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. . .... . . . . . ~ .· . . ~:-. ;·· ~:.I. . . :. ( . ~; ...... . . . . 
In this :L~tt.er·' we present evidence for e~istence of an 1810-MeV, S=-2 ·;_:-~·:;.: ·~ · 

' .. ,_.. .. 
1.,.; 

baryon state. .During an extens.ive exposure o! th~ 72-in, hydrogen bubble 

chamber to a separated bea~ ~£ K..; at indd~nt momenta of 2.45, 2.64, ·and .. 

... 
, ..... ........ 

. .. 
'. . ~-

, . · .. : ... 2.70 BeV/d, approximately.3~0000 pictures have been, taken~ with 6 to 7 K-'s.·:.,.··;.; 

· :·. ·: •;:·;·:_:.· and 1 .to 2 'lf.~~s perpicture~ 'The 2.64.:.and ·2.7.0-Be.Y/c moin~nta comp~~se · ... '. :_: :·:;,: 
.. : ... >;: ~~;.~:·':- ; .. \ . . " .. -·.· .· .. -·~ . . ·. ':'Lf::_~ .. \> ·. : ,. '-:~- _t.~- ·.. ··:- :~ >~( -··· .. ~- ··~ . .· .· . ' ,._ ' . I;~~ :·- :~·. ·.·-~ • 

. , · · · · .75%. of .the total K-. path length.:•;',~· The: reactions of ,interest in this discussion .. 

,),Y;'L~ ar~::. <c' . (1) ic-;L ~- Kb }*l?~!/~~:1;",)~;~;}~'~L- K~ ~2 ~+·. < ' ' ; . . 

.. · : ~: .. · .: :rn; J,{i]t: :::; 1:c~,~~;·l·. :::: ;:~~~~i~~~~~ ::: i~J.~~~~J~.: :: ::: +n:~trals.(>:· > '. ~ ... · •••. 

, :. . (4) <· ··:·.:, ·A° K+ K- · ;, :::/ .. '(:}';. (1 0) ·. ·;.,,:,:::'' :~."::. E:° K 0 + neutrals:::·. · ·. ·' · : 

:. ·.. . , · ·,. (5) ... : , .. E+Ko K-> ' r./.(11) "<o·' .. : .. ·<:· A° K° K~ 'IT~ .. , ':_:· _-· .. ··.·, . ,, 

· .. •· :; . ···::_ {6). ,·· E-K+Ko_;· ,.. , ·:,. {12) , <::·A°K~K~1r!:. . .. 

".:.·'.· .. : ·_,/< . :.:. 
,, 
~· .·· 

We first consider t~~ three kinematically fitted four-body final states o~ 
I~ • 
'· 

.. ~- . 
... (7) and {8}, _ :=:-K+'Ir-'lr+, E:~K0 '1T 0 '1r+, and· S:°K0 :Tr+'lr-. 1 Fig.ure 1a shows 
.·"· . . . ..·/ 

.D 1· · ·1 f M 2 {-0 =) ·. M 2 { .... 0 *> £ h .:..- K+ -''IT+ d. -o K 0 -+''IT--~. ': a a 1tz pot o .::. 1r .. versus -~ 1r ort e .::.. 1r . an .::. ... ·. · 

final states • These two have been grouped together, since each reaction has 

. only one S: Tr pair in the t = :1/2. state .... We s~e that .both final states ar·e . : ·~ . :.. * ·. : . z, .•. ··. ; 2. . ) .. ' .. · . · .. · . ·,: : . . . . . . . + ' .. 
domin:~ted ~y the, :=:1/2. _{1530 ~~V) •. , T~~ p~re .. }':=. 3/2 system_ {S:~ ~- ~ · E:

0 
'IT. } : : ::~ 

. '. . ·,; . ''•.'':3.: .... -~· ··· .. ,· . . 2 -- + . -· . 
. . ,,, · shows no particular structure· •. : .. ; . In Fig. 1,b we have plotted M {~ 1r ) versus 

·. :_.· .. : M 2 {:i- ~~) !or :;:;.l{·0 '1T~~! •. ·:·'~\~~~-;1 ~a·:eyb()~~::~ ~--.,~;~~te~s ··h~ve t'. ·~=: ·= ~/2; · .. ·. '' 

\.· .... ·: . :· ': ·: t~' .- ';:,: < · "':: ;:,<.:tf~!i~~f:i:r·;:·?\ir~ri~?t:~Mi!,.~;Pt-:.if\ } · :, ':~·' . . t 

, :'.1.'·;·. I 



. · .• . i., ........ .. "·· . . ·r .. ... -~- : .... ~ . . ; . , ·. ·r, ; · .. ::.·: . :; -
: ~· ! • 

.. ··-2- .• ·- · ...... ·•··· :UCRL-11456··· .. ·: ... :.:>(> 
. . .... 

' 1.,. '.·· . ·:, ; ··~ t~· ··.;·--- .. ~:·~.- ~-- i.-•. f~--. / ,' _. -~:,;:;:~ _\. 

-~ r· , ~--:·., ~::-::_L.;_~-: '', ~ .. ·.· ····· ·; 
4~ ', ·~· • -· :·.,:..:.:~(·: __ r_·;. ~ ~·~:~:~~:~:;~ 

~./~. <'.:·:.two orthogonal bands centered at 1530Mey are evident on this plot. We·.:.:::-,; .. ·.''.: . .,-.;:; . .':~;; 
-~ ... ·: · --~·:~~~-1:(·:~:~ · · ·. ~ · · '.t'- ~-\~ .. ~ :~:·;:),i .. .'·.~:.:r .. _.):·\~X; 
:·.·· .. ,:/:~:: .. f'' co.nclude that the combined three final states involve th'e production o£ :,:, \: ·.':·' !:~:~~·- :;.··. 
' ~\.>(.(:·:: -* '. . . . . ' ; ... ·:<:· ,,',··:··. ·.,,:·::.... .;'i-1 ,=-:.;'.·:\?'·'-:: 

.'\. :''~<";:· ·· .::. (1530) in ~pproximately 70o/o of the cases.;::·::'<. · : .· ·' .. ·• x·.:1 .. ; :; ":.;; 

;,.\:'~;:, , .. , ~onside ring. now the po~ sibility .o£ a :=:"" interaction, We turn to ' .. · . ·: / ::rJ. : 
·•' .. ·., :Fig.: 2,·· where we. have constructed Dalitz. plots. of M2 (:::: ~ w) ver~us M2. (K w) . 1;: •:· ·: . ,., .'-, 

~:·.~ ._ .. ~·~ __ :;l~i . : . . ',{~--:_·~~f.;·,·~~~·>--·~;·~~~~~: 
. ·:·.· ·. ;:: •. :···.:, for the three final states under consideration. ·Figure ~a contains only those-<··':.:·,:/·./· 

-~~ .. ~).: , ' ( ·. .,:,·,'-,·~,'>"·';,y<:-

·. ·:·: · events in which a :=:* (1530) is produced. 4 .• Turning oU:~ attention to the pro~:'·''". ·.r. ::::;·:;· 
.· . ~ ": ~ ). . . . ~. ',;.· :. · ....... .'. : .. : 
:. .. •~ .. jection o:£ these events on the :=:*(1530) 'n' axis, we note an enhancement o£ · ::· .· .. · .. ··.· .. 

,.. _/, . . . . 
. .. ' . . . . i. ~ -... ' .· ... . 

... . . , 
· : events in the 3.1·- to 3.4-BeV region. The estimated probability that this · 

' · ·. peak is due to statistical fluc~uation is ;51 o/o, based on our best evaluation of the 

, ,·· ·background (upper curv~)· The Dalitz plot ·shows a slight cluster.iilg of points·.·· 

·' '·.· 

.· ,, . 
. ~·· ,· ·>,'• ·. , . . . . 2 _,· . . · ·•. . . . 2 I • 2: 
.:·><:··in the region bounded by 3.1 ~ .M [.::.,c (1530) w] ~ .3.5 .and 0.76 ~ M (Kw) 4:f 0.84.BeV .. • 

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

~... ., · .. ,,,.,. Since the latter defines- a region in which ·one would expect to observe the ···:, 
~ !i:_,~ .. :: f ~ ' • . . • • .': ·~---·. -~. ;~ 

'.::·:: :.:',-· K~/2 (890 :1:25 Me:V}, this fact c_ould cast some doubt onthe validity of a true._::.: .. '.··:.::.. 

·. , ·.:,· .. : ~:. :=:* w: resonance. However, a detailed evaluation ofthe relative co~ce~tratio~ · .... ·:· .· . : .. > 
., ' j ,:.,, ·' .. , _-;' 

... ·~. :. ·:·> of various charge states in this region suggests that the clustering of points • :' ·. ·. · :·:::S · 
·t • 1 ~ 

·: :;·<. · .. cannotbe explained in a simple manner. 5· In addition, a plot of those events · ... 
1 

,:~:,i 
i.' .. ,' i( . 

.. .. ·.:.:: :outside the K* region (unshaded events) still indicates an enhancement in the.· '>":;.;···~ 

.. >.; ..... ·: · . 3.1- to 3.4-BeV2 rarige relative to the apparent background. (lower curve). In . . ... · ... '·, 

. }·.·:::>~'.: .. ;·:Fig. 2b we present a Dalitz plot for those events that do not satisfy the :=:* (1530): .~·· . 

.. :·:<)~/ l.;:,; '·~election criteria. 6 Although somewhat ~imited s~atis~ic~{ly, the projections :·~ .:. : . . ;:-
.. -l·-·· .. ·.,·_.' '; . . . '-: .•. :· •• 

.)• ' ·, •; ··,r::) ··: give no indication of the structure observed in 2~ ... ; 1£ we interpret the enhance~··: . ...:· :·; r/. 

.. m~nt in the. :=:* (1530) w projection as a resonan:c~, theb~st para~eters are .. ·. : :·::~" 
• ' ' , ' o It • •I ' ~ ' ' f o 

... '·c ··:.::·E 0 .=1810:!::1.0'1.MeV and r~.70 MeV.· 
. , . ;,·. ;.'J_::,.:_ .: ; . r 

.. ;. ·: ~ Fig . ."3 we show the.mass distributions of.S= 7~·pairs £rom three~body· 
•. - ~-fl . ' ~· .. 1/'1' + • I ' I • :-: • ·• ',· , • ' ' ,: ,i ' 

. - ·:' ·. " ··.final states (1-) through (6). In the 1810-MeV region, we note an excess of events \. 
·:·;~·.-.:~".z:: ... ' .. ,_-. " .···· ... ·. '. ·:-,-'!·. ,\······._..,· -·.· .. . : -~:·:~ .·· -.: .. · .. _ •. ..:~ 

·: : :~ . .. '~::.'·. in the distr'ibutiort ·for A° K. in 3b·. ~.(We. consid~r for.the mom~nt only the shaded ,. 
·1· ... .-.~··::·. __ .,·t ~--·.:.. . . ~- · .. .--·).-... ·:··~·: ....:.··i·.-.:· ·.··· <:~./-.·· ,~-,~ . .: .·.:~ :- .. tf~_ .:":. · .• ·_ ·.· .. : .. :·-~ .. , ~ ... -' <-' ',·.-:.·~--·~ ' ..... ·· . . - .' ,.,. 

·, ··•. ·. ·· ."area,- which is A K~ events with the. ct>-. temoyed •. )>.,The :curve represent's 

, · .·. · · , · ·: · · · · ·<\ > ·'' J;'~{,t'P~t:;::-~t:~i::r:" .. _ , :·: , ,: 

• ,J . 

(·.·: 

·.· .. 

'··-: . ' 
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our best estimate o£ the-background fo~ these events. Taking this curve at 

._,· fac'~·value,. in the 17.75- to 1850-~eV interval we observe '55 events when we· ·. 

would expect -33. R.egardless of one1 s interpretation o4 the. :=:*(1530} 'IT.·· . 

enhancement, the probability that such a peak is due to f. statistical fluctuation··: . ·· .. 
::.:.(' 

is ~1 o/o~ · If one argues that the peaking in A° K is relat-;td to that in·:=:* (1S30)·,., . :-·; ·:> .. 
.'\· ; . l . . ~· 

'· · _, .;'; / then the odds £or such a fluctuation are greatly reduced: To illustrate this , . ·· 
: ..... : ~- . . 

. '. ·. . . . . ' 

point, in~3b we have added the :=:~_(1530} 'IT events o£ 2a to the shaded area • 

. ~. : 

. .. .. 
'.'."' 

. ..... 
... 'f. 

' .... ·• ~~ ' . i. '.' 

·In the 1775- to 1850-MeV interval we observe 89 events when we. expeCt -45~. . . :~·· .. , 
... , 

:: ·; 

·. ""'ZZ events which w'e ascribe to the 1810-MeV phenomenon in the i\.° KK · eve~ts ·' ·:;:· 

. giving odds o£ ;S 0.01 o/o that the enhancement is a_ statistical fluctuation. 

. indicate that the decay rate into i\.° K is appreciable. 7 . The distributions in_::.·:·· '·, 
.. 

•! /' 

:.: .• '_",; and ~ K indicate no significant peaking at 1810 MeV. Finally, the ; · _i\(1:. · , ,·. 
~ •• '~. ' •. ' ! • ' 1;' 

(Z 0 + neutrals) and 1\. K 'IT sy'stems as derived from events in categories {9) ·~.~ · · · 
.. 

. .. ... ' 

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

. . . . .. through (12) do not indicate any._structure in this region. In the remam1ng ·· ; :· -~- . ·' . ' 

. . . . -~-- / 

·.' ·.-··discussion,. we consider. the .. 1810-MeV enhance~e~<as s~e~ ·in :=:* (15.30) 'IT · 
.:.·< ·'' 

'··: 

..... 

. ~ ' . ' . 

, ' , '• ;I ," .. 

. •. ' . "> 
. : .. : ::.: 
. ·.. . ~ ~ . 

., . ·,. ·.·,. 

and A°K as a manifestation of a resonant state/ arid consider. its'other properties.·· ·. 

from this viewpoint. 
. ·. : ; . I .. 

I • 

:; t 
. L 

:;· ,'. 

:· i 

-··. •. r.•· 
i' . 

ISOTOPIC SPIN ' . . .. 
. . 

;We consider ~o reactions, K;p ~ S:*~1810)K0 and .:=;*-(1810) K+. 
' . 

;· . 

''\ 

.. ... ,.· 
' • ~· ~~·'! 

. ~ -·... ',: . ' . ... . 
'. 

· :. , .. ;-',? !·: :•, ~'Introducing an intermediate decay of the. initial :=:* (181 0) via a. :a:r;z {153.?) +_._:"-•:·_'··:;~ :::~·: 
·f.··>·.:··:·, •· state, we.evaluate the branching ratios £or T = 1/2 and'3/2 assignments o£.: : .. '·!_..·.:.! 
.. ' · .. ·.;.. . :. . : . . . . .... . ·, ·. . . .· .. · .. 

:: ':.;:·: ... ·, the initial :=:* {181 0) under the assumption of charge independence in. the . .' :t.';. ~; · · · 
,· ·.'.~:·.>··::· . .'· . ·;._ . . ' ' .. :, . :':':' . 
. · · ·' ··.:. -.. :;strong ~~cay. These values, along with experi~en~l.c.ounts:, are given in :::~· :>. . ·>-

:-· : .. ,;'· ,· .. 
. .: . ... ; :~ 

:-'' 

. ' 
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. . ~ ~~ ~-· .. ·.' . 

·-.<~:~,-- :, ·/ .. :,>is in'coilsiderable disagreement with the T = 312. p,rediction o! !our, and 

particular ratio forms a strong test o! the isospin, sinqe it is free of 
. . ' ' . 

scanning bias •. The iower-than-expected number o! :S:ol"<\j<o w + '11'- events 
. . ' 't . 

' ' 
were expected for T ·.= 1/2., 18::1:9 were observed; corr,cted for neutral 

~ . 
• J 

~; >>. :.~. ·.-. ~.'.:'· decay loss) may be understood in terms of the a!oremeri.tioned bias, although 
· __ : ... ·>·_.;_.$_:_~~.-:~-> ' . . . . J. .:·. 

, . ~· , • :' "·the statistical Uncertainties on these numbers warrant l;).O such explanation.:·. . . :. :.~ . ··' 
. . ~ . ' . --

... ~, · ,'· ... For the T =. 112. state,· one expe'cts to observe (uncorrected) 2.:1:1 
~ 'I''' . 

' . ·.; 

. ·:_;. 

:.' •'-

events and 3:1:1 · :=:- K+ '11'
0 '11' 0 events in t4e reson~nce region {based on 31 :1:6 

.• .., .. 
. .~ .. 

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

''· · · :=:- '11' 0 'IT+ K 0 events. and 2.0:1:: 6' :=:-'11' +'IT .. K+ events, respectively). ·.Both of .. :::: 
.'!. 

these numbers are consistent with the absence of any appreciable signal in the . . ~ '. ' 

,: . , .'~:~ .. r (:E:0 + ~eu~rals) mass distributions. Wecconclude that the isospin-1/2. assignment .·. 

": . , :>·:··:.:~,-~: __ -;~ f~r the: :=:* {18.10) is highly favored over 312.. 9 -· .: .. · . . . · · ,;·: -~ . . .... 
· .. · . '·• 
' . 

. ;:- • : ~ '• i 
.... " 

. . . ' ',, 

' •: I 

~ .,_ ~.: . 
. --~ . 

' '. 

·::· :: . .-. { 

''' '' 

.. . ·:. ;. 
I·.,,-,.\ 

._.:;.~.:::,,' :' 

,I ., 

•: .\.. :~. ; \ 

.·.-. 

''· ,, ... 
.''I '' , .... , 

. . ·:I ' ~ , . 

SPIN AND PARITY 
.. · /'-~ 

~ . · . 

. u • th 312.+ . • d • . . • . . f h -* {15 3 0) 2. I 1 0 s1ng e sp1n an panty as s1gnment or t e .::. · . , . ~we 

,• 

·' . . .-:· 

. •-' 

'·{' 
,, .. 

:. 
.. •' .... 

{ ,_·· 

consider spin assignments up to J = 512.. For 1/2.+ and 3/2+, the lowest 

common orbit~l state for :=:* (1530) '11',· .AK, and :E:1T is a P wave. The lowest 

. '.: . 
. ,_ 

-··:. 

. I -. . -* -orbital states for 1 2 · are D wave for .::. 1T and S wave ~or AK •,. 

:For ;3/2- and 5/2-, S~andD-wave stat~s-respectivelyare require~ for :S:*1T,:_.~_·. •' 

... ' 
. ,·· 

,• 

. :>:~ -~: .. 

From simple barrier-penetration arguments, 11 the predicted :=:* (15.30) "rr: AK_: :=: 1T ,'·,; 

. / · .. ·-:~ •. -·:·:: rati~s are: 1:3:3 f~r 112+ and 3/2.+,· 1,:10:11 !or 1/2.-~ 1:0.7: 0._9 for 3/2-, ··' _·;._: 
••• ••• -. ,. ,; < 

. ' 
t '·:·.' .: : .. , 

' ~. ' -:•.l ' ,·' :-- ~ 

·; - I+ 1:5:5 for 5 2 , and 1:1:1 for .5 2 •. This approach is clearly highly speculative; 

however, tak~n~at !ace value, those 'spin-parity values.' that best approximate·· 
,· . . .· .... · ... ' .::'' ' .... ·+.: :: · .. '.:. ,, .... ' . . '·'. 
the experimental results· are 312 .. and 5/2. _ ~' ~--.Lastly/·we have sea~ched for ~ . · 
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''- .. '··~·:._ :=:,:c (1.5;30) + 'IT.· We· construct two angles as measured in the rest !rame of 
..... -. 

.... 

·.· 

:; 

-~- ' 

~. ·. 

... ~ • • 1, ' ~-- ' 

I •'· » '.:: . the :=:* {1810) ·-the angles mad~ by the S:* (1530) with respect to (a) the 

normal to the S:* (1~10) K-production plane and (b) the line o£ flight of the 

f •' '.';>.'/ 

. ; '· .. ~.\ . 
. . ' ... • ~-
· ... :. ·· S:* (1810} in the K"' :..p-center of mass. The distribution in (a) is consistent 

... ·,,. •' :.:_ .. -·, >- ·. 

with i.sotropy, suggesting that either the :=:* (181 0) does not have i~s spin aligned · 
... 

,· ... ,,-

' . -~ t ·::. 

·wit~ respect to the normal, or that the S:* (1530) 'IT system is in an J. = 0 orbital 
·.:··· .. : p . 

:: ; .. · s~ate {J = 3/2 "'). The distribution: in {b)· reflects the small anisotropy along 

' the S:* (1810) band of Fig. 2a, ~nd has beendiscussed in detail in reference 5. 

' 
' ,: 

..... 
.'• .. 
.·· 

A groupo:£ ·experimenters using a beam of 3.5-BeV/c K"' in a heavy-· 
.. ·' .·. 

' ,· 

• _t .: " 

I ',• 

·'t .. 
· ...... 

,. __ ·· 
. !.'' 

., ' 

liquid bubble chamber have reported the existence of a pos~;>ible new resonant 

state of the S: ~ith mass -1770 MeV,· width -so MeV, and isotopic spin 1/2 •. 12 

0 

In particular, although low in statistics, their mass distribution for :=:- ir +·Tr-
''· 

combinations in four-body final states demonstrates a peaking in the region of 

-1700 to 1900 MeV; however, no evidence· is presented for a correlation of th~.S 

·peak with t}:le :=:* (1530). Their data also suggest, if the effect is related to th~ 
' ' 

. ~- ' 

_. .... 

. :·· .. · 

S:,:c {181.0), that the :=:'IT .decay mode of :=:* (1810) .in three-body final states is·.·· ·. ·:. 

more abundanf relative to the background at· 3.5 BeY/ c than at lower momenta. , ·. · 
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.::1. · · Events in the category ~- K 0 1T 0 w~ are derived fro~ interactions with ' : ·:. ':. .•.. ; 1
• 

': ·. :.~-~-~.'::-;:.::·.~.y·:,_i· .. ; ·~ . . ' . ~ . . . '.• ·, ~--
_J·-·.-,::_ t .-- ..... .--t ... · ' .. . 4· 
· ~~ :;. .. . .. ·· . the topology of a two-prong event with the negative~.track decaying, , . ~ ., . ': } 

, .. 

... . . 

' ., ' • .· ·').·.· ; • ;, : ~ ! • ' ~~ • t • ; 

-- + - + .. Tl;e .::. K 1r 1r events ·. : · ·' ··: 
/·.: ;. : 

.. -~· '-':·· ::~::.::,~: . plus one vee (K~) or two vees (lambda and K~). 
.. ---.... · ··.- 'J·:. used in this discussion appear as a four-prong event with one n·egative 

track decaying, plus a vee (lambda) •. The ~° K 0 w+w• eve~ts have been 

1 '/· .• • :, . _·.· ~-.:: ·:!.:->. 

. ·. ,, 

l ~ . 

• ',!. ··:.-_:' 

<'. 

·'· 

,. •: .. ·. 
f 

.<-t ·-:. 

·:' -~ ·. 
-· .. -··. 
- . -~ ' restricted t<? those that appear as a two-prong with two vees (lambda and · · 

. . ; ... ·.·-·.J,··, 

K~). We have identified 90 events of these types :.18 at 2.45 BeV/c,. : ··: ··:' .'. ·. 

- .. -i ~ : 

48 at 2.64 BeV/c, and 24 at .2.70 BeV/c. 
.,, 

. ' . -,~' 2. . For a discussion of the properties of ~e ~* (1530) see P. L. Connolly,·· 
• ') ,' •.1 
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Sept. 1963 (unpublished), and P. E. Schlein, D. D. Carmony, G. M. 
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'' '·o.,• I 

•· .. ~ 

' .. • . 
,. _· 
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j" • ' • ' : ; ~ 

• r. 

·-·: 

Letters .!!• 16 7 ( 1 9 6 3). We adopt the convention of writing the isospin : : ::". . . . . :' 

as a subscript ·;to:: the state. · .. 
:· 

3 •. ·The: expected den.sity of points on the Dalitz plots of.Fig. 1a and b ~s 

nonuniform. T.he density and the corresponding projections have not 

. · .. been calculated exactly inasmuch as the nature o£ the final state is so 
~ ·,.,. '• '•; : , • • r . • ; II . 

·, __ .- ·:-
. •. :··. 

•'." 

' ':';. 
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··,, ,·,• 

. ~ . ' .. '; . 
•·' .. ·, 
'• . 

. . _. ... · apparent.. ·, :._ .. · 

... 4 •.. ,The S* (1530) is defi~ed by 2.3 ~ M 2 (~~ ~+) ~ 2.4 BeV2, .·and ·2.3 ~ M2 (~~·w 0 ) 
.. , .. , ·~ 2.5 Bev}/ Th~-.""60-MeV.spread in the:··1530 .. Mev~':=:·w 0 peak of Fig.· 2b · · 

·' ~ 
. I· . 

)·" 

., 

• • • • : ' '· ·; • • ' > '· 

., · i·~ .consist~·~t~with··~e ca{~~ated.resolutiQn £~·~·this system~~ .derived 

. ' : :: : •... :. \:':' i' '.1 ' ;·.' : ,; :' •. ,:., '!·i!t''~i·;'/i :',J::::.·::'~~~~!: ~{:.'~·\ ;;, ,, ' ·~~ .· :~ ;' ~ '. '' '; i . 
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from a one -constraint class. fit. for the reaction :=:- K 0 
'11' 0 

'11' +. . ln the case ': 
I 
} 

of :=:- K 0 
'11'

0 '11' +, the· event is accepted if either or b~th masses satisfy 
I' ~ ~ • '. ; 

·, :;'.:_ ... 

.J ,•· ,' I:~. '•' ' ' ' f{ ~ ' ' :_: ' I ·, __ · .. ( ' ':' 

.·. ·: ~- ·' · < .. · ~.·.··these criteria. The pion common to both axes is t,pat one not included , : . -:·: ·· 
. .',i. ·: ' -~ ~ 

·.··.· · ''\) ·._::<; ': in the :=:* (1.530). For those. events in which only o~e :=:* (1530). is · ... 
• . ,! ; _:~ . ···""'~- ~ 

• <J-::-_' .·• -~. ' ' .· ~ 
~ -. : )-· ; ' . ·:. -~ . ·~-

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

,•' f -~ • : . : ', • , .•. 

. ··"., .,_ '.·. ·•. ,-, .·• 
• :· ''Jf 

· .. ,· 

; ' " . 

produced, o~e point is plotted ·on both the Dalitz plot and the projections. · 
i.' 

Each event in the :=:* (1.530) overlap region (Z. K 0 '11' 0 '11'+ only) is plotted.i·:· .. . . 
' ~ . 
twice on the Dalitz plot and K'll' projection, and once on the . .. 

· .. :· 
' .. 

. . ~ . : ,;. ·. ' 
f ; 

projection~ 
,,,-··· 

.:r . 
. ~. ' 

~~ ,· 

· ... 5. If we assume that a :=:* (1.5.30) K* (890) overlap region does exist on 

·' .;. ·,-the Dalitz plot, then in this region we expect [Z* 0 (1.530) K* 0 (890)...., K+'11'~]/ ·. 
' ' 

_: .. [:=:*
0
(1530)K*

0
{890}-K

0
'11' 0 ] = 2/1. The experimental ratio is 0 •. 6:.1:0.3 

• < 

[only for :=:*
0 
(1530)- :=:- '11' +] • in considerable. contradiction with the l\L 

·" 

··.·· . 
.. _.·. 

·prediction •. At this time we cannot test :=:*::(1530) K*+{890) inasmuchi\as 
. ,'\ '· .. 

<: ~· ... ",. ~- '•, · the normalization for the :=:° K 0 '11' + Tl'- sample is in doubt. 

6. · In this case we always plot the tz = :1:1/2 K '11' combination versus the :E:'I1''11' 

· · > ....... ;. combination. · W ~ plot two points per event for all :=:- K 0 '11' 0 ~ + ·events 
•.· 

. on the Dalitz plot and the K '11' projection, and one point on the :=: '11' '11' 

. I . 

·. . projection. We note that a~though the Dalitz envelopes represent the 
.. · 

correct kinematic boundaries, the population of events within .the boundaries 

".' ··:.·- . .-·,·. 
t .-:·-··. 

'·. 
· is expected to be nonuniform, w~th a tendency for peaking at high :=:'IT '11' · 

. • . ••· j ·: ·.· 

'•,' . ,.··, 
\ . . . 

mass squared and low K 'IT mass ~quared. 
' 1~ . . ' 

. '._ ~ . ·.' "' . ' 
~ . ! 

· : ·_;:·.:.~->~.: ... ·,::·i·/."_:: The enhancement in the vicinity of 1810 MeV is particularly strong for 

.·those events 'in which a cp.(1.020 MeV} is produced. The palitz plot of ' ,,, 

·' 

.•.·: .. ··, . ' 

M 2 (K K) versus M2 {A°K or A°K) . i~dicates that the simplest explanation 

of this effect is a spin alignment o! the cp along· its line of flight in the 

K"'-p ceiit~-~ of mass~··This:~esults in a sin2 B di~tr.ibution along the cp 
~ " t 

band a~ .seen projected on the A°K or A°K ·.axis' •. For a discussion of the 

. , . , ; . . · pr.op~rties of .the::cp m~s~~ -~~e:·p>£.:·:· Connoll~J·E~:-~::··Hart·,· ~.·vi~. Lai, 

1- ,, '' :\ . _· '\ ' . ; .• ' ~;: < - _·... - ; ' ~:·- ~ .: __ ' ~--< ·:: ;:·· : 7, ri: ·:~: ·:·~· :. '}'; ~;;;~~;t:·t;!~> : .. ;; c, ' -. :: _:> ' ': : 

: ... 
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368 (1963). However, the non-cp events al~? exhibit an enhancement in the 

1775- to f850-MeV region. '_I'he - ~2 events above the curve (primarily · ·. · · 

. A° K° K 0 because of differences in normalization of the two reactions in:· : .< · . . 
. ..... 

this plot) would indicate a branching ratio of about 0.9 for· 

- (:;:*0 (1810)-A°K0 )j(:;:* 0 (1810)-:;:*{1530)tt).· 

One may argue that this ratio could be incorrect inasmuch as events in 

. the :=:* (1530) overlap region of Fig. 1b have been included as well as.1 
' . 1\' 

events that fall in the K* (890) region 'of Fig •. 2a~ Subtracting these e~ents, 

. we obtain a ratio of 0.4·± 0.·3 . '· 

· .. ... 
~· ..... . . 

·. ' 

._; .. , .. 

. ;. :: 

. : .· . 
. ' 

• •.• · •• f.· 

· .. · '· 

9 •. Identification of the AK decay mode as discussed in reference 7 provides .. :. · ... ·_; .. 

·' : 

\·I 
.: .. : ··:-:. 

. .. a confirmation o~ this isospin assignment • 

.. . ... ·. '. 10. . The 3/2+ assignment for the :;:* (1530) is also favored, based on ·an . 
. I . . ..... 

• ,: • • 1!' ~·· · analysis of :;:* {1530) de.cay by one of us (J. B.-s~ ) .. In the following.· 
'~- . . . . 

·. r'. 
. :··~ . I \·•' 

. . + .~ 

.arguments, ·we assume that the. A0 and.:=: are 1/2 .; the 'n' and·.K.are a· . 

.· ... ·. 11. .~ The angular-momentum and phase-space dependence o£ the decay rate may be 

expressed in the form 
.. ·,I ... 

' . .' '·' . ,·-... 

;'' : " r ex: 

'· . . : ~ ' ~ .. ~ 
- -' :·~~. :' 

.... _, :'.' ... , t ' • ~ ' 
• J ( • 

.·.· 

2 
.p 

1. . 

-:· . ·' ·. 
. . ·". 

··'·" 
' . \; .. . ' ~-

., 
.. '. 

,('' ..... 

' > . 

• ~· • A 

'. ·• •" 
. . . ·~ .. 

where p is the momentum of decay products o{ a resonance of mass M, · 
:-. ,· 

_.,;··· ·, · and X. which is related to the size of the int¢.raction, is adjusted to· a size . · 

.· .. · .. ·: . .'/,~·~·. · ... ;of intera~t:·o~ equal to.·. fl/2m •: ;_i The mo~~~ta io~. ~*'IT;·. AK, and :=:'IT ·. 

are 2;~, 3'}o;'a!ld 410i¥ev/:r~spe'ctilr!'J.y. " 'l''•.:i"; ; .. , · :·3;- . ·. · 
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. ":, ; • '= •,J. ' . \ \,~ • ' 

' -~, . . . 
• r :_. 

'' ·: ·,;. 

... \· ·. 
. . ... . '! ' 

•·::· 

1-.:1 • 

~·. . . 
. ~ .. 

···': 

' •: 
'· 

.·:.-·· 
'· ... 

·r .. 
·, .'• 

_.: r 

:.-: 

\. 
·.; 

. ' ~ ... 



.'. 

:. ~·~ . 

-~ ... 

,_l 

12. 

. -~ ,' : . 
. I'< 

·:.1' 
,• ·. ~ .. 

'' 

\ ;, ~~ \ 

.~ ' ,' 

' . ' ' 

., 
.'•· 

,I 'o 

.. · .. · 

- .... 

·-·.~-. 
·' 

,J.:: 

'' 

.... 
·'. 

UCRL-11456 -10 .. 

A. Halsteinslid, R~ MJZhlerud, J. M. Olsen, H. H.· Bingham, H. Bermeister, 

. D •. C. Cun,dy, G. Myatt, M. Paty, 0. Skjeggestad, P. Belliere, V. Brisson, 

Petiau, A. Rousset, C. M. Fishef, J. M. Scafr, F. W. Bullock, and 

B. 
. . ~- . ' . ' ........ '. ... . . . . 

S. Luetchford, ·.;:P....;r;;..;.o;;..;c~e~e~.,;.;;d;;.;in;.:;.:g>:!.s~o;:..;;f;;..;;;.;th;:.e~1;;..;9;_6;;.,;3;;..;..;;S;.;;i;.;;e;:.n;.;;.n;;.;;a~tn;;.;;t.;..e;;..r;;..;. n;.;;.a:;.;.t.;.;i;.;:o;:.n;;..;a;..;l;....;;C..;.o..;..n;;..£...;· e;..;r....;e;,.;n.;;.c;;..e.;.. 

on Elementary Particles,·.·. Sienna,~· Italy, Septembt;~r 1963 {unpublished). 
:v .. · 

·,. 
. 1 '-j 

·: i ... ~- ... 

,. 
j ~· •·· -~~ 
I ,,• 

.. f'c · 
:-'"· 

' . I • 
•• t -, 

'·! ,· 

~ 

. j .••.. 

'l> 4, 

',.;. 
. -:J 

'·' 
f.-. 

t.-'' 
. ·: 

) I', ~ ' 

i'•' 

,; 
' 

., 
. ~ ' ·: . .•. i 

' ····· 

•, \ 

t, •, 

·., 

'•" 

.I • 'I ~ : ·" . 

' ·I 
;·: 
t.· ;.'.-"· 

'• ,.· 

; 1 

.·· . •'• ~ 

~-
··.1 

·'· 

..... _. 

';, 

·' 

~- ... < . •' 

. ' 
~ ' . 

:·,·. 

'· 

· ... · 

. •.l-. 
_,.._, ..... · 

, . . .. 

•' ~ 

...... \o • ' • ·.~ ' 

• ·. > 
~ .. . 

•'t.; 

.'I 

·.:. 

' ~~. 

·.' ,; 
·:~ . . . ' ~ 

..... 
·' j"' 

': 
\'··· ,:: 

...... 

'r' I 

.< "'· 

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

,•.·i. 
,. 1~ 

,·' 
"\ '· . ·;. 

" I • .. ~ 

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

·.l 

.. ,., ' 

... 

·.··:·: .. 

-~· 

'_I· 

.~ . '-' 

·· .. · 

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

"\. 

l:: 

,· 

>T'· .... ,;. 

~. ... . ... 

I· 
..... . . 

.,.:.,· 
..·.·· '-;1 

r" · .... -

. ;, , :: '' ~- \ 
'1•',, 

.,-.·. 
:. ~ . 

~: .• ! "' ~. 

-.-·.· 

._,1 __ , . 

, .. 
.• ;t /:-( ·/· 

.. :r ;.~\ ~:~··\ ·. · 
.· 
to·> I 

r .• :, 

'.·· ·l,), .• : -· ... 
. .., 

. ··~ ~.. ' . ·,' . 

·.:-· ..... · 

; ;, ~-. 
': l' ·~ . , 

·'. 

.. 

I I 

·.,;. 

' ,._ ~(, '·., I: ~ 
·.~ .. ' . . ~·-

-·~ .... 
'·· 

11 i '. ~. ' 
···,1· ·.,. :· .. ,, . 

" . I ',· : ·. ~ 

,·' 

.. 

·· .. 

':'. •' 

·.· .• · 

·· . 
. ·~ . 

~- .. . ',.· 

': : .. ······ 
. .· 

--··:: ·' 

·~ ·.~. 
J .\. 

' 

..:-·' 

.·•.t 

.... 

I 



,·,. •,; :. 
,'•. 

0 • 
,) ; ' T '· -11- UCRL-11456 .·. 

1 •. ·• 

~· 
'· ;··· .. ·." 

...• ',, 

FIGURE LEGENDS .. · ... · ':· 
·: 

Fig. 1. 

... " ~ .· ' 

(a) Dalitz plot of M
2 (:=! 0 ,.±)versus M 2 (:=!0 ,.+).for the final states .... .' ·. 

' ''t ·1· 

·. . ~ :' .. .: ... ,; ~ . 

' ' ' ' . ...... {: ~ .. ·" .... 

· ..... - + - + .:::. K ,. ,. {0) and 

·. events are sh.aded, 

:=!° K 0 1T + :;,:- (0). In the projections the !5:° K 0 '11' +,. ~· •: ·:···· .. ;:..:.' < .. ". 
(b) Dalitz plot of. M2 (Z- ,.+) versus M 2 {S~ ,.o) !or:.·:.:· .. : ... ~:~· 

. '·'. "': ; 

.. · . ·Fig; 2. (a) J:?alitz plot of. M 2 [:S:* (1530}~]; versus. M2 (K.Tr) for all events 

containing' a ::=:* {1530). {See footnote 4 for criteria used in plotting 
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'. ';·: ·.events). Final states are denoted by Ill for :s:·Ko,.o,.+,. 0 for S°K 0 '1T+,..:.:<:.<\' :. 
'·1 ' • 

· .. ··. 
A ..... - + - + ,...* 

. ' ~-. and v for .:::. K ,. ,. • Events in the .:::. (1530) overlap region· . . . 
. ····.· .... 

·, • I 

.... - 0 0 + . . . 
(.:::. K ,. ,.. only) are plotted twice ( Cl ). The upper curve is ,the:hest. 

estimate of the background· for all events, the lower is best for .those 

events with the band defined by 0. 76 .:::;; M2 (K Tl') ~ 0.84 BeV2 removed!)!, 

:, ~-

. 1 ....... . 
2 ' 2. ::'. 

{unshaded). (b} Dalitz plot ?f M (:S:TrTr) ve;rsus M (KTr) for all events not· . 

containing a :=:* (1530). (See footnote 6.) Final states are denoted by 

..... __ - K 0 ,. 0 ,.+ ( "" ) ' ..... 0 0 - + ..... - + -. + A ' m .:::. K Tl' Tl' (0), and .:::. K Tl' Tl' · ( v ). . . 
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Events with an 850- to· 950-MeV K,. mass, 

< }·~. . corresponding to the K* (890) hav~ been re~oved _from th:e shade?- events. · ·. · 
. ~ . . ' ., ' ~ . ' 

· ... , :'·:x. ·.(b) A K mass distribution (shaded area) for combined A° K° K 0 and 
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: ·,:.:· A° K+ K-· final states. Two points for each h;° K° K0 are plotted since the ' · 

. ~ ' ~ ' 
.. ·,,K0 ~nd K 0 are indisti~guishable •. Events.with a 1000~ to 1040-MeV KK '•. 

.. •' ,• . 
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:<_ .. :; : ~ ,-· .. ~· :'.~.' mass corresponding to the <P (1 020 MeV), have been removed. The . 
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* '·· .. mass 

• j ·: ·:.: _;· ·~\ 
•,I, 

. • t. ": ~ 

. . ~ .. ·.· .. 

·,"( 

. . . . . . 

·, . ~-

distribution for. combined I:+ K° K"' and lJ"" K+Ko final states. Phase-

i 

!. •. 
' J l • ~~-

' :J :' ~ 

. ' 
~ . . . . . ' . 

) "!•', :·. ( ~ ;: ·, 

. ,. · .. 
... . . .~ .... ". .··_.·_. ·. .. ··· .. : 
;,· . \ 

.. ' 

':.:···._:, 

:' . 

.": 

.. ... 
I ' .. 

',· 



.• 

, . .. 

. -~ 

.•j .,, 

·' 

·.··. 

. . .. 

., ,· 

; . 

.'' .. · 

·. 

,. 

(., 
J 
I i .· 
' .. 

. h:' 

! ,· 

>· 

-..0 -

',·'' 

··u ..... 
> 
Cll 
ID 

... 

• • . ). ' - . • • • 
• ··&!> .'~. • .• . 

'--.......__·--:~ 
~ ~ 
~l::.E 

o· -

Q 

z 
0 

1(Nl8) )o.u._g )~V'J 
~ 
m 
0 

·"'= N 

. ·.i· 

... ,, . 

. '· 

·' 

0 
r<) 

.. .. 
._·, 

·.·· .· . ·.,'• 

I .. \'• ' ' ~ • 
:·: ,·' .... · 

!.··· 
: ~ 

...... 

· .. 

· UCRL-11456 

0 
(\) 

·; 

z 

,\·· 

Q 0 

10 
li'i 

q 
r<) 

10 
N 

0 
1."\i 

10 
~ 

q 
I'() 

10 
N 

q 
(\) 

. 0 
·Q 0. 

.. z·.· 
(, _,· . 

:: ;;,· .. ':1' 
·\' 

· .. ·· 
.,, 

, .. ,( · •. ~. ·:. 

·· .. ··· "'"· .... 
~ ', . ' . 

'· 
::. 

•.,. .•·.· 

., 

:. 

"' 00 
co 
"' I 
~ 
::;, 
:I< 

•. 
~~·~ 

.. 
> .. , .. 
Q) 

co ~-~. --· + . .. 
~ 

I 
III -.. 
::E il\· .-I. 1,,. 

i·· 
I 

. ' 
tiO 

I' 

.... 
-~ 

N 

> 
Q) 

m 

+I 

I:: 
10 

III 
.. 
::!:. 

· .. ; 

; . 
_;_y. 

. ·. . .. ·~· 

., 

.. 

\· 

... 



.• 

·,, ,•. 

------t-·-

, . (o} 

•. 

.• 

. · .. · -··· 
~- -~ •' 

_-·.. .· ~ .'_/ ___ J.:·::~~ 
,· 

- ' - . ~ 
. ~-~ .. 

,.· '· 

, .. · ..... 

. ~' - .,_-

··' 
:.· 

·:· 

" .. ; '~ 

•. 

1810 MeV 

l N 

!' 

...r .. 
·:'-

LO· 

0-7 

M
2

(K TTJ 
(BeV) 

0.6 

0 

15 

10 

N 

5 

MUB-2887. 

..• -· 

-~ -· - . -~-- ~ -

• J ,..,.. 
w 
f . 

., 



•. -+. 

,· 
' • < 

. 1· 

.1 ... · 

.... 
'· 

.·, ·' <" 

·:· 

. ' .. 

·., 

: 
' 

',,'\. 

.. :.· 

. -~ ' 

.r 
··\ 

(:~. 
·,.:""-. 

""··· 

.,, 
'' r· ,.· 
{. 
I ·.· 
I 

I 
! -<" r:. 
:· .. .... 

'•··. 

I. 

... 

so 

·,. 

. ' <.• 

N 

. 10 

. ·. 
20 

"; .. 

. , 

· .... "' 

... ,,, ;.· 
.:·:· ;"; 

:.,. 
,_. !' 

~ . ' . 

1530 MeV 

! 

l.p. 1.6. 
·,, 

~ .. ~ 
' •, 

. .... 

'·. 

< ,· 

-f4 .. < 

. ,'• 

:/ , .... ; 

.. ~ '-~ ~ . ; ' 
"I 

; ~ ·~-· 
'. ~ . ~· . ' ": ' 

·.,, .. •, 
'' ~~ .. 

'·"'·· 
-~. : . ... 

'. 

(a) 

. 4,,· 

. ,· .. :~·. -:'·.:i 
!·''· 

.I :•, .. ·· 
'·' ..,· 

.. , .. 

IBIOMeV 

<. 
·~ . 

.... c· 

•., 

,.'t 

·,,: 

'\ 
., 

. •' 
·, < 

M (A K) ( BeV) 
(c) 

1. 
1810 MeV 

+ ··.·::,· 

'· .. 
1.7 1.8 1;9 ', 2.0 

:J 

M (~ K) ( Be.V) 
·.·:· 

··~ ... :" :. : ' 

;.; 

0 ' '/" MUB ... 2886 

Fig. 3 .• ..:.. ~-. ; . •! •, ~ 

.·: ., .;; ', .... :':.>· 

I, 'J;• 

:~ ,' ;, 
·.,? 

.-;; 



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. 



I 

1 '· 

i '.·. 




