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| ABETRACT *‘( | |
The charge wYmmetry of &* and K °3 lmesonaz ‘ms been testéc} by com W’trmg
% and ‘.‘i’- interactions at 1.23 BeV/c in the 72 -ihch deu‘cenmm nubhle c}'a*nter, o

+ e

v'ﬂ‘ +d-- K kA(Or"”)*P

and appxo;umaaely ?00 events of the type
n+d e K +A(or2)+u ‘
, have been compared 'l‘ota.l cro@s sectnons. é.ngula.r disi:mbui.mns,f max‘*eﬁ%m e
| snec‘.ra, and lambda decay aaymmetnes show no devxatmna from chan ge ,:‘ymmetxy

Details eon a.ngle-mon entum distni.utzons and deca.y asy‘mmwt; iea are given. _'"'j
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: I, INTRODUCTK)N
It 1‘8.8 been remar ked by Pa.:.s that 1t ig xmportam to veru,r dir ectly
heuher thc ’{ a.nd K mcsons (or ‘ and K mesons) are memners of an lsott‘-plc ’
.doubleu. ! ~ The usual doublet. structure is not "na.mfestly demandcd by exther B
. presently accepted theoretical or expemmental results. It tne K ancl K" o' . ons_'
do not foerm a dmmlet their. relatwe pa.rxty may be odd, some mterestm«v cor»ciu sions
can then be drawn. 2 | | . ‘ . |
. A definite test of the charge symmei:ry of the K and K° can b{_ mwée bv
' cor'xpanng %' -d and w Ted mteracuoz-xs‘ .'*\“’ ' ‘ S | L -
(Ia}) T + d-p + A + K S {lb) ‘1r°+ d»n+A ‘{f}:’;"’,'

(2a) v+ d=p+ KT (2b) wHde R+ R
(3a) ¥+ d=p+ETHK®  (3b) vTrd=n+p T+ KT

(4a) 'rv.++_ d - n + E"'+ gt o (4b). 1r°a~ d-p+ T+ K3 T
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Violation of charge symmetry can be erpected to cause appreciablx, dl ferences
between "aymmeﬁnc" processes in total rates, 'angular dmtmbvtmms, momentura

- spectra, and lambda decay aaymmetries.3 B T o

A s

';n.. EXPERIMENT - . B RS

The 72 -mch bubble chamber was leled with liquid. deuterzum for the 9
charge«symme&ry experiment A beam of positive pions at 1. ZB GeV/c was sdected
{rom the Bevatron and dz.rected into the chamber by a system of bcndmgg 'md *’chsmb
magnets and one pa,rallelnpla.te: wpectrometer. Subsequently, a b@am of negatwe |

pions was selected at the same momentum ‘and brough&' into the chambcr. ..

The reactmns chosen for study were (l) and (2) above' o

‘ 1r+d—~ (or"")+K+p ‘

- 'wrd»A(oszK%nf
These could be much more readily identified tha.n the reactxons yxeldmg ckarﬂcd
sigma hyperons (as secondary scatters from neutrona often mmulated olgma c.ecav) o
The v film was scanned for all single-vee decays aseociated with one or two c‘mrfred:

~ prongs; scannmg of the n~ film consxota.d o‘ reccrdinﬂ all .smgle-nvee anu dou\%wcc

events associated w1th a''zero-prong" track, i e., single«-KO and smgle -A as v.eii
assocna‘ced

aS/lK ~A observable d\,cays. Ca,utwn had to be exermsed m)t ﬁ:o d;scard evcn‘f,s

with the topology of reaction (3a), when in reality the "Z) decay" was a s atter r.rom , |

a neuﬁron of the K or the proton of reactmn (la) or (Za,) : o

Some 350 vee events were fox..nd in the 11 000 T ‘pzcture.n tauéﬁ wm"g aUuV it
700 vee evenﬁ:s were obtzuned fro*’n the 22, 000 w plctures. The_average_numbe:‘.q_f__
incident pions was 12'to A tracks per frame.v | B : E

| The 1 23 GeV/c beam momentum was chosen %ovgwe A h or E.-.{" pl o.d:zc’”w*i‘ '
fa.r enough above threshold for the K -K° mass difference to be neghgzble but m»" o
S0 far a.bove that many pa.rtml waves particzpated. Wxth the fmal-staﬁe pucleaa -

»
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. con“zec*ed as a stationary spectator the center -of-mass momenﬁum i’ov' r.he f;-E’ .
syatem was 370 MeV/c for thc = K syste*n it was 460 MeV/c. Incm.ent mo*'n@*ztc, .
as measured from chamber tratks were i _ | e =
L p,= 1240&30 MeV/c and P 125%30 NeV/c
 in the first third ofthe run, and S ' ‘
B, = 1215*25 MeV/c and p = 1220 *~m Mev/c
in the remainder of the run. o ' | |
'C;bntamin‘ation of the; .‘-.'r‘+} bcam by vpr;foﬁs .%!;Ja.s found to be 6«1:3’“‘, . ‘, _’.I‘I:—;i.s.~

figure was obtained by examing the film with a rﬁicrbacape- and counting all gmnall |
delta rays below 4 MeV for a glven length (45 cm) of track ”"“he. nurﬁber of delta
E rays prouuf‘cd by protons is consxderably hxgher than tne number pz. o..luced by pmns
and affo::ds a clean sepa,ratmn of pion amd proton tracks. 5 Ancs,hev icchmzpe aaed

for findi*xg contammatmn was to compare frequenczes of obvmu,., p-p scatters N
(hea.vy»mmzmg) in pure px'oton film and in ot f11m fram thm a comparcmie bu.t lcq |
reliable twure was obta,med A third methodu"ittmg p- -d and T -d ucatterc and |
)comparzmg with known crosadaect jons - ~did not yxeld a defm,.uw. reoult be('ausa of
.a.mbxgmtzes in fxttmg the events to hlyvothesea of mela'-‘txc scattere |

A fxducxal volm ne was d@fmea for acceptanc.,e of evcnﬁss reqﬁuz emcnté 'l
were unoLstruf‘ted entry through the cha.mber wmc\ow and good vmz‘imm:y
CAlL events reported in this paper hawe been rnea."“ured on mn I‘zc,n"kensfém'

' measunng projector and the mea.curements passed throug"m a kmu.matacs ia.f;ﬁ‘mz, .
\bro'rr&m. The d@cay verte was titi:ed ﬁo I{Q and A decay hypoiﬁhesea, g,nd ‘fh(a pf:u-:_"»
» ductzon ver?;ex was subsequently fxtted v.,Len po mble, to 3- aod; prud.zcx,mn Pr oceasea;
The YZ dxs.,rxbuuon for fzts of vee dec,aya had the e;pected form fm ¢hr ee deg,reaw of |
freedom, but had an average vahxe two to three txmes ﬁhat expected; acnce, & ;32, wWas
- considered voéd if the x° vdue was 1eas than 25 If ‘(Z values for K° and A dccay o
were. aommarable 2 ciecwion could generally be ma,de on t‘xe basic o€ ;omzasmn

4: *
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Am’c,igﬁoua events were usually found tb be lambda decays, ) Mé.sit of thé iambdé. ~
evemfs with a cceptable da.cay fits in the 'n' filn gave good ﬁta at prf:muctmn, how;—:»vm,
the lambda evonﬁs in the w~ fl,.m could not be fitted \mleﬁs i.‘m 1{" dbCuV were mawerveci.
Since r c.ﬁy events were impossxble to fxt a& productmn, bcmly fthe crztericm for L,ue

i

éccey ﬁt was xmnosed for the acceptmce of an evenﬁ both in the "r+ a.nd v f:alm.

m. RESULTS ~ ~ -~ . - i
Total cross sectmns were calcula&ed to be' i L Ly

o(n’d=»pAK T and p2’K’) = 0,710, 07 mo

T gwTa= nAK® and sixdK°) =0, 76&:0 06 mb.
‘T"xcse figures were abftaxned aftex correctmn for i:he aﬁ:tenuation ef ﬁhe Lea:’; by cﬁhcr
interactions {149), for contaminat‘on of the w bcam by protons {6 /o), for scan
efuczenhicc (after two scans, 99% on lambda evenﬁs in ihe 'ﬂ' film and C}?% on those
in thg_-xr fllm), and for gecay bran;ching ratios. Errors are larger &han aasa;t).stical
becaussé of iméertain’cieé in correction facétors. ’(‘J."hese croqs aecticms may be - |
compa,red thh the cross section for T +p-e A FK? and "‘“ +K %, W}nc}* 71@ £ O 8 mb
at 1.23 .ueV/c. & Wzth cozxrection for tl*e shadow efxect in deutemi,m, this becomes;_""

e~ 0 7 mb.} Thus the ratio of the total nu,mber ‘of A(an ‘*“”) evema {rom u-i'--d m‘ter« -

actions to the tot al number of A(a"zdz ) evants from L -d i"zi.@r.:.cf‘mns haq been

L

Vdeternﬁne& to be

at
AR

0. 3¢O 12

R
?ié;u:fé:s 1 and 2 éﬁc\%.' the diséributicna in laboratory momen&am aﬁd amr;le

of the lambdas produced in the charge~ symmetrxc reactwns.f T%e dof:aeu curves are

the loci of constant va.lue'* of cos@ . in a system of reference tlm‘t correamr&ysr

-to the center~o£-mass system of a pion of 1 23 GeV/c and a smtionm:y ta.rgea. nuch,m’z. :

Tne sclid curves indicate the possible va,lues of laboratory momentum :;md qngle for

the reaction w4+ N-> A + K at 1.23 GeV/c. he. fact that an ewent does nczf: ha oa the

solid curve mdxcatea extner that the target nucleon was not statmnary or that i‘he
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la.m‘bda was indirectly produCed throﬁgh £ déc’a_.y or hypeﬂron ix.;ter.ac;:tiﬁon (with the |
spectator 'nucleon) | | | | | | | -
| Fxgure 3 shows the "angular chstributxons" in the f1ct1t10ua center-—of SINESE |

frame of a 1. 23 GeV/c pion a.nd a statxonary nucleon. The d‘fferenhal cross a@c‘ao;x...
dzcr/dpd in la.boratory rqomentum and mxgle, derwed from I“xgs. 3. a.nd 2 havc o
~been integrated betwee"x curves of constant center-of-ma,ss angle in this ficmtiaus
{rame to give do’/dﬂc' m, (Charge symmetry ahogld," of course, hold in aﬂy;‘_ o o
arbi;;'ary fra.n’ie bf reference), | o | | N

| The asymmetry of lambda. dc.cay t1mes aQerage lambda polarizaﬁ:* on was .

eva.luated for each of the charge symmetmc processes, it was found to be -

o,k A-— +0 55+0,10

for the .AK+ final state and - .
- 0, P, = +0.47£0.07
for the AK? final sta‘;e. Possiblé bias éould be ihifodﬁced in _th‘e'z. détvervminatioz} :af -
the QAPA values: for the lambdas of the film thfoug‘n mis.i'ntéz;pfeting‘ a K° as a'.r':.
lambda, however, the likelihood of zmch an error was conumered ama.ll (a.u ammw~\‘ “
_uous vee havmg a much greater —n'obalnhty of bemg a ia.mbaa than a K ) The : L

- awymmetries and their exr ors were calculat:ed from the expressions L

=]
ol
.

= (32 cosg )/N
B a.nvcli .

- I’-(a?’) /N 1/ 2

E’l
)

ot
"

v

' a.nd N is the tota,l number of events
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. CONCLUSIONS

Companson has been made of resulta frorn seven measured auamu.xes R

(Y b i.e., differ ent1a1 cross section {the 6 regxons of F1g. 3) a.nd auymmetzy of

[

lambda, decay, for t he two reactions = |

»ﬂ- l-d» A(or E’)+K++p
and
w +d- A(or z")+1<°+ n.,

. The differential cross sections were narmalized;to the same total'cros's secticn fc:r
© this stady , since the total rates had not been very accura,ﬁ:ely determm@d

This comparison shows that ‘n‘:he reactmns, and hence the K meaons, are

charge-symmetric. A quantitative statement can be made by calcula,‘tmg
'Z_ + . '+ N ..1 : [ P
X*:":E(xi -,xi )(:“-j "xj )Gij »
ij
with G,,'= 6x, ox,"+ 6x, 6%,
ij . i 7§ i j

degrees of freedom being reduced by one normalizat;on_co_ndztxon) The value obtaz,ncd

“Here xa haa an expected value o£ 6 O (i:he zeven

from the experimental data'is 5.9, . R - 0
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. FIGURE LEGENDS =

i

Fig. 1. Lambda c‘éistr_ibution in the ,'r‘r++_ df:#eac'_tion.:'f (Thirteeh’vlarge—arxgie 'gvei;tes"

are not shown, y

et

o -:.'E‘:*.g ? Lambda distz;ibt.lti'on‘_in the 'n‘-¥ d iea@ti}d'x‘.&;'w(Ninetéeﬁ la.fge;a.ngle" events

B

are not shown. ) o

'}Tﬂ‘ig. 3 ' Distributions'in G Abm c‘b’cained f‘ om those of ”108.' l and 2. Tomf éros:s

tions for the two reactions have been normalized to &he same value of 0.74
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