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ABSTRACT 

' ,• . 
.• 

---;r*-., .. -·· .. ., 
·,. 

The charge symmetry o£ K+ and 1< 0 
. . mesons has been tested by ccnYAparing' 

. . . ' 

w+ and tr- interactions at 1.23 BeV/c in the 72.-ihch·d.euteriurn bu~ble charn·ber. 

About 350 events of the type 

>T+ + d -.K+ ·r A (or~~)+. p 

and appro;dmately '700 events of the type' 

'lf\.~,. + d- KY + A (or Z 0 ) + n 

'•. 

' . 
' ·. ~ .. ' ... ~ 

•. ~ .. ! . i 

. ·. 
~ .· 

have bGen compared. Total cross sections, angular dist:rihutio~sj mon.;.entum 

spe~tra, and lambda decay asymmetries a~~w no deviations_ fX'O!!J.. chaJ:go sy1nmetry_., 

Details on ~gle-momentum distributions and decay aaymmetdea a1·e given ... · 

.... ; 

. ' ~. 

-., 
,., ;., 

·. t · ... 

. ~ ,-
·.,.· c .... : ~' . : ' ~. 
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;..: . '"' . - "~ ·~ . . 
.(' 



-----r~ . "· ' 

-;-1- UCRL-1 0244 Rev. 

. + f.) 'T.-e.s t o f C h a r g e S y m met r y o £ K and K Me a on s 
1 n the As soc i ate d Production Pro c e s 5:;,"r.. 

Janice B. Shafer, F1·a:nk S~ C1·aw£ord, 
Richard Hubb;ud, and · M. Lynn Stevenson 

Lawrence Radiation Laboratory, Ur.J.vez·sity o£ California 
· Berkeley, California · · ·. · .· · '· 

.Mat•tin Block, :Arnold Engler, Rosanna Geasaroli, 
Arthur Kovacs, .and Carl !vleltzer 

Northwestern University, Evanston~ Illinois 

Richard ;Kr,aemer, Mh·ko Nussbaum, 
Aihud Pevsner,. and Peter Schlein ·.;, 

John~ Hopkins University, Baltimore, Maryland 
. -~ . : ~ . •' . ' . 

David Onley 

Duke University, Durham, ·North.Carolina 

J anua.ry 14, 1963 

' . 
I. INTRODUCTION 

• ' I, 

. i. 

It ·has been remcu·ked by Pais that it ia important to verify dh·ectly 

whether the K+ and K 0 mesons (or~ andK .. m'esons) .are ~~~be:ra ofan isotopic 
. . 

Cioublet. 1 The usual doublet structure i.e not manifestly demanded by either 
. . • + . . 

.. prer.:ently accepted theoretical ·or expel'imenta.l· results.. If the K and I<j ·mesons 

do not fcl·m a doublet. their. rel~tive parity may be odd; so:rne interes~il&g c6nclu:zli.ons 

can then be drawn. 2 

. A definite test of the cha1·ge symmetry of the.K+ ·and K·'l can be made .by. 

. + - . ·' 
comparing Ti' -d and '11' -d interact~ons: \ 

+ . . .1. 

(la) ,. + <1: ._ p + A + K' 

. . ~ 
,._ .. ,. 

... '··. . . 0 
(lb) w + d~ n:t:A + K 

(Za) + 
Tf + d--p+:Eo+ K+ ·(2b) 'iT + d- n + ::E''+.K'l 

··--·. ·.· - '+ .• 
(3a) + d- p + z;++ K 0 (3b) -'!I' + Tl" + d-n+:E+K·· 

(4a) + d- n + I;++ K.;. . (4b). -· d-p + z-+K0
•• 'fl' + ., 

1T + 

·,' 

!' 
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Violation of charge symmetry can be expected to cau~se appreciable differences 

between "symmetric" processes in total rates 9 angular distribvtionrJp rnomentura 

spectra. 
. 3 

and lambda decay asymmetries. 

JI. EXPERIMENT 

The 72-in.ch bubble chamber was filled with.'liquid deuterium for the , 
'!.;i 

charge .. symmctry experiment. A beam of positive pions at 1~23 .GeV/c was S;~lected .· 

from the Bevatron and di:1:ected into .... t:he chamber by a systez;n <?:f bending a..nd focusLng . . ' 

magnets and one parallel-plate spectrometer •. Subsequently, a·beam o£ negative 

pions was selected a~ the same momentum· and brought into .the cham her. 

The reactfons chosen for study were (1) and (2) above:. 

+ . 0 + 
'i1" + d - A {or :£' ) + K + p . · 

. '1'1'-+ d- A ·(or 1:0 ) + !<0+ n .. , 
These could be much more readily identified tha11 the reactions yielding charged· 

sigma hyperons (as secondary scatters from nelltrons often simulated sigma decay). 

The "IT+ film. was scam1ed for all single-vee decays associated with one or two charged 

prongs; scanning of the 'l't- film consisted o! recording all singl~ -vee and double :..vee 
. . 

evente. associated with a "zero-p:r.ong" track. i.e .• single~K:> and single-A as well 
associated · 4 ·.. · · · ·· · ·. · · · 

as.J1K 0
- A observable decays. ;;Caution had to be exercisedn~tto cqsc:a.rd events . 

. + ' 
with the topology of reaction (3a). when in reality the ''Z decay" was a scatte2· irom 

. ' + . . . ·:. ' " 
a neutron of the K or the proton of reactio~ (la) or (Za.) ..... 

'. \ . ·. ;. . .. . ·. . . . . . 

Some 3 50 vee events were found in the 11.000 1r · pictures tal<:en. :while about. 
,; ". . ' . 

700 vee events were obtained from the ZZ.OOO rr"' pictures .• ·The. average nun~ber of 

incident pions was 12..to 14 tracks per !rame. 

The 1.23 GeV/c .beam mome~ht..~ was. chosen to giv.e A~K or z)-K px·oduction 

far enough above threshold forth~ K+ -K0 mass difference to be negligible,. but not.' 

so far above that many partial waves pa.rti~ipatecL With the !inal-state ri.udecn . . . ' ' '. · .. 
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considered as a stationary spectator, the center-o£-~asa momentum for 'i:hc 1'!..-K 
. . . . 

system was 370 11..1eV /c; for the ~ 0 ·K system it wa.s 260 MeV /c.,' Incident momenta 

as 1r..tcasu1·ed from chamber tracks were 
" ' . p+= lZ40.:i::30M~V/c and P .. = 12.50±30 MeV/c 

in the first thil"d of the run, .and 

·; in the :a;emainder of the run. 

·,, 

' ,,. -1 ' '· . ' ' ,' ' 
Contamination of the 'j( • beam by protons was found to be 6±:JJf,. . This 

figure was obtained by examing the film 'with a microscope and counting all sman 

delta."rays below 4 '"MeV for a. given length (45 em) of track. The number· o£ d0lta 

rays produced by p1·otons is considerably higher than the number pr·oduced by pions 

and affords a clean sep~rati~n of pio~· and pro~on tracks. 5 Anothe!" technhiu.e uaed. · 

for finding contami~ation was to 'compare !~equen:cies o£ obvious p-p scatters 

{heavybionizing) in pure proton film and in.·~+ film; frori'l this a. comparable b.?~t less 
' ' ' .·,. ; ' ':: ',• . . ' ' ' '• '· + 

relial">le figure was obtained. · A third method .. -fitting p-d and r. -d scatters and 
' j . • 

compa:t·in.g witli known cross· sect ions" Mdid not yield a definitive .resUlt because of · 

ambiguities in fitting the events to h)rpotheses of inelastic scatters. 
' . . ' 

A fiducial volun1.e was defined !or acceptanc~ of events.: :requirements 

were Unobstructed entry through the chamber window and good visibility. ' 

All events reported in this paper have. been measured 6n the Frartckenstein 

mea~uring projector and the measurement&: passed through a kinematics fitting 
' . }_, . 

. ·program .•. The decay verte:1: was fitted to 1{0 and A decay hypotheses. and the p:ro~ 
' ' ' 

ductiori. vertex was subsequently fitted, when possible, to 3-body product~on processes 

The x2 distribtrtion for fits of vee decays had the e;;.:pected fo1·m for three degr.:1Gs o.f 

freedom, but had an avet·age value two to three times that e'-tpected; henc~f a f:i.t vva.F.! ·. 
/ . z . . ' . 2. . . ··~ . . 

considered good if the x. value was le.ss than ZS. · If x values for K 0 and l\ dc;:cv.y 

were co:n:-parable, a: decision coUld generally be made· on the basts of ionization. 
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AmUguous. events were usually found to be lan~bda decays.) Most of the lambda. 

evcnta \.Vith acceptable .decay fits in the 1r + filrn. gave good fits at production; how~v(a:.,.~ ~ 
. i 

the lan"Lbda event:s in the 'iT .. film could not be fitted unless ·the 1< 0 decay were ob::./ervcd. 
J 

~· ' . - .! 
Siuce many events were impossible to fit at production. only the criterion for tha 

. . . ; . . . ' + . ' 
decay fit was imposed for. the acceptance of an event, both in the w and w- £il:n. 

-~. ·. 

Ill,. RESUl.TS 
• ' 'I • 

Total cross· sections were calculated to be: 

tY(w+d-+ pi\K+ and p~"K+) = 0.71:!::0.07 'mb 

a{?. .. d- n AK 11 and .. ri >:<)K 0 ) = · 0. 76:.t.:O. 06 rob. 

... : 

. ' 
I • •' . ' ~ • 

'·. ~ 

; . 

""' :• 

. . 

These figu:..-e.s Wel~e obtained after ·correction for the attenUation of the beam. by other. 
. . . . ,. . + . . . . . 

intc:~.~actions (14°i,), for contaminatio11. of the 'ii beam by protons (6%), for scan 

efficienci~e (a.fte1.-· two scans, 99~" on la.n~bda. events in the ,/ film and 97%. <.)11 tho:;;<:) 

in th_e_ 'i1'- film), and for ·4eca.ybranchi~g ·ratios. Errors 'are large'r than statistical 

he cause of uncertainties in correction factors. ('rhese cross' sections may be 

comparedwiChthe·cross section for 'If•+ p-~'\+1{ 0 and :i: 0 +K 1
\ v.i-hich:is .~0.8mb· 

' ' 

a.t 1.23 BeV /c. 6 With correction for the shado~" effect in deuterium, this ~coraes 
. . . . ; · .. " .,.... . . . . . . . + 

Thus the ratio oi the total nu...-nbe1· 'of A(cind I:_ 0
) events from w· · .;.d inter-

. . ' . :· ' ' .., .·. ~ '.·... . . ·. 

actions to the total number of A(and!: 0 ) events; from w :..d 'interactions has been.· 
c ' •' •• 

det<.~rmined. to be 

t·. · ... 

Figures 1 and .2 show the distributions in laboratory momentum and angle 

of the lambdas produced in the charge-symmetric reactions.-' The dotted curves are. 

tl1e loci of constant values of cos6 in a system o£ reference that correspond~.· · c. m. . , · · . . 

to the center-of-mass system of a pion of 1.23 GeV /c and a stationary ~arget n.ucleon .. 

The solid cu:rves indicate the poiisible values o£ laboratory momentv.m and angle fo1· . . 

the reaction 11' + N-<> A+ I< at 1.2.3 GeV /c.· The fact that an e·:.rent does not lie on the 

solid curve indicates either that the target nucleon was not stationary or that the 
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lambda was indirectly produced through ~ 0 decay or hyperon interaction (w:i.t.h the 

spectatc)l· nucleon). 

1-!gure 3 shows the uangular distributions" in the ·fictitious center ~~f~muss 
' 

fra.-rne of a l.Z3 GeV / c pion and a stationary nucleon. The differential cross 'f=lections 
2. . ' ' ' ,· ' ' . . i ' 

d u/dpdQ in laboratory n1._omentum and angle, derivedfrom F'igs. 1 and Z, h~ve 
r,' 

been integrated between cur-Ves of constant· center-of-mass angle in this £ictitlous. 

frame to give du/ d-.<1 • (Charge symmetry should,_ of course, hold in any,': c. m. 

arbitrary fra.rne of reference). 

The asymmetry of lambda decay times average lambda polarization. was 

ev·aluated for each of the charge-symmetric proceasesi it w.as found to be · 

o. APA = +0. 55±0.10 

for the AK + final state and : 

a. A P A= +0.47±0.'07 

for the J\.K·" final state. Possible bias could be introduced in the dete:t:mh1at:ion of 

the_ a./i.P A values t'~r the lambdas of the 1T- film' through misinterpreting a K 0 as a 

lambda; however, the likelihood o£ such an error was considered small (an ambig..: 

uous vee having a much greater probability of ~eing a lambda than a K 0
). The.· 

asymmetries and their errors were calculated from the expressi.ons 
' . . ~. 

-··;.··. 
- ... , 

) '•.,; _· 

..... 
and 

-. -~ 

'.· .~".' 

.. ,'f ' 
·, ,. . 

. where .e is the polar ap.gle of the decay pion relative. to. the lambda production no:rma1 
,•_,::" .. \ 

and N is the total numb~r of events. ·;' ' : \· _._·. 

._:... 

.. · ~·- . 

·'' 
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IV. CONCLUSIONS 

Compadson has been made of results from seven measured quantities 

(xi}. i.e. • di.f.f'e1·ential cross section (the 6 regions of Fig. 3) and asymmetry ~f · 

lambda. decay, for the two reactions · 

and 
· 'it'++ d - A( or ~1 ) + K+ + p 

'fi'-+ d- A( or I: 0) .+ K 0+ n. 
'',-, 

' ~ r, 

'_,..,· 

The differential cross sections were normalized;to the san'le total erose section for 

this study- p since. the total rates had not been very accurately determined. 

This comparison shows that the reactions, and hence the K mesonsg are 

charge-symmetric. A quantitative statement ca.n be made by calculating 
'·.' 

. 2 + .. + - -1 x = !:Z(x. - x1 )(.x. - xj ) Gi. · • 
ij 1 . J · .. J·.· 

. +. + . z· . . .. · . 
with G .. = ox. ox. + ox

1
. ~·sx3 -~ ·Here x has an expected value. of 6.0 (the seven 

lJ 1 J 

degrees of freedom being reduced by one normalization condition). The value obtained 

. from the expel"imental data is 5. 9. I. 
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This report was prepared as an account of Government 
sponsored worko Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

Ao 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 

Bo 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 reporto 

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 contractoro 
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