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' · INTROIXJCTION 

·This report is part'.ot a study o£ the interactions ot K"" in hydrogen 
.' . ' .. 

:and deuterium. at incident beam momenta in the range 830 to 1120 MeV/c 

. (These momenta correspond to' ce~ter-ot-mass energies in the K-nucleon 
. I 

system in the'range 1700 MeV to 1850 MeV.). Our immediate concern has 

been the determination of the quantum numbers ot'the two proposed res~ 

onances in the K-nucleon system, the Yo (1815) and the Yi (1765). 

Professor Yodh has reviewed the history of these _reso6ances in the pre

. vious paper. Briefly, the I = 0, y* (1815) wa~ first suggested by: 

Chamberlain et al.<1>to account tor a broad rise .in the K-. p total cross-
.. • .... . ,_·.:· · ·, ·section at a center-of-mass energy ot 1815 MeV. A comparison of the 
f' .\ 

.... ' . ·. K- p and r n cross-sections led to the isospin assignment. On the basis 
J . •' 

.: ~- ~~:·:- .. ·: .. . . . 
., 

~... ... 
1,. ~. • • ~ • •• 

,;!;_~· ~-.'··: ., ">:\~~ • o I 

of the K- p. elastic difterent.ial cross-section which requires up to 

fifth order terma in cos a' Beall et al.C2) deduced the spin ot tho 

resonance to be 5/2. The width ot' the enhancement in the total cross-
. . ·. ·' • •. I 

* section led these investigators to conclude that the width ot the Yo 
. ' .. . '. .. · . . . . 

l ' ••• ... , .. ,, .. '•{ ·' . . ~ . ' 

' 

'~ . .' . · (1815) was f1 • 120 MeV. Later, Barbaro-Galtieri, Hus~ain B.}ld Tripp (J) · 

.. · observed an enhancement in the K- p system at 1765 MeV in the reaction : .. :.i.\·:.·; \ :· 
•. J It:. .. . 

.-:· ;·· .< :., · · · K- n+K- p 'JT-, at an incident K- momentum ot l.Sl '&JV/c. They argue, 
·, ... 

~ : ;: '' '' ~ ;·:·' : .: ' ' usin8 the res~ts of Beall et al. <2) I that ther~ are two resonances' 
. . . . , . . , · .... 

-·:' • ' #. 

• ... .. c t. t. ~ 

. ' . ~ ... 

. 
. * . * the Y1 (.1765) and the Yo (1815) both with spin 5/2 and with opposite 

. .. 
'. ' 

. 
' .. 

I 
i 
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I 
I 
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·I , I 
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.. · . .- ·_:::· · .. pUities.· The spin 5/2 assignment is ouggested by the .existence or the 
:. . ~-. : ·. -.. . ~ l ': ·. .. . . . . . •. . . . . . . 

, .. , : ·.. . fourth order term_ .and no' higher everi power terms in the production angu-
<. ' : l ~ .. ' : 

.:· 1 :· :. • • .J·. lar distributions •. The fifth order tenn requires an interference between 
... ·•• i : ; . '" 

:~~ ;<. :. : :. ~ -'; _.:· · ·amplitudes 'ot. OpPosite parities. .In _addition, Wohl et. al. (4) round the 
-~- ">; ( ·.', ~- ) .. ::A',,~ . ' - - . ' 
. ·. ·:'t: ·· ·.:· = · ~-· · .!itth order t~rm in the K ~ K~n chani'Lel to be ot opposite sign to 
.. · .~~· . . . •.· · .. ·. ~- . 

. "~ 

.. ,,. ._J i. :,: ,f ~~ 
0 

~1 ' 0 I 

:_"; -.~ ~.. ...... ~ ' : / ... ~ . 
·~ " ' .... 

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

. ~. ' 
. • .. ' ~ . ·. 

/' ": ...... :~,:.... ~: ' 

,l < " .' ' t ' ' ~ ! • ,(_ '. ; . I • 

. ~ ,'· ~ . 
. . ··· .. ' 

... \ •: . . . . . 

that found by Beall et al. in the elastic scattering channel
1 
which aug-

* Since the Yo (1815) gests that the two resonances have different I spins. 
. * . 

has I a 0, the Y1 (1765) is assumed to be I ~ 1 • 

, . Adherents of Regge Polology prefer ~hat the Y~ (1815) be a 5/2+ 
o ," I 

,i 

. · .... ~ •. . ~ : state and, hence, be' a candidate tor the recurrence of the A. This, by 

* Tripp's argument, would make the Y1 (1765) 5/2-. In this 1paper we will· 

.. ,_ . , .. .. present eVidence confirming the 5/2+ assignment tor the Y~ (1815) • 

. \ . .. o 
Professor Yodh and co-workers have analyzed the reactions K-+~K + n ' .. 

. . 

.. 

'. 

... 
• . • t' :~ - ..~: and K .. + r7A+ 71" 0 at incident K .. momenta between ~ MeV/c and 1000 MeV/c 

. . 
and they conclude that although there is evidence for a J a 5/2 amplitude 

:, ·. ··:· · .. ·,\· . in the I ... 1 channel at 1760 MeV, there is no' proof that this amplitude 
• . : .! l·j:. . . . . ' 

·· ·, · .. ' is resonant. Our data agree with theirs on this point. In addition, 

. ·- :·· ··.·.·: ~ · r·: . utilizing our result on_ the parity of the Yb (1815) we will' conclude .. 
. · · .. ' · :; .. , ·.·· :.·~·that this I • 1 amplitude near 1760 J.feV is 5/2-. · 

•. ',. ,., . , . . 

. ' ... ,. .. 
. '·, , . 

· .. ' : ., ' 

, ~. 4 . ~ ' ' 

· ... .:-
; • ~c • 

··:·! • · ...... '': 

DATA ANALYSIS 

.... ., ".. •• l" • We have studied the reactions 
' . • r • '. \ •. -

I • \ 

' • : ·~.. J 
.... " . ~ ... 
\":! "", .. ·" : .. .. 

. ' 
·• '$ ' .. 
• ! '. 

. -~ .. . 

.. 
.·· . . · .... 

.. . 
i · ... 

•. I 

-o 
K• + p~ K + n 

_.., 1\0 + rf' 

~ 7r + Yi (1J8S)~ rf1+. Tr- + 1\ 

.·:- · K- + n--? :' 1\ + TT 

. . 

. :. ,J .. . ', ( --~ . * o . 
• 7T + Y1 (lJ85) + 7T + rr · + " .. 

• • .":" .. ! , ••• ·" ... ~ / -·~, ... "' . . ...... : 
... 

• •. I. ..... 

. ;~ 

(a) 

(b) 

(c) Ct) ' 

,(d) 

(e) 

II 

I 

,I 
'l 

I 
• . I 

f 
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I' • I . '~ ' '" , • < , • • ~ • • 

;.; . ·. · .. · \~.·- ·:;:·. · . .'at.'incident· K·. ~en~a of s2;, 875,· 9~5,>975, 1025, 1060 _and lllS MeV/c 

·~·> .·:.·. >" · .:.·; .':· ·:: ···in, hydrogen,. ~d.·~~ 920 .and 1020. MeV/c in: d~ute.ri~ •. The film was taken. 
'{~ ·, .. '.:·,,·~\._/j~~';;. .. ~_'J.·-'9-•, ' ', ",.I • • ' ~ ' • . 

. · ...... ; :.. ... ··; ;-.:: ··:: .in the 25-inch hydrogen bubble chamber at the Bevatron .with a separated 
' f. ~ • •. ••• • • : ... ;' :- - J • 

. · .. :_;).:. /·}>; ./ .: / ·ic- beam.· About 30~000 events have been meas~ed on the Flying Spot 
.: .. :,:~·-;.).~~;_:~.~- .... ·.-· .:-~ . ·, ~ . 

_;, -<· ... ·: · .. :, · ·· · ·. Digitizer and processed through the FOG-CLOUDY-FAIR analysis ·sy~tem. 

/i;{.);:, >'( :· , The portion ot the measuring which can be done on the FSD has gone 

;· >:~·,:'.:· .. ::: .::_. .:::(:: ... very rapidly, but the scanning for beam normalization to obtain absolute 
• f. " '-.. ~·.' .. "· ; I ,''. ,· • .. , .. • •:' ' ' . 

1 

--~ .. /):· ·:i:-< :: ·: :~cross-sections is somewhat slower. Thus, the cross-sections· are based 

.· ... · ... ,.>·. >.'. ;> .·· . <.:.' : on only l/3 of the data included in the angular distributions. The 
: ·\···· .•.. • •• l• • 

• · ,t ·._.f : t' 

. · .. ·.·. \;''/> · · · ( ·_ .. ,· results are not final in the sense that some remeasuring and check-
.=~·-~. ~:\·, I~~-', ,= ~t '.> .. ; .. ':·:·· • I 

... · · ': .. , .. ' .· ,:_ ~- : scanning remains to be done; however, we believe that the 1 conclusions 
/;::~-·~~-:: ·~: . , .... ;.-:;· . : . 
'•:; ,·~ ~·: · .-. ·. . · ;: · .. which we draw will not change. 
: ;~ .. '::\ y .: : ·. ',:_,: :·: ;: . 

The cross-sections and angular distributions from reactions (a), 
...,_::.· ·.-..>.<·· .. :.:":':;!;:.! : 
· ... : ••. ':! · ;'.', .: . (b) and (d) have been discussed quite extensively at t.he American Physical 

· :·:-.~ · -·~· ... ·(·: ·> .. · Society meetings(;) in. Berkeley and Washington by our .group and in Chicago 
' . . ., . . 

::-:· .·~<:.- .-',:.; ~L .· and Berkeley by Charlton et al. ot Maryland and by .Armenteros et al. of 

'·'.;' ': . : ... ': ·,. ·, .. :. CERN. There is_ substantial agreement about the conclusions. However, 
• ; I l 1 

I 

0 

'~, '; 1 , # t 

. ··: ' . : ;,• . ·. ~ " .... since there is as yet nothing in print, we shall discuss our data h~re • 
. . . . ~ \, 

'·· There has been very little discussion ot_reactions (c) and (e) • 
. :._:··.~_/:··> ~-/;_:~ :.-.:,. "' ... .. 

• l • ':. ~ ... ' ~-: . . \ 

··-~.:~--~();,. ;-,~.;:: :._.:.:~ 
t .. '/··.·; ;.< :··' .. ~: . 

'lb and lc. The closed circles are our data and .the open circles are 
::yf .·.>>. ..... ·:·.: :. . . {6) . . . 
<~·_;::~;~. ·:~:;_~ ... · .... ·the data of Bastien.and Berae et al. at lower energies, and of Grazi~o 

. :,;:;:;::~ ... ·' ;: ~d W~jcicki (7) ~d· ~erro-Luzzi et al. (~) at higher energies·. The ab-: 

. _/,.',]~ .. ,.;.::,\·:. · .sence of any enhancement at 1815 Me~ ~ ~he /\7T0
channe1, which is pure 

THE EXISTENCE AND SPIN OF THE 'NO RESONANCES 

Figures l, 2 and 3 show the total cross-sections for reactions la, 

• ''·', r t '. . ~ ' !. :. • ~J I j' • • o I ' 

·· :' >· ···>i .·:, :·;.· .. r., l, C?mitrasted ·with the pronounced enhanceme~t in both the .X0 n and·. 
·:.: ~- .. , . f ' • • • ~ • • ' • 

... ... 
. . 

... 

• ! •... ;~_ .' · ;: .·./\Jnr channeis is e:XS:ctly what one· expects· tr~ " .I •· 0, 'Y* (1815). · On 
.... . . . ~ . 

• :. '. "; # ~. • • • •• • * 

<,'.\':_'·.:-;.·· 
.' • I ' 

. . . . . 
• : '.t, : 

~ .... 

.. . . 
'· 

. .... . ... '' 

f •••• 

. .. .. 

. . ' 
.. • 

•. ~ . 

-· . ..• ... 
·. ~ 

I 
.. I 



• • • ' f. 

. I .. ~4-.. 

: , , . ..the other hand, ,ther~ is no pronounced bwnp at 176o MeV. Even the pure _ 
•. ~· .~ ,' : f ' 0 OA ~,: .. 1 ' ; f' " : ' .... ' 0 0 o 0 

, ' , . -. • ·o . 
'.· ·:: ..... _ .. :.-',:>· .. I~ l,ATTchannel (Fig~ _2) shows only~ gradual rise and tall which does 
. ' . . \ .. , . ,:· ·. ~ ~;. .:.· .. ' ' .. ' ·_. . . . . ' : ... ~ . . . * 
~ :-~ ... ·:.: ·:<· ~ not clearly indicate a !"E'!sonance. The width or the Yo (1815) (as seen . ::'i · ...... '< ~ • ,·.; '_ .. ~- "'... • ' , c . 

r~ .; '; ~:·:.:. :• c -:· • .• > ... in Figs. 1 and .3) . is clearly much less than the previously reported 

· .. ·~:~ .. <:·_·-?_.~··,_._·. · __ :.< value of 120 ·Mev(2). The solid curves drawn at 1815 MeV in Figs. 1 and 
:;·'::.··:~-:~-· .: -~- -~·- i:.:';: :. . . . . . . 
.<::-;+: · ·:< ';. · .. \' ·' 3 are Breit-Wigner forms with a width or 60 MeV. With this width there 

'• • .. -~ ~,. ! ' .. .. . • ' . ~·, 

.~: .· :.::~:-!:;: .:\ .. ·-~~~ ~-- ; . . ... -": . . * . 
.. , -~~:-_, .·. _is a shoulder on the lower edge of the t0 (1815) which is consistent with 

I }:~{··/: r. ' .a resonance at 176o MeV but which couJA also be due to non resonant am

.,. ,.: ,: :. . . -~ plitudes. 
~ . ' .... :\. ~·-: '; .. ' ~ .... 

. I' ~- 1' In additio~ we have fitted the production angular-distributions in 
' . 

(Fig. 4) with an expansion in the Legendr~ polynomials. 
-o 

the· K n system 

•• ' t 

d<r -cJA 
= t- Z:'An p"' (co~ 9) . ( ~~~ ... & G()S e~K'·. K- )<2..) 

.. ~. ',;.:.,.: . 7 ' .. ~ 

·> .... ~~-' ~. __ ::~,'-: .:··'·,_.: ·. A Breit-Wigner curve with r c;o 60 MeV and M. • 1815 MeV has been drawn 
;:::·; : ';;_': .:_. <: ... ··;_ . . ' . 0 

··:-- .·:./:··.~_·1, · :. · .. thr~ugh coefficients of the P4 term. This, together ~th the momentum . 
,· ... .'""' ;j·~ .... · : '. ' : ·_ : . . ' . . 
· ·; ·. · · '-._ ·.; ... · .. dependence ot the coe!ficient of t~e P S ·.term, has been plot ted in Fig e · 5. 
. . . ·I . 
. . . ~. . . . ' . . ,. 

. ~.'-,' .. ·:-. -~" )l :, ·, The s~p peak ~ the coefficient A4 at 1815 MeV 1 coupled with._the absence ; .. 
'" I " ' ' ,. 

· · · · ·: ; · · · ; · ot higher order ~ven terms in Cos 9 agr~es with the J a 5/2 aseignment · 
' .. t .\. • •• • . • • . ;.·,·. ..·. ··. * . 

·.:;.,· ..... ·····\.·;:·.to Y '(1815) .. 
1 .. :· r.. ·:· ., .. , r :· • 

• . :~; ·:1·.>->· .... \_- ·: The ·angular distributions at 1760 MeV· ~quire a significant fourth··~ 
.-·<·.·· · .. , -~:: ... \.;. · .. ·,.order ~ei.m,·- sugg.est~ the ~resence ot · ~ti.al waves-~with J-~ 5l2. ·: The .. 

:' I -:· ~ " ' : • I . . . • <' • • • • • • • 

.. . ; ~ .. 
·., ;.• : . . coefficient A5 is negative at 1815 MeV 1 as found by Wohl, and remains 

.· 
' . 

• < 

• •• 0 t ~ ...._.:,.· . negative down to 1760 M~V. It there are no amplltudee ·or spin) 5/2 

·present, · this coefficient is due to an interference between, two J • 5/2 
~ ' • ! 

;.-· ·:1 . , .· • . · · .. ' amplitudes ot opposite parity. 
- .· ' . . •.. . ... 

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

:;,-~:· :;·'i:~;.;·. :~. Although\ he pro:e:~~l~:S ~• :::~t to oee 1n our data, 

::<.-::.~:: · · · .. ·:· ·theY~ (1815) stands out clearly in both reactions la and lc (Figs. 1 
'·, · .. ' . 

-~t·.: ·: -:~ . " 
. < ~. 

·.· ;· . 

.. 
' • 4 ·, 

• . 

. .' . ~ . 

: . 
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,I 

-5-. 
. . . • 

· .:; -: · , ··.and .3). We w:lu show that the reaction lc,_ x- + ·p-. /l +lT+ + n--, proceeds 
.... •· . ' . ' ' ~ ' . . . 
•; • ,: ~I I' ' ' i; 'i. ,;· : j• J. .' • • • : • ' ' ' ' • ! ' ' ' ' ' '* 

. ·.( r-, , .,- . . .'. _ mB.inly throuah th~ intermedia.te state K- + p. Y1 (JJ85) + Tr. 

-~: .~-- ~: ;:'>.:_: j::. Figures 6 and 7 show ·oalitz plots of the square of the invariant 
• ,. ~ • • . : ~ •• • ' ' t ~ 

. :/<.;~-~--.··.'.':·--'.: i ··.'.·-:mass· of ~heA'Ir-·system· versus that of theAlr+ system for- reaction lc at 
'~<·.,-~· ~~ ~·~~~ 'f ~ .• • -~-~·, ... ;·, • • • I . 

· '!:· .. ·~.: ,· .~ _.,_,; '.r·. :'':. : .. total energies of 1760 MeV and 1820 MeV. The bands corresponding to the 
·.:<~i ·.:· .. ·~: .. <_·. ·.· ~ ' . 

· :·,=: ;.o.--::.> · ... : _ _.\_;· .. : '. Yl (lJ85) are very pronounced. Using the density of events outside o£ 
~-~>•: •:' • ~~: '•'· ;:• ' : ... ' .. ' ,I • 

:, .( ~'·,: ':;:.7 -·;· ;~_: · · .. ·the' y* bands as a measure or the background present, we conclude that 
. ·, . ··., ... ·' . 

_:, ·,.,, .· •' ... 
0~ I' 

0
0' '• 

0 t ~ ' reaction lc 'accounts tor .90% or more of the totall\11'+. n- production at 
-~:··;" ·.:.,_::_·=;:~.: 
. '• .:.;( ::' .. ;·· .. ' ~ ·~ ... _thes~ energies.· 

·~ . • •• . . I . , 

·, ~~ .·. ~-~ ~ ·.• ' ... _ . .·. :. ·. , . Since the bands are reasona~ly we_ll separated ori the Dall~z plot 

_.: :_ > :·> : .: .. ::. ': :, ·_ ' , · at 182C) · M~V ,: ~e· 'have id~nti£ied the Y~ -~ (lJ85) :as. that /hr! sy~tem with an 
-~- .. , !.. ' ) • '. • • • ' • 

:.'··.:: __ ·: .. ·:·~~:·;,; __ ··invariant 'mass in the r8nge.JJ85 ±50 Mev~·. -~s,provides·a unique eep- · 
= •• -~· •• : :;:. ~ ._· ... -~· t ~·;;' !' ·. ~. . ;'. : . . . * ' . . . . ... 
: '_\~_::<-:·:>·· ... ·· :-.- aration ·.and enriches the Y1 (JJ85) sample ·in the final state. Attempts 

.. ~:<:>:_:_,'_ .·. _·:;·;.-~· ~: to an~~~ the Yi ·.(IJS5) production at lo~e~ energies ha~e been. c~pll-. · ·. · ·. 
o' :.'' 

0 
.. , .'• I ~I 4, j+• l ' 

0 
, o 

0 
• o ,J 

<~-< ·:· .. · i'·::_.·~. cated by interference· ~d the n~ces.sity of symmetriz~ the A if·rr-
;':· :.';:.~> ::_ . .::~··:. final state (9) but these effects are not expected to be large ~ the 

... . ' .-•. ' ''11 ' . . 
<:: .·, .. _; :_:·: >::· ····production angular distributions at center-of-mass energies near 1815 MeV. 

·,/. < ::>:. ··.· ... 
On ~e basis of the cross-section for the reaction K- p_. Y~ (l385) + 

·.' ... ·': ·:.·:. ·(Fig. 3) and the known elastic cross-sections, we reported at Berkeley(;) 

. · ~ _::_.-:·;'_';::';•·, ;~·'.-_!'that the branching ratio or theY~ (1815) i,nto Y~ (JJ85)_ +7r was 20 :t 5%. 

· ·:· :_·.: :. ·'. ·: · Thus the process . . : · .:· ~\r .. f_: .. ~ _.:-~ ~l :~ : 

.. ;_ ···-.. ~~;. ~:. ·. i::·· ·,.! .::.:.· 

...... ·.; ,: . : ~' 
x- + J'~ Y~ (1815)~ Y~(JJ85) + T (l) 

' : "~. j .. < .. . ,;. 
;.: . .- · .. :· ~ . appears to make an important contribution to reaction 1c at incident K-r: . , ... - . 

' • 'ol,< 

<-'.:/; · > ·.,! • . : _' momenta or 1015 .MeV I c and 1060 MeV I c • 
·_~ -.~. ~-:·: .... ~' .-,1 -~" .. : .; '. f 

· .:::_)'· ... · · ::.--->,:_:::· · .' Minami {10) ~s observed that when the Y~ (1Si5) is produced in 
. ·,' .• .. . ; . 

• • • ,· •• ' • • ;·/ ••• ' +, ~ • 

._,,·_~::,.\-.-' : ·.:· : ·reaction (lc) it is highly al.igned1 J a ;f;• 112, and hence 1 the angular ' . . z 
* ~pin, .312 Y1 (lJ85) and a _pion will 

"· ' .. ·· .... 
·_:.; ".:~ :--~: :· .•• .-...:_ T distribution ot· its decay into the 

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

·fy.···, 
. : ...... ": . ,;~ 

·. 

. ,· 

.. 
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I' * 
_, .. _ · .·· : ... ___ ; ··~:".··>·~depend .upon_.i~s spin --~nd_ parity. Specifically,_; .assuming th~ Y1 (1385)_ 

. _- · ·:: .. '·-~-.-.. ~~·: .. ·.··_ ··:to be 3/2+,! as _s~own by Huw~ et a'i. (~),.and it the Y~ (1815) i~ 5/2+ · 
.. - .. ·. : ·. -.-:·- . - .·. .. . * . . . . . 

-~· .. · .. '>· __ · ·>.: ·::'': · 'then the orbital sta:te ot the Y1 ~1385~. + n system is. either p5/ 2 or · 

:,··:-Y_-.::~:~·-,~·.::·_.?/. t 5; 2 ;_ 0~- th~ o~her Fand,_ it._th~ Y~ (l815) is ~/2-~ ~hen Y~- (~385) ~- n 

·<:::,\~ ' .. ,,._':··:</': ·: :_:· .. <~ system. is . either· d5/~or g5/ 2 • ·Assumi~g the lQwer a.ngul~r ~me~ tum ·. ·. 

' ':' {~~-- ·_:}: :. -.~ ·::_: ::~ .' .·.: :~ta~e· ~ .'be. hi~ t~vo~ed by the angul~r· ~m:ol!lentuni ba_~rier, we_. e~ect 
:·::.·.· ~,,, ..... \ . . . . :. . . . ~. . . . " . * . . 
:~:-~<::~,- :;: <'. ': -~;~_.the ~su;tar cli~t~ibution of the Y1 (1385)· + _n sy~tem _to be·_nearly ·of.· 
-.. _:_ :·._..: .' · .... • . •· . 2- . .. . . . 2' . ' ._ 4 

· . .-: ... :·_ ·_ ': i~. . _form '(1 '+ 2 cos .., ) .:f'or the 5/2+ .choice ·and_ (1 + 10 ·cos ~-_-10 cos e) 
-~ -<·.'':. . . * 

:. : :~:' :·· · .. ; " for the 5/2- choice, where e is th~ angle between the yl (1385) and the 
;: . ~· . - ~- . . ~ :. " . .' ~~ .. 

'· .. ,\ .. -:-:· ._ incident K- (the axis of alignment) in the K- p center-of-mass system. 
•, .. :,:", ·:.· ,_. ,-,I 

. .'~~--::_._-.'_.~;-·::~,-:·.-of course, the success with which one·can make this test 1depends upon 
. ·:_ ... :-· ... ~: ~::',, .; ~?: ~- . * 

·•.,·::· .. _::>:'':· ;':'·:. __ '·._.·_the purity of the sampie of Y0 (1815). 
. ' .. ';.." ·.' ._ ....... ·": 
\ /····~ · . ·: ·.:. . The K- p .system is a mixture of equal parts I =· 0 and I = 1 while .--. ·:.-... ··. . . . * . 
. · .· .·:. ·~ · · : . the Y0 (1815) produced in reaction (3) is in the I :; 0 channel. We 
: • .. • 0' j • IJ 

.· :. . ,_. ·~ . '. . . ·would like to remove the_background caused by the I ""' 1 channel. We 

>,:··,:/-:,.:;>·:.:.:_)}1., ~-~ve measure~ the_ I =*l am

8

plitude from: . 

·,, .. _-.._ K + n -._Y1 (13 5) + n 
:· ~. ,· ~· · .. j-~: .. ·. '.' •: ,· ... 

' . -~]; 
··. 

·, .. · ·· .. 
·,' 

· · ·in the deuterium data. The isotopic spin ~arts ot the differential 

(4) : 

· .. cr~ss-sections for the reactions K- + p -. Y~ (1385)~- + n':f. are 

J<r ( K-r + y*-t-7r'") • ~[~ /q,f~, + -'11 Q,J~ +- ~ R e (a~ a,)]~-- (5a) '' 
'• I .• ~ : < , 

.·,: .. 

, .. 

.• ' \ ! .. '.J · ... .;.. ''l 

. , • I 
"\· . 

•, and 

: ~ Jc-(.•C f ~ YJJtir+) = ~[ ~ fq.t +~I a,l:a.-~ R~ (a;: Q,)] ___ ~ .(5b) 

-where a and a1 represent the partial wave amplitudes for I = 0 and ' 0 
~;!~_.~:~_:_:· ":. ~ '., . ~ : .' " ' 
:·/;(y~.\:·:·,_': __ i.-/·~· :·-:r; = 1 production ·respectively. These cross-sections 'contain an inter-

:: ·:; .':, ~['\ ·;< .. <~ ·~ ·: ference term which ::ncels out if :: consider the sum ot the angular 

:>.<.·< .. ., , distributions for Y1 (1385) and Y1 (1385) 

;ij;1}:,:;_} . ~. ".,.. ( ICp ... Y, .... 7{} + J<r ( tC p ~ Y,$-TT+ J = [JH q. t + 1_tqlJc6) 
:_;_..:.~:::_-_·.·.:'; J ~ :· The differential cross-section for reaction (4)·is proportional tolc::\,1~ 

. ~ 
.-, 

.·: t• ., 

. . . . ' 

. ' 

.. ' 

· .. · -' 

' •' 

'I 



-. 
.,. 

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

'.~7-·. . . . \ .. 
. ... , . . ~ .. . . 

~ . . . ' •. ~ . 
. : ·:: : · · . : < .· . ~ .,. :;... ~d wh~n appropri~tel;y norm'allzed, can b.~:·.a~btrac.ted from. th~ , K-· ·P . ~ata 
~)~ • .. ~'·' i,_~~~- ~:~~-~>~···"·:~ ' ··~· .. · ..... ~ ··.:·· ·~ ... ·.·· . · .. : '~ .. ·io:, .· . ..· ... ·.. ·' .•. 

<_; •. ~: .:· :.·.·.':,··.·· .• ! to give the angulllr d.istributio~ for the I.'•. o channel.· . ·· ·' 
;. · ..... ·: . ~-... : .. . .; i...... : l .. ' . . • • • . • . •• 

· . 

·'. .. . . .) -· oW+- -·· 
· .-: · I . · .. ;. ·. · · Figure 8 shows the combined angular distri.butions ot K p~ Y

1 
7T · 

·.··.· ... / .. ~; ·.: ::>/ :~.>. .. ; 
.. ::. ·. · .i .~ _.~: .. ; : i', and K- p ,.lp Yl 1T·+. at each· of· our incident K- momenta with curves rep-

.• :·· . { ...... 4>,. t-l, :·· 

.}:.:.:~: ... :-.;, .· i(l< .> resenting the fit in Legendre polynomials up to foUrth order. The moat 
.. ~f ·:::~~-~ :. ·,~~.·:·f ... ~ . . . . 
·.)r<:·:·).:::··::::~>.'.notable feature is the charige in sign of the curvature between the 925 MeV/c 
.. ··.(:·:~~-~:~.~~<. ~~~··~~.~!f~·:~t·_._ > .. I ., . 

. :·. >··:::·/:0;'. ''. · ~ ·, (1760 MeV) region and the 1015 MeV/c (1815 MeV) region. 
• '\.·,: , '.::.; t : ~~ ' I: "; .. :• · .'_ 1 ' 

For the purpose ot applying the above test for the parity ot Y~ (1815) 

have combined our K- p data at incident momenta of 1015 MeV/c and 

:_;:v<.·,:.·) .. :::·, .;> · 1o6o Mev/c, 

_:.';;:'"~ · >,':/(: of the Y~ (1815) as ahOwn in Fig. 3. The angular distribJltion for the 

II. 

These momenta straddle the peak corresponding to the formation 

.._· ... : . ... ~-.. ·. . 

,• .. 

. ·.·· 

· · · · · · · sum ot these two momenta is shown as the solid J.:Lne in Fig. 9a. The 

~-x{·_._::)' ~-~ .·dotted line is the K- n.,. Y~-.r, I D 1, angular distribution at PK- 1015 MsV/c 

.:·}c··~>.' ::~·: .·· < ·-:. no~ized to 5Q% of the total K- p cross-section. This normalization 
: _.:: ·, .. '. ····"·. · .... . -: .. 
.· • 1'! 

• 
is based on the cross-sections from the K- d data which indicate that 

. oJ" 1 ' ~,,· ·; ·, ,• ., ~ 

:~·.:.-~ :_:.· .' ·· .. '.'. ;:·:\\: . the I - 1 amplitude for K- p ~A rr rT accounts for 50 ± 5% of. the 
.' .·:.·. ·. ·, .... 11. . . + -. 
· ::· · · ' total cross-section for the K- p -? 1\ lr rr · channel at incident K-

~/: .. '.·-~_~._·; .. ·; '/:.. 
<·i ·;· /'·1· ·: : .· .. , momenta of 1015 MeV/c and 1060 MeV/c. 

l .• ·. ;/'~ p.~··'·: .• ,.. •. Figure 9b shows the I • 0 angular distribution, i.e. the difference 
.. '· 

'. ·." h ; :~· • ... 

between_ the two distributions in Fig. 9a, folded about cos9 = 01 to· 
_':(·:.)'}'/::. . 
· · ... ,}., ·<·:. i: ' . ·. ~: : remove the odd terms which may arise from interference with the back-

:> ~.+i.,; ..... < ' ground. The solid curve on Fig. 9b ia 1 + 2 coio and the broken 

·~_:<~~:} .. :. · ;: ~. .(· ··.curve is l + 10 cos29 - 10. cos4e • The total cross-section data at 
. :. ;·;\~ ':'.:) . ·.. ' ' ' 
~.'.:;:>.: .. :~:·:· '.·! \'·'· •. 1815 is consistent with up to 30% non-resonant background. ·With this 

··~ ~~~~~ .. ~.~~ ~~>.\1; ' .. : :,.~ . . . . 
,:·~:·);:·.'.(> .· /: ~ :as an upper limit, we have investigated the possibility ot the background 
•• f :·_'.i~ .... ~\i:,-'1. \~.'- ' :. ..... ... • • ' 

':\'':'{\··.~;·.\'·{· ... ~, .. ·,. causing significant deviations from the predicted curves. The experi-
·. · .• ~ :.'·~_: •. s .. "' .;.; ~ . : . . . ; . 

·::~ .. ;<:.<·.::.:>.:~ .. ·.:··.·, .' ·. mental data C~ easily be accounted for in terms of the l + 2 cos2 6 
. •:···J. ·.:.... • '' . 

:-:·~<-~:-~. \/ : :·:·- .. ' . 1 •. 
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distribution together with a contribution from the background, whereas 

we have found no way in which this amo\Ult of background can change the 

1 + 10 cos2 9 ~ 10 coa4 e distribution to fit the experimental data. 

* + We conclude on the basis of this that the Y0 (1815) is (5/2) • 

SUMMARY 

* An analysis ot tho angular distribution of the K- + p _,. Y1 (lJ85) + 1T 
. - * 

and K + n~ Y (lJ85) +Tf at center-of-mass energies near 1815 MeV shows 

* the Yo (1815) to be 5/2:+~ 

' . * So far we are unable to verify the existence of the proposed Y
1 

(1765) 

in our data. However, there are fifth order coefficients of opposite 

sign in the differential cross-section for the elastic arid char~e exchange 

channels in the region 1760- 1815 MeV. This indicates an interference 

* between the Yo (1815) and Q spin >; 5/2, isospin l, negative parity 

amplltude. 

0 
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.. FIGURE CAPTIONS 

• t ~ t • J " t • • : ~~ \ 2 

" · . · ., . _.:. Fig •. 1, The total cross.;.se~tion measured in units ot 1f ~ tor the 
~ ' ' ' . ~ - . 

~ ,\· ~ 

. ~- . ~ .. ' 

. '., 
. ~ ' ·: 0. ! ' -

. reaction K~ + p ..=,. K + n as a function ot the K laboratory momen-
·- •• .- t ,•· 

.;:. ,_· :· : .·: ·. ::.: •. 1.: · . tum, The closed circles are our data and the open circles are the · . . . ' : ., 
·~ o • 

0 
'I I 

· .. · ;. · .·· ·.: ·· · ·· . ·· data. or Basti~n· and Berge(6) at lower energi.es, and or Graziano and 
, ' ;,. r • • • ~ : • 

: .... . . : . ··. .. · Wojcicki (7) and Ferre-Luzzi et al. (S) at higher energies. The 
·, 

'·. 
. '"'·,/ •' 
. I I.· . ,. 

{ ' .. - • ... 

·. ~" : . 'I, • 

. ' 

. .. 
\ solid curve is a Breit-Wigner form with f1 ... 6o MeV and· M0 ""' 1815. 

Fig. 2. The total cross-section measured in units ot 7T ~'"ror the 
. 0 

reaction K- + f ~ A +iT as a function ot the K- laboratory momen-

. - . _:j ...... ,·· ' 

. tum. The closed circles are our data and the open circles are the 

'data of Bastien and Berge(6) at lower energ~es, and ot Graziano and 

.-··Wojcicki (7) and Ferro-Luzzi et al. (8) at higher energies • 
'· . . .' .·.' .·: 

. •1 •. • ., 
( ... · . . : 

, .. .-' .. 
., '' ·, • ,f , I ··, ~~ 

I o ~2, 

·. Fig. ;3. The total cross-section a!asured 1t1 units ot .1r A tor the 
- .-.-. --.' 0 ·_:· 

·. :. .; 

.•.' 

reaction K.--1-f-..:;. lltlT'"_,,..-as a !unction ot the K..:. laboratory momen-

\ •, 1:.. ' . .! . . 

·._., .. ·:<: ... ·.'II··. 
' tum. The closed circles are our data and the open circles are the 

•.; I 

.• 

·•. 

.• . . . ~ 

'. .; .II '• t- o I 

•• . t •• : 

.j' , •••• •• ; .' 

• : < I 

. 
data of. Bastien and Be~ge(6) at lower energies, and or Graziano and· 

·.Wojcicki (7). and ~erro~Luzzi et al. (8) at higher ~nergie~. The · 

.solid curve .is a· Breit-Wigner ·rorm ldth f' - 60 MeV and M!l = ia15. 
. . . -o .. 

. Fig. 4; Production BJ18Ular distrirutions ot K- + p ~ K + n at each· ot . .· . . 
seven incident K~ momenta, with curves representing· the ·ritt_h order 

-~ '· •• ; l· '.' 't' . - ·. t ~~~ :~ :Legen~e polynomialse · 
! ', ' .,\ ,• r ', ', • •'' • •~' . . .. . •. •. 

,· .; l. : ~ /. ·• ••. ' Fig •. S:.: >j'he coetticient s A4 · and AS 1it _the· angul.a~ d.istri butions tor . ·. '·.. . ... ·. . . . .. - . . 
. ·-. . -~. .··_ - -o . . ... . - . • ·' 

,-.'' _,,.:_· .. ;': .. -··. K + p.:;~ . + n plotted as a· function ot incident K laboratoey. 
~ . . , 
• 

'-. ;: . 
'I :···,' 

., ·, . ', ... ~ 
... 

• " ., c •• 

' • • ' 1 ,.. • . ~ . ! 
.. j 

. ·. 
·: . . ·. . . 

momentuni. _. A Breit-Wigner curve with f' .. 60 MeV and M .. 1815 MeV 
. ' . . 0 
. t· 

has been~ drawn through the coefficient A4. 
\ . 

(-o -) .; .. K • K ,. : 
.,_ · . 
. ·;ii' 

. ' . 

Cos 6 is defined as 

·,,• 

: . 

,. 
I 
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Fig. 6. Dalitz plot of the square ot the invariant mass of the 1\ TT-

A ~ • A 1- -system !! . · that of the 1\ 1T system for the reaction K + p -+ "+11 + 1T 

at a center of mass energy of 1760 MeV. 

Fig .• 7. Dalitz plot of· the square ~f the invariant mass of the 1\ rr-

1\ + - _.:~--
system !!• that of the 1T system for the reaction K + p -+ /t+lr +Tf 

at a center. of mass energy of 1820 MeV. 

Fig. e. . y~~ -
Angular distributions of the sum of the reactions Ki-p -+ + .TT 

• . and Ki-p.-+ v•: n + at each of the seven incident 

K- momenta, with curves represent~ng the fourth·order.fit in 

_Legendre ~olynomial.s • . 
Fig. 9(a). •. S'olid line is the sum of .~he angular distri~utions for the . ' . ... 

. re.~·cti~n K- + p -+. Y~ + 1t at incident ·K· mementa of 10l5. MeV/c . 

.·· .·~d. ·~o60 MeV/~~ The broken lin~ i~.·~he angular distribu~lo~· for 
• 0 • • ~ 

• 

. the. ~eacti~n K. + n -+ 'yt · + 1t .at a·n· incident·.~- momentum of· 

1020 MeV/c, normalized to contain 1/2 the events in solid histo

grams. (b). The difference between the two histograms in (a), 

folded about Y*, K- = 0 

. . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accura~y, 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 1n 
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 Co~mission, 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. 






