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ABSTRACT 

The 30-inch propane bubble chamber(l) was used at the Bevatron 

to investigate Y~ production by 1.15 BeV/c K--meson interaction, 

··' • .... 
! •••• 

K- + p ---' v*± + ;j: y*± _,_ A + . ± 
~ ~1 1( I. · 1 __.H. 1( 0 The analysis was limited mainly to 

.,_<·. 

i ': ~ 

1,. 
t. 

_., 'J 

54.8 events where the final·. state consists of a lambda hyperon and.· ··., 
. · .... :~ .. I . ' 

tvro pions of opposite charge, and which satisfy the hypothesis that·· •' 

the interaction took place in hydrogen. . . . . . 

Both the negative and the positive 'y~ resonance· states were 

. :observed. ·These decay strongly into a lambda hyperon and a pion. 
'(. 

· .. ·.This Y~. state. has a mass of 1378 ± 3 MeV, and a. full~width. at halt':_;: '-:, ,··:: 
~ . ' ' ' ' 

maximum of·· 58 ± 6·.MeV. f()r the positively charged state·, ~+ and 70 ±:· .. · ·, 
. ' 

. 8 MeV for _the negative one, .y~- The ratio of production cross-.::· .. ,. . 
.... 

·.·\ · . 

. :'_.· 

sections, 0' (K- + p ~y~- + rc+) to 0' (K- + p ~y*+ + .. rc-), is 1.53 ±.~:·:: :·.·:·: . 
. -- ~ . : .. * . . . . ':.> ·.·.· .· '. . ... 

.. ·:.0.16 •. The cro~s-section for production·oflur.rc ViB.Y{.i.s 2.33 ±:·i:> ;i; .. ·:-·:<·::.;··. 
, ..... ! • 

........... .·,·. :.·.:. ... ', 
:;. 

. .. : .. . · .... : 
; . ,·· 

·, 

.The production· angular distributions were fitted. to. a power,_ :·. 

:.' · .. ··. :_series: in cos eprod/ where eprod is the .angie. between:·the: ~.. ... . 

; ·· .. · :<direction.·and 'that of the .incoming K- -meson in the··:·c~~ier, of -~ss. -.... 

···· '·. :, •·.·• of ~he ·K~ :-P. system.·· This distributi~n to;- the't1:·System i-eq~~~e~:.·u 
., . . : a fou~~ order polynomial, while that. for !-h:.:tt- r;~u~~ed a ih1;~ :;',{; 

'.·: ~~.<····, .. order':POlynOmial •. ~Both implY. tha< at ·~east up ::·to ·.d-wave orbital ; .. <, '· ···· .. 
. ; . ·: 

';·· , ... 
~ . ' ,. ,•' 

; . 

·· .. \ 

·:·· ' 

..... .... 
•,\. •, .. · ... 
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.. · 
angular momentUm states ·were pre sent.~. 

r .. •,,. 

The spin state of the. Y~ was st~di.ed via its various decay 

. ;./' 
···.r· . 

':r~ 
. ~/. ·, 
·/''· 

. ,. 
an.gular. distribut-ions., In particular, the y~· decay ~mgulo.r distribution:· 

f' 

,. .. .:-

'\· . 
} 

,.-. 
, ..... 

. relative to th~ production 'normal,: for :Y1 prod.uctio; angles near 9o~ .... . ' . . :.~." .~ . ) . 
. . .• '· ~ ";;' l 

( I cos e d.,.< 0.5), is not isotropic .. ··This implies that the pro 

angular momentum of the Y~·state must be equ.al or greater than 3/2. 

The forward-backward as~etry of the proton in. the lambda 

·,,.. 

'. ~- :, 
.. ,··. ~-

t: 
. :J 

·,'. 

. ~ ' 

decay with respect to, the production normal was studied. in· an at~empt·:. · .. · ·•· .. , 
\· ,·; ··\ 

to establish whether ·the Y~ "state is a p-state resonance, or a d- . ,, 

state resonance, assuming now the spin of the Y1 is.3/2. In the 

former case, the Y~ - A pa~itJ_' would be even, while_ in _the latter 

case,_ it would be odd. The results are not conclusive, al:though the· .. : 

data :rr·om Y1+ alone yielded a result· slightly favoring the p-wave 

. resonance,; or the. even parity case. 

,.·:, 

.; f 
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* '. . '·· . · ..... /,>,/ .. 
·in the hydrogen chamber, and found the 'It-A resonance state Y1 ·with · ... // 

,, .. ,• 

. '· •.. .. .r .. 

. ·mass 1385 Mev· and half-width about 25 MeV. The reaction was inter~ .:">·<. · 
~~->/. ~-

preted as a two-step one in which the Y~ state is the intermediate . · " 

1r.-A resonance state 

.. ~: ... 
' .. "' 

.. ~ ' 

) .. . 

'·: 

·+ ~A+ 1t +.n: ~. ·.:·: ,. . ,"'. 

This resonance state was predicted by Gell:..Mann (4 ) in his · . 

global symmetry scheme as a hyperonic analogue· to the (3, 3).N* 

·': ·. •' 

isobar resonance well known in 1t-N. scattering.· In this instance,;. ·. 

·. •, 

~ .. · 

the 'It -A resonance would be P 3/ 2 . . . · . . -: .. 'c: ·. 
This was also predicted by Dali tz( 5) as a bound s -state in · · · ' ' ... : . ·•· ·· 

the. K· N. system which undergoes decay into the 'It-A· channel.· In .. 
. * . 

·' 

-.: .. : 

this case, the Y1 state would have J = 1/2 and the n:·- A resonance . ·: .>"· . : ··· 
. . . . .. ;. "' .,-: ·:. . ~ ... ,: ·, •. . ~ . ,, 

· . would be in· either the s1/ 2 or P l/ 2 
state depending ~n whether' the · ,::-: :· .:·· >:: · ·: ·:.· . · 

.. . . .. '· :• .. •• 

. ·.:. ·_ :::-: KA parity were odd or even. Both. of these theories are. thoroughly· : , 

.·discussed in references 4 and 5, so only a brief summary of .the· main .. ~ . 
.i .· 

• .- · .. : conclusions will. be pre~::;;cnted in· the next ·section~ : ·' .:·-
·.· .. , •' ·'' 

~ .·_ .· .- ... 
' .; . ·~ ' 

,·.,; 

·.: . _.,, . . . Alston .et al. 's -investigation'did not ·yield any co~clusion. with····,:.:,:<_:. •/:'< ,· 

.. , -~.\ :·· · .. regard to th~spin ~~ the Y~ d~e ~o li~ted stOtis~~:S ·. Therefo~e;_(,;~:!';::_ •• _;_._.······_ .• , 

·;. :' ·.:} . . . · ... _:_;-.. ' 

• : ~ • '. • • ••• • • • ' f - • • ' • • • ,. • ' •• .~' •• 

'' .' 

· .. ·.·· '; .... ·. 

''\',... ': .. _;. -
:' ···:· . ...... · ... ·-.· 

> . • " - ~ •• i .·. ,. .. . . ,. 
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. this study 'was undertaken :with the ·30-inch :propane' bubble, chamber .. .. . i 

. film. 
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Theory 

· A. Global SYJPID.etry with Doublet Approximation . 

The global symmetry model assumes that the strong couplings 

.between pions 'nd all of the baryons are of equal strength, and puts 

the_baryons into doublets on the same footing as the (p, n) doublet. 

These strong couplings possess a high symmetry in baryons which is 
··-

broken up by the weaker K couplings: Thus, the problem of pion 

hyperon interactions can be approximately reduced to a problem in .. 
•· 

'' 
. ; 

. ' 
·.' 

' .. . . ··' 
. •, ;·' 

,•. :-· 

. the theory of p~on nucleon ·interactions. In analogy:'..:~o the J = 3/2, .· · . · ~i 
.f ":· 

"' -... - 3/2 ~-N resQnance, one would expect a similar pion-hyperon ,._ .. 
~-!."" 

resonance. In j~e case of the A, a ·J = 3/2, T = 1 ~-A-resonance~ 
~· . \ 

The mass and the width of this resonance can be obtained in 

an empirical way. (6 ) 

two terms, ~ = r + ft. 

One writes the isotopic spin rf as the sum of 
~ 

I is the spin _that specifies the state com-

':;;:>~1 
;~-.-r~· . 
.-.:'; 

• 'l 

.. , 
. .. ·. 

. ' 

' 
i / 

pletely in the global symmetry approximation ill the absence of K . ;, . // 

. couplings. K is that part of isotupic ;pin due to the weaker .coupling':. :. * 
. : which breaks up this symmetry. Thus; for pions, r = 1 and f.C = o-; · ' .. · . >' . ; . 

-...... _ 
. ,.._ ,_ 

for kaons,- T = 0, _and K = -1/2 .. In _this scheme,: the A and the three.· 
" .:' 

: .... 

2. 
.··.· 

. ... 
0 .. z = _. 

, ~ .. 

· ,''-Assume the phenomenological :mass. formulae . ~ . . . . . . . ' . ' ' : 

. •'. 
·, 

' . 
...... . ···, 

... - . 
'A +,L 0 ···, ,., · 

. . . .;· ... ~ . 
2 ': .. ' ' . 

. . · .. _-.. . " . ~·. ~ ... ~. (- ,~-. 

" :.: ,, 
.. 

,.·. 

. '· .·: 



~· ' 

r' 

J. •. 

<.:.' 

. . . -4- ... ; . 

t 
r 

.. .. I 
' ' r\:.. ·. •. ; -~~ •• 

.. t 
of ~ and A, abqut .75 MeV end m(I~) is· empirically: found ;to be 1172. 

. . . : ·-. - ,. . ; . '• --~. . . . ' . ' . . . . . . .. : -~---. . '. . : 't. 
'•:.-.. 

'•' '-' :,-,.,.,_ ..,_ :; F 

·. ·. ·- . . .. _:~.~---· I 
' . '.' ~' ·. . . . .... 

•' 

-'·;'l< ._,.:-.;·:.•. ~ ;- f 

MeV for K = 1/~I ,. For. the .Y~ resonance,: o~e. modifies·: the 'above 
. . ~ ~ . . 

empirical ·e-qua~ior.to ·:the. following .form:. .. ·· . 

. ... ' 2 ... ·: .... ; .. 
M ,;, ·m(K ) _+ I • K A + Mlt + Q ' . ' . . . .···':· .·:··. . ':- _..,, 

:v:.:):F ·'· !! 
- ·--.·:, -,'··; 

·._\, ~ .'" ·' , ' :· ~'I ~---

. ,!~:i:~: ::· ~ 

. , ... . ·; .. 
. ·:·. ···,: 

-~ ... ' '. 

·. : ·where· Q is the total available kinetic energy and is assumed to :be ; . ; .. ~-

. the same as for· the 1tN system. :or.~, T = 1, I::: 3/2, K = 1/2, _ 

· and· its niass is ·predicted _to· be about ·1380 MeV.:.· 
. . ' .. : . . . 

The width of the resonance can be obtained from that of the ~-- ..... 

,._· .. · 

responding pion-nucleon resonance,:the: (3, 3)N* resonance at 1238MeV~/:-; :,·: .. _ 
·::~ . ,., ~ . 

with half-wid.th';t/·.2,~ ~5 MeV~ ·H:owever, .the Y~re,.~-~pance can decay:_,: .... -_._,:::·{~~~.:: 
through several -~hannels.· For example, th_e ~+··ca~ ·decompose into·· ; ·. <. ·-{~~~:·~\_ · .. ·. · 
~ + · ~ o + ·: ~ +. o th, , . ·. of their . · /6 · /6 : · ·· ' ·. ~,' · ' ~r,,·~;.. . ·. · · 
. , ,_ • , .._ • '•· e ratio .· -lituMs being* 2/ 6: 1/ 6: · · .. •· ·• ~f~.)\ .. 

. 1/16. Thus, the .width of .the lt-A resonance from the Y11 must be , . ·: ;,\/ 

weighed by the I-spin factor 2/3~ Furthermore, due to :the energy 

.dif:ference between the two resonances, the width is mult~plied- by 
. 2.£, + 1 ' . ' . ' 

(p* / ~N) . , the. momenta being measured in· 
. n . ···. , , 

··. a kinematic factor 
" ' 

the center. of mass frame of the appropriate . resonance< .·For the· Y~> · 
~ '-; . I ; ' . . . . ~-

l~ ~ ·21~ MeV/ c;, :for, the 'N* resonance, :P; =. 2j0 M~V/c~ ·_/The,:· (3,~ 3) .',. 
. . :· . . . .. . . . .. . ' ·. . ·.· . 

·' ,: .. :·resonance ~is dominated by ~he P-:-wave ··state, L_. :::. 1. 

.···· .. -··' 

;· .. ~ 
~ .. 

,·, 

:.; 

.' .. _.·. 

.~.- . 

I 

: ._.:·. _.· ... _.":.: .. _full-:Width .of.the _'Y~- i~-·predicted to .be 46 MeV·. 
. . ' ' . . ' . ~. ~ ' . . . 

•·. ·. : ;' . :. 

. . : ·· . .. : :._.; .. :_ ·.-:: . '- ... · . ....... . .., .. 
! .· ... . ·:,:. ·.··:. 

• :.: . . ,t ·: 
l ,. - .,, •• . . -.... 

... · ;:- -.··· 

...... 1 '·' 

·'· ., . 
.... --~ . • •• <( 

.·1 .. 

. ,. 
~ '.' ' .. ' ,· 
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B. K - N Bound-State Interpretation ·.• · . .. 
. . i 

Dalitzi us~s a zero~range approximation to treat the f<·P collision· 
''• 

"'ith both "elastic (K-N scattering) and reaction (1t-Y staies) channels 
I . . 

open. He shows that ii' the imaginary part of the scattering length b 

is small, i.e., the cross-channel interaction parameter is small, 

and if the real part is negative, then the K-N system pas an eigen~ 

solution 

representing 

l . ' 

\ 

l -

. I . . 

ex p( - r/t a I ~ 
' r 

a: Si/2 K~N bou_nd state of mass 

M .= ~ + ,~ . -, 1 I ( 2~ a 2 f 

available 1t-Y channels, and there is a finite rate of transition 

from K-N channel to the 1t-Y channels. ·This finite. transition rate· 

corresponds to a lifet~e, with a half-width 

• J '.' 

.1/2 r b 
= . -1-X-:-I-=-a--:-· 1____,3 

. •;' .. ' 

~ . ' 
:-:_·. 

"'· 

• _ •• : 4 

'. , •• • .. '. ~ .• ,l' 

-; 

. -·~ 

· .. 
~· .. 

· .. 

•. ~; · ... 

The resommce will be narrow if' I a I '.is large; or .if b is' small~·· . 

. . . Usin~~·.the·. da~a :pres~~~~d by. Alvarez ~t Kie~(7).,.:·a~'-.:;., ~i~~8 .± 0.2. ·. 
. ' . ' .' ' ~ ... ~-

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

.. . , 
·:~ 

" 
. ; 

. ' 
.I 

/' ... 
~-

/\ .. 

• ·1 .• 

. '~ ' 
I· 

;., 

. .. ~ 
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•.' 

·•' .'; . ,. ' • :-', ~- ;1:, , " : I ' • 
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Experimental Procedures . 
' . . l 

The K- beam ·used in this· experiment vias desigried by P. Eberhard ::.: 

. (2) .. 
!:!:_ ~. Th~ · la¥out is shown in Fig. 1. A spatial separation 

~ 

of the K mesons from the pion background was achieved through two 
,· ':'',.· 

.. ;· 

., ( 

) 

·'-· 
, . '• ; . : . ~~. 

;-: . ~~.· ' ...... 
stages of electromagnetic separation. A detailed description of the · >: ·,: : ·. 

·~ .• ' • . . t. 

··.·:~~: 

et al. (2 ) · ·· 
. ' ~- . ; · .. ···/ . ' beam is given by P. B~erhard 

During the run,· a .. steady magnetic field of 13.5 kilogauss was . '/ { ', . ,_···. 
.. . (;. -'. '( . 

•',.'.:, .·. 

1-· 

.... 

maintained over the·vclume of the.30~inch propane .bubble chamber~. 

About 104,000 pairs of pictures, in stereo view~· were taken. After .. : 

•,. 
·, . · ... :·-·.· .. 

rejecting pictures which had no beam tracks, which had one of the 

view miss;i.ng, .or which were of poor quality, 86,489 frames were 

usable. The beam momentum and'the·number of K- per frame were 
. , 

determined .as. follows··: 
. ·.' 

A. Beam Momentum ...... 

. ~·':. 

.. 
. ,,· -::·.-:· .. 

.'. ·: ', 

., :,• '•' . .: . 
... .. ,· ·', 

.. -. ,·· -:·;, .. . 
••• • ...... 1 

/ .. _..~. 

. " ~:- : 

' . ;_ 

'•.: . .. ,.. ... 
' .. :I 

. ! 

.,· .. 

To determine the momentum of the K- beam, 332 tr.acks were selected . . ' : 
. . . ' ' . . . '··! .· 

·., of: length," L, greater· than or. equal to 10 em, which satisfied the : . · .. ,.. 

fo~owing cr~ ~eria ( 9) : ·. . .. ' .... :< . . . . . . ·' ' : ...... ·::. 

·,; 

.. ~ .. 

~ ... 

·:." ·. 

,• ~ I :-'' 

· 1. · They were all apparent K- interactions·::' : .. _::r···.::·:·:. 
- . :r, <."o:· 

·;.· 2. 
. ·:. · .. · . .. 

.. . ·· ' 

' ~~ ••• 1 • . . .. ,. ' ... 
.,···· 

. 3· .·· 13 ' .. ; .... ·' :-' 
:-'. 

. ~-\~· _:: ·: -~· ·. <~ .· .. :-..: .. ~· .... :·: .... 

,, '.· ·, ,. ' 

~ .... . .• . 
·. ·.-.. •• 'r' •••• .• ! ·; 

. '· ... 
,· ... . ' . . ~' . ' . ' . \ . 

·'·:-. :'' 

·' .' 

, .. · .. ,.,. · . . ' ; . 

··· .._-.,·::.·~ ·.· ···... 4~· The track. must 'b.~ve· pa~s~d. through the·;:·ilii~:.:~i~d.ow;: ·· .. 

· · ·: ;_. ::.::·'·<.:.:·>.·.The, .coordina~/·~;s~em used ~~~ de_f~ne a f>nd. ~ ~s·.,~h~~;:;~· F:i~. ·;2 
... -·· ... 

. . . '~ 

·, ~ 

...... 

. . .• " ;.: ' < A . scatter. diSgr.., of momentum versus X. was ~ anil1 t' was ' . &i.t;''i• .. . •... · ;::, . 
i' · '.::·:·:·:';)::·:found that., for tr!iCk 'lengths less·:.than about 19 em;.' the 4istribu·~;;,,~.·>,;!-,;·:;;..::,~j:·:.'.;;-.. >' ·.: 

,. . . • .. ~ •. ': .. ·. ~ :: ~~; ~.. : -' . . . .. ' .•. : . ', ;'· ·.' ...... ~ • ·:.· . . . . J ·. ~,>}~~i\·;~·:<~.,.~.>>._··>:·:.. ~._·,_ :·· 
· .. ·J.'::·t,. ·.. ..tion of :points was .yery diffuse.. So a further restriction that :;· ., .. " (.; .:/.)~~' :\: ·:. ' :. :-:,, 

; ·:~·::; .. :·: ':<:::~:·::!'.'~·~: ' . . . . . ..· ,. ... :- ·• ,.; , : : .·.· ·.;;: .. _' :<',. ; .. ·. •· .. ' .· .. : ' •.. · . •. _·;~·.;,+~\;;\:;~~~(.J.':i:i:{>[\//,::::.::c~;~~ ·: 
· ·. ,: .· :, ·t··· ":* ' The angle was measured at x =· .3 em linej Jffs the .. coordinate:':·,::;·:::<'·'~:·):.;·~':.· .. ,>·:::,: · ,: .. 

, .. ,. : ,. · :··· measured lengthwise along the chamber, being defined:to .be· 50. at .. :·,·:··'::.>'.;_..··. ; · .. .' 
.,..···:· .. ,:',·the center of .the chamber . · . : .. ·.·: ·· .· ... '::·,.,\;·.::·· · ·· .... ·:):.·r .. ::>·.\:: .... 

. . , . ··, '. . . . . , . . . : ... . . ~.:::.-:.·:;,.,:.:;: .. ,, .: ... · . . ·: : ::-:> :'y:;.:·.\z'.;.:~ .... ,, , , ·. 
, r ·,: • ' • ·' ' • r ' ' ~· .. • ' ' •; '

0 
~· .: I ' ' • • : • • , , , ~, • '< , " . 

'; .. ) ... . ·-::_.. .. '· ·- '·. :. ·:· ::::.. ·<· .. ,· .. >: .. :':. ·', ..... •' · .. ·_:·:~.~·/·'··<·· .... ·:, •·' 
. . . ' .. ' ,, . . .· ·• ' ' ".._ (' :. ; . : .. . . . . ~ ... ~· ' . ' 

I '• ':,. .. ~ ·:: t ~' •, :· . .-.. ' :~ :::1 • ' •, '• .. , .. '-



/ 

I 

I 
'' 



f r 

'·' 

' ~ . 
\ 

'j 

.\ 

i 
! 
l 

·l 
t 

'\ 

j 

! 
I 
I 

j 

l 
'·~--~~~-----

. _J, 

• .. '. ,' 
·-'.·, ... 

'• ' ·: r· 

''·· 1'. 

'• ,_·· .····!•".'• 

· ... 
:' 

' .... r'· 

.. · 

··, 
.·,. 

...... ~ 
.Fig • 

·: 

' . . .. 

-9":' 

''.': 

. . 

z ·. 
~--

,, 
). , .. _ 

. · .. ·.· 
·. "/ 

.·: 

. . 

Track 

......... 

- ,· 

:-·. 

.......... 
."-:..·.·. 

"•. ··:·.:. 
.':·· ' ·· .. 

.. :'', .·;·· 

,· 
~- : ... · . ... 

·'· '.'· 

2~ ··The "coordillate :system used by FOG· CLOUDY FAIR.",,:._:.'' ' 
. . . . ' . . ' . '.·.·· 

·.· 
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t must be. equal')o 'or. greater. than~ 19 em wa's. m~de ... a~d 264 'tracks. ' 
. : ' '\. . . ; : . . ~-:::. • ~ j ~ • ' 

• •• , ' , > .... : .·'. ·.,,' I• • •• "• :.- •• ~ ·."' 

11 

.• •. ~( •• ' • 'J ~.>:~:: '·., 
1 

<',i-·, ,> '.· ,· 

11 :>" :' -'. : j, ,' •• , '~ 
met this criterion • · The momentum value was corrected: for ionization·: 

• : ~ • ' • ··.··: ·-:. •• ' ' . • •, • 1. • • • • J 

. ·loss and -~xtrapolated to-·the center .of -~ihe .bubble chamb~~. The. 
. . .. : . . . .. . . .· ·.-.. · .. ' .. 

': . data .were further,divided into five_ subgroups according 'to ,their 

~ ' .··. lengths •.. The mean of the momentum_ value. and its s:tandard deviation . 

' . ~ 

·were found for each group •. The final·value was takeri to be the 

weighte(i average of .the five· groups, .. which was. found· t9 ·be 1.104 · 
t .; 

. ± 0. 007 BeV/ ~ at the ·center of the ·bubble chamber. . ... ': .. 
~ : • • • • • • c • • • t • . . • ; • _: _. ' -' •• 

B. Estimation of Number of Tracks of K Particles·:. . '' .·:r., , 

Two independent methods_ were employed to estimate· the number .. 
. · .. · ;·· .. 

\ 

· .. of K part~cl;es: . :; .'' -.,: 
; ' .. :.·.-·· 

L By. finding, the number· of -t- _decays .~here .. · '. •. 

. . . K- -~ rc + 1( + 1(+ + 75 MeV· . : : ·'. 

In scanning 9237 fr~e·s ·of pictures 1 there were :127 decays.··.·~·: •• 
.-· ... · .. 

which satisfied'the ,: decay hypothesis. 
. . ,• 

Using _the average·. momentum 
·. '. 

·t , ..... ·. 

.. . . ' 
·, _;.,· .. · 

. -·-
·· ...... 

., 
.. . . 

. ', 
I .. :~· ~· • . 

value of 1.104 BeV/c, with .the. mean:life 'of K~ being (1.224 ± o.g:t_3)<~.:;·::·.·.-'.'~:· · •_.:;: , .. ,. 
. . -8 ' . . . . . . - . ' . .• . ..>·.'I.: ... ·_<:·.'~~~~~~::~:····:'>:;~ .-· ~--:~ ... {.<·: 

x 10 sec." and the branching ratio of K decaying into three ·charged· .. :. >< · 
· ... pions. being 5.66%(10), the number ~f ~--_particles. per ·f;ame· is. . :":.'~J<:(;~:·· .. -~,- J:,::.: 

'' ,. . ,./: :~·,\~.·.· ... •. ,·; ...... : . 
• ':' ·:' :· < • ~ 

':- · .. ,:_ 
~ • . ,' .. ·-1' .-

....... 
. · ...... · '-~ ... _. ,. ·_-:; 

........ 
", . ! ~ . . ... · 

M, • :_, ,• . •' 
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scattering eit~er by a pion or a muon. . , .-• . , .- .• 1 • 

,. ·we counted 10,080 chamber • lengths of· trac·k >·• . It .. ther~ were. 

'.' ,, 

~ . ' 
i. •, 

' ·, 
. :._ '.: : ... ~ '•! { ., 

kinks on t'rJc:ks, ·we measured their lengths· ~p tc:{~he .kinks only._ 
, I. . . .•. . ' 

,·· ·-···. 
-'.· 

•, 

' -~ . 

. ':: ' _·.h .. ,i 

. The _total number of delta-rays· counted was 1,125 and_ there were 

. · 37 delta-rays on tracks before kinks . . ~ .•. - :1 ... 1. . :? ... · . 
.·:. .... \--::· 

_For normalization~ we counted the number·of delta-rays 
. I 

and of 
' j 

kinks in a preyious 30-inch propane ~~bble chamber run(~) • . ~ ! . . 
.. The··. , 

l ~· •• i·- " ~ ~;:·; 

. ' 
\". 

. '/ ·.: ...... 

•'' 

, .. . , 

; ~· .•' I 

beam, consisti~~ mainly of ·negative pions at L08 BeV/ c, has 10 ± ;·~ 

;' •' ·. ' ... 
; : 

2% muon contamination. For every hundred chamber-lengths observed~·, 

there were 24 delta-rays, and 26.6 kinks. 

From the number of delta-rays counted in the·two experiments, 

we computed the percentage
1

'.of· K- iin the beam t~ 'b~ 56.3 ± 4. 5%· 

From the number of delta-rays observed before kiriks, we. separated 

· .... _ 

·.: •' 

.. <·,.•,. r, 

' ·~. ·,_ :-.:. ''·: ;:7]:~~1 
... ~, .. : ~- i-~~( . 
.... 

out the pion contamination from the muon contamination. TP,e. forme~·- .. ::· · · · · . ~ .. 

is (1L4 ± 3.2)%, the latter is (32.3 ± 3.2)ujo. ·. 
' ~ ··: .. ·~. "t 

. . . . ' ~ ~ . 

The average number of beam tracks per picture was six. Thus, .. 

·there were 3.38 ± . • ZJ K- -meson per picture. I,,. 
•' .. ~ .· . 

. ·, ~ ~ ~-

Results· from these t~o independent methods agree ,well'. ··For-th~·_:-:.;· .. :.···· 
I ,• :.:. '• ~· _\. •·;·: • •' ·: •' • 

. ·.COmpUtatiOn _Of the_ CrOSS-SeCtiOnS, the ~Verage Of the-:two' results,' ._L ·.,·.- . .·.: 
·,·, ....... : •. · •. I,: .. 

__ ,-.-

. 3.42 ± 0.20 beam- tracks per frame_,_· was ·used~· 

·: .. 

-· .. ··.·.···_ .. . . ~. ' ' ' . ... : . 
' .... • ; •• ~ • f • 

' .. 
"·'-·· . ... :_ ·. ~. ' '~ 

:- . .. . ~f . •, ~ -~ 

,.· ... 
.·,-

" '; 

•" 

,·\' 

... 
. ...... 

. •'; ·-... '' ·~-· . . ,'· ' 

'~ .. ·. '-:· ... .'. ' 
· ....... : . 

~ . ; . •., . 

. . :. ~---
.. 
'' ; •· 

.~ "' . 

;· . 
· .... ·· 

, I '~-

·,,· •. ' I , ~ 
~ ·; \ •·. ':; .. . . . ' 

.- ·. ";:;·. · .. · .. •' 
'•· ., 

'' .· .• 

., 

-~· 

'. • •• ! 

... ···· .. . ' 
• ~ !" ... ' 
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. . . . . . A..... SCann~n~· :'[!I: } • :;:)J':§tt•t? Analysis~~;~~ ' .. ·.·· .. ' ' ) . . . . ) .• ' , ' .. · ,•·• • ; . ' ' .. ; . ' 

. · . ri'J:le. usable_. :pictures ;:-were; ·scanned: .spec~:t:ically :ror xreu~ral· ·two~-·;;·~': ,~:"t · 
. r 

{­

? ,. 

.... ·.'· .. ·· .·.·-.f .. ,-;··-~------~_- ... •·. '_•: __ .. .:., .. _ .. ,·.-·._.-.····. ·.· __ ::.-_•":···_:.-.::_: .. ;···, .· •• •· •. '• ·• -·~·· ...... ,,._._.,,. 

· prong .decays.-~-~ These,;V._particles were .,.rejected if _ther_e 1 were, no : 
·~ · · · · ::_ .. ~,i-·~-- .-."·~-- · --~ ~"'~·--,r~ ... · : ... · .. _-;.._~ · .... ···~·. ·· " ·:,·· ~-.-_.:_·y,::/~··:'~-~:.--: 

--possible· beam tracks :-th:~t. couldbe_.Ointerpreteci··a~ 'their. production ;·L~.:-f}.'·.:::.~--
= ~- . ,-.: • ,-' ~: -: •. !• . • ·., ' : ..... .- •''.. " .• :_ :\~-::-~~·· ·-~ ~-~· <<·~:'.~~-

or_igins. · If there were mo:r:e than· one possible ·origin,· they were all?.-·· ' · t.: ' 

noted c:m: the scan_ cards. , The scan ~ards. guide the' .measurer to · 
. . -~ 

.particular tracks that were of int~rest. Tht;lse, V_particles could 
•• i .. 

' 
·,,·:be 'either lambd~ 'decays, thet'a decays,· or two..;prong-: charged stars. 
.· .. \ ' , I ' , •. ~ ' 

' ' • • • ". • ~- + 

produced by neu"Gron int~ractions. · :The scanner trie·d to clas.sify >, ·. 

· · · ·.the particles· t~~ough. k~~~~ic id~n~ifi~ati~n:· .cu~e/1.2) and· track: . 

. ···· .. ·• ~ . io,niz::n~roOuc~ion or~:. :which. were .:.~ciatOd ~;th pe~ trac:.~[~~'\'Z:CiJ •· . ', 
were _accepted •. ·The restrictions _on beam tracks were that the track';_:~)< . 

,/'· -~ 

~must '(i) have p.egativ~ charge·, :(2)have ;min~urll iori:i.zatiori, (3) ·. .. .. _ ..... · : ... : .. 
l. • : ', ' . :- ~ ' . • • • . • ~ • • ' • . • • . • . ..... 

,, . 
... 

, , less than. ~;~.' certain ·value .:corresponding· to some m.iriilnulll moment\un. · 
., .. ,...!-' .-,~~···:·'' .- •• '1 ' .. ! :· ·._ ·_. ~, ... -~.- .. •.•• • : • • • ~- .: _;_.·.-·.: --:..·~.; •:. ' ·. • .. ~-

. _ . In 10,500 frames of pictures where. the film is of the· highest'.. 
·.-·~··~ :~ ... ~-':·.~~ .. -· ~ -~ , ... ' ( .. ·."~.<' ~~J-~ ... ~. ~ .~ •.• ·: 1.<.:· .. •' •.\.: .~ :~- · .. ~·· . ,'. ' ---~~: · ... ·.· : ... , ·.,j• ·~ ' ,.' 

i · · : '. quality';:'(betweeri pi~ture.'number, 506 _to 4, 999 ·and .31,000 ~t.o.36, 999);' 
. . . . " . . . . ' . ~ 

~ . . 

,' ' . '• 

·" !',· 

.... ·.all production origins 'or. v particles~ regardl.e's_s 'or. :the 'identity ' 
... ~· ··, . . . . ' . . ' .· . . . . : . . . : •' . . . } . . . . . ' ; \· . 

.;·· ·of the other -·~econda~ ·tracks;·. we.re · ~~c~pted.: >For. th~- re.st. of the:: .: 
' ' .-. • • ••• ·•. . : • " -· ... :· • "'.' '··:·'· ._·.'.' ••· . ;.. ·: •> ·-·( .• 

. ~~. . . ' --: .. ~ ·. ' . . . ·. :_. . . . . . . • .. ~ .·. . .. . ·. . . ·. : ." _:..,, --~--<·:; .. ~--~:. ,:'> . · . . -~.::·:·.·; 

.. - :-.·-'_'· : ··; ·:·-: fiJ.m,· .. only. those,.V particles :'..{hich satisfied .the~ :t;ollowing:··criterion.·,:·:.~>;£7:.··,\:: ., .··:~:· . 
. _-_,r·: ... >~._.·:·. . ~_, .. .- . , .. ·· -~-:. . ·-·. :-- :·, _ .. ·,·~--· . . :·:·.- .... ·::--~··; ..... !·····1 ->··~."':. __ · ... ·.·. · .• _,._, :.~~:-_\-~r~~~:··_(.>:,:~_~.'· ... · ·~~,::··· 

.. :: ·.'' . ~ .·:; .... ::\.were :accepted::. their',prqduction. origins must not· have' more than ' ·_: ·~·,:;{~;:-?r-·::,·< •. ·. ·J >:', . 

.. · '.· • . : ',, . <· t;., Charged secondarY .t;ac~•;,;_Qn~·~fvhiCh. ~·t·.~···.,negati~~ piozj}:;~1i~J};;z{·[/,JC,:: 
·::~, : .. ',' ... · .. The accepted events were. then. measured on either .a digitized ~c·,:i}::·,:)~·'.:: . ./:;·~:-~: ·,-t: 

·. : · .. ;.: _: <: . ' . . ~--~ . . ... ',. ' . :' . . .. ··.. ,' . :~. ,·,. ' '":· · .. ' . ' . . ' . :::: ·. _·;-: :: . : _; :_:_ :. : .. :· . ' '.':.'>::~·~.);;t~:r::~:t~~-~~.~) .::' : : 
. ,. ·\·-: :.:·:.:;~'-'-·microscope or .a "Frl:mkenstein 11.~ The latter is.a ·motor-driven micro.:. .. ;·.:::!":''--',:,-_:;-_: · • · 

·• · .• ;'.'···· ,_;:• ; a cope y~th a • s~~o~mecll~1~: :~i;.·ce~t~;~ ~~~ti.~~l 1; ~ tl.e · .'>t~]~:ti~;~((/:./. J, .. ' 
;. ·. . ... ':.: track •. A track was measur~d. 'by determining_.the location 'of· a. Series~: .. :. ,_(;. . . 
. .-.. -,_:.:::,,. . ,·._. : .. ::: __ , :· ... ·: -·o:-:._:_ :,·_. .; .. · .. ; .. ; .. _:.··~ . >-.~ _. ·.> ·.· · .. :, .... ;-:<.~:_:,·L ... : ._._,_ 

• • • ••• -" •• • .... :. :-'. ·, : ' ' .. .. • ". ' ... : • •• • j • •• • • '• ; ' • + .. " • • • • - •• .--..' ~ ' '· ' ' •• ' ; • • -!~· " 

.• ~::.~ .. -.- .. ··~. ~,·: ... :.~·:·- .·.·.:!.~·· :.<'. -;"".:··.·,· ... ·:':··" 
~ .~ ,. .. . · ....... :·:·<:::_-,~ · ... ·. -~~: ;: ~·~ r· ., -·~· 

. . _. .. . . 

··t 
.• I 
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of points along it with respect to-fiducial marks in bothj views. 

The resulting -~ta· -were processed·~; the :'FOG, CLOUDY FAIR .;~ystem(l3)·: · ~ .. · .:;: 
. 

The bu~k of'the film was scanned by a professional scanner. , 
. . .. ' 

. Out of 86' 498' frames; 10, oop frames wer~ double scanned:' by the 
:: 

scanner and the_ writer to determine the former's scanning efficiency,_.:.· '' · '·-
. ,· .... 

which was found to be 85•9%· _· _· 

In this experiment, there were 2,442 events whic~ were candi-

dates of the type of interaction 

K- + p ....,A + 1c + + :n: 

· ... 

.. 
J 

· It was not ~l~ays poss.ible to identify a .positively charged 

. ; ~ 

·.; . ,' . . ... ~~ 
~ ,.~"" t : ·, ..... ' . -. 

secondary which could be either a pos~tive pion or a proton~· ·At 
\ 

,•: 

/ 

.. 
L•.,.' 

;'·, .. 

.. . the production 'origin, the preoence of the protori _would mean the. 

interaction had taken place in. Carbon; at 'the decay Origin, the '. .. '.~.:-- : ·.'•:Y. '' 
.. ... ·:,_ ... ·:···· .... ;: 

.· ·,'. ,. 

' ~- .. 

ambiguity implied the V particle could be either a lambda decay, a . , / ': _- .. 

theta decay, or a neutron interaction. . In any case, provisions ~· ~-

. •. ·.'· ..... _.· 

were made for different permutations of masses for the ambigu6u~ · 
'·'.!.': .· 

track so that. decisions. couid be made later after precise measu~e·..:. ::·:::·_:: · .. ;·>::>_: > 
. . . ·' " ~ ~ .. . ~ . . .. ' 

·, . ·· .. . ·' ····:. ·. 

ambi-~i ty per~ i~ted_ :·-. '.' :-,.:-_~.·:.:·:·, .. · /' · .. , . 
' I' • , • • '· ... ·~: , 

'· .·; ·:, ·. 

. · ments were made. Events were rejected if the 

. ·. ... ·.after 'constraints •. · ··· 
• r. -·.·· '.'. 
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.: ,:·. · B. Data Reduction:.'->': · . . : ... : ;;..__.;;_,;.__;;..;._ _ _.;;;..;..,;... ;·. ·'-: . ' ;. .. 
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A detailed description of the. FOG: QLOUDY.' FAlR, system is giv~n-· 
. ' ' .. ~.. . : ·'. ·... • .. \,' "· ..• · ': '; •. .I' ( : ... 

·.- ·} .:·:.: '· .· ·: : 

1" : ~- • : • ,, 

:-.. -~ ' • ·• f !, ' ·~· 
in re~e;rence lg ... ·so . ~nly_. a brief summary wi~ be:. :attempted here._-;,~· 
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. •.: . .-
: ·::. :.-··. -~ ... ·· \. _FOG reconstructs ·the spatial position of_ each.track, ·finding· 

:t. • l\'>: '·.. . ~- : .... ~; -,~;. .·. . . . ( ' ' \ . . ' ' . . : ·.... . . . ' ',i 
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::· ·' .... >· .. :_..momentum through curve-fitting :the track projected onto :a plane-.~ .. 
1- . .~ ·::. ..... : ~. • • ' • ' 'l ..• 
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FA's. are zero and M is minimized .. These quantities are defined 

as follows: 

. ( x, - xi") 2 _ 
·. 2 
~. . I 

• '~ I 

. I 

where X: is _the\ actual measured valu_e of xi. 
', __ . ,; 

D. is the error ori X. i l. ... 

are the Lagrangian mul!o_iplj,ers 
... \. ·' . 

.· . 

·.·.-· 4- ::· .. ·' '> . 
. 2.? ··a, F, (X'.•· 

·.\: .... I A' . A· . I . 
: A- .··-.: . . . . -: 

._· .. · 
. 'l•, ·.,\ 

,. 

are the four constraint equations fO:J: forwarc(momeri.tum~· .. ·· 

transverse momentum, coplanari ty and total Em!'-lrgy at an 

origin. 
: ·' 

: The program al=?.O pe:d'orms . a' ~en'ter-ot'-mass. transformation and.';) .· .. 

calculates the_ Q,.value. between any two tracks. ·, . -~ .' 
~ " . . ' . -· . . 
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Energy and momentum conservation' gives: four·· constraining:'. ·. . .. , .-:.:; :_; ,- .. ,.·.;· 
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. equations. In .the case of lambdas, _<)n·e,. quantity is no~·.:directly>.·;·'·~<"\:~::·,:,>·'. 
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there ·, 
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.: pions: of oppo;i~e. ~harges at' .their pr~~uction ~r~g~s'!, · J:i is . .< .~:·., :·. ~<·~.·.. f· 
, . ). :.. : .·. ·. , : .. :. { , :" • _,:'.i > ·, :~,,,. ·:.:> :;::.~··j·.; .;,:.:. . . >, _.: ... : : ~:· .. ·. ~<: ~' .· .. ,: ··/SF.'.; . ·. </:·.~ .. ·/.; .. t •• ::;~::.::.;.,;:.·:: :·~~:.:.:: f. 

.··I .. ' . . :very s:Unilar in ;shape<t_o" that' of theoret:i.<£al Chi;;.squa:re;d,istribut,ion/'}',;{:5;'(;Y,:.::;:( :.,: -.'1· . r 

. 'I . :' •• pOalt~g at ~~~: ~~::~'; ~~~vei,' !it;_h~~ .~ ~~~~8J~{·~*·· fu~~ r~~~:~~~~~~~~~~~~f!E{ · ... J I; 
·:/ I c, \. are too. many_ ~vents w~th .:lowe:r;. M .yalues ~ A cut~off. of ~ ~ 10 .was ... ,:,;~J;·'\~·.:/.:,::~:.~·:'::: ,<'· · .... i 

.. ·' , •..• 
1 

. . chos~n, •.. i.e:, 
1+y ~ .. p~icles vith ~: ~10 ~:re · acce;:~~. i 9~ ':. y;' : ::;'; ;~ '.\ ::{·:; ; · 1: 

· · out of 2, 442 ¢vents satisfied this criterion. · · The. amb-iguous events · 
", ., ' ' • > ' ' • ' ' ' I ~- ,• ' ·• '.. - •, ' 

. · . which fitted· b9th. the • lambda and.·· the theta· . ·:3:;::: < ! 

·."·than 10.0, we_rE;\ rejected in-the subsequent 
" I 
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I 

- ~. . .. 
. D. Constraint of' ·Interactions· :at Production 

· .. With the calculatedvalues ofp, d, {3.for each-lambda,.th~~-:-;":'c:<ii'r·./~·::1'.:,~>·:,>:·:, ·: r 

', ./ •' •• ~· : ~ ,. • ' ~ 1 

. "~ -~ ;.f-..:/.).··-~· .. '. l,.c. ; • ' ' • i 

Since quite o:ften the K- track :was: too short for accurate · ~/:···.·< -~.-. · :. :! 1 

measucement, the momentum fr()Jil .invest1ga'&icnl .of l.ong·incoming · :-: , :;,;:,,:;,;:.·r . . : i I 
, . .. . . . ., ' . :.· ":'' .-~-~~-· ~~ .·~. 

tra~ks was better known,·. the ~dited mbmetitum.o/_:(::11± 0.~. Bev/.~ :~·:<)·.~.:'0:>~;: -~'·.:· ~, 

· vas employed tor the incomirig. beam •. 'ThiS rMge is qUite adequ~te;;~:);,.::}::s~~;/';:, ,, ; 

:for at this momentum,' the ionization'. loss in prQpane is. a'bout 1.1 .:<:"·· .. , .···'.; •. ,.. . • 

. . . - .. . ' . . . '. ··' .·.' ., . _< .~ ~ __ :·:~p~::?:l;,-:~:·~~~:-~~~-~-~{<;.··.;-}:'!._·:;:~-~{.:,_,_ ~i 
·>.;'MeV/ c~ . Again,,.· one has fourco:rlstraining equations, but,.:.all quantities:-':'::;~;~:,;) ;;>t:·''~ ···· 

. ... . . . . . . . . . . . ; . . .. . .· ·.. . . . . . . ~:. : . ' . ' . ' . ,. ':,o:;;:.:;'f.1 i::'~~~~;,:\i~:::.~./ ~; . 

.... .', 

. ' 
. :· are now known.-' There are four degrees of fre~dom. ··.:The. resulting--.···(;·:.·-\: ... ":>·'<--.~··: 

• ~'· .. .: • •. : • . • . • . • . . • ' ' ' i' • • ' ' . • • " I ( I .. ~ I . 

_ ••• ,« • • • • • • • • • - - • .'· ... - • : t<··.-.·~f~·;t;::.·r: .. ~<?~) ._~.-- ~:~-:. :- ~ . 
· .. · .. :' .. M distributioi?-_ is shown in Fig. 4. ·It peaks around M '=(5' and does.:·:>:·-;,;;:::_:;)',;,':--;:_>~· ~.-:! 
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' An~ly~. ~: 0<~;~~-~~, ,;q;t~' ;;~. ' ·. ' :~i; i{~; ~~;[:;:/{~:i:·).·}~:i~ r . . . . ' 6/ :';~·/.: .. :::;\,:'.~5·' ' I 
)·. The -'Existence- of the ,Y1: Resonance , ,··_,. ·. , ., ......... · ·.•··. ..," , .. .,. .. _., · .· .. · .· ··- ·.) · )· .. : ... · ... .- .. ·· ;~ ~ 
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· . ·:.. . ·.The existence of.a resonan-ce can. be shown by:~eithev·a· direct >.S·-+~:;:~~-rr.:"'->::::::·; · ·:.' ' 
. :~: ; _·: .. : .. . . !~ · __ . . >l = ,_ :: .: . -~ . ~. ·.<-~; ·. >_;:,' :·· : .. ·• ... :: ... _:.,,_:." -. ·. t:. / .-::· . . ....... · .. ;.:·.>:;r~) ~ ·;~h:-:_ .. _i:;· .~:~·~ ·; • 

. Y . ·.· ..•••.. ·. :c::::::t·~:i;::,:;~.;:r::i~:.:::~:G~~:! .. ;~,:~:f:l::;or·]~Jf:Jf:u,;:·:~('t,t,.l l 
.. . corresponding ~0 :the mass P.f the re·son~nce, o~ -a .. pr~duftion exp'e~i-~}~Fht:):.;:~J::/:\::y:;. ;_: _ I 

. ·I .. 

ment where the .decay products of the.resonance·are .see~·and the·_:,~-:·,,::~,. · ;.::.~. 
. : ' •. ' \ : . ' . :•. :· .,' t :. '. ' .... ·•. \~ .... ·. .... . ~: .... . · _.;~,~:·· :~..-: .. • ~ 

... ·;'.observation of '1. proininent peak 'iri .the,: invaria_nt 'mas's fbet~een 
. ' . ' . . . ::.· ... ' . . .... ,·: .·.. . ' .. ; ·. ·.. . ·. '":' .. - ·::·· \ .. · .. ·. '. ,::~ 

· · decay products;; The .. latter 'method wa:s suitable for the present> . . .· .. . . . . . ' .. 

- .. · ... 

. ' 

experiment. · ~ · 
, .. ,. 

,. _ .. 
·-.·. 

.··· 

.. 
. · .. '· 

Iri the ~eact~~n:~ ·: :·: ~::~} .. :·: 
,";'~! •• \ 

. ' 
.' ' I ;•: • ~· ·• '. ''. •, J '' ~ • • . 

~ •}' ,.- '.·, \ ·, ·'. .. r':· •: ;·, , . : 

.. · L 
' ... . :. ' 
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... ~ .. " 
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.••. j 

:·the invariant mass M :bet~ee-ri the ·lambda ·and one ··of''the ''two pions·"'~'-:"''·'· · · <i· ···, 

. . . ••• "prOduce has ;o;u,~ea. • .. · • ·•·.·" . .•.. .• ! . .. .;, , '; .. " .. : •,,:;;~·:}~ ' ;' ,_';··~Jt:~~.·:;;:,\~\:/; , 
.... '· '·' ·. : M(A, ·1()··~- t(E~:·.+:':;E )2· _:.- (~.' +-·F )2:; )- . .-: . ··: .. ·.;~.:;"\, ·::·. ~·:·.-'··:;._\ .:.:.:.::)··~·.;;·y .. :.:·:·::_;:.:-:: . ! 

~: ; 
• 'Jj ,. 

::. ·:>. >,.::All q'uart~itie~ were- measur~:a:·in 
··~-~·--·. • ..... · .••. ·.··, .... ·,.·-~~"; ~··~·:~- '"'~\~-~·" '{!'' 

•. .•.._ .. . :·_:' .,; :~~: < _,.·,. .• ' ·.' ... 
•' 

.... 

. · .. ' ~· - . . .. ". 
.... 

i 
'•' 

.. :··~:the 1am'ba.S:, the ·positive·:,pion.~· and the.· n~gat.iy:e·:'pion::.re .. spectively.~: .. )?\A.\>!-~-:·.·.; ..... :: :V-:" 
·' .. . . ' '' ..... ;·:: .. , .. , . ". . . : .:.:.~~:'-: ··. .' '> ·. ·: >·:~~;{::;/:~~ .. :~;\?-:·~~:-:< ;<'. '! 

. ::': _,.:-':.\:'·.'In the plotting,.each·even~ wa~:,_represented_by_· a· .. G_au~si~"of unit ·::; ... :>i:>r.~,<-t':,~::.~/!·(> .. [ 
·- .• . ~·-.·. , .. •· .-··.~. • .• l • : ,• • - ·'. • .• : • -~~ ... : ..... " • •• ' ·:,. .'::-:..-./::~~·~·~ ~;' .... ·.:·;,~ .• ;·. -;·. ·; 

·· · ··;:: :.:· , ... ;:·. area where .the central; v~l\.u~_'was given by M and:.the: .. stand.ard 'deviatioo:t.: ·,·_;·:.,::·,-:<,· · : 1 

• , •. ·•• ':: ::: C 'by , elM, the • ~ncertainty ·~, M{ • • , , ' < : r·: ; " \ .· .... 
. '•: 

..• <': :·; •• :·:··,_:_··:!;: .. ~·-.·~·.~·;:,;··. '; ... } 

/ . -~ ... 

' .... . . ' ' .... ~ ... 
.·are to·.be ' I 

·'i 
I 

·:.·:·- .. which .subsequently decay int? a·.,lamb~,h~er~~,.- _a,.·positivepion .and·:-::::;::});{;~·:::·~/·.<:":;,;,.,:: __ ·; 

;, .. <·. ~ '·: ·,. ·. I ' . ::- :.· :: •• : • ; :: <::·:::· ... : : '. ::·~ : . :· · ..... ' ·. ·,:- ... ··,. ' ... ' ' : , ... ,: ' .:.: ti;.;f;:.F·:~: .. / .. ··' ··-~ :.<· I 

. ' . .. .. " /' · .. ,•, . ";::. ,. ,, .. -:~~-- ";;_.: : ,•:. ··:···:.~.· ... i._;::~·l~:~-> ;' .. ·.-·::.~ :. ·•: ".• ;~ 
• . .• ~·t, •···.• .... :.·•.',! :"'·:,1 ..... :\·... - ~.~·.!' .''<:/~/.·:: ···:-~-.-~ ..... ···.~ 
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'· •. "! . ' 
a negative pion respectively. The 'second peaks are the reflections 

. of the resonance peaks due to kinematics ... 'For exainple,~ in the . 
', . 

('. 

. , -.. _;: ··; ': .. . '~~ 
·.··. 

., M(A, n +) distribution, the co~tributiori to the broader ·p~ak was 
I 

from events which lay under the. re-sonance 'peak i.n . the _M (A? n-) .' 
. . 

distribution. The interaction · 

K- + p ~A+ 1t"*: + 1t 

is a two step. :p~ocess where' 

{ 

I 
. . .· . .: , .. _· :' ·. "'~.f. 

. ,. 
• ·• ~. ,: ·, .·• \'' , .• ~' ·• r ... -

• ·~' ' •• } ·:: •: :. 4o • ' 

'·_;:· ..... ..;·· •· ·, .,· ,4• •. :· ... ·•· 

··,i._ ..... :-· 

.... 

with theoretj.cal three-body Lorentz Invariant phase space distri-. 

, . .... 
. . ". _ ... ,; 

:~ 
-~--·: : ·:· •·. 

.. 

'•·' 

butions, with the assumpt1on1\that a resonance occurs between the .. _ .. _:_ .. 
. . . ' 

The resonance is represented. by a factor-,,, · ... 
' -~' 

·.':··::!' 

.. ,· .. · .. 

l - i 

·\ ... 
. . . )~~ ·: . .:~ -~ . 

,.;:·' 
·,. 

·; 
· . .-.. ·.: 

,;,; 

I' ' 

' ·• :· -.... : ' ~- .. : 

·: ~· . I ' ~ :, 

'•t." . ... . ... ,· 
' . : ~ 

lambda and the pion. 

of the f'oi-zn (l5) · ... 
. · ... ·,, . ',' i_. ·,.; :. ' . .!: 

,, ···: · . . r .. ·. 

-N 
,..,_--:"'(M_, ___ M_o_)::-:·..,..2 + ( f/ 2 }2 

;' r 

·. where Mo is the mass of the· resonance, r. is :the fullllidth ·-of the 
' :' ,• ... .. ,' :· 

. resonance .. at.·ha-lf 'the maximum amplitude, and-N .. fs· a normaiization ·: 
~ . ' . . . 

..;, . 

·-factor. 
· ...... · ... . ',;1' 

. ..... 

. ·. -.· 
·.·_. ·\,';'' ·:·:·., 

..;. 
·, ~~ ' . 

. The' dashe~ilines. represent. the best fitted :r;esonance_- curvt;!s 

,... -:·and the dotted curves represent the.· expected value_: of M· when the: 

·-·· ,:: ·:\ .. : ... ··: .. ··other_pion is re~onat~g with the iambda, i.e., in. ~~e· M. distributi~~--;.-:::_:-;\-.~-~: •.. :.··_> ·::· .. 
. -.:· .. ·_ .-~l · .. ; ·: .. .-. + · .. O:~·;·.:r __ :·.:.:.~,·;··,·::,~/,:·, ·:. 

· . .-... . . ·· ·of A and 1t , the 1r is the resonating particle! The solid lines. are . , .• · ·· 
:-:.' --~·:.~ ... ·'. ·· .. -:. .· ' ' . ,.·-;· ~:_} .. }>';>:.•:{_ 

.. : ·.· the sum of _these. two c~rv:es. The best .value of .Mo-:~d. r/2' are · ··., ~; 
. , • ;; ; , .·: • ' , • r_ :. ·'.. , • • ~, : , .- . • :. . . • • • ·• • • . • 

\ : '~ ~ ~~ . '!' : ·: •.. • 

~.; .·{'~ ::-. ·-·. .'.' .. tabulated in Table I. ...··, 
:~·- :: . . 

. :· ·.: -... -~ :: ··,- .1 • • • • • 

./' · ··· ·· · ·. ' To ·show that the· peak :fu the M(A, -~ )'dist~i'bution._i's --n~t :due.:,:, , 
'>. ~ •. •, . •• ',· ' . . '. • •• ' • • • : . . • . ~ . • .• ' . • • ; • .. ; . •. • : •••• " • . ' •• -.~..: •' . .,..· : : -.: '. ~- '. -., ·: ' 

:-;'"': .. _·. 

: .· · ·:·:, :_:···.to a resonance of the ·pions*,_ .'the Dalitz plot ~here' _the _kinetic _.··.: 
.··:, ·.·., ... :~~-~~--· .. . . ., . •' ~- ··.:· '.>· . 

. . i -~ • : • . • . ' -~ • : . ·~ . •• . . . • • . . . ~.' • ' ' . 

. ;. :.'.':.·*The threshold ·ror the p two-pion-'reson~ce ·is 188o' MeV;' th~ · :~.--· 
·: ~· ; .- . 

. . . . . 

-:·.energy of the present experiment is 1865. MeV. . ... : .. " ·-:: · .. . · . : .. · · 
_.,, ···. 

': l< ..... 
:(': ... · . . :·.· .. ··.; .. ::· 

·, ' . . ". 
'•, • ,'Jr,4 

··;· .. ~. 
;,. .. ; 

· ..... 
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energies of the tvro pions,·· T : and T +' in the reaction 9enter of 
.··; .. ·· .. ,,_,.; -:;·· .' .:. ·."_. _.:·1(,_._:, ·. 1t ·:, ,:>' .•. , .. ',. · ... ·'.-·;,.·_!'' ,:-_·.,.':". 

mass, are plott'ed as shown in Fig .. 8 ." .:: ·· · . · i ·.. . . >: 

. }; ::.'··< .The ~~lit·~· pi~t has\~e ;;op-~rt~:.that::~ni~--~~ea,dT:·"~.x dT +. 

··. :{ " . '· is. just p~o~Ji:i,ona~ to. the~ ele~e~~ .d; -~~l~e·."~~ ;~a~~ :P~-~~ <6) .. : .. ·.z:_:· 
.... f ..... ·. . ~-- ' .·.-.;···-·.~:·' .. ·_· ;"' ·1; . ": ·.-'·:· .· ~--_·:·.-·· . . ·. '.,··.·~--:· ',. · ... .. ·.·.-:~-.·-:.,-.-:, 

- :• '• ~ ·. 

J . 
. ,: .. 
. f. 

Thus,' if individual events are::Plotted in ·the T _T .j. plane, the.· 
. '·.1t 1t : 

. . . ~ 

density of ev~n.ts is proportional to. the square of. the decay matri~' . 
• . ·' ! I• ·· .. · ! . ·.·· .. 

'.1' ' .. ! 

_. ·element. If there is no interference between the two! pions 1n the· · :::: ··'. 

final state, t~e pointsrepr~senting -~~e even~;·· sh~u~~ sprea~ unifonni;:-/ ' 
i. . . ; . . ·-: . 

over the entire;, plane within a confined ;r-egion due to the. constraint: 
~ . . . ,{. . ' .' . ' . "" . ·, ,- ... : : .··. ~~- -· .. '!!.' _.,.. '. . '• . ;_ . . . . ::.: .__, .. 

of conservatio:q'/_of energy an~ of momentum. The_ pre pence. of ... a two- .. , ; 
. { -~ . . . . . ' ·, i ,. . . . . . .' . 

pion resonance would result in· a cluster of ®ta about a. line· with .. 

;.;. 

. . 
·-~ .... 

slope equal to -1, its exact position depending on the mass. of the:<, ' . . ' ' ' "' . . . ,· ,' ' ' ...... . '\i 

two-pion· resonance. : This was not observed .. ·.:: • · :· . ·, ·.-

Instead, there were. "t""' bands of points, one l:)orizoD.taJ. Ol)d ( , ' : : : .: !·;; .· 1 , 

·; one vertical. . This agrees .well with the interpretati~n that the ._· ~-~; ~-:>. ·_. -. : ·~· :~ 
. . . '- . . ' . . ' ., .. ·:· "" ·•... \ .. ~·" .. /. ·, ~ .. : 

-._· ,productio~ was a two~bO,dy ,final state process •. ~wh~l-~: on~.· ~i.on· is '<:·:.:;,:uid·i·· .. t:_.:){:·.;::;.:o::.: 
· ... produced toge_ther with-.t~e hyperon, in the form of a Y~;,· _the other: ;:_:·,~Jt /~1'-::··:·_.~.: .. :>.i.> j 

• • "'.. • • "> ··-.·~ ... ··;\:"--~:.-.~· •• -·· ·~..... ._.;<_,.; 
pion carries a unique amount of kine~ic energy/~· The re-sonating pion · · .. : .,.",· -.··· :• : 

, shares the energy with· the lambda, ·thus ·it can _have various values'_.~:;"\}>' 
'l ·· .. 

for its kinet~c energy; res_ulting in. a line associated With 
,, 
,·· ·T of _the non-resonating pion; 

.. 1t .. 
--.. ·;:. 

' :. ' . .' .. resonance having, finite width,. thus the kinetic. energy· of the 
, .. ---:·. . ·.·. . ,··, ... :·. . ' . . ·... . . ' 

:.> . .... ' ... 

The· relation betweel?:.:the _pion ;kinet~c .. e~ergy·. and ;Y1 _.mass. is .. : .. ;:_:':'~·:·;::::\;:.::>~:;:<·· ~ .. '' ,.,; 
• ·; •· ... ' ! .-.: ..... .-, . ·., •. ·': • ·-. .... • • '· • • •• :: .... : • " 

t • i' .:· . . .... ·. . . _·,_, . · ... : .. ,·. ~ -.·. )_, ..... ,· . ·. _.- . ' . ' . . ' .. ' : . . :. :: ~ .·· .. : . ·.·, . .. . •,: ..• ,·.-.. ·.•, •,' .... 'dMr*"' .·' '• .. ,_. ./'.":: · .. _., .. :··,·-·.-. ·::·· ... >.. ~--~-::~:·;.·._,:-,, . :.,. .. -··. ... .. . .. -~;·• 

. ·. ·:,:._- ·>· ..... , ... .' ~ ·< .. :-•·::~::.\~:-•.:·. dT ·_."_;-~.:<;.:'\·:~- E*·.;:·i. ·.. . . . ..... _ .. 
; .. · .. - . ; "''·" ~ 1t . .. ••.. My ... . 
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For e mass ofl380 ±. 30 MeV, the fUll band width is;· 44 _.M,V •. 

For ·t~e~~subsequent :an~y~is, 
. ·, 

. ·-· ~. : . . . 

only everits with invariant mass. 
!"'·· 

M lying between. 1J05 and 1445 MeV were used. Analy~es were also 

carried out '.with a narrower range of M, in particular,. for 1345 ~ 

M .~ 1425 MeV~l The results obtained for these two ranges. of in-

variant masses cut-off agree. In the following discussion, the 
.._ . 

broader cut:..of~, 1305 ~ M ;::; .1445 MeV,· . was used. 
) 

· .. 
·'.. . .·· 

f,<t I• ' . ."/ 

,•i 

,. "1· ·-· , 
_;, '• I' 

'.I· .; .· ,. 
........ 

. -·' 

-· ,· 

-·· ~- ... ~-··:. 
' · : {: · :. IJ" ( 'r~-

··.:' 
:_,_. 

r .. 
't.'•· 

•· :-.. 
/ -~·~:- ,: 

'·· 

'· 
.·.· 

' .... 

_: .. ,. 

. ~-. 

. : -~· ·. . ' 

·-,. •' ~ 

'·'-:· . 

'': 

.·;. .. 

·.· 
_,.. 

-.·· 

- .... ;. 

, .• . ~~-, ' ·. ~ 

-·:' : ~ 
-·.' t 

· .. ·.I·: ' : ~. 

·.' '· f' ..... >:, 
··J .· .··, 

. -~: ( . 

•:. .::-.. 

' .. 

.•. 

:,::-

... ' 

; .. 

· .. · "·' 

~-: -~ 

.. ~ . . . ' ·,. 

:.• 
' . ' ~· , . 

.... 
~ .· 

. .. . . . . ' . -. ·' ~ : ' 

· r ~-• / i.,. ~ 

._ .... 
.: .. 

.J 
,>• ·,·; 

. ~ ,: . . '' 

,_. ,: 

~I 
\'! 

' ~ 

.., 

..- ; ' ~,-• .!.'> ... 
~,, . . , -'I ·:> •' ... · :·,.- . 



.. ·' ... 

·. l' 
• • r. I, 

t . . ' . -~ 

' ' __ .,.·· 
•.· ':"28- .... · ~ . 

~ . J • "1 :·. ..- . :<, .'~ .. ' ... .. ~ ' .''".:·: .·. 

. ,·· 

.~. "\ 

:. : .: J. .. .. . . ;.. .. .. . )·,;.;_; -~;. ·J~?d~~~io~ cros~~zsect~~n .· ... _ · .. ::, ,..;.·-:··:<_: 1 •.. · ... :: 
.. ·' .·. · · ·· Betwee.l1_."t'fE(:limfts··'ot:._inv~ria~t mas~;·'.i305 Mev··:fl.n.~ J.j445 Mev,: . 

( . 
J 

. l 

" 
:, 
·J 

. 't" . ; 

.. ~ ', . 

.... .... ·.-··. · .. :._~ . _;· .. r -~-...... :J. ··:·~\-:.,·-,~--- _·-:~-~--~:~::_·<:·-:~ .. >- -: .. ··_.-:.~>:_·-~-~-~;···+··-·:_. .--~_:-.~-~-··_ .... :-.,.:->.-~·-):,·:··;:>-·.: -.·_ ~ .. : ... <--

. ;:···/·triere __ are "2~8-~e~~~~s- wi~~ M(f.,'::;·1t~?~~-~h:1 .?t,) ai1_~-·~56.:~!:7?:_F:~i,~h. 
. , . M(A;. 1t ]<M(A_,_ .. )'").':. The~ef~~e,\ . ·. :~ ~: .. :·. · . ,. -·. :• .. : .• .-·:·-:~-.-,J_';:f_',;:::i .. : .· 

•• ' ' '" ·,' ; • ·:· .,;. ~- : .· ; ·. -l ·' • " ~-' ·:·' .... • t. '· .... 

. . .. · ..... :\~:::: ::~: :~; . ~:;.5~± .. l6:Yji". . , · .. ·· .· 
~- "·L 

0 

O ' A '•' ._ .. ~:;.} -~-~·... '•, O 1,' 0 ~-1,'•' ··.~> ... · / 
,: : .· . : '• .. -· . t, . ·\ . . .. . ,· .I \ . . .~· ••. ·. 

· , .. , · •. No. correCtion:\n~ed>o. be made, f~r· :p;e~u~b1y th~ . ~;;;,~ ... ·,. .· .. , , , 

·present identi~~ily in .bot~ . .'Y~-- and,'rf~. channels·.·.:·: .•.. :·~\_:·_·· . . -~ , .. , · :> ;·, .·(_ ·· 1 
•• :.:-

1 

. . . :· .;.·: . : ~: :-··-~··:+:,:.: ; ,, 
To 'find the absolute cross~section· for reaction ·K .:+ p -+A + 1t .;~ +:.1t· .. · 

. ,, ::' .··.:··· .. ·: ·.: .. '•.' * ... : . '. . '. .•. .. . . ' . \ '.'·,: ... ".. '·:·· . 
. via Y

1 
production, several criterfa;.and bias .corrections ·must be 

·.·· .·. . .·. 
· :: ·, '. .: taken into con.sideration: .: ::: :_· -: ,. . •. ~:· 

.... \., ., . 

l. .. Because of the uncertainty~' in interpreting 'the· chi~square . :.-· 
1. 

' .... ' .l·· 

. . ·: .· .......... ' ·, ; ' :/::.:_ .. :·\ 
:,, '' .... -... ' ·.:·, ." ·· .. 

~~~ .: • :. - • •• c 'l ' 

,··,• . : 

hydrogen-producti~n 'const;aint-wa$ ,;;sed; i•e:, oitl.:r'eVe~t~' ~ith · <:· · '< .;·:. , : I 
.l ~ 4. 9 were accepted. ' There ·were,· a~.· seen on page i8 ;: 6U, ·.such' · .. • :· '· .,: ... ' · , .' ·! I 

. :::::: .wh::• :fp::::t::: .,:~a b:::;u::L;h~chc:: :Yt:~::::"'-~.lr;·st;~;(2' :.f,Y~~~ .I 

,..a .. production:from a fr7e·pro~on. ::In Fig •. 5, .it is.seen __ that~-for.·.,:.-i·.~_c;:;.:\}_: .. :<··~:_:·:::· .. '-<,i I ·. · ... ~·.· . ·. · :.· .. :._ ._·;.·: .. ·2 -.,:·--~·; .... _.:·.:_ ; .... ·.~:;- ·~· · .. ··_ -~- ._ -< _,·· .... ___ ·.:- · .. -· ..... -._ -~·:·_ •. · .. _ .~.-- .. · 4 _·.-:-.~~~---r.·_:.·.~~-·.\:;:->~=--~--\~_::_:~_.::·~(":-<:.:~.~-i .... .-:l 1 

.. ,;·a cut at M ,;_-12 ·o.r x ·.;, .lJ-~9, -32% of ·good hyd:i-og~n,~pro_ciuct~_oh eyent.s)<:_~-~,~~:~~:'-.;t:~~:::"<>~:~<:_}:: 1 1 

distribution. for the constraint of _lambda decay; for' the pucyose · .. 
. . . . . " . :. l.. . . . .• · - '. 

. "' :·. 

of computing. cross . ..:section, only th~- cut :i.n ·chi-square. value for•· 

... · lie beyond·· this cut .•. An uncOrta~ty ~f. ±6 . 25* ·was .estimated for ·,..\:\;1\f.'i;;;;•i·.~£;' •.. : .. ' I 
· · .·. · .. ·-thi~ correction·. to allow for. some variation of the, 'fitted. straight:·. _:i<;: .. :.:-.. , ·:: .. ·.<_..·.· < · ·-: I 

.·, . 
. . · ·, · line •. ,·:;, · · · :· · · <<. ·.::. 

.. ',.; ·.'; -::·1. •• ·,:: •• ~ ~ :· . '• f • ~ : -: •• •• ·.'· • : ·:,_i~.' :-

·; .. :.:· . · .. ·2 • 

\'• / . .' :- -~.:· _; ;·· 

. :..,-: .. : :-each scanner.:·; To· evalu~te _t~e .. ef_~ici~ncy o:f s.canner· A, ·a portion·._: ~·:i~~·.:):{:·:·:·-;:':'":' -·. ·· ... ·' · 1 
. , . ·.. . . : . :.: .. ·. >·:·-, .. ·;~! , : •..• ~- ·~: · .... < . > : ·. :_ . -~~;·. ~~.-~ . . --·.\</·~:;· .. ~:;~·-:~~-~~~·:<· . .-r:f::-~;~·~,.-· ... -~. ~} ~. 

· .. , .; of. films scanned by A ·wa·s .-re'scanned. independently ;by· scanner. B. :<-:'. ::·./~)· .. ~:;·.: ·":·.~::, · .. 

· · , <: ·; . ,- ;: ' •; : .~.. · :> :r :_ · · · :. :. · ·· · <,; ,;\~.:~,~;;;¥i~~~;'1);~6>::"· :. 
. . .. ... . .. . . ··:;.f . ~: !, ~-. _,.. . ' ' • 
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The scanning efficiency .of A is then 

,' !, 

~ ! . 

I. 

. I '· ' . 
' 

. 'N- , 
. .. ·. AB-· e '= .... 
. A: :. NAB -1- n 13 "· ' · 

'. ~ .. ' ;'. . . . ·' 

· .. : 

•: . ~ . •' ;• 1_<'. 
'l' 

The average-scanning efficiency was then found :to.b~-86 ±. 3%· 

3- There 
. i . . 

are two non-leptonic decay modes for;lambda 
~-; ---~ . . . 

t_ , •.• '. 

~/: A .-+lr+ + p ./ .. , .:. ·(A}:',:._ 
-~- .· 

.... ' ~: 

.... ·· .. ;: ·_(B) 
'•· >. '!• ,-·· 

The neutral decay· (B) is difficult :~to detect~:- ·It ·:is· known that, 

the. ratio of. charged (A). to neutral decay is. approximately two to .. : 
. ·. ,· ' . . } .· . ·, .. 

' _.• I Oj' ' : I ~ t '. 

one. Since only the charged mode was observed in the scanning, a · 

. correction f~ctor of .1. 56 ± :. o7:( 17 -~ ·was ~ul tiplie~ ·t:o t~e. ob~erve·a> ·_ 
' '••, ,: r ' ' •' ' •' 

· ... number of hydrogen-productions~ _· ·. ' 
. -~\ ... :' -... ' .. 

. ; . I . 

4.- For. the ·convenience of co~~ting pat~·le~gtb..-_e.ria._.ot'.·m~~su~i~g'<· .. · 
~-

the decay _secondaries; a fiducial volume.· at''reas?nable, ~istance 

'··inwards from the !falls qf the physical Ghambe.r,wa~: chosen~·· . 
. .. . ~- ... . ~. •'. ·. . ~ 

: This chosen_.volume . excluded. 2. cm"·each at_· .the ))ottom. end and•':.: .. ; -: 
~ ' .. '. . -. ·. ' ~ . ~' ::: ;· . 

·:cii~ection,·a_.cm.~c>n .the:fro~t-si~· ~here .. the beam-~nierea.;···and 
:: • . • • • t,-;' • ; •.. •• .· : : .·.. ·.·' •. ·•• • -:' :.··· ,'· '. •.• •. 

1,•, ·, ,1.' 

the opposite· :end. , · .· ,::'· --~·: .. · ... , . · .. - . ,_ .. (;/}~:: . 
. .. · , .. _.'·' ··· .. ·· '>_ .. '::·,:_ .. ',.:': :.··· .. ··-,··:·: .. ;:·>.:·:.·::-:.,, 
. . . Both the production_· and -the decl!ly. origins were:.required' 

.I '.. .. . -::' .• '•, l' ,''./ ' ' ' ,. ', • ' ' :.' • ' ' . I .£,• ' ,>' •" 

~- -.~ > .•. ~ ~-::;,:-''>'b~ _._·inside this 'Yoluine .-. ..: :_ .. · -~- _'·:· · . :<:'.': , : ...... ·· 
' .··.::·:·:;Ly:·:·· ·:-.;--:·.· ;.· : . .. ·· ::. :.':;:. )_'·.:/:.-::.: <·.-.::· ::.. . _ ···\·-:}·:·::;..:.·::.:·~:;~·.:·::.-··:··t: . .:: ... ,, . 

· · · ·. 5 ._. · Azimuthal· ·angle ·: ( 41) · b~as ·.occurr~d.· ~hen' 'the .;~de:Cay j)i~e 

.···· '> / . '.: : ,; 0 } .:. .'' • ·: ~ ' ..•. ,::};\~'~)~}': .··::, . 

.., ; . · ..... ···;··:; '··:1.: · ... 'f· •• ~ '·.' . ;-:~ .• --~ ~_:: .:·~?f~·;.-~:" ' ~ 
..... :'' 

·:- •• J ,, ' ; 
; I: 1 

· .. · .. :~\ . •. 
..:··, .·: .. · . ,t''•_.· •. 

~.. ! ' 

,,•'' :.•; I 

·i ._,. 
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·' .· 
·'. ., 

lambda was ne~rly vertical and the'·'Ciecay secondary tracks becrune 
~ ·' ·, ' , . ' ... .... . :. . . . . .. ~ . . ' . ' ·~ . . ( .. \ . .' 

. " , ·too· short to be. detect~d: a·~d}~r measured. '·.The normal· of -the decay· 
:· .. :· ••. ·.J .... , ._.:·,·.~: .. : .. · ,·.··~' ,., i:;.._. .. ~ ·: ,:·-:·: :·~·····~ .. ·.·: ...... ,.·!· ...... ;:,:G;. · ..... · .. ·.·:~·~.· 

': .. : . 

' 

'.-

. o.: .-'·· plane is a:e~ined by. the v~=ctor, Pp ·x· P1(,·;-where: Pa denote~ unit 

·r · .. ·:vector mome~~um-~~ pa~~icl:""a> :: ___ -_ ::_ ... ~---.-.· ·: .' · .:: .~ ::~',_:I,·, · · 
' . ~ :- ; • • : ' •. ";·.. ' ' . • . : ~ ., . . .·.. ~ . l 

. . ~- .I· · '· ,• . ·,. f . · • .,~ 
. This bil:\s was corrected 1by::, investigating the .azimuthal angle_·. 

'• · ... ' . :. ; ,. . ·.· . \ : .· .· '·_.'.-· -. " ' ... : ': ,:;:.· .· _- - '. ' ... ·.· ' - . : . ·. ·/ ·. _·: ... _,. :\. 
<·distribution <S?f 

1
the outgoing track about 'the incoming yrack, which · . 

' ' • (J • ' ·~ .:. : f 

would be. isot~opic if there were· no missing events~ _ ":Phere were 
·' 

,. : azimuthal angles to be- examined: the ·one made by the; .iambda abo~t :'· 
~ ~ . . ' . ' { . -_:.. ' ~.' . . ' , ' . '• . ; -. ' ';, 

the incoming K ~ track, }J{, and the other. made by the ·proton fro:in ' 
· .. · .... ' . - ) .... 

. , c) 
direction, pA.·, . ·:the lainbda decay about 'the lambda 

The two distributions are shown in Figs. 9 and .10, and are. 

consistent with i.sotropic·d:lstributions; Thus, we- consider ·the· ; · 
'\'. ~. 

;\'f1~l· 
. .. j····.l,};)'ll. 

. correction· to be nil;, -b~t estimated an error of 2ojo_ t~. th~ ~orrecti~ri'. ·;-:: · "· ·. · 

6 . LambdaS · which · dedayed too cios~ to or too fa~ away from . ; ·.:.·~· • .'• .. :.·.·. ·. · ~.;;~;~ 
the production origins were missed iii scanning. Since lambdas· ex--,:_. .·. ,._ · (·}:;,i 

''.•. ·"-~ :~ .. ·~.;;5;; 
·· .:.:~: U:~:1 

': ·.· " •' ·: :_,;;_i.;:!/:;~ 
·:· . produced,·· _by the following 'expression:. ,· -: .,-" ': · .. ··. ,. . ' ' '. . ; . . /: . . -' .: ' ' ' . ·' : ·;: • .. : _:_ •; '. :: > : ':::: " 

, .. _h~bit an 17xponential decay~· we found N~~ the t~e number-of 'lamb~as: 
.... 

' ~ . 

. · .. · . nl ~ n2 ~ N • . c~x; '( -(~\ ~) :. ~:~:-(~:2 '~~ .. /X . ·. : 'L ' ,~;\f~ 
•· ·. ·;-.:h::·t:: :::i:::r~: .:::~ ~~:~,::~f·~J~a:::f:6~:~:~r~·i:Y :: .. '.·_:_\:_ ······;;_h_:_,._:_;_-~_:.: 
' • ' ' a • 

0 

' " , ' • < ' • • • J. I ·' • • - - > , " • ' ' ·: :· ;:~i- / , , ':. . ,. , • 
_ ·_ when L· is expressed in em,. :p _in BeV/ c. and -r. in sec·~·: . , . ~:};.~r.:~-:-: _,·,< ;::,· ::·;:'\_:! 

'• -~ :· ,_. '., ,.:~;: • I' • '', ,· ,: ,· ·, 0 :'' .~.'>.·~::I: <~:~·~ f._·, .f:- .,.~··.' >.~ • 0 • ... ~~-~·~;:·::\~::.:.~:~·:·)·:~:>·•.::~·.: ::~:.~}:~··:~~ 
. ,: .. --.-~,/.... Thus, ,n1-n2 is equal.-~o the number of lambdas observed·to deca~~ .. \~:.'\·_:';·: ~--~. · .. _·._::··i 

·-·f .. :._ ·1·· . - L .... -.. ., ··:·.·::··· ._.·::'-.-;·._:·~·'-'.:''."-::·.'': 

,:· \ .. :-.: · .· .~: -~·. :. : ... b~~w~en the_ -t~rne -~~te~~7._·K~P)i. :md K(p-?a·::··::'-~ ·:·:_·· ·. ·,:_·<:._.: · · · · ·. '.: -···.,.:<;\:-~\.:/{_/.~-~>~~· :··:/·~ 
... _,.. . -,-: In order to_·:f'ind ·No·, we i~sumed ·that ·between .the: 'interv~l·.-·,~~-:,:;: ._-·.:··_:·.: ... >::_< ... :'·:_: .::. :: ··: 

. y,. . •. : ; .• ·.. ~ < L/P ~ 18 em/ c~v/ ~) all .~v~t.s were obs:?.,d. ,,',Th~ .,;,~ii~itY, ~f. l:A{f:~9;;;,;,: :. ; :: 

;' . , .· ~is assumpti:~ ;~as ·~~~~1d/yt~e fac~;C,~t ~J;~i~~i~~;7\Y_ •. :_:_:_: ___ ;_:~_:::_;,·-~---;:·-·-·-~.~-·-·t,:•_ ... :._._:,:._:_::~.,_ .. t' . ·!:~~ 
. . -. . . . .. -·" - ... \ . . - . : : r_.}~.!-

.: , ' • ·' : .· :.· .. · -;:· ··i : ~~. \ ':·. • · • .' ~· ... ~ • 7 • • • :·· •• ' ~ ,·\J 

i.· .•• ; ' ···~··~ •• • ... ,··~ ··,:'·. ·':;;' ' .• ·- •• -~··.:··· t.".il·· '· ... :· ;.·'·::t· . .. · . ·,~·J.~ 
•·· ~.·~- •.• \ •; 1 • ·.,.:···:'.:. :.·:~~~: • ·•,• ·.·";~·..-:~.' '.: n. :~\··.· ... : ... ~··.. ···>. ,· ,1!:·~-<~:.',··::::t;) 

• I· , .; " ;. ··: ·, ,} • t '. •' :· '. 1 ;~ j 
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of. L/P. between the interval (L/P \ = L .. and (L/P )~ :~ · 8 are i~entical, 
••• ' • , ' • • ... ' • ; ... ' ' ' . • ! '! . ' ~ ' • •.'" \. .'. ~ • -:... : ·; '· 

.: with' or. witho~t' the criterion :that the';d.i'stance',tr~.sversed by ' 
; -~ .. 
'>' , .. 

~. ... . ! . 

' ' '~· ' 

,. 

lambdas·.i must b~ gre'at~i~ than 0'. 5 ··~~'and<; less than ·~4 em. " '. 

·We used ·a value·. of 2 ~-~9· ± 0·.13. x io .. io. sec.·-~~; :the mean ~~~~- · 
. . ' ... .. ' ' ' ·, . ' . . . ' ·. ·. . (18) . \- .. 

~ '< •, " ' 

.· .. ~.,·,; . 
. ·, ..... 

·of: the lambda1.·as previously determined from th~s experiment . 1 

~> ,.. ·, ;·:~. ·::.:).: and foundthat:)etween L/p = 1 and L/p - 8 li.es 1!6·.0 ±. 6 ~3~ of th< ·.,>·: :: .. ;·, :?~~~:-!:, ... :.:::::: 
.;;· . ·:~~ ·~·; ·.·~:> -~~~ _,:·;· . ' . 

··.: · . . ·o: ,;::··: . ·. · ·;total ·number of events. Thus, we can correct for the events with 

-\~~' ;/ ext;emely short Or. lon~ lines of flight. . .... 

,; :. ; ;;fl> .· . '\ \proto:-~~:~.::~: ::1

:i:::::~ . :::c:i::o::nt:: :::::ry 110 'MeV /c; .: /' 
'' ·.·,::_; .~~t~~. which., would be approximately· 1 mm in length ·in propane, the maximum ·· 

... ~·;;~ _; ' : : ... / . ,... . .. . ·;. .. c. 
·. ·.:·.:.· .•. ·,·.·!,·.·. . · .. ·:y ::·~ 

',.,· . 

They were produced backward. in the center ·· 
''"' .· 

· ;:·::~:r· .. · .. : .. '.~;·lambdas w~r;. slow ones. 

.. , ;:i:·· .. ·'.: ,,, ..... ··of mass of~fhe K" -p system. A~· will be shown iater, Y~'swere 
· · · .. ·:' >2, · .. ' · , · .. , produced ml;i.inly backwards also. 

,·,· 

Therefore, these slow lambdas were. 
(--~~-·:·--.:~~~:·.:< :· '·._:· . t',; ,· . . · b~t , < , ':o:: w:~t;e:: ::o:::~ fonard .~th respect W the Y~ direction ..• 

: ~t·%~,'~;.zL . . ·· :':~ .· To c~rect for these.invisible lambdas, the distributiori.of ... ,. 
. "\,~#' ·. .' . (' •, . . . :'1·~.,. . . . . 

:·.··. 

. :· .r·,: ~: ;._··: ,~·~!:·l~bda mome~~~in .the center-of~mass of the. K-~P system was 'compared ... :·::. 
: /.:, , '• ~ ·,_. ~···· · ~~t:~~j"~ . ~ c' • 

'· .. :. :.::, .. with its theoi'etical distribution ... Assuming .that the lambdas· 

<~(,:;· ... d.ecay.isotropicauy· in the·!~·ce~ter-of-mass sys~em,.·the energy 

: .. _':'.'.· .. ·:: .... ·T··::/··distribution,· n(E*). ~f. the lamb~s ~n the ·~ent~r~~r~ts·s of. the.·· 
. ' . ~ 

'.2 . ( r, ' '' .. K -:P . system will be fist. The momentum distri~tion I, . n' (J.>*)' iS . 

related by ·. ' ·· 
' . . .: t.. ·. ;, t. •, •, . ': . ~ • • 

.· '':'.''. :.:.,~··~~- \_ :I • •, .• ," , '.} \ 

... 
·~. ~c ~ . .:. .; :· .' n' (p*) = ·n(E~) p*/E*. · · ·• '· .. ~···::.~F,-.~< .. :;::.~\.. . . . .'a, ......... "•.: .. ·. . . .. . . :<·:·~·:·_,_..:~.:··:::: .. ·:~ .::·_. , 

. ::,":;(::J.f.·.·~·:~.·;<··~<.(:This is .. represen~ed.by.a smooth curve in Fig· ... ;_-u,::the.toyer and.'_. 
'l' . .'.'~~::._, .. ·•.'·. ' .. ::-.-·:·.'· .... :·• ;, ,.' •• .._ .. '' ·. ~ , . .-.'',"-I' ', 

:· .(f.J/~· :,_ ·,, .. ·;;k.;:.::· u~per;. sha,fi,· cut-offs;. cbrresp~nd: to lambda~ :C!-e'c~r.~~ ~ir;ec~ly, ba~k~ ' 
· ... !,,:). ·~· ,·. ·: :::'~· .. <?:·:\~~rd·'~d·\f~~~.d.respective~y ~.the cent~~~~f-~~~- of ~he Y~·. :~ 
' ~ '.~ ' ~: . ' ' .. •: . . ~: - ·,• . . . . . . 

·~ : • • . ..=, : ' : .· .. . ~-. ' • : •. 
. 1. • • • • ·, .: •• :' :: ' ~ ... • ~ • ' • . ' . : :.~ '• ·.-· . . 

•• '.'' • • • '.. • ... .'~· ~ • • • •• • •••• • ~·· • • . ·, '.' .. ,. ! ! •.· • i' . 

. ~ ' .·> ~ ' ; .'· 
'•. ;, · .... ·. ·, 

•• t •• • :~ '. ''". .. ~,, .... ,. ·.:·, 
',··· 

'/· .·,·. ·. 

·.· 

. ' ~: .. 
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···\.• 
-. '··· 

• ·~.: • •. ( • • . ' i' 
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! . ' ·~ ,-. ' . '· . . ... ·. ,__ ..... _ _; __ .... -... ·--·-------- ~; ... _:.-·~·- ... 

Fi.i.ll .. Distri.bu~i~ of :ment~:of ~cia' irO.:~l'~ 
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.the K~.-:p center. o:f' mass~::;. The , solid curve .is :the 
theorectical dist:dbution, . normalized. to the 'ri.Um.ber. ' ' 
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The curve was normalized to the number of events with P* less than 

. '·. 

300 MeV/ c ·so that, even' in .the worst' case when a lambda goes· ~irectly ': 

·.backward. in the :rC.~:p center-of-mass. system, its laboratory momentum. 
,1 ..• 

.. f.,'. 
I . 

. :i.s about· 360 MeV/ c. The. decay :proton from a lambda of such energy 

..ha~ a .mi~imum mome~t~~·o·f 190 MeV/c, corres:po~ding t~ a range of 

.about ·i.cm in .:propane. Thus,· we ·could :safely e:~suni.e .that forl20 :;·::.:.::· 

> :p* :!! 300 MeV/~, the. d~cay :prot~n was. always visible •.. :This was a 
. ,· . . '. ' ' . . . . . . ', . ~. ' 

· . rather conservative estimate. The. correction was made for the. interval . 
·. ,· 

. .··· ·.·· <: ··>,:.:;.:~··. 4oo :!! :p* :!! 542 MeV/c, instead of 300 :!! :p* :!! 54.2 MeV/c,·.which was 
.~ ' ... ~ ~- . ~ . :' : 

, ·; : ,:: . -_.:. ':.·.·· .. ··· · ·:.ro':lnd to .be 14 ± 2'{o. 
. '·'· ·,( ·i . 

The distribution with .an additional criterion:.:.:. 
,'.: 

.. .. 

\ '· · .. 

·• 
,; ... ' 

.,_. 

. • 
r 

.. · /· ... :: '·' ; . ,. : '>:. l.O ~ L/:p ~· 8.0 was .aiso studied, and .the result~ were very si~lar.'·· .. ;, . 
~\ ' ' ' . . ' ,, 

' ...... ; 
: .. 1,··. :··· : .... •!. ,• 

·'•' ,_ .·· 
;· · . . ...... , . .< .· 

\. 

. •'. .. .... !Y. Therefore, in correcting :.for missing events of tY.Pe (6). and of slow .... 
; .. ~ -:~-·: .. ~: ; .: ' ·' . ' . ·. ' .. ~ . . . . :. : -~, . . ' . ' -;. . 

: ·.::· · ·:.: , lambdas, we had not over-corrected the data. · ~: '.:· ~. 

.: .. : .;·:· t .. •• 

.. • •• ·: ~- ~! • ' • . • ••• ;: . . \' ·• • 

. ' . 
' 

. . · ... ·, 8. · .Because l:c) has a short mean life~· it. was. very:difficult · ·.:. 
'_:. ' .. 

. . . ~ . ; . :. ~- · .. to separate out the contamination of lambdas. :produced from ~o. '. ··.· .. · .. 
;· . : .. -~:. 

. , · ... :. ':'.: .. 

' .. . ~ . 
. ~ .. ' 

•' . 
i• ·1, · ... · 

.· •', · .. 
' ... 

K- + :p ~ ± 0 + tc + ,t· 
. .L.. .A+ y . 

; •'· .. ·.: · . 

. .· \ .... ' 

· ... , .· .. ; 

. . .. . -, 

The contamination was estimated to be ·10 to 1,15%. · · .. 
.. · ...... 

. •, ... 

~ . •' ' ' .. _ ' 

,[·' 
·, .. !' 

I O,,' • o (> 9· A smaii number of events were rejected a's· .being unmeasurable.···. 
j . . i: • : • 

I. 

· .. : . : ·These. rejects/ were assumed to have. the same :percentage of good · 

·.• . 
. ·· 

'··· 

' >· •• :·· . '!: ." ....... .' ,·· .· . (;.. • . •. . • . . ' ~- :.'· . . . ' 

. '· .... · · : .·.·.' .:; ·. hydrogen..;like even~s as events not rejected.·.· :· " 
'•. :.· ·. ·. 

. ·i _. ... 

• . ..( ·.' ., 
. : '• : . ~ . ... . ' \ ' . ' 

' ·, ·: .·. :··~,J:. ·, ·;'.:'·' 

:. ( .... ··.: 
·, . I ,· ' .· ._, '1-~ •. :·. • 

. .. ... 
' I ~ o ~' 

.. -· ·.' 

f ' • ' • • : 

:· The bia!ses and their ·corrections are summarize~ in ,Tab~e · IL 
. ',' 

:• .. , 

.·· 
~e da~a was divided by sc~nning efficiency andi,.m:ulti:plied by' 

. ' 
'I .·, ·. . · • , .I 

the. L 0 contamination factor. For th:e. other corrections, (16 ·. 3 ± 

<:·.:· 1.6%) means the. data ·was· multiplied· by 1.163 .± · o·.o1.6J~. . " . ~·, · · · /L . . . · . · ' . · . . . . .· · · -~ . . · : ... ·, 1 \' . 
.. With.;tn the. defined fiducial volume, with ·a. chi.;.s~are value. 

f ... ' ' . ·. ', . . . 
··for hydr4gen production. con·sti~aint equal to o]!' ~ess th~ 12.0,· 
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Corrections to the data expressed in.:percentage· 

.. Scanning eff'ici.ency. 

··· .. Good· event beyond M =:12 

,. . .• Neutral decay mode.:. 
'.-:.· 

.· . '. 
. ( · .. ·: .. · 

. Azimuthal angle· 
-' ... 

.·., 

.: :One -:prong. lambdas·. 
·.· 

. •, .\ ... : .. .: ...... ... 
Rejects ., v .. ;. 

t _0 
· c.ontaminat'ion 

.. ·_r··-.. ;_. .. 
\.'-< __ ........ .,._. 

:'.:, 

!•' -:· -;·. 
.. ,, 

· .... 

. •;··: 

85.9 ±. 3.o·· 

47:1.±',4.1' 
: .... \ 

.. ·.56 .• 0 ± ':1 .o 
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_. . . , ·:. :}; .\· • .: . . -~ ,· N,or,mB.i:i.za~i?n. of-_Beam _Path-,:~ · :;' -~'.::::·_; ., · t" , ... • ·.. . , _• 
. ';. • • " ',·, ;1·. l'·'::;~•:· ... :: .. ·:-···· . -I • _,..;,·~·· . (< . . . ··· .. ' ·,• , .. ' ··; ...• 

, . ..-.. _: ~o · cony~r~_.the · ( correct7d) observed ·numbe:: of. eventt to_ .a ., .. 
:· . .-.~·._: -: .·; .·\ ~-~': -.:~· .. ~:· l' ~·'"',_ . .'. -~ . ·_~.-.f._.··-: .,.";-':-,.·_ .... -~.'-f .... _.·.·;-:.::_~· 

'.! :·,:···· ,cr6ss:..sectiqq~ve.J,.U,e:,·:the _total;beampath length must'>be tmown.:···.·_.:-·· 

. · ...• /·: · ·· :/s~~ce .-o~ly: ~V~~ts ·~it~:.~·;-~: •. ~-~ 65 c~ ~~ere in~lud~·~·:'i~ fo~e ~r~ss~ ·--:. 
:•: '.· ' ' _.· . : 'L ) .... ·.< ' .. · . _· .. · '. . . ... ·. I >. 

·-: < section calc'\.llation, the interaction volume is 40 em long. . Not 
~-~>···; , ·,. -· ',. .i .~·.' .·"' ;·.:·~·· .. -· ·. ' :-.~:. ', ' '·' ·~:. · lr·~-~· •• ~:-,··:·.:,;·, •• ' 

· '~ ·· :_all tra.cks wli':J..ch -enter the interaction volume transverse_ its ' /· .. ·, ··:_;,· 
. '_:,:· ... ·-_,/.. ,. ·. 

...... • :-, .-./·;.·_· \'.- i' ~-· .• .; ">·< /:·.; ,._ 
. · length,. due · to interaction.~·. Let · J.. be · the . interaction volume length ,•' .:•:.:·/·.:'~::: .; ;>·/,;:: -: · :-

;, . .. · .... ·••.:::. ~:· .:::.::~:::.· :·::.::r g:: .·:::::c:::::~:I::•~r~ane', ....• then. ~~,~~~lJ'\ ;,;;;.; 
i·_· __ := .·A -_(· :: '1 exp (-: J./"A) ) .. _· · . · .... -· · ··.::\.:; ... · 

~ • ,- •• ·',:-· ,,. ,. • Jl ::/~:" 
.. ) . ··. . . " 

The_. mean-free path_. used. was cpm:r>utecl from K- -p an·d_K-.::n total 

-:· , .... sect~·on~(l9) t-o'.be,.on.the ~rder.of 159·± 11 em.';::·:: ·-.::.: 

•,_' . _,_. 

.. 

·~· 

.. 

length is found to 'be 35.3_ ± 2. 5 .em. 
-·.; 

'·; .. .:,;-_·. 

We have scanned 86 ~ li98 ·-. . . . . . . '-~· .· . 
fraines ·of .bubble·· chamber. ·filin -in this::,_,,:'···>~ .. .-::.':··,· .. -~,:· .. :. 

experini.ent·. -The average.' number of ·beani'tracks: p~r frame_ .is: found·: ;:·., ·. · .. _ ·· 
. ~·· . .'· .. :_~~~:::.J~_~:i~:~.-~~:. ~ ' 

· .. ·. to be: 3.42 ±···0.20~ :-. Thuf?, the. totai beam track le~gth :is (lo.44 ± .. :/;::;·~-.. 

. • .. " ·. o; 95) x ·106 • em. · us~ .. ~ valu.' of CJ. l.15 @11/~3 fo;~;~_,>aens1 ty ~i; :;,):~;;.:// ; , .• • ; 
propane, the production cross -section· is calcul:ated· to. be. 2. 33 ·± -.: · >· <· .. ·~. ·--· 

,· 

· .. -0.36 mb •. · This.value·is.:consistent.with;the existing:results from· , ... ct.~?'<~ •, .... · . 
.. .. ... other simil~·::~xperiments: :-L9 ±::·d<5/m~-at_."a5.o:~e~/~;·.:.3.;~.·± .. 'o .. 5.-~~:<;~,~l/7:::;\·:.:;.·: .. :.;,')'::~.·::·. 

-;-- .. :.: ...... · .. ·· ; ~-.··<·:··<-·::· --~---.. ~ ... ··:. __ ~·::.:'.·'·:·.:··.;-/:' .-:-.·~-~-.. _-··_··: ... _i~·~::!(~~·~·.:~··.~{·.·'> .• ..... ;·:> 

· · -~ at.l150 MeV/c,-.. _.-2.2 ± .o.g mb· a:£.:.1220· ~eV/c, -.~d- .. '1·:·~: ± -~h3 mb::at 1510:;:.:,-::.~:::y:·:·)::~::· ··:.< _; : 
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·,_.Production Angular Distribution 
.··t f, 

The distributions of cosine of the :production: angle, e; ?ore 

*+ . . *- . . . given in Figs.;.l2,and 13 for. both the Y1 and the Y
1 

:production, 
J 

between the incoming K- and the o~tgoing ~ 
,•' ," ~: 

where e is th;.i angle 
,t·A 

directions in the center of mass of the K--:p system. They were· 

both fitted to :polynomials in cos e. * 

,', ·' 
:.·· 

'+ 
. ~ ' . : ~· ·-

" 
.. : . ' . ~ 

... ; . / :::. 

.. , .. ;. 
:;-::~ ... ~ ·-·· 

:: ·-·:·'.· '··,! _,;_ 

.... ' 
' :· . •< •: < I' 

.. ··:··: '. ~-· . ··._ ... ·.' . '~ 

'· :. 

·•·nomials.· 

f · n· ;r ' !(8) = t>an eos e ' ;a,~ 

show:d[,~(he ',coefficients, an' .. for the. best :··~N~s':t~oJj~.' 
L ... 

. . . \(1 

., ... 

;· · Table III 

·.,_ 

.. The two distributions.· are different. 
. . : *+ . 

For_ the· Y 
1 

, ·. the fourth •' 
... '•· 

.. ~.' 
' order term is necessary, for the ''*- a third _order term. .11 '; The addition:. 

:.,' 

' or' hiSher order terms di¢1. not . improve the fits. The:presence of 
. . ~ : . . 

bo:th . even and odd terms, and of terms hiSher than. the $econd order 
. . .. . . ~ 

. i/ 

indicates that the :production was not in any :pure angular momentum 

state and.that.u:p to D-wave :production ~as :present: 
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The de.cai 'dis~rib~t~on inthe.·~ center o~ . .mass;. frari.te depends . . :f 

strongly 0~ .w~e~her the y~ is produced and d~cay~ as. a~:-;;fii-ee particle· .•. ' . ... .i;·~·:: ..• : r 
* L :· >. :t 

. . Unless the Y1ilis in a free state, .there will be interference effects -. ·,:: .! 
•• due to (1) thj y;_ and the. backgroUnd non-re.sonant A •- f • + productions; : ·, ., · .. /{ .1

1

_ •. 

' ! 

.. · 

. .;'".·' 
,, . ',/. 
., 

. ~. . . . 

;. 

· (2) the Y~+ and the Y~-. channels. These. interference/effects cause ·.:; ·· :. > .. : :: 
,. .:· 

distortion in various angular distributions. · Since ~he Y~ breaks . ·. ' · · :·~ ·.. . ~ 

up via strong decay, where parity.is 
. I . 

expected to be ,conserved, . only .;'. ·• · . ·f 

not bot~, c~ /e present. The " ; \ I ·"' even or odd pa~ial wave states; but 

decay angular 4~stribution of the lambda 

direction in /'h~ Y~ center of mass frame 

f if: .· ....... 

/'\:'::· .. ':·.:· with respect to the y~ 

would,·. therefore, display 
. ·. '" ·. -~ ·.. -.~ . 

. ~~ 

· ... - _.;· 

· no fore -aft asymmetry. If it were fitted to a polynomial in cos e AY_:; .;· 

·': coe;f.ficients for the odd power terms should vanish. . ,(.,·.·· . 

,:- ~ ' ... _ .... _, 
' ·~- .. .... ' •: .. 

.._,._ 

.. : Fig. 14. and 15 give the decay distributions foi-. th~ y;_+ . and . ·• . } , ' : ':· '. • , 

· •. the ~- respectively. In scanning we missed slow lambd.S.s; the 
1 

.·.·.:·. '.'· \" 

. ·, :.·:·•.t 
:decay protons of which had too little energy to leave visible tracks--:.:_: · ·; ·.~< .. , I 

. . . . : . . ·. . " '. . ' ~ 

These were lambdas goi~g forward in ·the Y~ cente·r· o~ .mass frame." . ·;: · .. ::· .. ;··. ··> · ... · .. : .· ··. 'j 
·(See section 7 on cros·s-section:.corrections.), ''rhus,'·.'~e· left out.' ·-~·< .. : ... · .... ~ .. <:·.:: ' .. :--:·:I 

,' • .. ~ I •, • 

i/:···the' data 0.8 -a cos ... eAY ~.Lo and fitted the rest_·witha:distributioi1 . .':':<, .:.'"··· ::. ' 
,.. ; :~ .. · : ·. :-' .. ,,:_: .~ : . . . . . . I 

···· .. , ~ of the form .. , . .. . ... · .: ... .': .. · . . :· . . . . ' . ·~. . ~ 
., ' . . . • . ;. \ ~ ! 

. ' ··'<"' .. ;~. -~· ·. : ... : 
.,; ., .. · .• ·.' :.: : ·.: 

:h 

..,_ ·. '·:· .. l ~ :· ... 

·. ·. · . .. 1. + ·a. cos e . · · · .: · : 
.• • •·. I •.•. · .. ' 'AY ... ' . 

; >.· : . . ... :~:-, as.indicated by .. ~~~~~·s.~l:i.d' c~rves~ The coefficient~'~:.~·~~:.·> 
.. '· . . ~. . . . .;· . . . . ,. ' 

,:;. .·.•·;:~·· ... ;·: ::~·.:.-. ... ·. ·.'' . : .. '·:::.::.·~::."· .. · .. : ·. '<: :·: .· .+·:.·:·:-~ ... ~ 
,: :-'·:·:.:· .· . .:· :, :· ::>> .. ,. . · : .' .. · . ...- .. , :·,a+ . =: ;- ( 0. 25. -,. ~ ~.16 ).' for .. Yi····~ .: 

:>:.~·; ~·· .·· · ... ···· .... _ .. ::.·, : :.. ''!: .. .':·~~ .•. · a .. ··,::: . .'-.(_O.l7·~ .... 0._15)·:f-or·:Yi·f·-~ .. 
..... _:..-(:~· .··:! .. \:.';. ~-.·f ' .• •: . ., ,'; 

.. ..· :·.' :··: . .'··· ... :.~::_.: · .. ·. For the .sam~ -.inter~c~ion'· at ·850 MeV/ ~(2l).; .~~e';~~\~t~;~erence;·'::. > 
,'; :. .; ~ ~. \ .. ' .. ~ . . . ' ' ' ' 

· ... ,· ·.~ •; .:.·, :· ··:·. .. . . .. . . . ·. ·' ::. ~:· ..... · .. · :·:·· . ..:.: ··•· ...... ::'. ~" .. •.· .. ·' , .. 
. i •. : • ~·. effect~ between.<th:e· ·Yi :;.,B1l:d the :Y1_-· chann.el~ ·ar~<·strpng,. the ~coeff1.-<:.; 
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Spin Analysis 
·. ''· 

. i {' ··, \' . 

The spin. state·· of Y~ can be manifested through its decay 
r 

·distributions. The lambda has a spin of 1/2, and orbitaltangular 

: momentum quantum numbers are integers. Thus, the spin o~ Y~, .J, · ..: ..... 

t 
' l-

! 
! 
! 
), 

t 
I 
t. 

I 
I . .. I must be half integer, i.e.,· (2n + 1)/2. 

,..:.:..._. . . •• 
I . ' 

! 

If J is 1/2, .there. is no possible alignment of·~ fPin and. 

the momentum vector of the decaying lambda, ~' in the Y~ center 

If J is g~eater than ·of mass must be ·,isotropically distributed. 
" i 

1/2, it is possi~le to achieve an alignment of Y~ spih in the 

, . .' ·- , .. 

,· 

. ' 
••• h . ·'. •• .. 

.:· .\-

/ 

, .. 
::. 

!i. 

h· 
• ! 

· production process, which wi,P. in turn produce an anisotropy in the ... 
\l 

,.•.,. •'•, .. ·.··. 

distribution of A about the axis of alignment. 

. r.,: t •• ! . , : . ~~ 
. •: .. ·.A. 

t 
t 

I 
I 
[ 

' f 
t 
I 
~' 

.· ,· .. '.t . 

.. · .... :. ·.· . ~· .· ·.· .·. . . ·.·· . l ,.. ;·. ·:· .. '·.·· ·· .. •.. l 
.of components of angular momentum along the in~oming K- :beam:' direction'~,· · .. : ··, : .. ; ·· ·· l 

Adair Analysis '- ·'. .. . '.: .· ·' · · ... i': 

Adair(22) ha~ pointed ou·t. that for .r >1/~: ·the :conse~atio~ : . 

. ' -~- · (call this the. z direction). forces the ·alignme~t· of spj,_n of ~hose 
... 'I •.·.··.•', ,· .. -~ '. 

..•. •.• 1' 

· .. Y~ which are produ~ed a~~ng .or against this direction. · · 
' -~ ' . . ' 

'• ... ~ . . ; . . . . ·. . . . . 
-~. J •• :t .. . 

_ .. ··-.·. · .. ' . -~ .. 

! . ' 
•, . 

'; .· . 
In the center of mass. of . the K-·-p system along the. z. dire,cti6n, 

> . .. , .. 
-:·. 

... the component of orbital angular momentum is zero. · Since K- has : 
. ··: .. · :-. . 
.::,'~ ·. ~ . . . ' . :_. ' 

,. ·.·'. ·,_ .... 

t 
i 

! 
I 
I 
I 

. zero' spin, only the spin of target proton contributes . an angular . . I 
I 

'· ,\.. 
.-,'·· 

... •' 

. · ..... 

momentum component of one-half. In the final interaction, the · 

primary pion has .·spin zero and the orbital angular. momentum. of the · · 

: :· :y~. which is produced either forward or backward with reference to -. 

·' . : ·.:.;: . :· .: the z axis has zero component along this direction~·· .. ·Thus,. .. . . . ·· ' . ·.·· 
·; .• .~ •• ·- • 1 •• 

_ .. · .· · : : serV;atf?n of momentum,. the spin ~f .Yl mu~t . be aligned to giy.e a. ' . :. · 

· ~·:: :· ·:· ·: << · z-component of .·1/~. For exarrW~~~ fo;. J ·~ 3/2, __ : the .. J z·.-= · 3/2. st~te'/ 
• • : • •• : • .. •• •••• • ' • • ' ,6 .\ • . . '. • • • • ' • •• '. 

·.' ~ . .'~ 

·. / 

. ;·.···· 

· .. ·' 

. '•, 

. . .. · ... 

. ... ·.· .... · . . .' · :~ · ". · . are not allowed. · Consequently,- .when J · >1/ 2, · the :distribution of :~ · . 
~:::~.-~<-~···:_;. __ :··.-~-- . : · ... ·. .· . ' · .......... ·=.-'.:..:.~.;_.,.:·-.· 

. ' : . , ·~ ·. '. ..:· .. ':4·! is anisotropic,: where. 4 ·~s meas~red in the .. ~~ ._center f~ mass .., .:.' '. :·· ''.:• 
. '.·' 

. ~ . ; ..... 
.... _, 

.. .. --:.:: 

. ' ... ; 
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-~. 

t 
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. • ~ t 
.• l 

: . , -· ;.~::, . ·._ ·I 
,'' , .:-".:_-'_!, .. • I ,• t ' __ -. .... ,_. ·;:-i•·t·•;-i ,.· :• .. ··.·_,.:;·:·~-- ;·;,-:!;:·.·· t· 

s ' ... '::, ·. < · .. • _-::-'···. ;, '· 

.. ;, 
1 
i .. • .·. · ·. · · • • However;,,\ the~e were few ev~nt~; thath~~. (~ Pro,~J~~: {exac~l;;\~\~"~t~~~;1\IJ\~:~: I 

,· -'. - '. -· ; .. along the beain direction •. ·Thus1 we: znuSt,,also :accept_ ,ev~nts that _:-~:_:,~_,:;; .. /:.:::':t.J··:·.~·.-;_.'(:,~';:. ' 
~ f~.. • ~··. : ~ • • , • .-~ .... '·.···· . .-·.· ·::· : •• :: .... •.• ' :: •. :~.:--;~~--~;;·,~~:\·'.f,".~.:::~:~·t:i.·.·~~ ... ~ . 'l 

· ... ·.-.: ~·, ··: :·: had productio4 angle_ of yr_ _close :·to·. b~t not ~·qual: to _z~ro. The' <'·\~;-:~~:::::~-:~))}:)(: . 

. . ·;: .. · .. :.· •. ·: .. ·: .. ::::r o:::~f.:t:~od:;t:.::z!:e 1:t:_:vr-~if;d::::::~.:;:~tl;:~[f:'"{~~tii~:,:·i l 
' ~ -·all events coul1 be \JSed~ If higher-partialwav7 _st~~~s-:were pre_~e~t~:.:<-.:-.. ··:~-::/::·='. ,, 'r 
:f ··:·::·'.the accepted pr&duction ang~e ~st be 1im.it~d to··(Lf -~- l)-1 r~dian~( 23)··':;:· • .t 

. i .. . - l . - . max : 'l-
. ·,- .:<~ \' -~>~ .:_ :_ where. L . . is the highest ang~lar momentum state.: :As a result,_ the<·--.·.; .. '!' - · .• _._·.. max . · . · - -
,,.· ' .. ;· . ~ . ' '. · .. ,,· 
· .· ~-. ___ . .-,:anisotropy would become le1ss pronounced also .. :. . ... -.· _:, . ..,·.-~~:+ 
, .· ):·._·; . · For d-wav.e producti~1i, .the production angl~--c~t~o-ff was .iimited • . . :'J 

·: ·_:· ·; •... -~-i :., > :.to 0.33 radians abo~t the ·_beam dire'ci,ion,- the_:·cos'itie··.:·of wiiich~· i_s.. .· ·l 
~ ·~ t 

-,I 

,. . , .. .. ·.·,·· 
':·. · · 0. 94. · However, ·with this re.stricted cut-off, ~the ;data yielded· too: .. · . 

·. . . ·. ' ~. . '. ~ ·. . . . ~ ,. ' . ·. . . :,: 
,, . /' • • ,' -~ . • . . . . t .: • . . l, '• 

; · ':few events to be useful. ·'Thus·, we _e~ended the cut-off to 0!9,· · :--
.•-

I .... , . . : 
- ·_;._ corresponding to. about0.45 radian' .. : -

. . . . ·. ' . . . . ~ . ~ . '. :' ' 

·-· -:, .r, ' 

.... ·The ·•decay distributions ch~ge wheri we: allow .. even:ts-.. ' . 
··~ . \,·. ,' • • 'I ~ • · duction angles other than zero.· · since the produ~-t-ion · an~lar ··-

1 -

. r 

.. ' . t 
' ··t 
.'"-:.:.:t 

. ' i': ' •··.··. ';:; .. ·1 
·. ,··:j 

·, 

.: :. · .. · ·.-> : .- · : _distributions show that .the Y~ production was not 8:, pure _'state' 

> . . ·.·.' < i ·: i :rrOm their e.s~tries: it is not ole~. what the /~xp~ted decaY : ... '. , \:1 
· · ·' , ... ! ·. . ·• . ,. distrib<>tions · ~ho;,ld bi •., .. :, :· ·. :· ... .'. · · · , . · ; ·':·.. · i ... , .. ·· .. ;, ·\:,-1 

····· . , .•• :. For e~le, in t~.•>as,; o~.)Jl~. ~..,;.,y~·~:6a,i~~1on pf .a J ~'•3;:{,;'~}:)_'::;\(,}*:'j 
. . ;'; •.: . ~ .' ; :, ~' . 11' . the t?tal. .msul.ar 'moment1llll O:r: the f:tnai ,; ,; - ~: cont~gilr8.ti~~ ;·; r : \';,: ':/ ' :, 'I 

.... : .. , ·; 

.. ~ : 



i 'l 
'! . 

., ' 

. ' ' . 

., 
J 
j' 

:· 
'' ... . 

-49-
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distributions, ;we folded the (A.K) distribution along A.K = 0. -- .. --
·Fig. ,16 sh~ws ~he _distribution of both the Y~+ and, the Yf- events. 

vrith 1305. ~A},l445 1-1eV 'and I. cos eprod 1 > 0.9. There? were 44 · .. 
. ... . 

~-· .... l :_' 

events. The" solid line is the best fitted distributionq of the. 
' f . ·r· . 

form 

I 
where a = -(0.05 .± 0.66 )·. The distribution agrees very well with 

.isotropy. 

With fJ. nax1row MArc _cut-off, 
~ . . ,, 

0.66). The dis~ribution again is consistent 

j 
r 

with isotropy. 

·,·.·.··.,. 

'• c' .'-

· .. 

'.! 

.' ' l . ~ . 
.·:·.· . ... ; 

.~.:}./,• . 

-~··· 

;/' 

' .. 
.'• 

,,,·. 

B. Decay distribution with respect to the production normal· ' : ........ . 
·. · .. 

'_,:_·. 

\ 
!. 

I 
J, 

I 

I 
t 

'·1 

'·' . ·:,· * If any Y
1 

decay distribution is found to ,be non-isotropic; ... :.····· 
·'! 

' · ·assuming there is no strong fnterference to distort this distrib.utio~, ··:: ' .. 
~ ' ~. ·. ·. . . ~ ::-. : 

this would exclude the possibility that the s.pin of Y~ .is 1/2:·. ·' · · · ·· ·· ,,. '' 
,··,, 

We had. studied the distribution of~·!!' where n is the produc- ·. "· .. ·.·· .. · 
."1 ' ' ' • 0 

0
.. '• • • , •; I , '• '• • ~-

•. . . .~. ., 

·tion normal, defined as !f x !_, both being unit vectors .in the. center'/.:·:.· ·: ·:-: :.:,._:·. ·. ·· .1 

* ' ' . 
of mass of K- -p system, and ~- is defined in the Yl" .center of mass. . ·. ·. · · · · 1 

. "' ' . . . ~ . . . ; . .. .. > .: . · ... · .. ,: ·. '· .. ·:;. . . ! 

For those Yi_' s that were produced· close to th~ beam directio~~ the. : , / 
: :; '. ' : ' . ' i 

. normal·!! was not well defined experimentally •: Thus,·: we .restricted .'· ::. 
:' ~ :_ ' 

our analysis .to those events ~he~e. 1. cos eprod L ·<.09.,·5·. These .. :. -:·. . · ... . .. , , . 
' ' 

,\ .· 
. •: · .. distributions· involve a different sample• of events. than those in 

;: ,_: .··.:· ·, t,·' •. 

. . ~ ... 
·,.'1' • 

. ::··· .··;' . . . ' ' *+ .· * . . •· 
·: · . '· .··: ... the Ad8.ir analysis and include both the. Y and the Y - events.· .· ··.· .·.• .... . - . . ' ' ' . .· . . .. ,. :: ,· . :, 

··.·:. .. ..·.·_.:·They are nc)n-isotropic, the lambdas were emitted preferentiallY:':. 
" '. ,,<·:-·. . ' ' . . . . . ' ' .. ' '·. * ' .. ' . '." ·~: '' 

• •• ··: ••• ? ,. .. ':.<':··~· P.erpendi.cular: to the production plane contai~in~ :the Y1 and the~ K.<,::' ;~·::··. . ... 

... : .. ··· ·:; ~··:·;~._:in the center of mass ·of the K~ -:p system. when the £1·~ dis1;.r1b~.t.ib~~r;:·:;:?~:. 
". '•, '("•. . . . .· . . . :': ·:·· ;. 

. ... · 
~ .' .. , ' 

····:were fi.tted with.• a power.se'ries in·. (A.n), the coefficients fo;r: '.' ·. 

·... . . :.·the linear term are smau compere~ w;~ ~ose fo~ the 9)ladrati::·· ·, \ : y> 
'···.,: .. '.:. ,', ... ,, . .. :;<,_ ."~ .. ::---y:··.~··._,:~<··': .... ··' · __ .,·. 

{· . 
. '·' 

.... . '' 
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term and all t~e- high power te.rms other-. than the quadrat iF do not . .. . . . •' \ \ 

improve 'the, fitting .. :_The results tor two invaria.rit mass ~~tervals,: . . i 
..... .·.· I : ·,.· . i 

1:·· ., ! 

;, . . . . ' ' ' ' ' ' . ' :_. ;- ·- ·,i 

.•;_ .. _ 

_} 

•. \ ., .• ·,:- . '• . 

'' ~~ are .taou;t.a;ed a~'follo~s; 
... -·· 

Decay Distribution 

.1345 < M < 14~5 MeV· 
. . . \ 1 -(0.39 ± 0.31) <~~~)+ (2.21 ·.± 0.63) 

I I· 

' 2 
(A.n) . ..: .. - -.·.· 

( )
2 

~·~ ' 
.. _:. 

Noting th~ relative small value .of linear term ~oefficients,. ,. ' ' ' 

the distributi~s were folded and fitted to a _curve ·of .the form 
_:, ' 2 ,, . ; . ' ·. . '' ·t· ·. ' '' 

1 +·a (A.n) as shown in Fig. 17. The di-stribution~ are more than 

. '. ' 

r. •: 

'i . ,: t. , ':. . I 

··.·. 

. : .. 
•, 1 ,: • ~ t', 

';I ,\, ·.' . ..... 
' ·''. 

._;. 

i 
, ... ·' 

• • >. 
. .. ·' 

" ' 

. I 
i 
I 

! 
I 
I 
I 

-- ' ' ' ' _, · .. :~--~ _· .... ,. : 
: '" 

. three.standard deviations from isotropy . And the values of a . 

. : obtained are 

. - .. · 

• I o • 

1305 <M.M <·i445 MeV:.:a ,;,_ 2:.~1 ± 0.56·. 

1345 ·< M.l\1( '< 1425 MeV: __ a·=. 2~03 ± 0.62 '·. , ·. 

This· ani_sotropy persis~ed when we·: studied the I'i:+_::;m<t;_the. ~~ >:: 

. ·~ ' 
; • . : -.,-'I 

. . ',\ .. - .·· . '' . ' ~ .. •' . ' . 

. _- ... : 
',· 

:~ ·' ·: ; . 
........ , .. 

. · ... · •' 
... · . ·· .. : . ... ' . ~ \ ' ' '•· .··· . • ,<. ·samples separately. .;, : . 

i:· . ' . ; .~.; 
' !':' ~ {, ;· I' 

. ',::. . ·Fig. 18 shows 'the decay distribu~ion, ~·~ for fou;t>:~nv.ari~t· :····: · .... : · · · 
-~ ', :<.) -;7. . -··· ... ,• t. 

, .·.:_; .. _,,:.mass. intervals: (a) 1355 < M.&r·. <. 1370'MeV,- (b) 1370<-M~ < 1385' ·. 

:.:·.:MeV, .·(c)'l3B5 <_.M~· < 1400Mev~·· (~)·~4oo_·< M~·k·1415 _MeV·. ~e .:·,,::· 

'"•· 

.· .. · .... _,:;._· 

"/ .··· ···: 

" ··.;), .. '•·, 
·; . ~.. ..;.; . 

... 

· .. .·: ·statistics are poor_.· Except for the ·last interval~ the_ anisotropy·:.­

·;' _·: .;_ · persists and there'· is no i~ication that the an~ula; distributions 

'' .. · 
,;"'!- • • • -~- • 

•. . \ . ' '. '.:... ' .. . . .~ ... 
. ' .. i,'•: 

••: . ' ..... . ' . . 

- . ~ •. vary strongly aa the value 'of the invariant. mass passes through. 

· ·:.·resonance . 
·:._ .. 

. .. \ 

. '.~ ... '- • I .' ' :. '~;_ ·• 

. .. ; ~ ·: 

•. • .. 
; ' ... ,·: .. .-.·: _ The-anisotropy in the decay distribution and.it·a_p~rsistence·,_<::.;_. 

·' . ·, ~· . ·. . . . ' ~ .• . ' . ' ' . . ' 
• '· ~ ' ·• ... ·.: .... • ' ' . ·#.· ·.:. :. • " ·.. ,. . . . ' .. '' . . . .. . ' ', . ' '* ' . . .. '• . . 

. ·· .. ~ :·. ·.,:,: can be simply explained by. .the high spin ~:f' the Y1 ~ · In ~ther words,•: .. ).: .. ~· .. ::. . 

· .. ·<.: ·.·: . .:_: . .'..;-:.:;the yt alone with· it~ ~P~.· ~qual.t~ l/(cann~~ p~o~uce·: an anis'otrop:i.'~_:;>:_·_:_._:;· ·.<·· ·_:_· .. · 
'··:,.·.;, ·: ·-.. ~:.>~·. '··•de¢~y-. distributiorb. ··.Howe~~~·: :Aruiir<.24 ):- sho~s:\.h~t:· :i~:'one·· all~ws .. ·.:.··. 
. .. ,. ·::··:_:_:':;-: _·· .. ·. :., · .•.. : ··>··· . -'.··._._··.···''' . '. '' ·.· ' · .. : '; .·:·.t>-::·:, ,' ._-.· · ..... : .. :_·_.-- .•. ·,_·<· . ' 
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:for a non-resonant background which· is coherent·. with the resonant 

amplitude, the resulting interference can give appreciabl¢ anisotropies. 

Thus, even ~f the·spin were 1/2,- with a 8</o non:..resonant ~ackground 
'. 

I 
·~ 
r 

. ... 
intensity, t'Per interference vrould produce an anisotropiq' distribution.,· ..• ! , 

~ . . .' ~~~ ' .. ~... • • l 
... ,·> .• ' • ''·."r . : 2 

of the form ~ + a cos e with a = 2.0. 
i 

Adair further shbws that the 
'I \ ' ' • :_, • :'~;- ." 

". ' } f 

r 
t .. I 

I . 
I . 

. variation of anisotropy needs not be large as the value of the 
( .. 

invariant n:iass pai>ses through resonance. ; 
,i 
i 

Thus, the.existence 
·I 

of anisotropy in the decay distribution 

can be explain~ by. (1) ·a simpler hypothesis that. t~e spin of the ., 

Y~ is equal to or.greater .than 3/2, or (2).a spin 1/2 hypothesis 

with specifically definite phase relations between the eigenstates 

of the resonance and. the:\background. 
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Polarization of Lambdas 
• • ~. - : : ' • l 

An·an~lysfs'of the average polarization of lambdas, !P, .may 
~- • .t, ' • • • I 

yield infoz1nation. with regard to the relative _p~rity of/the Y1. . "' 

system .. •',, 

j 
The distribution . of · e was studied, where e is the angle ' , - I 

i ..... ·._:~. -~ ! · .... ~.~- ,·. . ' .. ;~ 
I . • . *' . • , ,· 

.b,et-vreen the ~~oton i'rom lambda decay and the Y1 produ~tion normal. J ... · ... , 

.If we the number of decays having cos e,: ::> o, them· 
'' 

,-- .. : 

a P = 
N -· N . up down. 

' .. '; 

. ~ .. :, . 1/2 (N + Nd ) . . up own 

'\ . -~: ' ·, .. ·: .. 

' ' 
'·,• ·.-· 
t ' ' ' 

where a is the asymmetry coefficient of A) equal i) 0.67 ± 0.07(25) .. ; .. ·.-. ::. · ~ .. 

has a spin of 3/ 2j ;P~o-lr D-wave de~at; .. I P 1. = 2/5 '_: ~-{.I_;_~.·~_;_._~.:r_~,?,_ .. :, 

I ; for a P-wa;re decay, 2/3 I · ~* J. ... · Py-iE: ~-is ~the, :._··.~':_ ·; ~ · 

. * . Assuming the Y1 

.. ·I Py* 

* ' ... average· polarization of __ the Y
1

. '~ . ,.. ' ~ ' ::_·:.~.;~,;~_·:t_. :;.~ .: ~ ''. 
,1·,.'~·., . . • ... --

tJ -~~ • 

For .. the events. in the mass 'interval. ·~345 -.• ~425.· MeV; the .va~ues:;:;: ... ·.·~_·.'.~_; __ ,·· .... :. 

': · · of P found for . two· production angle .intervals are . given in Table· rv, ·.o:_; . -
• . • ' ' : .... ~f- ::. ~~ : •• :. 

· .. 0 ~cos e prod~ 1 and·O ~cos e prod~ 0.75 .. :·Fromihe results 

·. ~·:. of the combined data o'-r both. the ~+ and Yr-~ we _:.ann~t make any 
.. , . 

,•, I' 

.. ··:- .·· 

. . . . 
' '~. 

•\ .... 
·,., 

.:·-:-'··' 
·; -. 

• ••. .' ,J• 

.·. 
conclusion as to the relative parity of the Yr -A. system. We also ··· .· ; ·.! · . . 

studied the polarizati~~ of lambda ~rom the Y~.- .and-the Y~+ separate}:y'.: .. ',, .. · .. ·: < · . 
. ·: ' ·,. ' . .; 

" ' ' ' 
·. ·· · . ·. : The data· from y*- gave no polarization. . ' ,.. . . 1' 

' ' ' *+ ' ....... ·. '.· ... •::'•' 
Those f~om the. Y1 ·yielded,:::..,-.,:<·: . , ~.; ... 

. j 

I 

/;; :··/: .. ;::·_.·;_;'->: .. ::.·a large value, Q •. 75 ± 0.33. Since the maximum value of_Py* ·p_ossib~~::.:·· 

·:<_ <:., .' _.:-' ·.-.:.:::: _,·_,; is unity, the. maximum value of the polarization of' lambd8.s, P", is 

~- ·'., . ;' .· .. : 
~·' ~ ~ ', '• '• ( ' I " 

gemerally less than 0.4 for .a D'-wave 'decay, ~d-1ess than 0:.66 .. for,:{ 
. -~: ... :_:'<:. . ... ~ .·:~-l< .. '· :'· 

,. . .·a P-wave decay._, ·Thus~·· while all the ,values ·.for.:? are ·compatible:' • •. 

. .. ·. . . ,.:. · .·:: .. :.·:(·<·.with both _hypothe~es,: the large pola~i~~tio~ ·-i~ ~·t~~\~~~ ~amP{e. ·:·.: 
• • • • : '.. •' ', •. • • • • • • • • • •• '. • • • • 0 • ' ~ • • ;, • • • \ : • -~· • ,· • .... •• • ••• ••• I • ' I 

.. { .. · ~ ::· ·: :<·: :··:· .·<,:: :.~ agrees better with the :·P-wave or: even:- parity ::da:s_e·; .· ::. ·: . . : .: :. · : ·.~· 
• '• ' • • ' '•' • • ' • •' ':, • • '•, '< ' ' ' ,: '< ,' •, ' " ' <' • I ." • 'I > '' • • • ' ' • '0 • " .'• <! : : •,' r ':,. • • ' • <~ ' • ,•• ~ : • ;~ :· 

'. -~ '. 

.. •· . ' ',' ···.'·', · . . : 
·. :. ·.: ... ' 

•• •. • • f ~ 

•. , .. 
~··.: -:>: . . . ~ ..... 

' ' 't ··:~: ' ..• : ~ ........ . 

. ~ -~ ...... ·: . ·: .· ... , . ·. ~-

·~·' t, . . ~ .. . ·: .. · 
... ,:· 

.. ' ···. 

~ . . 

'•, "• .-:_ . : ~- ' 

'· . ·. .. . ' '~~ ' : '· ·' . ·~ . f :·.. ,· 
.. ,,-. , •· r ,. ~, ' '. :, ,' • • : 

. :~ ' .. 
'•" ·:. .. 

•,; 

' •.. ."··t 
·.'··'. 

'·, 
.. ; ,· \, 

.. . :·_. . ,_., . 
' '· 

'.' 

.·: ... 
·, 

1'.' 
!',\ 

,·.,; 

·' .i •• 

'. 

') ,: .; ·> .:· ... ·· .. -.. ~,· ;·. · .•. 
.. .. ;'•' 

·' . 
. ': .. ·;: ,-:· 
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Results and Conclusions 
~. ' . 

i .... 

.'\ 
From ~he . ~tu·dy of the invariant mas's between the laribda and 

r . . !. 
. ~-' 

.. \ ·. { 

•· 

'· ·, 

.·, 

-~· . '. 

. : ; 

J. 
. ! 
,-j 

.j; 
·~ ... 

" 
\ 

'.·. 

~ 
.. (· ,. 
. ''<.! 

,•' I 1,,~,' • 

the pions 'i~ · th~ final state, we. have found that the rayo of cross-"<·:. 
~ ; . ·>E--. ·*+ 

sections :fo:t1 producing Y1 
1 s and Y1 's is not unity~ . The total ' . 

; ·- + 
isotopic spin state of the final A rc rc system is a mixture of .·,·. 

. I= O·and I= 1 states. ·If the final state were reached by either 
•';. .. 

one of the isotopic spin channels, then the cross-section ratio 
I. 

. . 

would be unity. '. • ; '~· I '•, 

~' ' . 
:, .. \ 

That the production was not via a single isotopic spin channel· · .··.· 
'"c'·· *- . ~- . 

is further borne out. by the. difference in the Y1 __ and the Y1 pro- . ·• ,, 

duct ion angular distribution.. We also observed a difference. in mass- ·. . · · ~~ . 

. ··'· wJ,dth between their ·mass :Peaks, AU· these effects were presumably·.·::: : ::::·,: .{{' ·.· :' :.-: 

. :. . due to the interference of the I = 0 and the . I = 1 amplitudes. . . . : .. · · ·. . ~ -· . · 
. ; '", .. . ' ~ .· . 

; ~ ": ). : ,• •'.• ~- ~--

. ,· . It is interesting to note that if we.limit ·the maximum allowed .:.:; .. 
.•• '<.'r . 

. · .. ·' . . '<, production angular momentum state to D-wave; then the only p-yre 
. . . 4 

. ·; 1t - Y1 configuration which will reproduce a large negative cos e 
.. ·"'.· 

··'· .. _, 

• term in the production angular distribution is (d PI ) I That·c ,".' ·•·.· _ .. _· · ·· .... ·3 2 52~ I: 
,, 

is a D-wave production of a spin 312 Y~ via· an intermediate state . · · 

. having total angular momentum of 5/2~· We are in no way mainiainins,·' ·':·::· 

that·this is the exclusive evid.ence for the spin of~y* being 3/2~ 
. ~ .. !'. 

· .. ' .. ·. 
'.:· ., .· 

.... - -Rather,_.the concl~sion··~fthe_spin o:f Y~ b_eing_·3/2.is,-based ·:··:··.:. 

·: ·:. 

'. ~- •,•': ' 
f.'•" . -~ 

,··. 

•. ''. - ,, . 

'· ·.- ... 

', . ·­, .. 
. ~. . . .... . . ,··~. 

-·· .. · upon. the· anisotropy of the lambda .decay distributions measured with ~. ·. · _:· : . ... 
,, •• ,:·· .J • ' 

, .. 
.. · . ' . . ' . : :. :. ~·. :. ; .· ... . ; ' . : _ .t· respect to the production normal.. 

• 'V .• • ., ' ,;~;: .\ .:_ ., . ,: 

· ., ·- · . ~ .. ·.. In the Adair analysis for determination of. the· spin,· :We were.···.:·<_.-,:.:'.:::: .. : · ·.> · :, ~: 
. . . . . .. ' . ~:. . . . . . . . ' . ' . . ~ . ' ' . ' -: :(. ~:~·' .. ',:. '• :. . .. 

. · :· · ·':··:·,hampered by poor stati'sti~s· •. ·In ·order ·to· gain m~re events, '!He ·had.:-·, · -~ · 
'· ~ ',. -... 1 ,Jo';,; i ;/,'•, ~."I. , : 

· ... ::.:~.'. ·;. :to: accept e;ve~ts_Ywj, th Y~1 ~ produced farther away. from the beam . 
· .. · ... :· .. 

··.:': :. 
. ' •. 

.... ·: ... ··dir.ection. 
..... · 

.... 

.. ,. . . . . '. f. . .. ::,·.:·.'' 
But in doing so, the _advantage of the Adair analysis, . \·: '-- : .. _ . 

. . ' i .,,, ..... , _ _. .. ·:- ·. :, . : 
l :·• ·:~.· I· 

. . ·,· 

I' ',·'. •' : 

< . ! ' .. ·' -.. . '.,_.I <. 

... 
.... 

· .. : 
.' '· .... 

•,· . . . 
... 

. . .... ·. ·'. 
''• ... 

. ",· .. 

· .. ·····' . . ·:: ~ .' . '' . 
. ·; ..... 

. . ,. 
.•, .. 



;,t~} •':t'.• •r ' ,<. ·_ • ·•,_,•'" ·. •'I ,• • ·,:·! •,_' :• ' \ • .;,·.~~ . ~- <'·. . ~ "' 
; ·' . . ;~·, ·,\.: ' . '.; . ~ .. : ; t 

••• ••• •• _,.· • '. • v .;f ;' •· •. ~ ·. · .• \ ·: '{t ,· . . ~ :.. . ... • . • ·!·· ·... . . '_.·: . •·. . '. ·' .. :· /··~:.,:·:_,___ ~·-~ ~ .. ., .. ~ .• . . ·t .· .. ·· '.. ~- ! ·,· 

..• . .. ·:· >.; " .. . ... ;::, ·t 
-~ r' .;· . . •· , ; • ·: • .. "'.· /.,. , , -~ ... :•. • ,. • , ~ ·.. . .. .... . ·. . .. . ·~· . . r 

,,· .... ~_- •• ,·.·· . •' "~~-.~'loy·~~· ··: • •• ··~·.· '. ;··~·· ... ,~. _.,'_,. .• _''; 

that ·the , di stl;'i but ion. does not ~depend up or;· the~ _pro~~c_t.iont mechanism,,;·:.·.; '[~ ~: .. : ;·' ;.; : .~;~i<:'.'.:.:\: :·' · :~ 
· ·· · ··· .. ::_::<:-~· · .. _';;;:~·>·~~-t·:::,·r; ... ';;~·.·., :\··· .):,:'/\:' '·· · .. , :· .. :···,·1' .•\".c;;' .• · .. ,:··:•::.: .. ·<;';. · 

······. !••• .:~f g;: .. :::g~~2c.:::r~r: :j.;:~~"tr~~;f:;J:::;~~:;l~:~~b:~~::~i~5j~~~,'~;j( .. ' .•. 
. :.':~·~.: .. i:~~ .w~r~--rt~t :~ertain of"'th.e· .. exa~t production .partial ·wav~s, 'the- .. :''.!:,<\:;~:~:<\:··~-~·-\:/-·:::.:.:~ 

;·.' 

.;:_·;Le~ect~d Ad~fr deca~.~ist~ibution b~·ceim~··obscur~. :: 'r_hu~, we. 
r.: . , l",.. . i ,-,, . /' ·' :'·. . ·~,::. :. ·- .' ~ . . :~·, .. • ',, 

. . ·" ' .... '• . ' . ' ,, . . . 'j : '.: :, ., .. ' . . ~ \. . . . 

The aniso~ropy in th~-
. " .. '' . . .•. . to the production no;..,;l fSquite PrOfio\lllced. It per'sists tbr~usi,.o'~:;;q;c::i:~: ri· ... ;,: I 

· ·· .•... ' ' .'. ;. ::. :::::~f ·::·· ::::1:::·:~v:~ 0:: •:::·:f~::·::7one: .~Jl~~·~~fi~:~{ .• 
-.'<:._'side of the peak of the resonance-to the other side.-' Had the. ··.-.:.·; .. ~·~>~~-~:u;~.:~t:~~~-~~:<·~· 

.... ·. ·. ··~···: '; •· .. ' :::0:~: ::·:::i: :::::~::::r~::~·;::~:: ~iil!flfil~~~',~~i 
·. '>· . .. :·:.::::~ ·,.·,:·,_presence o:f' negligible· asymmetry in the lambda decay, distribUtion-·· :\''i.1,'•:::.:t;:if·:::·;:;:··;~:~,.:>:· .. /;, ·, 

.•. :f ~· :. ;:····~. / .• : ::~ :t:v:::·::.: :::r;·::.::. al:1:b:j~=~~~:::::ti~~~t~t~~t~Jt::::·:~' 
.·:: :.that the Y1 _resonance,.was p~oduc~d. and decaye~_.as a_relat~vely_ ~.·: .. ··.::c~·~.~;·:~~;··:\.'::"><.·>·~.>>:.·_: 

. ... . : . . . . . -~· ·:(· :::·:.:,.::·i. . ,~- .. ···.·:~·: .. ::(~;;~=r·r.:1;~·-:::::~:?.t;··~ry·:i.:~·-... :~~:·:,: .. ~ .. :·~·.·~; 
.. ' · ... ~ .. : .·~ ... , > free 'particle. _in the present ·iri.teraction.: · All' these: indicate that'· ::,·~.·.::·t:·,'. :.. ., / ._;. ·· .. 

. .· ·~· -.~ .. . 

•••· · ... ·· ... : the anisotropy Obt~1Iled is .real/anbead" to the· co~clusion ~at \;<c''.g}J,;\~;;:,\ ;I 
.. . ·~· ·. . . the spin of·~ is ·equal to or g~eate~· th~ 3/2:. · .' .:; ·<·: · . ' ·. , · .. : . ,. .. '\~ :.;::~·-·(:._: :/:. ! 

', , : : ,.', . * All the above resu.lts f~vor a ~alue of 3/~- ;~~ f.' sp~, ~i th;~{·~t;Jf:.?'' ':;:·? : 
1 

, ., .· ··::: Y1 •. But they, can be :reproduced' by introducing specific background-;~,:-,:_._;;~.:~.~::::;:::~ .. -'>·:·-· · 

. ~}?,.~('):;'• interterenc:• ~a .P~ 1/2 Y~~ , in, o~de~ to de~·~· tile sp~i\:!t~f~~t[.Ji;'&·l~i{(' 
· .. ·: ... : .;:,<: unambiguously,,.a series of . eXperiments, · done, at various. energies, : . :.;:;. :~ :.;<'::-~ (:·· ·::•';:: :;~ :; : .• , . 

detailed •. s~udy ·of the produc·tion' anq' the. 

:·.~:,. > . ·-~~-···:·:?(dist~ibutions with .go~d.-:.stat~s:ics·:·c~ ·be . ·. . . ' . . ', 

:.:;~;:s~~.li;;;~;;~f; :. .• · :_: .• • · ·· .. ···.·.·• < · { " •· • · · ··· 

:. I ~-.. ~~:.~-·~<-~··:". •: .. '.•,. ·~t·~·:· r • • 

; ~ ' ..... •. ·. •. '.: ,t-· .,-·,: .::-; _:.-.:~··: 
' ' 
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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. 
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