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ABSTRACT 

.... 

Sigma hyperons produc~d with two pions by 1~15 BeV/c K- on neutrons 
\ 1 

in the 30-inch propane bubble chamber were used to study final state 

interactions of the particles. The production of y* (1385) on protons 
1 

in carbon was also studied. 

We observed the YI (1385), Y~ (1405), andY~ (1520). In addition, 

the data indicates t: .e existence of a T = 2 sigma-pion resonance at a 

mass of 1415 ± 16 MeV, with full-width at half-maximum of 50 MeV or less. 

The spin and parity of this resonance have not been determined. Further, 

the data shows a possible resonance in the region of 1750 ~eV in the 

+ + ';" -reactions A rc rc and L rc"~" rc · .. , This may .be associated with the decay 
' 

6 * 2 of th~ 17 5 MeV Y1 into these channe~s. 

- - + ,!-The production cross sections for L rc rc and :L · rc rc reactions 

are 0.51 ~ 0.07 mb and 0.45 ± 0.01 mb, respectively • 
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I. INTRODUCTION ":· ;._ : . ~· 

Since the discovery .of the Y~ (1385)t and the subsequent spin deter-

4· mination, there has been continuous theoretical speculation regarding. 

f. 

I .. 

the existence of . a Y~. · / · · ··· 

Dowell et al. 5 ~bserved a peak at a mass of 1550 ± 20 MeV, which may ; ' "· 

have an isotopic spin of 2. But subsequent experiments have failed .to 
~ . . .J' .. .' . ' . . 

·confirm their finding?-12 These experim~nts: will be discussed in detail 
' '., ' ' 

in the next section. 

In the present experiment, a search has been.made forL~ resonances 

\.1 .J 

..· 
~-

··.with T = 2 in the available energy region. The reaction studied is of 
... 

'. 

the type . ·"' 

+ + ~ + recoils (1) 

where n(c) means neutrons embedded in the carbon nucleus. This\ reaction. 

is favorable for the observation of a T = 2 resonance for the following 

reasons: 

1) A ~ should decay into a :l:- and a ~- at least part of the time;.<... , ; ~··, 

_·Both of these particles can be seen in the bubble chamber. 
.. ·. ,' 

···~ ... 1 .·,. 

... ' ..... 
•. ·, .. : :· 

2) If T
3 

is the Z component of the, isotopic spin_, then the ratio·· 

of the amplitudes of T
3 

··= -2 to T
3 

= 0 for a ~ decay is 6 to 1 as re

quired by the Clebsch-Gordan coefficients •. 
' ~ \• ~ : .· . . .. : '' 

,_._. 

3) 
., .. 

If a ~ exists, it is most easily produced from a T = 1 initial 

-state. The K-p system is a mixture ofT = 0 and T ~ 1 stat~s. But the ' .. ~-~ . ' :. ( 

K-n system is a pure T:= 1 state.· 

The reaction 

K- + n (c) -+ L+ + ~ . + ~ + recoils (2) ~- ., 
' '. ~-

* ' does not give any information concerning a Y T = 2 resonance, but has 

.,. _';, 

'.i 

. t 
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particles :a~sociated, with· K~n· event.s 

-:: 

... · . 
K~ p .·interactions have been· investigated thoroughly 
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r . II. LITERATURE SURVEY 
. ,.,-. .. · .. "··: .. _, .. 

The existing .. experiments· can be put into the _tollowing three classes: . 
. _,: 

•,,; A. . associate production, B. ·: K-p reactions,· and C. K-n reactions. 
'·', 

~J 

·A. Associate Production 

..... 
>~~ . 

In a. counter experiment; Dowell et al? measured .th~ cross section . · ' 

+ . + .· 
for K production by negative pions on protons at 0 degree with a fixed K · 

momentum of 0.94 BeVjc·~. The pion momentum' wa~ varied from 1.3 to 2.4 
'' ;: .... ·· .. 

.. ·r ·'j···~f~BeV/c. ·Since the cross section for any two-particle scattering increases 
' · . 

. ·· i< .. ~: ;_-:when new outgoing channels become energetically possible, the cross sec- . '· 
-.. . ... '·' . ' ~ '. . . ',!.. • • 

:;;·~~:: <fi .. ··: .''··: tion forK+·prod~ction shou~d ~ise when L- o~ Y~- (1385) is produced with_ . 
\ •• • ·: J 'l . ·.·,~ . _. + . . . . . . 

, .. · 'I':.·... the K • Accordingly, they found .peaks in the cross section when the missing 
'·\·,·r::~, ' ... ,, 

• · 
1 

• mass reached 1197 MeV and 1385 MeV. The missing mass is calculable from 

I the momenta of the incoming rc- and the. observed outgoing K+. -
. <· ' ; ',.: ' ' 

· ···· · · · · ·In addition to the two peaks note:d ab?ve, they also observed a third · · 

-> ,.:_:·_;'!: ·,:· .. enhancement at a mass of 1550 ± 20 MeV, which must have an isotopic spin ·, 
~ • ! 1 ·~ <.}' 
, I + 

' of 1 or 2 since it is made with a K . . . . . : ' ... ·: I 
I I. . .... Since the experimeht of Dowell et al., a T 

1 . . . i 
= 2 resonance;in.the re-p 

' 6 system at 2.1 BeV/ c was found by Diddei'ls et al. The effect observed at I 
l 

'j' ' '. 1.550 MeV may be due to this pion-nucleon resonance. 
i' 
I 
j 

·~. 
Alexander et al? and Kalbfleisch et al~ studied the reactions: · 

I 
. ' 

~:' ' 'l: 1(- + p ~ L+ 1( + K 
! ' • • j. 

.. 
. ' . '. . ~ . ~:·· .. ··: . 

( 4) ~ .: 
' 

>::: '1 n- + n ~ ~- + rc- + K+ .,, 

·' ~;-~n_: 'i ' ' ' The pion momentum was vOried :from l. ~9 BeV I c to 2. 36 BeV I c' 
u,. I . 

(5);'. 
I• • <. 

In reaction ' 

;•· ,' 1 '·· · (4), they observed Y; (1405), Y; (1520), and K*' (885) •. · ±n reaction (5), >:: .·· 
'',"'·;. • r 

v .~ 

··. / ·~ ·~:; ... j! 

. '. ~- :i'' 

. .... ··,.·I' · .. ··.··.· .. · 
,they found that K* (885) dominated the reaction: ·No. resonance with 

isotopic spin of l.or 2 was found in the region below 1900 MeV. 

· .. ·:.· . 
' ' '· /' 

: .. ·.f._·:.:::: 
.•' ... 

: ~,. ' 
'. ~. , 

' ' 
j 

,, 

)11.: 

. -1, 

·." i 
<" I, 

' ... '/. 

·.· .. ' . ·:or · .... ' . ·) 
·j 

. I, 
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. ~· ... ·., > 
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: .. - .. :. ·, 

·• . . 
~ ' .. •• ... -.! 

• ~ .• ~ ·l •. ·-
. •. - . \ ~ . . !• 

-·.·. '~4..:. 

i.--.-:--

' _ / SigiDa-three-pion ;· ·.· 

""-{ '~, 'jt. ·'> .··i· The only,- two channei·~r~~ this reac~~-on ,, . . ·.·,····., ., .. ' . . 
·~:~f;..·.-.1 . -~.~~·J ' . . ., ·-·· ·"" : 

·.• ... ;~~(:·T·, .~· ·2. reson~~·. :~··:·. :·:~;~::~'· :. :J;:~~J~i~)~•i;~:, 
. Alst~n-et :al~-ll: studied. ~hese. r~~c~;~~n~ ~~en~~v~ly. ·. ,· ' . ' .··. ,. . ' ' .·. . ... ·: ·'::. . . : ' *' . '' 

<·~tum: was ,v~rie.d from 1.15 :~V/ c ::to_l.70 BeV/ co::>The., found the· Y0 .,(14:05) 

·. { . ,_; I .l:. \-... 
· · ;·;:~:.:v: · · ·. · 

.. I·. 
!. . . ~-· ~-
1 .. 

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

::at·l~l5 Fkv/c~·:. BUt .the .da~·a at thi~ momentum.:,'was 'limited by 
· · · · '· ··· 10 ' : · · · · ' 10 u· · · .. '-: · ··· . u· ·.· .· · 

The data at '1.22 BeV/c, 1.51 BeV/ c, ' ·._:and 1:.70 BeV/c . 'was dominated 
• - • ' •• } ·- ~ ' ,. ' • ·: ··~_:., <. • 

by the production of> Y~ .(140~) and Y~ (1520) >: ;IIJ. addition, the data at 

. <1 · · L 51 BeV / c ond l. 70 BeV / c showed some Y~ (1.6~0) pr0duct1oli 1n the sigma7 . ·~>;', 
·.:·:>-! . · ·two-pion system. The fit to the phase space .was bad at 1.70 BeV/c . .': Smalf':;· .. i':··,., /.' 

' ·: ·,J ' .. : · .. .-_ erihancements above phase space were observed in the 1450 MEN region in 

. ~·· ·. r· ·: ... . 
~ r . .- ..... ~ .... 
i 

. + + - + · the L 1t and L 1C systems. 
•. 

These were not statistically significant. · 
·. ,/ 
'/ 

No T = 2 resonance was observed in any of these experiments • . . . I· . 
. ·--·:lJ>. 2. Sigma-two-pion 

I 

.. -. i ':. ~ ' . -. The reactions which can be studied are : 
' ' t~':J''> ' ', 

K- + P -~ L- + 1t + + 1t o· · · 
'~·'\ .'· . t},:: 

~· .·. 

. ~·~.' 

·! K'"+.p~!++1t +1Co·:.· ·~.· 
- ~" ;. ~ ,t . --1 - :::.•~ ' 

___ ., ·: .: .. t<;:.-.·i. . .... k~. \ ~p :~ L' + .1( + ~~)r·~r~:~·_:).;:·~r~ .. ;.:· .. ·j •. J· ..•.. 

.the'se reactions, one . cannot. observe the·: ':1.'3 '=· ~·· colllJ.)cm~~t 
~ ; . . . .... '_. 

.-.~w;1.-i -~'.:,·:,·resonance'.· The production of aT·= 2 "f'* in the .. above channels. must come ·.t,/,;;,.(c ;,;~ 
''.;' ~ .. ·,;_•: .1. ' . ·.~~ ~~. . . . . . ' ' ·:/£,;~, ; ~ ).<~. 

'v:~ ·t:- '. :,, from a T = l initial state. The K-p system 18 r mixturj of T ~ l ~d' :· ~':Jft'!i.~~{ 
_:: ~~·.·.'_;:_-::~"·~~·~::· •... -... , :. ·-·· ~·. . . .-. , ~ J ~. ·'· ~ .. ".;.yr·.~·f , +·~. 

·., ,,. :·1 1. :y. :,· ~ .. ~·:··~ .•. ;·1. ··; ·~·~ '. t 
.... .t. ·~ ' '· :- ,. ', ~ ;· ' ' .•. ! . .) . ,·.k.; . . ..,· ' 

l ~.' ' ~- ~' ·; .. , ,_ . ~~ • . 
. ( .• I>, -~!'.::~· <...:.' ,.. .:· •. ~-~ It 

I· -_... :·i~ \ . · · • -- ;_·· · ·· ··' ·· _ . . · .:.. '. , .... 
l ,J, ·, :- -,: ~-; t. . . '. -. -.. 'I'·" 



.- ... ···\ 
:~;1.'\ 
~-' .• 

' '.··-· 

-5 .. 
·' ' 

.... . t, 

. I 

; ........ ',; :' ·•.· .J' • ,,. .. ' '. ·'::. ,· ·. :·., ··.' '·, · .. ''-4 ·.1\"'1'· 

T = 0 states~ •. • ·. 
1 

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

Basti~n et. al. 2 ~tudied these . reactions·. with . K-. momenta . of 766 MeV I c , 
! I , . 

I' and 850 MeVIc~ · Although their data was low on. statistics, they observed , ·' . 

· • :. ! . ' . broad enhancements in the 1400MeV region in the T
3 

= 0 and T
3 

= !1 I '·;:·: .· .. 
V' j channels. · The enhancement in the T

3 
= 0 system wa~, explained as Y~ Ti405) )> ·. 

: :_ ,·· , I production •. But the larger and sharper enhancement in th~ T
3 

= !1/ . . ·/ ·. 
i• 

i · channel was . explained as due to the . decaY. Of the Y~ (1385). 
r··:·. ·: 

;. >. ).< ... ~ Alston et al~-ll studied these re~ctions'at 1.15 BeVIc? 1.22 BeVIc, 

' 'I '. . . . I 10 11 . I . : , · ; . and 1. 51 BeV c. ' Few events were observed at 1.15 BeV c and the 
·I· ( ;;'· 

I · · ·· · results were not significant. ... I 
.· · ... ('' 

, );'. I. 

·I ... 
'.. i 

I 

The data at'l.22 BeV/c and 1.51 BeVIc 

' * * showed strong Y0 (1405) an~. Y0 (1520) production.·. They a+so observed . 

··some enhancement in the .1400 MeV region in the T
3 

= 111 system. The· ' .. 
. i 

j 

l 
'I 

·enhancement in the data at .1. 22 BeV I c was not statistically significant~ 

:_But the peakis especially sharp in the data at 1.;.1 BeV/c. The full-
·.. . I 

. . . . ~ 

. . . ... 
! ~- • \ l ' w_ ,-

: ;:· . 't . ·.- ~ 

.. r .... .. : ~: 

~-- ~ i 

' .. 
: . -I ·width at half-maximum was of the order of 50 MeV. This was explained ·. , 

I 

I . 
. I 

. i 
' 

. I 

* _as due to possible constructive interference between Y1 (1385) and 

* Y1 (1660) or to p meson.contamination. 

, C. K- + n -:-? ~- + 1t- + 1t + 

11 Alston et al. studied this reaction at a K- beam momentum of 1.49 

* * * BeV/c. Theyfound Y0 (1405), Y0 (1520), ~l (1660) and possibly some 

* . * . 
Y0 (1815) ~ Y0 · (1520) dominated the reaction. They concluded that there 

!' .. 

" ' 
$• .·.-••• 

are no T = 2 resonances below 1900 MeV, although .the phase space did not : .. 
' ..... 

. agree very well with the :£- 1t- invariant mass distribution. Deviations 
.. '· ·-· .. 

··~ . 

,; 

. ·.' ·>,· .. ll '. , ,~- ' 
~ t-j· , I 

from their phase space 1were not insignificant. in the 1600 MeV and 1800 . :.: \. ~-: .· ~~ :'!_. -~-~ . -~ ' 
- . ). I·. .. . I.· .. 

· ... ' ~ 

' .. 

l 
I 

'! 
'i 

~ ... ' ,;~ f ' ·! 

l 
.I 

. '~ 

-~ ... ; ; ·., 'i' .. . , 
MeV regions. The~e exists some enhancement in the 1450 MeV region but· • - . ·,_._ 

,. 
., 

:•· t ':'· 't .~. 

· it is within the statistics. 
: •.' 

. ' ,. . j ! ''i· ·~ ·~. 
t ... :-· 

. I =· ••• ·. ' 
•'· 

.... 



.- ........ 
. ~ .t:; ~~"·~ .. 

·-... 

.I 
r , 

._·I 
,·, ' ... , . . -. I 

~- . . : . ·.::y; 

.. ~ .. -' 

' ·-· 
~-- --~ -~~:~ . . ~ . . ' 

•/j" 
~'-j 

•,! 
J . , 
I' 

..... ·. 

. ........ : 
, . 

·-, 
· .. : ;..,, 

'' i 

·. ·'\• ,, 
I'• 

neutrons· as target .particles. 

1.~: BeV/ c has not be~n: studied caref-ully.· ~. )\' ··· 
_,_ .. !1·:! .·· 

experiments should not be considered as conclusive evidence that i~ 

does not exist. : . ' ... 
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·. . ' '1. 

Global SY:rnmetry with Doublet Approximation 3 . ·: ':_:-

.:.· 

·There have been many theories proposed which require· 'the existence ; ~ .· 

' . ~ ... ·.: 

.. , . I' 
I ' ?'f/, I', 

of a T = ~ resonance. In general·, they are based· on. similar:i.tie·~ betwe_en -~ :, r ... 
··!' 

....... , I 
·'· <, ,, . I .. 

. ·.;, ! l 

i . 
1
, · ·•· T is global symmetry with douplet approximation. · 

I.·.·.· .. ·'.·,· .,.. . .. " .,, ;-·::· . 

~~ · < j:i · · . In this ;theory, one puts the sigmas and ~he lambda into the form of 

., ·:t ... .-,.:,...:.':two doublets to correspond to the two nucleons. ·These doublets are 

. . 
pion-hyperon and pion-~ucleon sc~ttering. The oldest of these theories 

-~. 

';··· -.:. 

. . .\.' "' .: ' "· ~ . . 

. · ~ .:'. · :·: 1~,.~:--... :. ( L:\ Y
0

) and (Z
0

, L-) where 
.. c; .. ,, o . A -· ho 

;, ..• >· ' > y = 2 . 

.. ~-

! The coupling is assumed to be due to pions and it neglects the K-mesoh 
,(·.' 

... : 

: . :: :i 
.· I 

. ,. . ., 
; .. ' ' 

·' ., .... 

··. 
· contributions. ·In this way the problem is reduced to the same form as 

.• ~ .. 

that for the pion-nucleon scattering. 
~ ·. ; . 

.\ 
,,t' I 

- ,_ 1_ .. f· ... li· r·. 

~. '. !, . , .. ~ .' ~- ':, '• 
An analogy can be made with the T = 3/2 pion~nucleon re- · ·, · ... ' ,,. 

·.··-I'. 
:<': j 

. '.·' ·.,.. 
sonance·with a mass of 1238MeV and·a full-width of' 94 MeV~ When '.extended 

)'\ .#:.;: ... _ .: ... ·. ( ': ]' 
! ' :, . 

.-<·. ,·· r 

. to the hyperons, the theory predicts two resonances in the pion-hyperon.~-- . <<; '::. , :; . "· I 
. I 

l· ·system corresponding to the (3,3) pion-nucleon resonance.· The spin of 
I 

• .' '• j • ' ! 
these resonances must be 3/2, the same as that of' the (3,3) resonance~ .. , I 

. I· ... '1':1,·. 
I . ~., ; 

.f: . 
. . 

The .isotopic-spins, masses, E:nd widths can be obtained approximatelY:.~:. 
. ' . ' . . . . 

. I 
! ' ·· ·. ·in an empirical way • 
i. 

The isotopic-spin if is :written as the. sum of' an -.' •, :~ . ., ... : '··, 
!· i . \ 

. ! 

~ ~~;~:
f-spin and !?-spin, if = f + K . The r-spin is. the isotopic-spin component ... 

whereas the K-spin is related to the K- · .· .· ' '·· . : . , . .. . contributed by t?-e pion alone, 

~;. i,;;~~.~~J-t,<··:.: ·. meson. It is obvio~s ~hen, for re·act;tons, involving only pions that f = i, 

.. ~'\ I (·· ·.: and K = o, but if onl.y kaons are involved, then 'f = o, ~d K = 1/2., 

We. assume· the phenomenological mass formula for 
. ' :' ··1, 

' ~'!'~' ,.,,-(. · .. ; /.·., ... :~I·, . 
~- ~ .: i · ; ·. and hyPerons : 

' '·<' . /:."1.· 
. ; ! 
'·· I 

! 

.... 

i. 
I. 
' 

,·;.; 

· ....... 

~ 
•; 
;j 

·"I 
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.- ~' 

·~.:.::.·:~;;,between the'sigma arid the: lambda· of~appt:{)xmitely 75 .. MeV!·•. ;. 

, • ;'! :;. . From ,.tJ!e, o b ~erved ~as ~e s and the ~.;~~e~e of I' it, ~(~ >, I~ , ~al:~u" ;:; ;;j: ( 
.. J I • ';,. . •· '. , ,·, •,· 

··<,>;!~:<:·~. 'lated tope approximately 1171 Mev.· · •': ' · ,,, . . ,. . r·; .. . ;, . . . . ~ . . .. " ... .. . . ·.", .. . .. 

· ~\>jli~;"~~ , \ ~or~t::·:::::b:t::::t::o::.:: ::o:: ::.:::~~ ::' :::n:.:• ·. · .. , . 
. . -~ . 

'. : .. 

•• > • ~- :. 

. ~~ . ' . -~;:- .~ 

,, ' : M~··pl.(K2 t;'.6. T_ K ;,M1{+ Q ;:, . ;~ 
• ~ .I • '.. • •. ·t",. ..~~- -:. ··:..,·; •· ': · •. :·· \. • ...... 

For the· special: ~ase of ·~he sigma;..pion resonance., corresponding to : .· _,~_:<; r·. ·j .: 

?.~<J. ~.· .. the (3,3; pion-nu.cleon re~~nance, .. we have: -'· •· ,··. 

,becomes: 
't . 

;''sl;:;. . . • I'~ 3/2, K = ~~ 2 7 ~;. 2, 'tc: K = 3/~;;;',/ ,;. ....... . 
'' 

. ~· . :~ .. ·· .;;!·.:.: .·· . :. .·· +> ic, . M = 1171 +: (3/4) (75) + 14o .+ 230. = ~527 MeV 

· . .< ! : ;.··: .. '· ·.· ~-~ To obtain an approximate width for.~the resonance, isotopic ... spin ·./,~f.:>;:·):,.,,.:';~ 

·~:: :r .·~ . :·· w~~ght' must be assigned to each final-state . channel. This must. be. ~~~~:;.:~;~;:;:·7 ::.' : 
~ . ·t.l ···- . . J • : • • • ,-~ • ~· ;:;;:~1{: •. :~ f :·' 

. f ··.· I~· ,:; •• : · · · · · * * 21+1 . · : . , .. : J , .. :_-:;, corrected by the differencesin availabl:~ pha~.; space, (p fp N) ·, where.,/::~.;-:·.::~ .. :.\· 

-~~: :~::j:}~·;.·,:·; p* is· the·C.M. momentum of the approp:riate resonance, p*N is·· the C.M. 

, ';~it:';,;,;-: momentum o:f the. pion -nuc~eon resonance, .and 1 is the ~rbi ta~ . ' 
· •• ' 1 ~I .· · ·, · momentum of the state· considered. · 
. /:'::·,:. :.:! . . . . •1: / ' .· . . '* . . . . ·. •* . ' 

\.'' 

. ,J.< ,. , In ourcase; p ·:::.270 MeV/c; p N .;:'230 MeV/c; the half-width of the·!,,i~'.,;.,.,,i"·-~/:~ .. ::. 

• 1,; :<if: ;. 
5 

(3, 3) reson::e 
1 
~s ::n::v ~h~:e :~:~L:e:::c:0::i::!~~0:e:::::yt·\~j;.fl)l.f : 

into· a· sigma and a pion, the· isotopic-spin weight' is 1. So we have ~o· .~.'''fi·' · · · • 

~ - ·. 

;· i. ·: :·1· : 
., . ! } 
.. ' :.i. .,,.. 

i r/2 = (47) czro/23~l3, = 76MeV • . • .. }'_;~!;~'1tr 
Thus; the. theory predicts a T. = 2 sigma-pion resonance with a mass ;·,:~.::•,,·,•·J•> 1 

c :. . . .• • ... . ·~ . . .. ~~~ · · .. · .,: ~:.:,. ·5?i~~j;.;r 
.. ,, .:.,,~51··:~- ~~:- ,.~. ;• .·.;. ·:.-...·-1·6 

I. 

i· .,_·~···""· .... · .... ·:. - •;:..;~.·-''' ·. 1 '!·. ~··.(' ··, 
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of 1527 M~V :~d -~ half~~idth of 76 MeV.· 

. -:· . ·--~ t , I 
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Limited· Symmetry .. > · 
. . . 

.. :· / ·, .'· :-.. ~- ·' 

''· 
·(JJ. 

B. ·'·. •;-• .. 
f .. :?· 

{ ,_. 
-:} ; 

. .,·, 
, '' ···:. T 

·.>_·,.· 
. ' 

. . Essentially. these· theqries are . generalizations of_ the global sy!nmetry 

theory with doublet approximation. They take into account .the difference : 

·.:: ;?:1. , • 1n couplings between the lambda and the sigma 1n addition to their mass 

> l·i . . difference. : · · ,.-

14 
_ 

::, ::· (,·!:: 1:: ·~~:: .. . . . As an example, Amati et al. · have considered the pion -hyperon scat-

t . . : ._:_ :: .. -~·4 .. • <.:,.-'::·:;_tering. using a static_ meson model, analogous to the one pion exchange 

·'.; .-__ · ____ j-_ :: . model for pion-n~cleon scattering. The calculation takes into account 

·· ,, J : •. the two channels, pion-lambda and pion-sigma. In addition, the non- · 
'•I 

' i ... 
· ··: · · .:[- .· · ~- symmetrical coupling and the mass difference of-lambda and sigma are 

·I i~ -~ I . . 
· · ', ~ · .. [· .-" · · .introduced. 

:-.. . 
,.-, .. ·.!; ·.;- . 

f .. :·;·•·-· t.:. 

. I . • • 

•I 
. .-. ,:_,··· 

In this theory, three resonances in each ofthe two possible J state, 

,.._·_• . __ :. 

. . ~ . 
\ 

' .. :. ' 
~: ~ f ...... 

'. 
• 0 I l ~-

•_:; 

.•·I· .. 
'·.· ·,',_: .. 
·~: _, \:·:.: <:1/2 and 3/2, are allowed. They are 

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

in T = 01 T = 1, and_T = 2 systems, .·. ,_ 

·· .. i .. ·. ' 
• · f ·. ."The interesting observation here is 

.. l··· ::-.. ·:. * .:-.· .• 
, ._ .... ·:· . . ___ · falls to zero_, the Y2 predicted in the J = 3/2 system persists and rises~:.··.>·· · 

that if the coupling constant tL2~:'· 

.· ~ : .... I ·; __ . . . . . . . * -'" 
. .. :. , ··.) · > , .··,in mass value relative_ to ~hat of the predicted_ Y1 and resonates ·at the; 

:. ·'.·: .· . . * . .. . . . . .,. 
:·. ·;. ·[ __ · .. same mass as the Y0 • This mass is 1625_ MeV if the mass of the T = 1 

. f ,:. ·· · resonance is -assumed .to be 1385. MeV as observed for the Y~ (1385 )~5 . 
. ·." ·'· ,, .. ;---· ''. 

' · It should be noted that the theory reduces to the global 

i .. > :·' theory when the more limited assumptions of the global symmetry are 
! . _: ~ ~ ._, 

: _;. 

. 'i<,j~~~: · introduced. 

'c. su
3 

'.' ( 

:.1 
I . I. 
I 
I 

··l. 

' ~ ,_ 
-.:.t ... ', .· 

This is. a met:tiod of considering. the meso~-baryon resonances . in the:,.'".[, 

·. __ hope that; some -"higher-symmetries 11 exist •. · The resonances and particles : 
" \ ~ 

:-I, ... ·<_are grouped into multiplets. according to their isotopic spin and hyper-
' I .. 
• !·" 

t '' 
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-' ~ . 1. •. 
1 ; ~ 

.. I , . : . ~
!. 

one is.· invariant. under the ·group: ~tiJ and_ ~he ,ot~er transforms,·. 
't .. • ·' ' ·' • • • ~ 

this grpup_ ].ik~' the hypercharg~. 'r:his,: separation is unique when 
- ~-~ ~ "--; -· ... 

The mass formula: then gives.defi!J~te spacings ·of.the .. 
··( ..... 

.the multiplets ~ ; 
., .. ~ ' · .. :::: 

. l'!. l ' . -~· * '• ... )_ 
existence _of. ·a Y2 ! ·, However, if 

.. ·· . f\ . 

The theory does not~predict'the 
.. •! ·, \~- . ,_·. 

in the 27 or' highe-r dimensiona:J_ representation~_: exists, 
'{ 

it mus~ be 

-·.,_ ·f f ,--
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':; . .' 
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. . -r· 
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'I 
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,_..~ ~.:'. i beam was found to .be 1.104 ± 0;007 BeV/c a~ the center of the propane·· 

, .. J.·;·.· :·,.·:·bubble chamber~8 ...... · .. ·:, 
. ··. .'~ ... 

·.•· . · ·j ' 
:,'J . \ During the exposure of this experiment,. a magnetic field of 13.5 ... · · ,, 

,:: I; ' .. .' . . kilogauss 'was applied· over the 30-inch ;ropan~ bubble chamber. Approxi-

'J' -·:J::Z',mat~ly 104,060 pairs ~f s~ereo pictures were eltposed, Only 86,489 frames 

. '.· I . ··were used for the actual experiment after pictures of poor quality. were 

•t<i '':. ' rejected. ' ', _. . _ . . '' 

5'~ '',:,;~l·: ··>.··.;· . ~ · Two ~dependent methods,~vere :_used to determin~ the number of K-
·~.- ' '' ';;;',, l '-" ~-· -~·' : ·' • I ' ; ' • '• · ', ' • •:' , .·' 1' ' • , 

· · ' · :.'particles.. · · · · · · · · · 
i .\• .. l .~ :: 

. ~· >: ·1. A. Tau Decays . , . , · ..... I. ·. : ,.( · ... 
: ~. ·i. " ' ~ . 

··: .. i "' 

," 'J. 
. ::·. ~· . 

,\ . . · . 
. ; ,. .. 

Since 't" decays of K-, L e.,. 
., :. 

. ; :·· ,'. ,' . '. ~ : 

.· .. : . 
•. ~l : 

,'l< ·~ · . ., 

'(I 

~ .. ;. 
• j ··,'·>· 

;,· :-ll· ..... <:.-
--~ •• J ·' •, • ~: •• ' 

' 'i . ~· . l 
! ~ I 

·,. :' . !· 
::· 1·· 

> "1 

. + 
+ 1t : .. 

... 
\,t'' 

were unambiguously identifiable on the scan, table, the number of K- 'in '; .. : ·~ . r."" . ; ... ·.·· : 
' { ··r r .·:.--·.-

' the beam can be accurately determined by finding the number o:r:. 't" in· the ·. ~ , 
: ' . : .. ) 

.··. 

l 
·pictures.· Since the beam ~omentum (1.104 BeV/c), mean life of iC, 

.. ~ 
l', ,.:.. ·. 

~· . I ... r 
' '1 

. , 'I 
• ~ t I 

.~. ~ . i 
'! 

... . . . . . 8 .. ' .. · ... 
.· (1.224 ± 0.013) x 10- sec, and the .branching ratio for this mode of. ·,. . 

' . .. 
decay, (5~66%), were all known,· we calculated the number of K- per · · .. ·I 

· · · l., "~ ' frame to be 3.·47 ± 0.31 •. This number was obtained from the scaruiing 
. : ;: 'II, ... 9237 frames· of pictures which resulted in 1Z7 ta_u decays • . ' .:·,·. 

•)tij>'i' B. Delta-ray Production .... ·-·.· , · 

;. 1 - >-·1--'; , . The cross section of delta rays produced at· a given momentum is a 
:·.·:./·:::·:;·~!::~ .. > ... ~. . ' . ·.. . j • {"~>· 

<:·;>j· · .,'., function of the, velocity .of the. particle which give_s rise :to delta rays ... .' .. 

! . 
. ) 

' 

part~cles with different masses but with the same momentum 

i;. .. :~ . ··. 
: . ; . . ~ 

.. 
.,, 
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·, ,. . .: ; ·, 

... · .. -~: . ', .. • r . ·: {\ . 

···,·1\•f,_.·t I . . ,;. ;.J'· ';. ,'' · .. ; I • "· 

. ·· .. 

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

have_ differen;t_ cross sections fqr producing d~lta ·ray;s_with a .given 
··:.~. · .. ''· }· -~· ' 

~ ' ~ I 

";- . ':. '\ ~.;. ', 

momentum.;~- At our beam ·;no~~nt~ of nl.o-4 .BeV/c, the. K.'- cannot produce·:-.<--·.-·~>~, 

: ~-

delta ·.rays ~f kinetic energy ao'ove 5 MeV. Consequently, -by, finding the'. 

number of delta rays with a kinetic:energy above 5 MeV, we can find-the 

contamination of pions and muons ih:the beam. 

A total of 10,080-chai:nber lengths of t~ack :were looked at. If there 
. . . 

were any interactions along the 'tracks,·t;he _l~ngths were measured up to; 
. . 

,.the point of interaction. A total of-.1,125 delta rays of kinetic energy· 
-'. 

-• above 5 MeV were· found and' 37 of these 'were on ~tracks which interacted 

.·.subsequently.- -

1 ... } ~ ' 

-/ 

For comparison, we repeated the procedure in. a previous 30-inch 
~- ... ._ '• . ·\' .. ·:.: 

. ,·. ~ ·~ . 
y:. ·,· ·propane chamber run, where the. beam ·consisted mainly of negative pions ~ ... ·. ;-

~- · . , ::: . at 1. 08 BeV / c ~d h~d a ·10 ± 2% muon coritamination~9 There were, on the 
•74 

~- i I. 

I 
:,i, j 
''·. i 

/ f I 
'~'"· ·,, 'I• 

1 ' '• 

I' 
: ,. . I. 

..... 

I 
' ·i - l .. 

· .. ··.f.;, . f 

. · · ' average, 24 delta rays and 26 • 6 interactions pe;- 100 chamber ·lengths~ 
~., • ·., : . ·r • 

When the delta ray counts from the two experiments were compared, ·.· 
.· ·'. 

{ ',the percent of K- . in the beam was calculated to be 56.3 ± 4. 5%-: Since : '(. 
~ ... :'·t .. 

; a muon cannot under~o a significant number of strong interact~_ons, those 
. ~ :> -~ ·.· , . 

·' • which did interact were pi~ns.. In _this way,. we separated the pion and::- r:'- - ~· '·' 
:.:: ', 1 

.. · .,_· :, 

.. ·.::_ ·-. 

·. ·· muon contaminations • Pion contamination was found to be (11.4 ± 3.2)%j /:;,, • --~--}-. 
·: :, ., ~ . ' .,.• 

·.,. muon contamination was (32.3 ± 3.2)%. :·. 

The average nuinber of beam tracks per_ picture was six.'-· The number:·,· 
_., .. 

'·::-of K-'s per picture·_ was found to be 3.38 ± O.f!?. 
~ . : .. -- -~· 

'" .. , I.·.', 
· For cross section ;calculations,_ the average _of the two independe-nt'_ •' ,;:. ;,/}_·_ jl' - . 

. '-:>! ' .• ·:··'.A 
. I . . ~, ·~ >: . i- \~:: '-_. i ._;_ . .. ~ -~ 

,, ·.>;·results was used--- namely, 3.42 ± 0~20 K-'s per picture. 
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:~ ·i·.,.··~J '';• .;r.: ' ''±he' pictures· werEi: sc~dd' for. 

: ·' J ·:.J · ,!. ,·.~more: visible pions.·,;·> · .: . ;~:··::", .• ::r:~·.~~;::/~? .•. \.·.(·}···:··.:-:." 
) ·: .•. .! l· " . .,: .1'. :,·,., ·:. · .. :· .... -~ ... _: . ' ;1\ ;'"1,'"'.,';' • .• i·::/<~>-~·.:· .. :~: ... 

'~;.;:;~,·~\.' ·,:,;.\,::_' . The <ideni?.ific~tion·: c;f.·~the 'si'grna: hy£~rons depended completely 

·· .. A<;':.J;;·<~::, ... ionization ·cha~ge ~t ·~h~ .;oint::of d.ecai·~:; ·Th~~~.a ·~ro~o~·which scatters···· . 
.. ,.1;··~;.-... ~:··:r(·-:.-:,.: ... ·t;.:; ... ·:~ ... ·-· . . ~. ··~:····~·\·.... . . ··· .. . ·:·~----~-;~ .. 
):;.:xt:l:;}.~j~~{~~fter ~eaving ·the. carbo~:·et~~~ .~ooks .. e,~a~~ly :lik.e .t}+e posi~ive ~igma .· 

>-" ·~·* j·' ;. ''"· .:'" ; production followed by the .pr~tonic ·mode. of. decay. For: this reaso#,, we. 
;~\.i{l~F~r?:'i!:l~h;;f · . ., . · .·. . ' · .. ,_ . . ' ·· 
(·:·.1n.:~;.l~:;f"~~~~~r::::·;~~eject.ed all. positive·· si~as .which ~e.cayed ·viii. th~ ~rotonic mode. except·:· <~. '" .. 
. ;:;;;t\~[n,;m:';iwhen there vas· a definite qhange ~~ 10niz8.tiC>n or when one or two gammal" .. ,;:;{;;,,,, •. 

·· ;::J.f.;·j·(J/:~;AD.~~'·pairs were observed t~ be pointing at .. the decay point •.. All sigmas ... 
• <. ;~;~::~·::\- r..:·_ .. ,~.~:,:_·.~:·:=· . .-~·~... . . \ · .. _; ; .·,.,_, ..... ':._,.. . . } :' ·. ·- . . ·' . 

.• . >·'< r·:·<:\'':.shorter than 3 mm were .. reje'cte'd because of inaccura<;:ies in measurement.:':>: 
. .'~:· .. ~... :.-·1\'. ~-···; . . . . .· .. :: . ' ~_.; ·, ·. . . . . ... " 

·~. _.,. ·.1.: When • an event was _found,. the. picture number and the.· type of event 
:::r::!:· .. · 

then'written down on the scanning sheet. In one-:-quarter of: the 
i. ' . 

:. ; . '' II,, . ' ,· 
,,.;~ · ... L1. · .... all sigmas found were recorded on scan cards. In three-quarters 

" ' 1 ' . 
~-.· ·'·.f ~- :·: 

.. ·· ••· .-~ . ~ 1,· • 

film, only those events with two or three pions and zero or one proton 
. ~. " 

·.!i:~~J::.r~~c.; :~reM::::::: on .;can ~~r~s·~> ., 
:.\ :-~~r ;··. " . ··. 

. } .. 

.. ~-· 
. '• 
: .... _·, . ~ 

" .~ ·, ... ·.· ·.·,c~. 

·:. ,;·. ,/ ·.· 

..·. 

' · •, . i ( . .. c1s1o::e:::::g
0

::::.:::c::~o::~~:::,::1:a:::n:C: :~:c 'l~lli#~~-{.;' . 
. ),;'l .'?::;... . . ,'· ·.. ,. . ·,~;',t:/:_- .. :;.·,,,.,, 
'; ·J>.~.·-_~1· .··:.r:. ',:>in ad.dition t~ locating the event for the' me~surer, also as.signed the·:•:';_(::;:~:~.;f;:~:·:.~:·r ':/ 

·. ":'• .,. 

to a definite' prescribed category. ,·_ · . 
\· 

. ·, 
.. ; .. 

actual measurement, in effect,: recorded the. coo;rdina tes of .. 

points along the measured track with respect .. to the 

the bottom of the chamber. 
· ... 

. . .!'T ''t·: ··.r· >:· • :''both. views of the picture .. · By knowing the posi tiona· . of 'the cameras .. · -'the . ..:':·<:·,~~< .. , .. 

::}Y:tl,~. ·.\.r..: : .. : . :. . ... . ... > : . . . . •.. •. ''lj., ... . : . • ,~~ii;]s, . 
', :·.. /,".. ~ .. 

! • 
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spatial l.ocatiC>Jl. of the track could. be. reconstructed. 

c. · · Comput~r ·Analysis ...... '.. . •.· 
·,' . ·: ·, 

·':,- 1 

. '·\· .. · 
. , . ' 

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

'- :: . . ~ ' \ 

The measurements were analyzed by the IBM 7094 through the FOG-CLOUDY-

20 FAIR ·system. 
·! .. 

'! 

i ·_. 

'.: The FOG program reconstructs each. track. in. space from .the separate 

measurements in the. two stereo views of the. picture •. ' The momenta are · 
'·· . ., . __ .. -· 

obtained from a parabola: fit to the space-reconstructed points for each 

· track except when determined :by range measurement. The angles in space· 

are also claculated ... 

The CLOUDY-program\performs kinematic. constraints in addition to 

calculating the errors and other quantities of interest,· such as in-

I· 

··,f 

· · variant ·mass. 

,:·-· The FAIR program governs the output of information. This •may. be. 
. ~-. : 

' .:in the form of page output, tape,: histograms, etc. 

·n. Constraint of Sigma · -·· .. > -~ .' '' 

The pion tracks· involved in. this experiment ·..,rere, .in· general, long,: .. ; · •· .... 

and the momenta were well,determined except when the pion left the' chamber 

· in a short distance. The momenta of the sigmas were high and the average 

... · .: length was 1.1 em • Only a minimum value of the momentum could be ob-

tained from range measurement. 

Further information can be obtained from the visible decay pion or 

. ~-. 

.>~··:·1.. .. : \:proton from the sigma •. The angle.of. decay and the pion or proton momen: __ .. :·/ ·;: .... 

~·t.:·:·; I : " . .< tum were used to calculate the momentum of . the sigjna. This of'ten resulted ·_' .• <. 
> ·;_:~._:;.:j , .. _.,: in .solutions which were double-valued corresponding to forward or back-.· c; 
.. ·~- .. ·'j:_··!t:~~~·~·~~~*~· ~ .- .. 

: ·j:':'!_-:",..ward do::cay of the sigma in the C.M. system. In almos:t all cases the 
,· . ! . ·.· 

'. l · : · · ionization of the sigma was used to resolve this ambiguity. 
· I :c '· 
; . ~ ' t I , ; 

' .. ·._ The range- • 
•\ .: . 
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r, 
momen~~~-·~el~-pio,ns~ip ~as .\lsed to find the sigma momentum at }·he produc:::;_~·<:'r~~;{' : 

.. tiori ::t:~:~:~~·c:~~~::::i::: .. ::::·. :~P:::d 0:t c::::r:::~~~···~~:. cr!n~";J;t{~·~~;j 
.program' used~ ·This:.is described in .. the 'flow chart, Figure ·2.· 

;: . .. 

I 

: !:; 
.. ,.;· '·f .. :: 

The measurement errors f~r the tracks .. in the 
·, 

30..-inch propane 

be~~· studied. in d~t<'iil~~ .·~he errors_,on the ·pion momenta involved· 
<- •. ~ 

;_' >'• ',I· ''{ 

The angular; errors. were of the order of one ,. f·· 
.... 

c·'· 

Th~,erro;~-'o~ the_'sigm~·momenta were. recalculated fr9m the 

'>•,",• 

" :~ '.~r~: J ::;__,:~;{:::·:'.,Tit.~ respect tc;> the. sigma direction· since the measurement errors were .. 
;""'~· ;' , , ;,t I· ~ J • ~ ~ "' 

·-:·.-::._!.: 

' 'e ;('.; l ' ." not meaningful. 
·.:, •, .,.,. 

The average. err'or of the sigma momenta caiculated after i: 1 

I. 
! 

,, the oc constraint atthe·decay vertex .was' approximately 20%. ',' :·. > . 
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· ·· Before ·the data. were .analy~ed, we checked to see i:r we . . ·--~.;-.r;; .- _·: ~-·.. j ~ • • • ... '. :· -~ 

··_;r'reai sigma.s ~nd .t.o- f~nd. the ~~~ib~;':·o~.· sh~;.;.: si~s ·.mi~-~~d·'\~·~c~nin(t'· .. ~~' ,'<-
~:·. .... . ·-~: . -';. .. . . : --~: ·, . 

.•. · i ;~;~tJ·.y:~:< by ~i::i::. ::. ~.=-~!::u::t::• ::::::~ ::f ~~,' ~~er:• L ~a~ ~e ·.tot~";; ;, • . ";: 

:.~.i-~.1·:.: .. ~_>1 ... :-length.,'of the -~_siglna B.riq._ .. _P ---wa·s:·_:th~· ·magnit.t.lde·>Of ··its:_-momentUm, ;.·for ... 'all' _ ~ · ·- -~~-~,-:. ·' 'j ... ·.•.·i • -' . . - .. ; . ,.. --. - ~- . - r . . -::· - . . . . . 
.. :-\ '" .. rf- .. ~:?~~ .-·_ .··: .. -'. :. ',i. ~ . ~ ' . · .:. :--.:..~.:--. :·__._ ---. 

· .·"o~<-~J:\·/;:.:~.:sigmas .wit~ a momenta in the'~ange of ?O? to 900 MeV/c._ The reason we' ... 

;: .; .. ---::l · __ :.::~· · applied this cut was because calculation showed that the momenta· of the 

, ··,.-::-~:+~~~2/::.· si~s· produ,ced with two·. pio~~ lay· in_ this region. Sigmas with only one·_·. · 

:;!)'~}~:> ·o visib:::i:. w::o:.:::i::·:.:::·~aw, N = No .-t/<, w~ s~e .. ' •·•·• 

' 'J ' .. ' 't ·. - t ' ' v ;:_. '·.' 2 1 
·: . . . i : ' · 'r · kN - QM. N "· 

I' ·, 1 , , 2·-·· 
',.;':' 1,:-··. '.·.• .. 

-.! •• • •• 

where -r is the mean-life of the sigma; Ni and N2 are the number 

;t 1 .,• ..., : ~-.; 

:··· 

•,_.-' 

'.· l··;: '' ' 
' ' _.- i ~\-_ ·;.,; , r ._. ·found to decay at. times ti an.d t 2 respec~ively •.. This equation can··be 
' ! ' ' "•, '· ·f-. /::expressed in terms of L/P: . ... . ..~ . 

. ~.,; . r::/, 2 L2 L . . . . .. . . . . 

',,>I. 1''· .: .~ = ~c [-;::;1 -f-N2 J' .. . ·.' ... . . ._ .... 
. .... ·I ·_ ·~t - .- .f.·. ·. ·-~· ': <~·r.-.\·':~'{.:<r:~-:: 

;, . : ·:1 . .. . ); The ·term in the bracket is ·the slope of the: straight 'line in the life_.:.??;·;: •·"::~ .);· ~i: , 

.··~,":~:~-it. /1:-:::·_.-time pl~t,' Figure~, 3 or 4~ :·The straight l~~e~i~er~· o~~~~~ed by.a .le~~~tj:!:;!;·.·.~.fi~~- > · 
::.·~;~:.:J' ·;···: ... :: square:.fit to the d.at~. ' · .·. ... ., · · ... :.: 

+t;;~~t1fo. 13 -~:: ~~~r .:: t:d w::o:::t::f~: ::• .::.th:::::op~:· 1 ~:2b: 
.:··_:!: 1·:\~: -::/~:X 10 sec. These values are to be compared to the quoted values ·of ~.0. 1;:'<!.>"-~f..;' ~~:· ·;' 

•.. · · .i' -.: i .. · · o6 · . . . . + o .1 10 . · · · . ·.):.·frrL~:.'~~ ·. 
· .··:·!-:·_:··~:'o.81+ 0 · x:lo-10 sec andl.61_ 0 . 09 xl0~ .sec respectively·· ·· .:'"l•A •.. ;·,. ..... ,; .; 

. -.:::~,:I ~ .. -~]:\. -~ - 0 • 051 . ·~,, .' ·- . .:. • • /- . • : • : . . . . . . •· r . i ; ~-: ~· .;:-·~~~~::~,'~ .: ·. 
i' . '·• '.:. ·.· ... ·,; ·;'.'.\ •·;· . •, .,, .... 'l·· ., " 

·.j.::.: 
·.:·· 
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In ~~ch of the Figures 3 and 4, the first. box· was not used in the .: · ' 

fitting of the data, because each b'bx contained events which were rejected 

by the 3 mm cut in our scanning. From the deviations from· the straight .. 

. , : ·,_t . ' ... 
;" ,· 

'._ (."· 
:-.\ 

. ~ --~ 

' . '•. 

line fits we got· 24.4 ± 5.6% missing for positive sigmas and 13.2 ±'"~5% .··. 

events mis.sing for negative sigmas. · · Note that the ratio of the missing · .. _; r 

....... 

·. events in the first box for sigma· plus to sigma minus is approximately 
.·e.· 

two • 
• !:;>. 

.. , 
This reflects the one.;.half factor in the life ·times. 

Sigmas of lower and higher mome.hta gave similar results. ..· / . 

~; '. : '. 
·~. ;·· .: ::·B. Scanning Bias Test 

' "~ 1'.1 

':. _,.· ....... 
• ~- 1 

. -~-
< • 

Detection efficiency 
1
decreases when the track in the bubble chamber 

., .. 

goes toward or away from the cameras. :To check this bias, we looked at 

'the azimuthal angle distribution of the outgoing particle with respect 

to the incoming particle. The azimuthal angle, ~~ is zero deg~ees when · 

the outgoing particle goes toward the ·cameras, (upward in the chamber), 

and 180 degrees when it goes away from the cameras~ (downward in the 

.. ·.J_:· 

.:· . .' ·-

·. . ' '. 
; . . . ~~-: 

~ .. 

. . ,, ,' 

chamber). The azimuthal angle distribution should be isotropic if ther.e: .... 

were no bias. . . .. '.: . 

<' •• i I 

\. , .. Two'azimuthal angles Mere involved. The first was the one'the 

·I 
I 

i 
i 
[ 
I 
I 

'~t.-~ •l 

:.. : '·~.. lf;' . 

>' .·: < 1 
... ! 

'. 

. ',· sigma made with the incoming K-. The second was the one the decay 

particle of the sigma madewith the sigma direction. 

The distribution at the production vertex, Figure 5, is isotropic 

· '.within statistics •. Figure 6 ·shows a twice-folded 'plot· of. the e'vents ·'"· 
__ :, 

against ~ for the decay pions. There is a marked bias·against those ~-·: 
, ..... 

< < 
' < 

d ·. 

}·· 

pion tracks going toward or away from the.cameras. As a result of this.; : .•..• · >·: • · . ; . . ~"' 

bias,.approximately 25 ± 2% of the events were lost. 
.· ..... 

' ' 
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c.~ t·sg~nni~~·::rEffic'ied~y:· Determination· 

<\. 

.'t.' 

I C 

! :: ~~. 

·1~, \ ·'' To'fi~d.,the.humber .. of ~~ents.rrils~e:X;~·ri·the ~~~nriing~. 
, ; - . - I . _..: ·;: .. ~·: ~ ·.. • ' 

:. \·- • •• ·: J ' 1 -t: . .} . ~ ·:: . 

. JY,; . o~e -th1~d of th~.: to;al •:gOod';i fiJ,m' waS ~ca?"ed indepOridently by ;wo ... ·· .. 
·· ,.... : ·.·. dJ.fferent s?anners· •. ,. ·The; scanning· efficiency of any one sc!illner cou~.<!.. ~'\·:: 

,_:,~;~~I~t~4 ~henPe f~ddr~~ .:h~;~:3?nj ' ' '· . .. . .•.. ·.. .. ' ... 

·'; )•tl ~Y·;;.:;:: where NfJ: l1 :tiie nUmber of events: found· by·: b~'ti,. scanner 1 ' an.d j ,c· and ·· 

)t~~t~t~J5;,j is, the ni;,.ber of eve~~s found ,~Y scanner j and mis~ed by 1. AssUming .·::,:~~~ 
)·. ·:·;:h:p;'{:d~{-.. ~hat ~h~ scanning efficiency of .:he: scanner stayed constant, the· total: \;~·[:'/:~::,< 

:.~~ ,,·::J ':.,· number of events 'in the film. scanned by the· scanner is ·.:·just the ratio ;~.~ .··. "' 1 

. :• J 'j11 .;~.~,: •. :_·~-~.t.· .... ;.::• of . th~ events actually fa~~ \y the scanner 1 and his e f~ic iency, 1. e • , : . !~;':;:;,'.: · :·' 
. ; ... ;/>·:~· '(~f;:·}~ ~ '· ': 

·j· .... >··.~::·.N/ei. · · < -.,. ,, 
.• ~ -.,_ '-/ ~~ .: . . ''•f .; • ·:f·~:; 

;,

1'<:' ·{::· -;~;~,,~- · ·- The over-all average scanning· efficiency for this experiment was. " 
·.· •. ! ... -'· 

''., ' :j-,·-:: 
,f ··"'i ' .. 

"~·!. ~~ . ~ 

found to be.89.7 
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.. ·.VII. PRODUCTION CROSS SECTION . 

; . In order to calculate. the cross section for the sigina~two-pion ··. 
i 

, , . . length for kaons. 
~v:j:f~ 

This was computed, fromthe K-riucleon total cross}li. 
~~~ . . I . . . . . 

· ·r·"~ '· · I·.~-:~- sections~ to be 159 ± 11 em. From the formula !?[,~;'~( · 

· ·: '/ I .. :\ >· L = (A) (1 .;. e-f: ) . .J;~J .. 
.. ·. ~ .. I .·~ ·, · ...... '.. . '~h> ' ~ ., ' . . ,~~-1~!" .. . 

. t •. 

_·1 ;_.: :;, ';I·. · - . l:.v .:·····. 

' . ' I '·: ; ·. where .Q. is the interaction \length and A is the mean-free path lengtH) 
~- . .-: . ~~r_ :· r ~ ·. -~·~ .:·.- f 

· ~O.jj we found the average path length per beam kaon to be 35.3 ± 2.5 em~.(\. 
' '! 

.. .. ., " 

. '". \ 

'1 L 
t ' 

'i' 
•' -, .. I . 

l ~ . ' 
i 

'I 

· .. I 
. ·J. 

jl ·' 
··:. 

After multiplying the total frames scanned and the average number. of 
-~ . : 

.kaons·per picture by the average path length per beam kaon, we 'found. 
6 . ' 

;the . total kaon track length in this· experiment to be 10. 44 ± 0. 95 x 10 · em. · · 
+ ,, 

The sigma plus cross section was based on the events where the L .. :-
' + ' 

decayed into a~ and a·neutron. It was then multiplied by two to · take{· 
! ,. 

,· \.' 

... 

·I· 
.' ·.: ": ... -

I ~ ' ' 

I . . . ·care of the protohic decay mode which was eliminated from the cross .. 
.... ·,· 1 ..... ,._ 

; i · ·.··section determination . 
. ! · .. 

At the production'point,.the zero and one pr&ton · 

·. ' ' ;.) :·. 
' . . I 

' I· .•. .(_ .i 
···.! 

. J ·• 
~--- •.. . ' ~ 

j ..... •! 

. ' events were added together because the protons were assumed to b.e jus-b 

reco;i.ls and not associated with the sigma production events. All the 

data were added in this fashion . 

' . 1 .. ·• . The density .of propane used in the cross section calculations 
• ,. > ~. 

~ . ·! •' '· 
·~ ,:·,'.f :: '.,- the sigma-two-pion e~e~ts was 0 .. 415 gm/ cm3. The summacy of the scanning' . ·:0. 

; I ' 

, ,· ::',_'.j < :· .. results and the cross sections, along with the corrections made, is 

· ~;:.,_:'f.~· ·-~presented in Tables 1 and 2. 
' !' . 
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Type 
of 

Event 

2:- - + 
1t 1t 

- - + 
L :n: :n: p 

+ - -
~:n: 1t 1t 

"2:; - -
1t 1t p 

' 

,..· .. --

.-::· 

· . 

• >-

Found Total 
(Corrected) Observed 

228 
315 

87 

--
85 •. 

123 
38 

,.r. ,, ... 

.. t 

·;: 

,. 
,· ~ . 

· ... 
·' "~ ~.-~. . ~( ... 

l• 

···.·~·· 

·'I' . 

-; 

• •• !""~ • 

'.• 

-~ ... 
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TABLE II 

Life-Time Decay 
Bias Correction 25 ± 2% . 

13.2 '±· 

363 

24.2 ±-

162 

·. 

. .. "~ 

5% 

5.6% 

...... ~ . 

_...·. 

484 

216 

·: ·~ 'l' •• · 

>• ·~+ 
~ ... . ;;. 

Scanning 
Efficiency .. 
89.7 6% ± 

" -.. 

540 

.-
·,; 

·-

241··· 

.·,,·· 

' -'-~.' 

..... ··-·· ... 

.1'.: 

~ - : ·. 

.-:.'-

. ~ ';·,. 

..} ·.: 

-:. ·'· 

_-, 

Total 
Corrected 

540 

(241) (2) 

482 -. 

.,_ 

'·· 

·; 

··cross 

'·':;;' 

Section. • 

.. 

0.51. 

± 0.07 

'· 
•. 

0.45 

± '0.07 
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•' .. VIII;: PHAEiE :SPACE AJ."''D· RESOLUTION-
-·- .,., .. _ , . ., --·'·: )·' 

."···. ') 
··:'···.' 

-A. _ Phas-e Space 
-·~· ,• . 

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

-· ·.' 

_,,, .. ·:The standard .method 'of looking for resonances._in an 

is to look for deviatiori.from phl:lse 
:.;, ;-_ .. : .. =:··. 

..... · .... ,1. 

':-:;;.?he. invariant mass·-of an n-partfcle' system is. define(i as 
• : \ •• ••. j ·~· 

.••.. ~- . .• . ~ i ~ 

~~· .._.,' ~:/.~ .iJ : . . 
· ·. M . _ : r, .I' ·~. )2 • ~ .. • i i : ~ )2ll/

2 
.• · 

... j. n ~ ~==l -,~ -- · ;'"'" -- i=l '" i .j 
. ' ; ... . . -~:. ~ -.':..: 

exfs.t in;~_he same energy region'.-: a resonance 

ma,ss- can be. obscured by the .reflection of' another. 
. . . . : . . '·. 

____ ._,_.·-

i··-,.· 

•• ,~ 1 . , • ,.,, __ Alternatively,_one can look for clustering of. events on a Dalitz ·plot, .;::\ 
-: .. -.-.'··· 

·.• •' ·! 

:· : 
· . .'·' 

- 1 :.; : · • A Dalitz plot is a s6atter-diagrani of the appropriate quantities 

. • .. ; · .. ·.j/' . , • fro~ which One can, deduCe· the ccin Stene/ Of.,. the square of . the matrix · · • . .{ ·N'' 
___ , .. <.J . ___ , ... '·,element for the reaction. · In the absence of any resonance, i.e-; 1 - cons_tant '; ;.- · 

' < ·fr . " _-_,· or slowly ·varyin~ Ill8-trix element, the points rep:r;-esenting the '-events 
- .. -I - -, . _. __ ,_ .. 

>~-··.1, • •·••• ,,:::o:::e:e:o::~::d.::::::Ye::r:~ p~ot. ~e ~~t of theDaHtz p~ot t_.-_ff_.,;i~:· 
. . ··. . .: - ' ,~ l -

• • • • ' • J ; .. I . ; ·'·:. ., 1 . '.: ~ ; • • I ' ' 

, .:-::: .. -~!:_·, _In collisions with single nucleons, the total energy of the_ outgoin~:.~~>~ii;:{~~''·· 
.·:,:_ "---,;·. particlesi~ fixed by the ·t>~arll. momentum.- In our c~se, the carbon nucleus·;r::::·:\{;_~·1i_'.-

.t, 'r. ,,: ';\· can take some energy which may be unobse~ed ... · ~e ·appropriate Dali tz • :,Tilt~ it! . 
, :r'( 1,:5?,:~g; :::: :::~t::~::::: .:et:::::i::t :::;f .::e:::-::: ::t:~.~ .· .. · . 
. .... -~ t ·.,.-·· ·: .:.·. : ,.· ••• ,'. \ . . : 

··,;:•:.':·, :,~(:; ._a priori probability of being occupied; .and at the same time allows all 
~:-~-:~~,l~J.<~}?_'< '.., ·. . • . . . 
. . · ... , .•.. ,, .. ,.. ·. the events with' the same mass of the sigma-pion system to fall- on 

<-{~i:i.;:'l:~;·:;(~::~:,~_same line •. ·The alternative of using C.M. kinetic energies of the_ 
}~ . . ~: .;. ',·. ,"\ i~ .·.~: . 

:,_;-~_;;__ ,:_r ;i.)::·. pions is not sui table r. ·. . .. · . 
. ·'~~;-; :.~·~-.-~-~- ~~ ' . 
-'.; ,:·· _':, .

1 

... ~:-... : .. ~>' labora:ory_ quantities 
' ' ' ~ • l • • I ~ " • ' ' • 

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

·::.:-~;:_:~:·r:.-: ·- '- ., __ :.::·( 
, I 

',! 1 

into 

'-' ... ' ,; .;· 

here 

. .~· 

''•,, ·.t .. 
'";.-... ,. ' 

... :. 
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In o~r case,. we had a variable C .M •. · energy available because of the 
' .. '' . : }~ 

.-; :· 

.. Fermi momentum of the nucleon in the carbon nucleus. The phase space and .. · 
' 1 . .. 

the boundary of the Dalitz plot are no, longer defined by the beam momen~ 
<:. 

tum. · To .calculate the total phase space, we adopted the following proce-

dure:· 
/ 

·' .. 

1) The invariant mass of the total three-body system was calculated 

for each event. This was the• ava.ilable energy in the C.M. for the three-

._, 
., . 
; .. ·· 

·. ·<·.=.·body system. · ~. 

~~ I ,_( • '' • 

.:. 

.r'' 

. -"...._, 

! ;·. 
t .• 
i . 
' : 1 

. I .. 

2) The standard t~ree-bndy phase space was calculated for each 

•.. , . event corresponding to the: C. M. energy available' to the system •. 
\ 

.. ·· ·.: 
3) All the phase space.distributions calculated for each event 

·were then added. Each distribution was given the same weight in the · 
(. 

. summation. .... ! .• 

B. Resolution 
.. .. · 

The two weighted histograms of the errors in the invariant masses.·. 

are shown in Figures 7 and 8.· The resol.ution is the half-width at half~-

, .. ·maximum of the error histogram. The resolution was 16 MeV for the 

sigma-pion invariant mass and 8 MeV for .the pion-pion invariant mass.· 

· It should "l?e pointed out here that the .resolution obtained for the 

. . 

sigma-pion invariant mass was· an average. It was noticed that the errors 

were directly proportional t.o the magnitudes of the invariant mass. 
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IX. RESULTS AHD DISCUSSIOF ' . -~~ \ 

In this • ~e'ction: :We· -will co:::-1sidc. :.:a.e nucleon Fermi momentum in 

carbon.: Theh we· will discuss reson:mc:es in the three- .and two-body' 
'·. 

invariant mass systems. 
'~-

A. Fermi Momentum Distribution. ~ . ~:~ 
interactio~ To ·check ·if our data is consistent ... with single neutron 

'. ;;~ 
in carbon hypothe_sis:, '4 -we plotted the transv~rse momentum imbalance of ~if 

.-.·F· 

'".! 

; -~· 

v· . 1 

·-·----··the out;..going 2: 2ri system. 
~ . . ;~:;:· 

This imbalance ·is independent of -t;.he beam :.· • 

.. . :"'~ 

. ~, . ; 

momentum. Only. 2: 21r events viith no urotons w'ere ·used. .In order to 
.· .· . : - . t: 

"!·i~ 

minimize the,. errors on . tne transverse. momentum imb~lance' those events t 
I . i\ . l 

with all the pions greater or e~ual to 10 em in length were used excluL 
t I' 

siv:ely~ The .distribution is shown in Figure 9. There were 12 'events 

.. "'" 
0 ·'{..,( ... : . ' '· ;~i --~·-_, 

··~·, ~ "'"; 1 

with momenta .greater than 600 MeV/c. . .. /·:{t-;, 
The nucleOn Fermi momentum distribution in carbon had beem measured j: ·. ' ·~ • r.c 

-~ 

. 23 . . 
by Azhgirey et al. using protons·with an energy of 660 MeV as inciden~ _:7 ,, · . , 

particles: Their data was fitted by a sum of two Gaussian distributions-.:· r 

( ·2; 2 ·2; 2 e:xp - p . s1 ) + ex exp (- p s2 ) 

. 2 I . 2 I . . 
where a = 0.09; s1 . 2m= 16 MeV; ·s2 . 2m= 50 MeV; p is the momentum 

and m is'the mass of the nucleon in carbon. We used the same fit. The 

distr~bution is: not normalized iP. Figure 9. The agre'em~nt is ·excellent. 

This indicates that· it is reasonable to assume that::·the .produ~tion· .of the 

L 21t.events,took place] on a single neutron in carbon: •'f;. 

B. Y -21! System 

- l 
· We fOllowed the procedure outlined.and calculated the three-particlEr, 

~-inv~riant masses for the lal:nbda and sigma :tw.o~pio?- events • 

' . 
The distributions are shown in Figurer 10 and 11. In the plots, 

'I ':j. 

.. ·; ~r 

>· 

·' 

. f ..... -
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we noted the appearance of some enhancement in the 1750 MeV region. This 

is the area where Tripp et al~ obse~~ed a bump in the KN scatteringcross 

. section corresponding to a· resonance vThich has ·an isotopic spin of 1. He 

· · believe this effect is not due to statistical fluctuations or to the·-· 

effects of scattering on carbon nucleus. This enhancement may be due 

!.. to the resonance noted. , 

1 C. Lambda-two-pion Events t.ti . 
! .: ... ---- ';~ .,:f: 

, 1 As . a first step in our_ search for sigma pion resonances, it is . :~f:{ 
I ~. 
i necessary to show that similar resonances can. be produced in carbon dF~ 

:i} 
analyzed. Since the neutrons are bound in carbon, we must show that;the 

proposed method of calculating phase space is reasonable. To.do this, 

we decided to look for the well-known Y~ (1385) in our lambda data. 

The lambda events were a by-product of a previous e~eriment con-

* ~ . cerned with Y1 (1385). The accepted events for analysis were such that 

. they satisfied the following criteria: 

. /~ 

· 1) The events constrained as lambda's at the decay vertices (see ·. ,i- . · 

Figure 3,; Reference 22). 
':' 

2} The events were constrained as interactions on free protons. 

When the chi square of the fit was 12 or ;t-ower; the events were accepted · 

- + . . 
as free proton,. interactions. . If 2: 0 rc rc . events were, constrained as 

(, 

. - + . 
A rc · rc , the chi square of the fit would peak at· a value of 25. We 

accepted only events where ·the chi square of the fit was above 50; 

(See Figure.4, Reference 22.) 

From Figure I 0 we see that there is a wide variation in the C .M. 

' 
energy available to the lambda-two-pion system~ To obtain a reasonable 

sample ot events for further analysis~ w.e selected only 1 those events. 

··. 

,r.;.· 

., I 

"' 



r, . 

"0' 

with Arc~·,/ invariant mass between 1600(and 11365 MeV. The lower cut 

" 
was determined by the phase space available for the production of the 

•* Y1 , and the upper cut was the available C.M. energy in the absence of 

nuclear Fermi momentum. 4~-

¥.{~ 
The two-body phase spaces for the 391 remaining events were ca~~u-

r~ . 

· lated following the prescribed procedure. The mass value used for ~he 

Y~ in the calculation was 1378 MeV as found.ip uu~ own hydrogen data. 

; - The width used was the standard 50 MeV, although our own data showed 

. 
f. 

j 
>! 

I 

x+ *- 8 the widths to be different for the Y{ and Y1 j the widths being 5 MeV 

22 . and 70 MeV respectively. The calculated 11carbon" phase spaces are 

shown in Figure 12. 
i 
\ 

The invariant mass distributions for the lambda-pion systems are 

shown in Figure 13. The chi-square probability for a worse fit to the 

+ non-resonating phase space was less than 5% for the A rc distribution 

and 1% for the Arc- invariant mass distribution. ' *-The existence of Y1 

(1385) is clear, indicating that resonances produced in carbon can be 
'• ,· 

observed. The ~+ (1385) is known to be suppressed in this epergy 

region by a factor of 1.5 relative to theY~- (1385)~2 The data wa~ 
*- ~"*+ .·roughly fitted when the phase space was weighted by 115 Y1 , 35 x1 , 

and 241 background. ' + -The chi-square obtained for the A rc and A rc 
> 

distributions gave a 20% and 60% probability, respectively, for a worse 

fit. The number ofY~ used in the fit should not be taken too seriously 

because of the large interfe~ence effects known to exist in this energy 

24 + region. It is quite obvious that the peaks in the A rc and A rc in-

variant mass plots have different central values •. This is true to some 

22 extent even in our hydrogen data. In addition, our hydrogen data gave 

/ 
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. . ' ·'· . ' . .· '*_·. '*+ 
wider widths for y

1
. and Y

1 
. ··Thus, it· is ·clear that if we used different 

'mass values ;and 'different vidths for y~~ and ~+' _we would have gotten ·: : ·.•·· c 

. . , I 
1.: more Yi production in our fit. 

• f '• ~ .• 

{. ..... ~·': 

j' .. · .. 

'i: No peaking was observed in the ~ + 
1! · invariant mass distribution •. 

:j . 

·i 
I 

. D. ; ' 
•/'· 

Events 

I 
1 We took the same C.M.· energy cuts for the-sigmas as-for the lambdas. 
I I 

I . l ' . . . . ~ · . · 
!. . The phase spac~s calculated in the prescribed .manner are shown. in Figures • 
I ~ . . :: . . I : • . 

i · ··-·-:-·14 and 15. 'The masses and widths used in the caiculations w~re: 1405 - · · 
·i"-· '. . : . 

.. j: MeV, 50 MeV; 1520 MeV, 16 MeV. 

.. j ' 
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These are the best known values for these . 

resonances. ; 
'(, 

'\ 

Figure 16 shows the Dalitz plot for the events. The different 

· ellipses are the kinematical limits for several available energies. In 

the L+ 1! invariant mass plot, Figure 17,. each event was entered twice 

because of the two negative pions. The probability for a worse fit to 

the non-resonating phase space was approxilD.a.tely 3%, while the probabil-. ' 
' . 

ity for .a worse fit to the phase space with resonances was 45%. The 

phase _space'wi~h resonance: contain 2.6 Y; (1405); 18 y~· (1520)_,, and ~0 ,. 

non-resonating background. The dominating resonance is clearly the 

· .. Y; (1520);. ·But it appears to be somewhat lower and broader than the . 

values used in the phase space-calculation. The same lower and broader 
, I 

. ' . ·. . . ll 
·values were observed by Alston et al. in their data at PK- = 1.49 BeV/c •.. 

Figure'l8 shows the invariant mass distribution of the negative 

piOns. There are no·well-established T = 2 pion-pion resonances in 

' ' our energy region. There are no s~atistically significant peaks in 

our plot. A pion·-pion resonance would result in a cluster of events 

about a diagonal line with slope equal to -1 in ·the Dal~tz plot, Figure 16. 
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Following· again the' procedure outlined above, the phase s-oaces ·io/ere. 
~ #;' 
+ . ~' 

In the 2:- ~ invariant ' 

'·'·. 
. /, ' 

_h ..... ·· .. · .·. . .. * ..... . 
· ·i· mass distribution plotted in Figure 21, we see the·_,_familiar .Yo (1~05 )' ... 

!:: .. · and an indiCation of :the X~ (1520). But unli};.e the sigma plus events, 

} ···":_;_the Y~ · (1405) is· cl~arly :the. domin~nt resonance here~ 
-,;. 

The chi-square 

··1 
;j ,.· 
I 
i 
I 

'··j 
! 
! 

·j .. 

! 
\ 

.i 
l 
J 
i. 
I ' 

f. 
' . ! 

, probability for obtaining a· worse· fit to the non-resonating phase space,: 

was 20% and 10% respectively for the 2:- rc + and 2:-:- it- invariant mass .. 
. ' 

\ 

' . 25 
distributions. The ppobability for a worse fit to .the phase space with 

resonance was 50% for the 2:- rc + dis~ribution and 90% for the 2:- rc 

46 *-distribution.· The phase space with resonance$ was weighte.d by , Y2 

(1405), 35 Y; (1405), 10 Y~ (1520), and 94 background. The rc + rc 

'invariant mass distribution shows nothing out of the ordinary, (Figure 

22) .. The resonance.fits were all approximate. 
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.· .... i The strc;mg enhancement observed at 1415 MeV in the 2:- rc: invariant .· 
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mass plot in Figure 23 is less than 50 MeV ~ide. A comparison with 

FigUre 19;shows that the reflection of the Y~ (1405) or Y~ (1520) cannot 

give this sharp peak.· ·For example) the width at half-maximum of the 

Y~ (1520) reflection is approximately 70 MeV. And on the Dalitz plot 

(Figure 24) we see that there is comparatively sparse clustering in the 

T
3

; 0 system a~ 1405·or, 1520 ~ev. The main b~ching is lo~ated at an 

·invariant mass squared ,value of approximately···2 (BeV)2 in the T
3 

= -2 

.system • ) * Thus, the 1415 enhancement is not due to reflections of Y0 

(1405), Y~ (1520) or pion-pion resonances •.. A comparison with the. 2:+ rc-
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invariant mass plot', Figure 17 J indicates 'that this enhancement probably . 

cannot be 'attributed to carbon production effects. 
: ' 

We will now try to find out 1-rhat kind of bias J contamination, or 

other effects in this experiment can give the sharp peak observed. 

2) Scanning B~as 

We were. biased against events 1-1here the pion tracks from the sigma 

• decays were steep in the .chamber. V.Then we removed this bias by taking 

·-·only events between 45 and 90 degrees (Figure 6) the peak persisted and, 

in fact, became more pronounced. These invariant mass distributions 

'• 'I 

. ···~·- ' . " 
with the bias removed are shown in Figure 25. 

\ 

3) Contamination 
; . 

In our scanning we found 181 events of the fol].owing types: 

2:+ + 
1t 1t \ 

·2:+ + 
1( 1t p 

2:- + + 
1t 1( 

L: 
+ + 

1t '1t p 

These events·most likely came from the charge exchange·of one pion in 
r : 

carbon in the following reactions: 

- _,_ 
.J.. 

K + p -7 }:"'" + re' + reo . 
.K - 2:± 1t+ + + p -7 + + re + re 

-K + p -7 
+ 

+ re+ 2:- + reo + reo 

··'"' The same number of events can charge exchange into the 2:± 1t+ 1t channels. 

. i 
· To see if the peaking could have been due to this contamination) we 

plotted all the relevant quantities. In the plot of the three-body 

·invariant mass, Figure 26J we found that only about one-third of these 
. + 

events are .in the region used in our 2:- 1t+ re- data (16oo: MeV' to 1865 MeV). 
' 

,, 

/·.· 



. -

•• "- •r --·- ...:._, ·-- ~::.,_...;...._ • .:,__ ·•·--.......-'~· · .• ..,. __ • __ ,,;,..._ --~~-----:-~---~ ~--.--,..,~..., • ._._. -- --.;., ________ .;__ ____ ,..,........~----·----------- ·•••~~·--···~-----------·-·•·- ,,.,...,....._,-;--· ·-:-~:..:..~---··-, --:-""" • 

- . ..~ . ~ 
' ~' ; 

45 ° ~ <%>( I DECAY) 

20 . 

.. 
15 

--- ·--~~ 

' 

. ;.; .• 

1\) 
\.11 I 

\. I 
L --: ·--~----i· 

1·3 

(I) 

1-
z 

20 

15 

w 10 > 
UJ 

5 

1·3 

~-

'· 1,·' 

i600MeV..:::::MASSC£llfll ~1885 MeV 

ono event 0 

112 EVENTS 

.' 

1·4 . 1.!5 1·7 

MAss o:-n+l sev 

MU -34388 

. ~ 
I ,, 

I 
\.11 
+
'I 

.+ •• 



:. ') 

.. 

.• 

, .. 

• 

i 
.! 
t 

I 
I 
I 

.j 

I 

'· '. 

-55-

DoNE EVENT 
181 EVENTS 

MU-34138 

Fig. 26 • 

..... ____ __/ 



l 
! '·. 
! 
l , . 

. .., .i. 
. ' 1 .. ·. :~-.: {.' .·· 

. i 

:Jr··. 
~-- -· 

-56-

·', ,.. "• 
'· 

.:.· ,· ,{( .. • 

. ~: '>~\j· ·;~.' This ''shows that the .ma~imum possible contaniination iS· 64 events', ' 
:· :' ; ;J·. ~< ·. 

. ; ~ ,' ... " : '(••. t . I 

. ' ; 

r l··· . . .... ~ , ,. ~ . . 

. <·J 'When we look at· the invar:Lant mass plots of the sigma-pion system, 
. .. I;:,, :.~ . . . 

, • ' I ~ .;t. ', • 

.. ' .·' ~ 

' <_.,II/•.'.:.: ; · F:~rcr: .27,' we see nothing extraordinary. . The small enhancement in the · ~ ' "· . 
. · .. '~ 

~ . , . . 

.. • . L.. invariant mass plot at 1405'l''leV is probably due .to statistics •. ~. 
il'' 

I
' I' ' 
~, ' .. Of. course,'' this may be a resonance prpduced in these reactions. But 

! .• ·,. .:·-. 
•!"' if we assume· that this is not due ·to .re~onance production, and is not 

·due to statistics, we can. 'subtract this contam,ination from the · 2:- rc - . 
.. 

, ~ '"·- --~-~--invariant mass plot. This would be the maximum amount of contamination. ··· -, 

Even after the subtraction1 the 2:~ rc invariant mass plot is still 

·left with a sharp peak at 1415 Mey. This enhancement cannot be explained 

' 
aw~y by invoking charge exchange effe9ts • 

. 4) :Kinetic Energy Distributions 

Some of the y*•s which decayed in the carbon nucleus were moving 

slowly. 'Eviden~e of this would be a peak in the: laboratory kinetic. 
. . ·)Eo 

energy distribution of the pion from the Y decay. This peak would 

exist even if the pion underwent elastic' scattering before escaping 

from the carbon nucleus. For a y·x· ~;rith a ma.ss of .1415 MeV, th~ peak·· 

* in the laboratory kinetic distribution of the pion from the y decay 

should appear at approximately 70 MeV . 

,~a • .. • 

·, ' ·~ '\ 

: -~ 

. We calculated the total kinetic energy of the three particle system 

I i~ the laboratory system for the 2: ~ rc..: rc + events (Figure 28). We divided 
I:· . 
! I .to 

. .-l , · ·the events into two groups. to see the possible variations of the pion ..... 
~ t . • 

1.·. kinetic energy distribution.with the total kinetic energy in the labora-
''\ 

tory system. One group's total laboratory.kinetic energy fell between 

·' ·" ·350 and 500 MeV; the other between 500 and 720 MeV, The plots of the 

pion kinetic energy in the laboratory system are shown in Figures 29 and 

I ' . ~ 
/' 
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,, 
,. 

.. 
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30. There appear~ .to be .no .v:~riat:l.orl; ·between the. two negative pion 
..... . .-

j " ;•· .:-, I'' 

distributions~-- The .positJons'·of' the peaks agree with .. that of the dec~y 
. ; ·'' ·.: ; ' . . -x- .. ·· ·: .. :. . . :· ·. . .. ·. ' .• . . . . . . .. 

of a 1415;MeV Y 'which ·is at rest or moving very ,slowly ... When similar 
. '• :· . . ~ . . ' ' J . ' ; : ~. 

-v+ + . . + + - . 
L. 1{ 1c · and :l: 1{ 1t' p events,. we procedure.was carried outfor the 

obseryed ~o;peaking in the.positive pion kinetic·energy distributions. 
. •*!' . 
-·A Y ;·with a mass of 141~ MeV arrd a: ~idth ~f 50 MeV would travel 

about 2 fermis in one mean-life. Using J fermis as .the radius· of the 
{\_. ' 

carbor1 nucleus, ~e found the average path"' length to be about 4 fermis. 
' . .•. 21 

From known iCN cross sectJ.ons) v.1e calculate"d the average path length 

for K- before interaction 
J 

in carbon to be of the order of 2.1 fermis. 
.· .. I '· ' 

This left. an .a'verage path I;ength in carbon of L9 'fermis for the secon-

* dary particles produced. Thus, on the average) one-third of the Y 's 

would get out ~f the carbon nucleus before decaying. We would see these 

events in the invariant mass plot. Some of the sigmas-and pion~ from a 

* y which de'cayed in carbon would escap~ from the nucleus without inter-

action. vle would see these events· in the invariant mass plot also. 1de 
J . * . estimate that approximately one-half of the y 's produced woul~ be r 

' observed in this· fashion. :'Part_ of the remaining events may be observed 

·/' 

., 
. : · by plotting the ·pion kinetic energy distributions. 

I 

. ! 

;, 

' 
. •. I 

... 

. .. ~ . . 

When the :l:- :n- invariant mass vras piotted for the events with the 

negative ·pion laboratory kinetic.energy between 50 and'75 MeV, the dis

tribution looked like .the· phase· space wi thou:t resonance·~- This· shows that 
•· 

' ( ' ~ 

the even-t;;s in tb,e pion kinetic energy peak were not the same events · 
. . . . i .. . .. . ' 

l • ' 

observed in the L:- 1(·~; invariant ·mass peak: we· believe: these events 

' '· 
are those wherein the sigma-pion resonance was produced and then 

decayed in the carbon nucleus: vn1en these events· were subtracted from 

the invariant mass plo't, the pealt became more pronbunced.. 

•. 
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. Since the invariant mass of the three~particle system does not 

necessarily have a one-one correspondence with its total laboratory 
. ' 

kinetfc energy in our experiment~ v.'e plotted the sigma-pion .invariant 

mass with the total laboratory kinetic energy cuts stated above. (Figures 

31 and 32), Although lovr on statistics, we notice that the peaking is 

essentially in the 350 l•1eV to 500 MeV cut •. But this should not be 

suprising, since, as we see frorri',the Dalitz p],.ot (Figure 24 L the main 

··· ····--·contribution to the peak is in the 1700 to '1800 MeV total invariant mass 

I i 
I 

... } 

I 
I 
i 

. I. 

I 

; 
... f ... , 

I 

I 

I 
I . 
I. 

I 
l 

•j 

.. l 
, I 

i 

interval. This corresponds approximately to the kinetic energy cut. 

5) B.eflection 

' To check the possibility that this peak is due to reflection of 

resonances not in the sigma-pion or p:Lon-pion systems, we chose the most 

plausible reaction; that is: K- + 2N ~ L + 1t + N;
3

. Figure 33 shows 

the phase spaces calculated for this process.· It is highly improbable· 

that this will give the sharp peaking observed.· 

Since no simple interference effects.are khown·to give.the sharp 

enhancement observed and the excess is more than 3 standard d~viations 

from the phase space without resonance, we conclude that the peaking 

observed is due to a~ resonance. 

As we pointed out before, there have been enhancements observed in 

the 1400 MeV. region in the T
3

. = I 11 channel that have been attributed 

. I lo . ii to other e:f'fects. In the data at PK_ = 1.'51 BeV c, the enhancement 

at 1415 MeV. in the·T
3 

=i Ill system can be explained as the T
3 

= 1· 

component of the T = 2 resonance. 
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In' addition 'to ,the .. well·-imo"'? Y~ _(1405),-'!~ (~520), and Y1 ,(13~5),·· ::··;~::: '' .;·.',_\:.::: 
. ' ~~J 

we see an' e~~ari.cement in the hyperon-two-pion system in the 1750 MeV , .. : <·.~··. . .. 
'-\ .• .. ~ .. , 

. ., . . ~ ... . 
;-:' region. *' This may be attributed to the Y1 (176 5) .. 

. : .·., .... 1 . . ,-
.' .i In particular, we obse:-:-;ed a narrow peak in the 2:- 11: invariant· 

mass distribution. The Daiitz plot.· showed that the peak is no:t due·. to· .. ~ ''•. 

l . . . . + + . l . . the reflection of resonances in the 2.: n. or. rc 11: systems. A comparison·:· : 

I,.,·-:_._ with .the .2.:+' rc-. in~ariant ni~ss dist;ibuti;n .indicat~d that this peak ......... 

I 
! 

·I 
.I 

I 
i 
! 
! 
,. 

l t•: 
·' rl 

' I ; 
! 
t 
I 
I 

·l 
I· i I . 
t 
i 

! 

. ... -.·:. :-: 

probably ,cannot be attributed to carl:Jon production effects. ·we found 

that al+ the'knovnl biases_and contaminations of the data did not give 
.·.; 

·. { ·;. 

this enhancement. No simple interference phenomena are known to give 
·. ~ .. 

. the sharp peaking observed. Further, the departure from the. non-

resonating phase space is more than 3 standard deviations. In addition, · 
\ . 

the laboratory kinetic energy distribution of the nega"t:!ive. pion indicated ,' 

the production of a resonance. Therefore, .we concluded that the peak· 

in the 2:- rc system is due to t~e production of a T = 2 resonance. The 
I· .• , 

'I 

mas·s is 1415 ± 16' .. MeV. 
r 

The v7idth is not determined because of the large ··; 
'. ;, 

background involved; but from the approximate fit, it should be of the 
._··.;.·: 1,' 

order of 50 MeV or less .. The spin and parity of this resonance have 

not been obtained becaus.e of low statistics and becaus~ of the impossi-

bility of getting the proper·center-of.:.mass quantities. 
I . . 

. :The·location.of this resonance does not agree with the global . . . 

symmetry or limit~d · sylmn.etry. predictions .• 
. . - If the su

3 
theory is correct;· .:. 

then this is the beginning of a 27 multiplet. There should be 22 other.' 

members.· 

It is interesting to note that there appear~ to be, two resonances 

,. 

.::·.· 

· .... ··, 
I I,..·, 

.. 



.~ ' 

r 

•'""'· 

in the lL~OO MeV region: one vrith T = 0 aria the other with T = 2. The 

limited symmetry theory predicted ti:at this would be the case as 

·X· 
falls to zero. If this theory is correct, then there should be a Y1 

belovr 1385 MeV. 

The cross sections for + "'+ and L. 1f productions from 

the K + n(c) initial state were found to be 0.51 ± 0.07 mb and 0.45 ± 

0.07 mb respectively. 

A.:r1 experiment in deuterium is be_ing done to verify thes.e results . 
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