based
on the analysis of 751 of the data, che preliminary 90% confidence upper
limit for the branching ratiec of 4 = 15-1 excludes the model of Dass and
Wolfenetein designed to explain the RL = 2k problem.

Submitced co the

Eh

lh International Conference on Migh-Energy Physics,

Batavia, 6=13 Septembar 1972

Geneva = | August 1972

*) On leave from IFN, Orsay, France.
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pure sample of K + muv events. For this ssmple, ian (75 £ 3)X of the cases
the muon is detected in both counter planes in the fiducial area around
the projected track direction. A Monte Carle caleculation sieulating the
game class of events gave an efficiency E“[Kui} = (72 £ 3)T. The agree-
ment of the calculation with the observation makes it poseible co use the

game calculation with confidence im rthe 2u case.

The reselt, averaged over the experimental K momentum spectru=, is

L
1::‘33“ = 0.84 + 0.03 for detecting both muons for KE + U U events accepted
by the spectrometer. The efficiency is higher in the Iu decay Dacause of

the higher momentum of the muoms. Ancther factor evaluated using the

Monte Carle caleculation is the ratic of derection efficiency in the apec=

+ ) .
cromecer for H.S + % 1 and E‘.E + 4 u decavs. The result, again averaged

over the E-momentum spectrum, 18
&F
E

F- 0.73 = 0,04 .
nm

The number E'“ of KE dacays relevant to the detection of the decay
KI. + 2y is then

ar
=
- —-EIE- = m &
'.'-IE" P “'1-'4 * e = 3.2 = 1W0¥ .
th'

The 90% confidence upper limit on the bramchimg ratio BY = T(K, + 2u)/T,
is therafore

iﬂ: < 2.3 7 H-eff - f“;i-fﬁ-—af

The oodel of Dase and -'Iinltﬁunid”, referred to in the Introduction,
predicts a branching ratic between 1I1.3 & Lﬂ" and 1.1 = 10-.. Jur upper
limie is well melow the lower limit of this pradiction. Alme the lower
limit of “ﬂs'-i-h-l"'] of 5 x ID‘T {s mot in agreement with this exper-
imentsl sumber. Our result is still compatible, although just barely, wich'
ehe Jower Limit of 2.8 x 107" of M.K. Caillard"!. Realization of these
lower limits requires, however, evan more exotic models with at least

two new mmplitudes te cancel the "unitaricy” It.L = 2. smplitude.
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MEASUREMENT OF THE CHARGE ASYMMETRY IN THE DECAYS
KE - nie®y AND Kf_ - e, Y

C. GEWENIGER*', 8, GIESDAL®, T. KAMAE* . PRESSER*,
P.STEFFEN, ). STEINBERGER, F, VANKUCCT* and H. WAHL
CERN, Geneen, Switnerland

F. EISELE*' H, FILTHUTH, K KLEINENECHT*', v LUTH and G, ZECH®*®
Al [ Hockenergleph piik, Unlveriits: Hesdelberg, Germany

The charge svy mmetry in semlepionic K[ decays bus been meuswied ina high ®atsiio sxperiment miing malii-
wwe froportional ¢hambers. The Ay Mmetry b= NN T =) whers N and &N~ arz the pantial docay

suten for K = 70 v und KT = 705 renpectively, it found e be b = (14] = 01N} X 10

fod 1he Ky, meodu,

afal ﬁ']'_-l&.l.'l * 0.29) % 1077 for the K3 mode. Assuming CPT invariance and the shicace af 4.5 = =& tianii-
tond, these revadts lend 1o 3 valuc of the real past of the CRvislstion pasmmeter v, Re v = (147 0 0.00) X 100

The charge ssymmetry in the semi-leptonic decay
modes of the long-lived newtral kaon s, apart from the
two-pion decay of the longlived kaon, the only mani-
festation of CP ron-mvararce obaerved up o now. &
measurement of this effect is impartant to the under.
sanding of the phenamanon of CF violstion, as it can
he relatad 10 e, the € mixing amplivade in the newtra)
K-mesom stute

NN | - l|*
A = e % e .
Arawy i --.1'II

Here CPT invariance has been assumed.

N" are the mumber of observed K,y decuys with
pesitive and negative keplon, respectively, The pars
meter x & defined as the rato of AS= A o
&5 = 40 amplitudes and vanishes if the 45=40
slection rule i valid. The value of * could, in general,
b differemt For :'1 and K'] l:|ll.‘.i}'il-l'ﬂi:I'I1-I-jIl I’ﬂp’.’ﬂt
on the Dalitz plot varisbles. Recent messcrements in-
dicate, howave:. ‘hat x i wmall and no significanily
diTerent from rero |1

! Now ot Univerai Dortmung, Abieilurg Physik, Gerinany.
" Mo at Daseribvshoiuskolon Stavanges, Morway

* Now u1 Imariwse finr Mezlear Srady, Tokyoe Uriverary, lspan.
* Om lnwve from eatline de Plyag ue Naolisice, Oy, Frasce.

o e Cergmibacherbule Swgen, Germiay

The experiment was peiforrved in & shar newtral
beam at the CERN Proton Synchrotron, providing
neutral kaons over the momentum range 3- 15 GeVic
The mizin elements of the set-up [2] are shown in iig.
I. The neutral kadrons are produced by an external
proten beam of 24 GeVic hitting a £.5 cm Jong plath
num turget, 4 X 4 mm? In crowmaection. The secon-
daties are selected w1 an averape angle of 75 mrad by
i lapered urpniem collimator, 1 m long, imbedded in
a magretic field of 20 kG 12 is followed by a 9 m
long decay voluma (illed wirh helum. The vector
rumenta of the chasped decay products of the now
tral knom sre meassied In » specirameter commsting
uf three multiwire proportional chambess and 3 bead-
Ing magnet * All chamberi are divided into o beft amd
a right half, each equipped with a horigental and 5
vertical sigral plane . The wire spacing 2 mm. A 6 m
long threshold Carenkov courter filled with hydrogen
B 3t armosplietic pressure i used to label electrons
Muons are identified by 2 coincldence signal in two
counter hoduscopes behind an sbiorber of BOO g/cm?
of light concrete,

The use of large size multisise proportional cham-
bers introdeces several advantageous features. Their
oo time resolution and gero desd-time combined
with a famt selective read o allow zonsiderably higher

‘.ﬂ.lumhfhmmhmnuhwnnﬂﬂmu
mm1.mnmﬂ:nﬂnmm.
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A NEW DETERMINATION OF THE K* = n*s~ DECAY PARAMETERS

C. CEWENIGER*! S GIESDAL*?, G. PRESSER*', P. STEFFEN,
1, STEINBERGER, F. VANKLUCCT™? and H, WAHL,
CERN, Geaesd, Ywiteriond

F. EISELE*' H. FILTHUTH, K. KLEINKNECHT*, V. LUTH and G, ZECH*
Frsrivwr fiir Hachemergiephisik, Meidefberg, Gormainy

Reoeived 4 Feboany |97

In a shore neweral beam we have measused the proper time-dependence of the decay K9 - ="~ This time §2eue-
tuse pxhibite the interfertnor between Lhe whari- sad bangdived 1iaios and ia s agrerment with the gerersd expecis-

tiona of the OF wiolation phesomenology,

This expe rissent gves new and mese prtcise measuresenls of the following thiee pasameters:
iy the decay widih of the short-lived Kg componesi: Tg = (1,119 £0,006) % 100 gget
uh the medulus of the CF violating paramerer n, _© ipa_l = (2,302 0.085) % 10~
BN the plase of =, s e function of the Kg =K, mans dilference &m . = (4040 1012 = {2 m - 054000, 540]

X MHe,

The result of In. .| may be compared with the rewult of the Toregoing lettes em Re ¢ in the Frame of the wipereenk

medel, Good sgreement B abaarved.

The experiment presented here studies the time
dependence of the 375~ decay mode of the K? mes-
on in & shatt neutral beam. This tme dependence has
been previously studied |1, 2] and the main purpose
of this experimen? is 10 improve the precision, staticti.
cally as well as systematscally, tn arder to provide a
mare accurate measure of the amplitude ratio

e e ITI'I.".LI'

="~ Ky
There is u sabasantial intesest in experimental pre-
extaen, because of the predictions of the superweak
[31 and other models. [F CPT is sasumed 1o be con-
served and of ¢ s the admixiure of the CF odd (P
even) state in the dominuntly CF even (CF odd) decay
state. then the superweak mode! prodicts
N " F. (n

Together with snitasity the model further specifies
the phase of poth parameters:

= I, _lexp (g, )

Ty

= Mow 31 Univeniti Dorrmaed, Abseilang Phyaic, Germany,

=¥ Naw 5 Stavanper, Morsay
"mnh—mnmm:b—r.m.
! Mow at Gesamilackechule, Segen, Germany,

24m

=t~ ;
@ = tun FS_TI

A whole cless of ather models is less specific in its
precictions. hus deviations fram eq. (1) 2re expected
to be of the onder of the sdmixvare of the [ = 2 5.
Spir state in the domizantly /= 0. Kg = =*r~ docay.
The srrmliness of this sdmixture {~ 4%) explairs the
interest in precision in the sxperimental werifization
of eg. (1)

This experiment presents 4 very substantial effon
ever 0 namber of yesrs, and sll the relevant detall af
apparatas and analyses unfortunately sannot be in-
cluded in this letter. The interested reader must be re-
ferred to a future, more detailed publication else-
where,

The apparatus has been presented in the preceding
letter [4]. Withoul going into detalls we poim oul it
important properties

The decay region which extends tom 2.2 m 1o
L1.6 m after the targst permits detecrion ir the prop-
er time interval

35X 100 e r <30 107" e
The use of mubtiwire proportionsl chambers allows

487
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T

i -

L=

&
]
I

o
5
cos{bmT-4,.)

COUNTS/ 05 x 10

1 (0°%s)

Fig. 4. Time distribution of K —~ n"n~ events. a) Events (histo-
gram) and fitted distribution (dots). b) Events corrected for
detection efficiency (histogram), fitted distribution with in-
terference term (dots) and fitted distribution without inter-
ference term (solid line). Insert: Interference term as extracted
from data (dots) and fitted term (line).
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MEASUREMENT OF THE KAON MASS DIFFERENCE m -m
BY THE TWO REGENERATOR METHOD

. GEWENIGER', 5. GIESDAL® , G. FRESSER',
P, STEFFEN, J. STEINBERGER, F. VANNUCCE and H, WAHL
CERY, Germene Swirserviond

F. EISELE', ¥. LUTH! and G. ZECH
Fasitimr File Boehemerpiepbegi, Melidelberg (reesipar

K. KLEINKMECHT
Cwiverardd oo, Dorieenend, Grniassy

Reoemed 21 July 1974

e kY mge dilicenee has boes messared Sy the res repereralzr methasd. The result m A= Pl —Hige=

(534 = 0003k % 10" et

Dedraaetion, In this letier we sepont brielly the se-
sall of a measurement of the mass differcace

S = g - mng, wiers v and mig are the masses of

ke loag and skor Yved mewtral kaoss respectively,

The experimental deinlle will be preseeted moare come

cherely elsewhe.

The reothod comiats of the aorparison af the in:
pensly of 1he Kg egeneraied Srom o K =sm or
pon slaba of maier wparsted et different distanoe
11}

The irvenuary of =*r~ docuy obeerved afvor ihe
second regeneralor B given approximately” ' By rela-
b (1§

L. = eapiid 2M0]1-exp(id aM]

. ' . 'm-afp}l:'

- exptd,am -, A TE) o)
whare &4 = ilf = ¥p, Fand [ are the K and B foe-
weard souttering amplitudes respectively, p is the kaon
e, & 5 the pumber of atoms per wnil volums

U Wy sl Lasesssitian Porimend, Cerrny

* Sew sl s | ahdgnles, S py e, Sooar e

: i ey From [t de Faysigqas Muclésize, Omay ., France
Mrvw or 8140 Staclord, Calilnimis,

" Tis espresies dest ol @cede ik eitedns of meprnmsiion
i Uher wir . the negemerntion of K By Kg. pos ibe kg anphi
il s g roow iy peimary targel. Thise oo aee
Howerer ircmded o he analvin o The ks

in the regenerators, o 4 is the thickness of the upsiream
regenerator, dy 8 the thickness of the downsiream rz-
peneraton, d |5 the distance irom the downmmeam edge
of regeneraton A (o the downstream cdge of rgenera-
ot B, oy Loy and of are messured in seconds in the
kaen rest Mrame, &M = o +i{Pg= Ty N1, where Tg
and ') are vie wdtha of Kgq and K, respecrively,

nd .. =i 1L 15

The last wevwer on selatken (10 B & correclon tere
af the order of 3%, coptribuled by the OP vinloling
Ky = o smoliede. The mas diference d mr can
be chiamed by comearing the miensities for differ-
et weparatlony o, iF all the otller parameien ore ade-
guately known,

The monitoring i of the Wimos; importence ie
this comparison. 11 must be siable aganst changes in
ihe sensitiviiy ol ihe apparsius with respect o Tirs
amnd with respect 1o the regeasrator position. In
this experiment we use s varisnt of the monltoring
method introduced by Cellen & al. [2]. In this
method. a fraction of the Incident beam i wore
fized 1o provide » monitor signal of K9 = x%a-
decays which is detected in the mme apparaius
Oaly the rutios signel/monitor sre significan:. Since
the monitor s dgnal eventy are of the mme type
sl detecied in the ame apparatus, thes: ratlos
wie mol silected vy bepm imrenany Muctustire afiless
sich as pale uz and deadume. changes in backgrond:
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A MEASUREMENT OF THE K -Kg MASS DIFFERENCE FROM THE
CHARGE ASYMMETRY IN SEMI-LEPTONIC KAON DECAYS
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The chaspe ll!r-rhu!Er in semi-leprosic Keon decays has been measured a8 @ fenctics of the koo lifetime.
Hligh statistics duta of Kgy and K”n decay modes agoee with sach other asd with the geners] expectation of the

CF waslation plhensmenclogy togsther with the A $—-40 rule. The K L"I‘E mass difTeremee ablained i 4 =
(0EET ¢ QUi w10 g

Insroducrion. The experiment reported in this paper is part of an extensive study aiming principally at & more
precine determination of g, _, the phose of 5, _, the parameter describing CPviolation in K™= 251~ decays. Mew
values of K® = ="r~ decay parameters have been reported previowsly [1]. The data on semi-leptonic kaon decays
recorded smularecisly and in the sme spparatus as the plonic decays, are presented here to the extent thal they
improve the accuracy of the phase ¢, _ .

A mesmrement of the Ky -Kg mass difference (rom lepionic kaon decnys is of interest for the fallowing reason:
the determination ol &, by an observation of the interference term ~in, | cos(&emr =4, _ ) in the vime distriby-
tion of ®¥2~ decays sufTers from the strong correlation herwoen the phase wnd the muss difference dm = my - mg
On the nther hand, the change asymmetry of semi-depronic decays exhubits an interference term ~ cos{dmr). [n
principle @ is, therefone, the difference ie phase in the Interference terma of pionic and leptonis decays which
gives 2 measre of @, without explicit, sccurate krowledge of the mass difference &m. In other words, a deter-
mination of @, _ using the mass difference obtained from leptonk deceys has the sdvantage of redused senmitivity
1o syslematic oS in common 10 the reo desay mndes,

The charge asymmetry (n emi-leptonic decay K% = n" 0% defined as;

BN -NTJNTINTY, i

where N7 and ¥ denote the number of decays observed with a positive and negative lepton £ {electran or muon}
respectively, The transition amplioudes:

foa“'ATIK™ ., AS=4Q; g=itrTuTIE™, A45=-AD,

* Kaw e Disiplesde gokaten S ige:, Narway

* Kew a7 lesoinar (i Phoesik, Uneversiciit Doremund, Gerrany
* Kew §7 lratiie: for Mumlear Study, Tokve Univerdry, Jspar,
= Wimiter fsarn (esiiine 88 Py Secheuire, vy, France
* Mo g1 SLAC, Stanfond Unicervite, USA.

=0 saw a1 Gemamibachekule Segen, Geermasy,
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Thelr churge asymmetry is evalunted a5 2 function of =" and g’ in bins of width 47 =05 X 10195 andp’ =
2 GeNie warting at T;rlh = 135 ¥ ]ﬂ"“:'ll.r:ﬂ Pmin = T GeW¥ie,

The mass difference Am is determined by 2 comparison of the time dependence of the measured charge asym-
metry with the theoretical expectation 8(r', &m. ¥) for the set of parameters ta be detormined. The theoretical
function & and its desivatives are caleulated by Monte Carlo rechnigues from eq. (2. This treatment sccounts For
1ha ."uEIn::-winE;

- The Kgy matrix elements sccording to V- A theory with lineas formfactors for the hsdronic current [3] and
radistive carrections [4]

- The obaerved beam profile, and the experimental resolstion 2nd acceptance.

— Trantformation from the true kaon momentum p and lfetime 7 to the measured quantities p’ and ',

~ The shape of the kaon momentum spectrum and the dilution factor A( ) as obtained in the K2 analysis [1]

The influence of the actual form of the matrix element on the charge asymmetry is weak, The shape of the
momenum spectrum eaters only indirecily in the translformation from ¢ to v The Kg lifetime and the K charge
asymmetries are taken from previous results of the same experiment [1. 2], The results of the best fits to the
measared charge asymmet ries are shown in flgs. | und 2. The AS—AQ factor v is left free in the fits, The uncor-
rected values for the K -Kgq mass difference are

Anr(K 5) = (0.5287 £ 0.0040) X 107571 Am{K ) =(0.526 = 0.0085) X 10'05~! |

CHARGE ASYRREETRY B THE DECAYS %% T 00

(W-Whi W )
=

-l |-

Fig. | The charge awrmmetey an a functien af (e roos st rocsed decay time v for the Ky detays. The rupemmeniia] dila are
coffpased 1o the best 01 ac indicused iy the salid line.

&

Thi

in
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CHARCE AN TRy v THE DECWS RY—e = "
o =

et
a 4 . i - ﬁ_n...‘."i'.L"IlT'.i_p. — i

W' pECEY THE ©° (1T Ywec!

i
=

LU NTRT o |

Ji

Fig. J. The charge mvrimeny as & fanction of the recoestrucied decay lime " lor 1the Ky decays, The expersmerial dala we com
pared o (e Sl i as indisated Fy the wlid e

The qeated srror includes the statistical errar as well as the uncertainties in the dilution factor, y? valees per
degree of freedor of 1200 and 16724 are obraned. 5

The asowe revall Is obvtnined assuming an incoherent mixture of K™ and K produced 2 the sertre of the
primary turget. The fellewing corrections account for the accumulated =ffects due 1o secondary intersetions of
ihe kaons in the Seare Ine, These effects car be dewcrived a1 a common imitial phate change al D4° 20 3% [1] and
results in & corresthoen of (+00018 £ 0.0013) % 10051 in Am. Kaons produced in the beam domg lend 10 ar
independent cormetion of {+0.0012 = 0002} ¥ 101741 Furthermore, Ky radiative decays cavse o (- 048
= 0.1¥% shift in the reconstructed lkaon momentum implying a correction of {+0 0024 = 00005 ¥ i1
The final corrected vaiues of Amy and the average from Ky and K, decays ane

Am(K ) = {0.532) £ 000a0 % 16" 5" AmlR ;)= (0528 +0.0100 X 10'0g "
Amiav) = (0.5334 + 000400 ¥ 101051

The quoted error includes The ulimated ancestainties of the corrections inclading the wncerainty n the hack.

ground subtraction of the Ky data. [n addition, 2 0.3% gystematic error has 1o be allotied 1o the uncertainy
i the momentum calibration and the nesociated uncertuinty in the Kg lifetime [1].

The results compare well with an indeperdent determination of Ame by the rwo-regenerator method [5)
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Valume 328, nmmber |
'”:-u"'h-l = 1.00£0.06 [T] .

Iflyy0,_| = 1.03 £ 0.07 [8] .

Topgether, there are fouwr meamrements; 9._ |, &,._,
i m,_ | and the leptonic charge asymmetry. On
the Basla of relations (1 —4) and the experimental

result [10] &5 — 8y =(~ 55 t 5)°, they can be expressed

in tevews of Je|, @, and (€], piving ome construint. The
resuln A

e ={132z005x 1077
je'fe = 0,007 £ 0015 ,

F’l‘,— ﬁs‘. ={1.7 %137

The laat Twn resulia provide the comporison with the
superweak mode!, which predicis zem in Bath cases,
The sgreement b good, with ¥ = | 7% for rwn degrees
of freedom. It may be pointed out that the mow
significant check B the one on the vanishing of la'],
which in tumn derives principally from the meamsed
(F 15T T

Upper Bownd om 'n.. | 11 s possible, on the Bagis
of the unifarity relatlon [J1] , ssing the new value
(&, —0gy ) 5 &¢ =(1.7 £ 1.3)" to-obtain a more
meaainglul upper Bouad for CF viclation in other than
the 1wo pion channel, Mo such O violation has been
aobserved, other thar the small leploric charge
asymmetry due to the miking parameer €.

The recamirament ol enltpzity can ba written for the
present apzlicaran;

Ly FpiTg = l'i';'E (%)

Here F stands far the firal siate, nther than two pion.
Mg is the partial width for Ky = F.and g =

FHYSIS LETTERS

16 Septernber 1974

FITISNFITIL:

[a the sum one can neglect the coptributlon of |he
leplonic mades, drce thess ars limited by the &5 =
- &7 amplitudes which are known to be small. The
present wpper limit for 5, _, & also small enough so
that this contribution is negligible for the preseat pur
pose. We therelose use (8) o find & pew wpper Emit
on Mganl
iel
m; A

17,00l ™

Mool ™ 026 £10.20 , In > S021 .

For comparison, the previout upper limit, based on a
direct search for Kg--Ky imerference in 307 decay,
due to Barmin ot al, [9] , i

Mg 12
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The phase ¢,. 9 evaluaied an ibe basis of measuternents of 1he Kg-Kp interference in the a's” decwy miode and
Uhse o diffesence S, both reporied previously by this group. The resull e g, = 45,97 & 187, This, iogether wiih
previous resalis o | L | npafn.d a5 the charge sy mmstry & in lepionic decay, i mmpaned wilh the prediction

of the saperweal model, with good sgreement

Firally the mesult is used to find, on the basis of wniterity, o sew apper limol on CF sialatien in the desay K¥ = 399

This lirmit i | mggq? 5 0.21.

fivtresie o CF winlation kas so far only been
chagrwed in K2 decay. The ohserved quantities are:
a) the twa lzomplex) decay ampiitadas
._-Il_. ol
] ¢ - _I..r'_ul_ and ﬂl!ll:l- B L’::‘@ i
' ITI% =TS
ansd
) the chame agymmetries in the Ky and Ky
decay of The long lived newiral men:

Ny =y WD =N:
f o ———— and 8 =t
.af' '|If- ."fi"lllrl

wehiera -’I-': is the number of observed positive electrons
i Ky, ote, Our understanding of the mechanism
of CF vinlation rests therefore on these two complex
wed twen ronl umbera,

I EPT invariance is assumed. the short lived and
]-Dl" liwed kaom afate can be cxpressed in terms of
the K ard K siates with t5e help of 2 single mixing
parareler

# Mow s Deeslihepkelon, Yavanger, Morsay,

*F Naw un Unwvenitdn Dorsmead, Germany.

** On leswe from Inetivar de Physique Nuckiaire, Oy,
Frumcs.

* Mow ot SLAC, Scandord, Csliformi.

ey | LUEE
Ky 10+ {1 —eHky] |
I mlillhE i

----- =T x i ren by = (1 - e

~||r3|.r *jel”) I I
fe_ W8 N, can than be expremed [1] in verme of
¢ #nd 8 seannd paremeter ¢ which describes CF
m‘lﬂmm the interference between ke J = 0 and

2w pion decay amplitudes
0, wede (1)
U ™20 {2

The upprogimation i suffcient far the present pur
poses. The phase of € is given by the differsnce be-
tween [ = I and /= 0 mr phase shifts st the kaon

MAESS:
o " nf2+8,-8, (3

The charge sswvmmetries ie leptonic decay are relsted
1o € ay follows:
=]_II.:J
L - 2 Rew

where x it the 45 = — A0 amplitude relative to the

e
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MEASLIREMENT OF THE ELECTROMAGKETIC INTERACTION
OF THE KEUTRAL KAOQN
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Aa experment Bas bive prformed to search S0 the inlesferoncs Between the miclsss
and the eleciman rogenoreton omplitndes of e neuwel kooe The detalled #a perimen tal
analysis of ihe coherent and diffrserion miclesr repeneration of lomg-tived kaans on cop-
Pt amd wramsiin ruled ke bed 1o n valee of e mesn square charpe radias ef the peurrs)
kaor. 4R %3 = (0,08 = 0,050 rm®. The fooward regenerstion ampliludes and the 1otal K -

nuclews croa wetians have beer determened i aaxilisey inesiuremests betweon 4 and
10 GeWia,

I Introd wetinn

The shest-range electromagnetic inleraction of the nectral kasa wac firs, disous.
wedd By Feinbiorg (1] aned Zel'dovited [2]. This intersction can be sterfuted o a
charge densry distribution pie) = &fieh, which must have ut least ore wem { [prd
=00 fiwr o mewrtenl particled and will produce K72 souttering with 2 crom welion

da {d{l 3 o4
i L |
w-l d‘?.:j“{lll

HR!M !’LIJ!-‘MEJHHI i the point-like crom secion and the edeciric form faetor of the
| L

Flgt .._||" Ariergle= —3.;;«:_[ frartds « Dig*) {1}

® hoew ) Isiiut 80 Phipadi der Universiear, Dergmusd, Geermany
== 0 Beave feomn Dssnne 8 Figics dell™Unive s, Bologra, Inaly

b Mow sr IFRY, Mg ung, Germany,
£F Moo= ar 804D, Sanlond, Colsformia, USA.

= 00w e Moo Preitate de Pardgue Sucl daire, Orsay, |rance,
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The Centlom® production of L7 kyperast an wanlem and nicke] recel hee boen
mesidired in & beam of A hyperons st the CERMN Froton Synchrztron. The remsiry (o
the £% fetime, vy0 = (058 « 0130 % 107 "9 mec, and for the TU- A magnetic trasstion
mamenl, leg 0 = (| .HILE:H; milcheai magHEto, are bn agresmeni with SU(3) pradie
TN

I. Itemsdaction

The duminant decay mode of the Z% heperon is 2% = A + 5, and s lifetime s
devermined =y the I A magnetic iransition moment uy . Within the framework
SfSLNE), the magnetic moments of the members of the barvon actet and the mag-
el transtion Momant uy . are related to tha neatior anid proton magnetic moe
TRNIE fy and u,, sespeciively,

T partizular, one gess |1

R

Era = =i/ iE, = 166 o

(1)

FY
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=Eny
* O feave fom Dstituta di Fiiea Sell Universitd and INFN, Bobogna, laiy.
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