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Amoaa tho IJGMI'al group of baryon l'eeo&\ftCos, tho Sa •i and •1 

8t&te8 have been the 8\lbjeet of a ll'eat dell). ot exporlmeutal scrutiny ln the 

past tow yearo. Mu.eh bdo:rmattou nbout those states haa been gained, 

particularly .from the analyala of l»ubbleaoebamber pict'tlrec ot incident K • 
! 

arut ,.. • beams. to thio papel' we lreetdct our diacusalon to the sroup of 

Sa •Z atatee (aenerally called :!
0

) oo that we may relate ln detail some 

relatively recent oxpedmental observations l'eg&l'ding these etateo. 

We have recently exposed the 1'2•lnch hydroaen bubble cha.mbel' to a 

g• boarn of vadOWJ momenta ln the l'&nge z.t to Z.1 BeY/e. t The data 

:reponed here result from a.nalysla ot approximately 700 000 piewres of 

thlo e~poouJ"o with an average of 1 to 8 K• per picture. We ha.Ye 

systematically ~yaed. allreutione involving .B o +t, S • •2 particle 

grotaps. In oummary. with recard to :renonance produetloa, (a) we observe 
) ¢ t ¢ 

coploua production of !! ( t53Z) tuld K (890); (b) we have obeerved a new 

l'eoonance ot mass UU '7 • 1 MeV whleh. io coupled et.ronaly to tho AK 
ehannel0 tU\d ou:r l'eouUs tor tho !hr oyitem ba thlo mass region. appear to 

be conatatent with tho 11GCGftt susaeatlon by the Parla·Sacle.y•Amoterdam 

collaboW'atloa gl'oup of a l'elouue nea!u,• 1.93~ MoVa (c) there 1:1ow appearo 

to be evl<leneo fot ~ resoaanc:e with mo.oa t705 MeV coupled to both the 

AK ucl :!v chanaeloa (d) O\ll' re1ulte .support those of previous 

experlmeratG in the aboeece of the predicted reoona.nce ln the t600·MeV 

roglon. 
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' '. ': \!~~ ;,. w~·pl'e'meat ~~~,.~~ la~,..~.·.: i throUgh,; >:'The :!v and 1(,.. 'mue 

.cUeulb\lt!oa~ to~ tU ~.~tiona K•+p-:!"'e8 K'*';. ~·,+Ko,· and ~·w·K+ 

QJ'fl abown ln Ftae. t tJ:urough., l'fJSptlCtlvely. ba Flg. 4 we plot the A ° K 
mass. dlatrlbuUono lol' .the l'e&cti~& K • + p-A 8 K 0 K:• ar1d A ° K + t< •• where 

events that taU tn the +0 UOZO) band haYe been removed. Slnee the K0 ud 

1<:0 are tdlettnautah&ble, we have included both A° K0 a.a.4 A° K0 mass 

valueo ln all plota tnvolvbaa tho A ° K ° K0 final etate. The data are plotted 

· · eeparately at lru:ident momenta (DeV/e) of (a, e) .t~t. (b,l) Z.45 and. Z.55 

combined. (c, s) 1.63 ud z:ro combined, and. (d, h) all momenta combined. 
. . . I I 

Ill Fig. 5 we have combined data trom the previous tour figures in a way 

ouch that reu:~oD&Utee production lft the' S • •l system te most apparent. The 

da111hed curve& a.l'e calculated phase space not lru:lw.U.ns any fln.al.•state 
. . •·· lnteaoact!oas. Sha.ded caveats ue those that are a! eo tn. the K ( 890) region 

(830 to 950 MeV}. Flgue 6 te eonstru.ctec1.foa- the exp:resm purpose of 
\; I 

llooklng fol' posadble elecuomagnetie decaye ot the type l!* .. \! .. +"'• A 
I 

d1scusolon of these data follows. 
0 • 

1!1: (t532l,and.,K (890) Produetl~-

la all lt'tr and Kw chari~ stateo at aU momellta. etudie4 we obeei'Ve 

· copious production ot theoe established reeonancea. tnaomw:b ae the 

pl"opentee of theue atatea are V~eU determined (I we t/2,. ~p a 3/2.+ !or 

'1!.0 , t • for K 
0

) 0 wo ute:r any moaoe diecnuudon to later and. mozre deta.Ued 

&D8lyoee. 
(I 

~ ( tat '7) Pzro4~tloa 

In zrecent p)l.pero by Smith et.a1.2•5 (Bol'keley) ad Badier et a1.4•5 

. . .· . $ 
( Pula•Saelay•AI)\stel'dam) the mdatence of !! ( i8t '7) waa established. 

Tho .. otate to o'bservoci to c!ecay into A 0 i. as ahown in J"lg. 4, (c) e.nd (s) at 

,. 

.. · 

• 
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lnct4eat mome11ta of !.63 to 2.10 BeV /eo The erabarseement l.n A 1 K. • 

! estabUahee the S • .. z e.eolsnment. Badles- e& at. observe the eame effect 

. lD A 8 K 0 R0 at S Be V /c, althouah they t:So aot see an enhancement in A ° K •. 

Tho dlserepaney may bo otatlstlcal, abu:e the Parle•Saclay•Ammte:rdam 
' 0 + • . 

l'oport coatalna Oftly :SO~ ao mAny A K K events (non-+ only) as the 

Berkeley data of Fig. 4 (g). ThG A 111 K decay mode eatabUshee tm boapin 

QIJ8lpment ot oneohalt. The previously quoted valuo ot the width ol the 

etate (•60 MeV) "W&a overeatlmntod by the Berkeley a:roup; we now a:rrlvo 

at a value of r Q JO. 1 MeV, not in violent dloagreement Ylith the 

Parlo.Saclay•Amotel'4am value of tZ • 4 MeV. 

Reterl"lftl to the :S:tr matU! 4lah'lbuUoao at z~63 to z.10 BoV/c ln 

J'lge., i(e), Z(e), and 3(~). we ob11erve broad eD.hattCements ln aU throe 

dleulbu.tlono ln the mass :ruse ~ t8ZS to i950 MeV. The combined data 

uo ahown to 11g. 9 (a). The Bel'keley £1"0Up origliUilly lnterpreted thla 

'\
1
onhnuoment ao u nltern.ate dec:ay mode of the tSt7•MeV reeonanee. At 

I 

that time tho '!!0 ... data were not avaUAble; and the upwat:d. shift o£ the 

centl'al value of the peak from t8t 1 MeV plus the b&-oadenlng of the peak. 

woa attributed to atatlstlcal cil!ecto or poaalble lntel'fel'eace with the 
0 . 

Cl'oaolna K ( 890) band. However, wlth- the added atatlotice these 

poacdbiUtl•• uow seom unlikely. A fa:r moa-c appeallng l'eeolution of thla 

. lnc:onaloteftcy with tho A ° K data le provided by the :recent work. ot the 

Parle•Saelay•Ameterc!lam g:roup. Their data at 3 BeV/c au.tasest the 

· prooence 'of an I a t/Z treooaaD.Ce wlth ma..s ~:.~ t933 • t6 MeV .and full width 

Ql t40 11: 35 MeV. ·U this S.c tho c&:Lao, then at Z.6S to z. 70 BeV/c the Berkeley 

4llt.a would ahe»W 11e presence of the resonance eenrtdy attenuated by phase 

apace aboft ~r~t925 MeV. A l"oUgh tlt to the data ollrlJ. 5 (a) with a 
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. Brelt•Wipe:r 1'41tiOBUCe loJtm: wtth E0 c l93'• r s t40 MeV plus phase 

space ladlcates that the ohapo of the dloulbutlon in Ws l'eglon i• eonaletent 

wUh such a model. Tbea"efore, we Qonolude that the UJt T•MeV resonance " 

· ls strongly coupled to the A° K chlumel. whereatS the ~" enhancement may 

bo enU:rely due to the p~eceac~ of D. new reeona.nce at,. t933 MeV.6 

-EvldeD.Ce toa- a ::!w, At<. ·Resowuu::e at i ?OS MeV 

In Fl~;e. t(d) nnd 5(b) enbaacemocts in the Yiclnlty of i700 MeV are 

o'baarve4 for tho z•wo ~4 combbsed AK.• (K 0) 9 .AK ... oytJteme. respectively. 

We have eon1.blned. these plots tn Flg. 5(c) to optirr,tme the effect 

etatlatleal.ly. Although the no:rmaUzaUon o! the phaee•spa.c~ cuwvo mAY be 

subJect to oome &lte:ratloa, we estimate the p:robabiUty that the enhancement 

ta a eto.tlatlealflhc;to:ation to bo less than t/300. The S: .. w• and AK• modes 

identify tho atrangerwee to be •Z, whereas the AK mode proves the 

tooepln one•halt assipm.ont. Preoentl.y the Cl'oee•oectlon normalh:atloa 
. . 

i for the :t£8 w... GJample ls unknown, th\UI we a:re m1ablo now to make re.U.able 

eont!llietency ehecko on thlo boaplit aealsnment.. The appaZ'ent width o! tho 

. ·eDhancemeat la approxlmt\tely t5 to ZO MeV. 

, Search for a Rcu.Jonance near· t600 MeV 
. • .. 0 

A un.lt&ry octet consiatina of the Nt/l( t5t2)e Y0 ( i.520), and Y1 ( t660) 

* . leads to a pi"edictlon tor tho !! · member at a maos ot '1598 MeV. The 

calculation of Olaabow and Roce~eld 1 ylelde a predicted width of ao.6 MeV. 

A numbel' of experlmentero bavca failed to observe thlo state. tn the d&ta. o! 

Ftgo. t thl'ough 4 no ef.snWcant ephanc:ements appeal- around t600 MoV. 

. However, the &~1 predicted width of the euto auueets that pel'hapa lt 
. ' 

. . '. . ') . . 

may decay oloc:~omagnetlcaUy ln. the form :S -:!+'\f. To lnveetige.~ tbio 

poaolbUlty we hAve aelected aU events .thAt t'lt the hypotheses !:•K+, 
' . ; 

• 

) ......... 
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'I 
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!!•s.+ .. •. or !t•K+ +(two o• more neuh'al ploae). Normally any event of 

the type '!:•K+ 'I wou14 falllato one of theae catesol'lea lf fitted to the 

eame. J'or theee. events we have ealculatecl ll'om meaa\lred. quantitlee the 

equare of the mlaelns mas a recoUlng againet the !:•K + cyatem. tn 

Flg. 6 we have plotted tlile quantity verouc the aqwuoe of tho invrAdant m.aaa 

of the c~· + mlaelng m&IU1) comb!Mtlon. Any lnterac:tlon involving the 7!. 

and. a musleea particle would ehow up aa a c:lu•ter located on the M2 

(neutrals) c 0 Une. We observe· e!plficant etJ'UCtue at M 2 (neutral c) • 0 

and Mz (~· + Aeutralo) D t.15 (t3ZO MeV), eos-reopondtns to the ~ .. K+ final 

state, ara4 o.l M2 (uutJ.falo) ru o.oz and M2 (!!~ + neutrals) • '2,35 ( t53Z MeV), 

o., + . 
COJrl'e&pon<!lng to tho 3! ,t53Z) K final atate. tn partleul&r, there ie no 

evide~e fcrr Ill\}' structure near M! (neuu,ala) • 0 and Mz Ot• + neutrals) 
. . ' 0 

. •, Z.S6 ( 1.~90 tde!). We conclude that, it the !t ( t600) does exlat. it. le. 

- . . belna produced at a rate equal to leoe th&ft < 0.02 ttmes thl\t for :: ( 1S3Z). 

We wiah to o.eknowledgo the dUlgent elfol'te of ou.; eeannero and · 

mea.aurere, plua the usual excellent o~ratton of the 1Z·ia.ch bubble 

chamber by the c~ew undcu· the d1rectlon ot Mr. Robert Watt. We thank 

P21'ofeoooa- Luls Alvares for his contlnutna support. 
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.AD8lyele of Ute .~ .... ftul atate by the Bel'keley &roup (see Ref. !) 

gl'V68 a two•etaftdard•de.tatlon enhancement at t8i'T MeV tor ~,-,. 

. · HovJCtver, the lnteftaity of this eUf11Ct ls only • 25~ that of A ° K. The 

work of the Parle•Saetay•AmateJ"d.am group agrees with thls result. 

s. L. Qlaahow and A. H. Rooonfeld, Phya. Rev. Letters tO, t9Z -
( 1963) • 
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Figs. f. ·to J. !!" aDd Kw maaa dlsutbutlon.a for the respective final states 

:!•w• K+. :;:•, +Ko •. and ~0" •K+ •at (a) l.t BeV/~. (b) l.45 and z .. ss 

BeV/c combined, (c:; z.63 and 1.70 SoV/c combined, and (d) all 

momenta combined. Shad.ecl evento are ln the Ke(890) bando de!ined . v . 

by S30Ci~(Kw) .s 950 MeV. The dashed curve• are calculated phase 

apace wltho\lt any final•statc lnte ractlons. 

Fla. -4. {a) -{d) Combined AK 0 and AK0 mass distributions for the final ~tates 

A0t<°K0 at z.t .BeV/c~· t.•s and 2.55 BeV/c combined. 1.63 and 
I.··., 

1..10 S.V/c combined, tlnd all momenta combined, rcopccUvely .. 

Evente ln the band 1000 c M(KK) c 1040 have been ren1oved. 

(e) -(h) AK .. mass dhtdbutiona tor the final state A°K+K.• at 

z.t BeV/c, 1.45 and 2.S5 'BeV/e combined, 2·.63 and l.,70 BeV/e 

· eomblned, and aU momenta combined, i•espectlvely. ~vents in the 

. band 1000 c M(KK) 4 t040 have been l't3moyod., The d.aohed phaae-spac:c 

cunea do not lccludo any final•etate lnteraetlona. 

J"ls. 5(a). !:w mase diatzo~buUon !or !!•woK+, ~·,+Ko, and :;;0 w"'K+ 

combiued at z.6S to l., 10 BeV /e only. (b) Combined Mt0 • AK0 , and 

AK • ma:ee diaulbutlone at all momenta with events in the band 

tOOO CM(KK) c t040 MeV removed. (c) Combined z•,.,o:. AK0 , .t:.K0 ,' 

and AK • mue clhsulbudoe.a at all momenta with events in the band 

tOOO .c M(KK) c t040 MeV removed. 

J"t,, 6. Mtealng mase equared (caleulate4 !!'om meaeure4 •azol&bles) 

fti'8U8 i~varl&nt m&88 squared of the (:'i::• + mlstdng m&CJB] 

. combtnaltt,n tor all events that fit the hypotheses ~-K+, i::""K+,tJ, or 

. !!•K+ +(two or more miaaing neutral pt.one). 

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

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




