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ABSTRACT 

t ~ ' . 

<:_. 

An ~a1ysls of the reaction:• w· + p -A 0 + K0 and z::• ( K+ .. at incident ... , 

momenta ~f 1500 through 2360 MeV /c ia currently in progre••· · The .data re~ . 
. , . . . . . 

., . 

aulted from an extenalve expoaure of the Lawrence Radiation Labo.ratory·· •. 

·.72~incb 11quld-hydrog~n bubble ch~ber to a high energy w··beam at the 

Bevatron~ , .. II :") 
._{i . ":·t.J: 

. A preliminary partial-wave analyaia, currently baaed on the l;•K+ :_· 
.· . ' . . - :'· ': i·:· . 

•\ 

,•" 
··, ·, 

data only, indicate• that. a J ~ 9/Z •pln atate of the 2.190-MeV plo~.:.nucieoz( ', . ; · ·· 
... ·· ·. . . . . ,·· ... · 'j· : • 

· • · ·. ', .. ·: resonance recently ella covered at Brookhaven National ~boratory 1 •. alternating~'; ·· · 
,•',,. 1 i 

, :· ·: .... : · .·.''::· - : ... gradient aynchrotron b favored over J a 7/2. or sjz... Thie analysh will be: i. ·; .. ~·· . _::·: ·:_· 

.~ .. , .: : continued in the future, With an attempt to .wicler~tand tbe ae~e~al behavior . . . . , . 
• ' # ' ' ' I • " '•'' ' ... . ( :., • ·. • ' • -'.·.·'; 

of both reaction• ln .the .l'e.ionance l"egion. :.. . · .. :-. · : ·. · l. . . . : : :: 
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\·.·:::-, ~-·_.-·::' ·:·~::.:::-:·: ~de~~ Ate~der' ~Orin Dahl,· ·Laurence Jacob•, Donaid H •. Mill~r, :, :\,· . . : {;"·; · .. ;· '·_· ··. 
· .: · ._·:_. • ·' ·;·_· ·· · .: · Oeorae Kalbfleilch, Jo•eph Schwartz, anci Oerald A. Smith .. ·.:· ·.J~; · _,· .; .. · 

1 • - ~ I • ' '· t. ~ . ·f. r ' ' 

' ' -~. ·~'; t;, ., ' _.., . C • . ; · .. ' ~ . . jr - .". ' ? ' • 

. . • • • . l • ''<i 
· · · · • · · · .·· ·Phy•lc• Department and Lawrence Racliation Laboratory · · · · --~·:. :: 

·._:.:}·: .. ::.·:<.·<.<:::;:;.·<·::·:_· ·.. · University ot·ca,Ufornla, Berke~ey, Callfornia· ·. . .. -_::~;_··.·.,_::~·;_: 
o \ o f o ,• :.'·, o • ' ' ~ ~ L • •o I o o o ,"! ' .' .·,: :. o 
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·< .. -- :::·;_ ... !_:· -.;-~~; ~ .. - . U~tU recently there w~re four known excited state• of-t~e nuC:leo~: -~ --~-:·: _:·l::·~:-· 

. ,~;: ·.·,; _ _:.-.'.:: .· . . (1) in the T=l/2_ •tate ~t -1512 and 1688 MeV c. m. energy and (2) in the . :·. ·._.-j __ :::,.'.' 
:: l~:}: ;.: ;·_~-;· .. ~(·:·:·_~:. Tal/1. state at 1238 and 1920 MeV c. m. energy;.,· Howe~er, within. the past .. :J · _.}: ; 

. . ~ :- .~ ~ ' -~ ' . . : :. '· . ' 
.•).·':,:··. ~-· ,'- :: , .. · year exp~riments. at the Brookhaven alternating-gradient eynch~otron ~y I . :i.-!·. ,,.:·:_-_._· . 

. :· -~}'.' ; ·;::r.i.,;: lliddeno et al. uncovered two additional otateo at higher energy: (il ln:ihe '. , · . 

. >··( ·~'·:··· ~ ·. T=l/2 state at 21'90 )4eV and (2) ~n the T~3/2 state at 2360 MeV. :[1] VariQul ·• ·• 
. ~ . . . ., '-

.... !, ~- • i. . 

/ '1 .: _.... ~· .~ :'. ' : • ~. : • 

. ·.' ~ . ' .•.•. · • • 1 ;, 
• .t' • •• .; ·~ • : •• 

/ -.. :· .. ];. :: .: 
. ' 
t'- ~- ' 

· .. '/ .. : 

... :.·· ... ... 
. . ' ' . . . 

..... 

· ... 
~-. ,. .. 

experiments have inve•tigated the question o£ spin and parity assignment~. for 
\ ·' . 
•'' 

· •ome o£ these· states with partial· or complete aucceil. The c:liscuaaioli ·pre-
,.:;.: 

. ' 

•ented here bears on the possible 1pin assignment of the 2190-MeV state as . ' ' 

inferred from the cr.ose sections ~d angular distributions of two-body final 
. . ' .. · · ... : i 

&tate& involving strange particles produced from an initial "-p system/:' · '\ 
·. . , . I ' , ·, '\~~ . . ' . . 'e;~ 
The ~ork of Helland et al. ·•ummarize• the· efforts of the· B~rkeley group\ .... ~'~-~ . . '' ,, ' :··, 

and others in elastic 1r p lcattering;[ 2] an analysis of angular distribution• with·2>:.~ 

no significant polarization information lnl~r• spin aa•ign.merits of· 3/2. 5/Z~ and. · ~!: · 
7/2 for the 1512-, 1688-, and 1~20-MeV &tate•, respectively~ ·An analysis of 

photopro~uctlon expe riment• by. Peie rl& including proton polarization data 
" 

' ... ~ 

.· 

' . 
• • .... '· ......... ..:-:::..:.... __ -A,.. 

Work done under the auspices of the U.s. Atomic Energy· Commission. 

t Paper presented by Gerald A. Smith at the International Con£ere~ce .on 

Nucleon Structure. Stanfor_d. Univer•ity. June· Z4-Z7 • 1963. 

'currently ~t thelarael.Atomic.En•~IY Co~••l~n Laboratorie-~. 
- ~: of \ • : ~ : ~ • \ j ·' • ; ' - . ·:;. ., .. ~ ' ~ . 

1,. ~ ,. '" • f ·, • . • 't; · .. } "•· 

.· .. :~ .·· ·: :::;< ·.-~~;.\~/<.::._' .. · .. ·. :;· _:·~\:.:· ,;;.,\.\ -~ . ·. \ 
' -.. . ~· . ....; ' ~-' . 

R.ehovoth~ 

\ . :~ ,_:, \ .. ,, \ 
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suggests a 3/2. assignment for the 1512-MeV etate and somewhat leas 

convincingly indicate• a 5/2+ assignment for the 1688-MeV state. [ 3] No 

aignificant information is c~rrently available on the parity of the 1920-MeV 

· •tate: of couree, for some time the apin and parity of the 1238-MeV atate ·· 

baa been known to be 3/2 +. ·The ~ork o£ Diddens et al. · on the 219.0· and. 

' 2360-MeV atatea provide• no spin, since it waa a series of total-cro~a-

aection ''transmisaion 11 experimenta without measurement o£ angular diatri-
. . ' ' 

butiona. 

Because two-body final states lend themselves nicely to partial-wave 

an~lyaia, we· have selected the reaction• '"-P -A °K0 , E-K+ •. and ~oK:o· for.· 

an analysis of angular distributions and polarization in the region of the 2190· · . : 
. I . • . , •\ . .' ' • 

MeV resonance. From an exposure of the Lawrence Radiation Laborato'ry• • · 

. 72-inch liquid-hydrogen bubble chamber ~t incident '"-momenta-of lSOpt· .. 
1690, 1900, 2050, 2150, 2250, and 2360 MeV/~ (1930,· 2020, 2115, 2180, '. . ' 

·., 
"'!II 

2ZZS, 2265. and 2309 MeV in the c.m.; ~eapectively), · 1639 A°K0 an~.· .. · 
"' ''• ·' ; . 

. ·. ' - + . ',' ,. .. 
1199 I: K events have been found. Because of poor statistics at each of the · · , 

momenta, the :&°K0 reaction is not useful in thi• discussion. In Fig.· 1 we·.· 
.I 

pre~ent the (a) A ° K0 and (b) :1.:· K+ eros's · sections inclucling the data. ~~ a .. 1:1 .. 
' '. . . ... \ 

.·. \ 

. number of other experiments ~t lower momenta. In each caae tbere is no 
.·,. . .... .. 

evidence for an enhancement in the region o£ the 2190.; MeV resonance,. in· . ; : · · ... ·'·.:· · .. 
. ' ' .'· i ~ . : 

' . 
dicating that the contribution of tbia state to thele reaction• is small compa~ed·- '!:· :l . 

to the baC,kground. The well-known rise ·9£ the·A °K0 erose section in the. · ':. 

region of 1030 MeV/c ..... is also aeenJ preaently the aaaoclation of thia en• . 
. . I . . . . 

. :~.! ,•.:. 

·-_,:._· .. 

·hancement with the 1688-MeV. reeonance in the " .. P •y•tem l_• not clea~. · ·· · · · .·,~;:.: 
' ' • • • ! •• . . -: :. ·• \':: .-._ • . • • -~ ~.: ; 

.. '' 

• • 1 •' •• t J 

· .. · . ·, 
. . I. .'- , •\ .......... 

·' _ .. · ' 
;, ·. \ -~ . '. 

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

. t· ,.','I 

''. 

' ...... _ .. t. 

' ' . ':... ', ' :·: '.· \.f:·' .'··' . ·,. -_. ·.:. .. -~·- . .:--· 
. . .. . . . . . . . ~ i' ~ . :· ~- . . 

. . . ·\: : .v 
' ' ' ·, 

'··. ' ' \. 

. .. ' ) ~ ' . ' 

··' .. _. .... · .. 
·· .. '·, 

j •••. 

,' ,·· 
.. ' 

. ... 
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. In Fig. 2 we have plotted the c. m. angular distributions of the hyperon 
.. . . + . . 

for (a) A °K0 and ·(b) E•K • The A 01 • are generally peaked backward• and 

·require high partial waves (F wavee or greater) with l'lo significant change• 
. . . . 

observed at the ·2190-MeV resonance. On the other hand, the E-' •· ahow 
. . 

•triking propertlee. The clat~ require no more than ~o. 39 at 1500 MeV/c, ·. 

and become somewhat leas.complex such that. at 1900 MeV/c.only cos9 i~ 
. ·. 

. ' . 5 ' ' . 
required. At 2050 MeV /c, a large cos 8 term is required which eubsequently · 

. . . 
dies out above the resonance (2190 MeV in the c. m. a 2080 MeV /c in the lab). . ' · 

. . ~ 

We are currently engaged in a phase-ehift analysis of these. data with the fol· 

lowing preliminary resulta: if one assumes o~y Sl/Z and. P 1; 2 ~plltude~ 

·in the background as indicated by the interference term in th~ ~900-MeV/c 

. data, then a J•9/Z.•spin hypoth~sia is favored over 7/2 by a factor of approxi· 
. '! . . 

mately three and over 5/2 by approximately eleven. More general aasuinption~ 
. . 

about the nonresonant. background .will be made in the future. Thia analyaia 
I 

+ . 
with. z:•K does not bifer the parity. 

Lastly, it ahould be pointed out th~t the Regge trajectory associated 

. •' 

; + . . . ·~ 

with .the nucleon (1/2 ) state intersects the Ja9/2 axis at almoat exactly 2190 MeV 

if linearly contin~ed througl:l the 1~88-MeV reaonance (5/Z+). Howev~r, evenlf 

the a·pin and parity of the 2190-·Mev state were conclusively shown to be 9/Z\ 

thle atatement·may have no releva.iic:e, Iince, aa .Profeeaor Chew baa pOinted 
• • • 6! • . '• • . . 

out, the trajectory may be expected to turn over well before thi• point.. · 
'... . . . . ,·.; : ·:,· .... ' .... '., .. ····' ·. ·. · .. · .. ···<· ·,\ ..... ;·.· ... 

., ~ t . ... ' \ '· ' • I ..._ • :. 
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