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- since ba@n ebserved in several oﬁ;her mactx.ons,

" reactions in which é.ts production migh’c be Lypecﬁ'ed.

reported by Aistbn et al,’

s< UcRL-ioigs

.. PR omc:'rmm OF
STRANGE ~-PARTICLE RESONANT b&ATES
: BY 2.1~ B“‘V/C w ME:GNS

c:smeon Memnderﬁ‘, George R. K.albﬂewch nom.am H.: Mzmer. and Gorald ﬁx Smith

Lawrence Radxatzon Labo ﬂa'co y a,nd Departmen‘t of Phyaxf‘s
University of California,:- Bes:keley. California

Apnl 26, 1962

In a study of the multxparhcle final states produced by K° +p mﬁeraeﬁons

at 1 15 Bev/c, Alston et al, observed enhancementa in the effective "2‘&’1&&98 dige

 tributions for {a) the Aw system (Y 1. isotopic sPin E 1) a’* 1385 ev, {b) the
#

- Ka system (K ., 1=1/2) at, 885 Mev,z and {c) the Eﬂ system (Y » 1=0) at 1405

'3

Mev, > The deviations from calculated phase-‘-space distributions were attributed

 to resonant interactions between the particles indicated, Statistical limitations

in the data did not periniﬁ the determination of the spins oz parities for the states
- : ' e R B
involved, Though marked corz‘elatians ﬂue ta productian of ¥ 1 and K have

‘45,6 11‘&:&1@ addimcnal emdamee :

"-for s:he e:gastem:e ofa ¥ o &t 1405 Mev has been reported in tbc amay of

3,6, 7 In this letiter wo shﬁw

that the Y is v_;z:«m:mc:s:-:-c'§ atrom’w in 2,1-Bev/c «°+ p intevactions leading to the

4]
final stateg (E x or % m ) E{ . The distribution of events in the region of the

peak sug&,esf;fs that it be identified with & bounﬁ Si/ 2 state of the KN system, -In

‘addition, an enhancement appears in the mEss vegmﬁ ME o 1510 to 1560 Mev .

due to productlon of the i=0, 1520-Mev resonant sta;&e studied first by Ferros
Luzzi et al, & a study of the mass distribution for tlze K s*gfm,em icads to dn

observed width I“= 6025 Mev for the K , 88 compar»ed to ﬁhc value "= 16 Mev
2 E‘ima;iiv. gorne @Vid@zﬁce 'ib pf@wenéed for the exist- .

ence of a resonaut state of the k{w avsiom at En..“{ o 730 Mev,
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The da{ca were obta.ined durmg a recent expoaure of Lhe Lawrence

‘Radiation Laboratory TZ-m. hyarogen bub le ch:.mber in whzch 15 OGO pxcmaes

- wm’s BQ to 7 0 ':r tracka each wera obtmned at ea.ch of th@ momenta 2, 0 ) cmd

2,155 Bav/c. A.n interactions resultmg in ﬁhe productio:z of a visible hyperon
were measured and fitted kinematically wxi,n camputer px‘ograms ‘that adgusted . .
by a ieasaasquares method the measured variables in order to aatzsfy simul -
t&neously the en@rgy-momantum coaservatiom constramts at the prcduc“mn and

decay vez:ﬁices.- Little® difﬁzculty was encountered _m dzsf:ingmehma ﬁm three=

" body final states listed in Table I from the other final states produced, After

Table I, Distribution of numbers of events

_Final State : ; Number ohserved S . Corrected number’
. oaekY R e - e
2. ax'x0 o - T o 7?

3 2kt o s e
’4. 'z:%"zge'"*: o | i B e

s, zw%® 0 w2 es®

6. =% e . fmb

e ’i‘h@ corzection is fer neutral @ecay modes only: 2/3 for states {1) and

(b), 2/9 for state (2)

b ‘\h’*’wtmn ambiguaua events wers aasa&md to states 65) and {6} according to

the lower X vaiue,

i u.f.wgz, each event was examined for ctons%stencgr of the actual track mmz&iion
with that e pected fx'om the calculat@d ixi.s. At this point it was possible to
resolve all but 19 cases of ambxgm’:ﬁy bgatw@.en' reactions of type (B), in which the

0 eithes decayed ﬁeuﬁtallv or outside the chamiber, and type {6). The 19 ambi--_;

o
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: ‘Z..‘ ® E&a evensa. No correaponding peak eccurs in the 7 Ky

| .-35.' . UCRL-10195
guous events were assigned to the hypmhems resulting m the 1ower X sy intro-
ducing a small ¢rror which has no effec& upcn the present «_oncluamns.?
‘I‘he eﬁfec&we«mass plo%s for the Awk events ars given in Figs, .1 and :;; |

T’mey m‘e copnsistent: with the donnnam: pmducmca meehamsmxs

YT AR L e

o Tipe - A_+w+}.{
L A L A +K SRS

in accordance vuth i;he tentative spim asaignmem .'i' = g/z of h»l;r et &1.5 tbe ma ss o

- dxatrxbutwn in the vicimty of &he Y 1 peak h.a.f' been fz&wd wimh 2 pewave resonance

10

formula.l. A s,..ﬁ;isfactory fzt is obtained vxth M(Y 1) 138;“5 Mev avd fuli wm&h

{y 1) = 50 Mev. No s1gmfic:ant ewdemc fex- a peak at emy mgher mass i

ebsezx'veci '

Exams.natmn of the Dalitz plot in F 13. ‘2a for the .'ar«? w0 events and its -
progec%um on the M« @x is indica.tes two regiom ef enhancement,  The Zawelr-

mage pe&k occurs at ME = 1410 Mev a.nd appears particularly clearlv in the

0 -, %
98;. or 2V K" ecvents.

/

| On ﬁ:ms bas;s we asscczate the peak wﬁh the 1=0 reaam,nce reported by’ Algton |

et eﬁ 3 1 The asymmetry of the ﬁmwzbuaz on with respect to the pea Iz wrcwdes
mme @mwn«*e fox- the spm of t;h*s :,a‘ze., On ﬁze mmxt‘, pwt in ,;:*g_, 2a z:m dens u:y-
of events appears to £all off slowly m the f&emv—maw region, ah%zwg, cn the Enrfh

MAass o d of the peak the emhancemeuﬁ: diozppears abruptly at the KN threshold,
vl ¢ ) . .. .
o= 2 05 Bevz. Tkna w m marked comr%t o 'e:he maas distribution {ox the

mﬁ

Aw events aseocmted with the J 3/ 2 ¥ l peairc. and zaug[,os‘sm the Lesxu.wcsz: *—meci‘eé

12,13

fo: a. meom.m@ saccaawd \mth a b@und gb/ vz si,a?:@ af me B system, ’H e

5

' 14 .
t.,c}:,?;ed curve ifx ig. Za represem’.a a fit tca iihca aam ba.zed on ‘ﬂlia modci The full

"r .

width at h-al"- rasimum gwes = 35%5 \ricv. with. th@ unccaﬂamtv aris mg irgm both

st&ﬂm&c:ﬂ }imitations emd imxprecza&'z %\nowlodge oi the bmckgrsumi “The cecond

#
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enhancernent occurs in the 1510- to 1560-Mev mazs regicm; Ferro-Luzzi et al,
havelrﬁ%pcr&ed the existence of an 1=0, '.'Dg/.a' resonance at 1520 Mev with T" = 20

Mev, 8 We obtain an adequate fit to the present data with the values M(Yzmg)' = 1525

Mevand T 30 Mev. ,

The eﬁ‘fecﬁve-maes di‘stxibutidns for the Ku axj_sﬁéms are given in Figs, 3a
and 3b, Plots of several charge cbnfiguratigne’_have- been combined on the

assumption that’feamréé depépdeni: priina:ily upon the Kx effe;ﬁive‘maaé will .

_ persist. The Z7a"K? events ate .shown separately, since this is ﬁh@-onlv case .

in which the Kx system is'in‘a pure I= 3/2 s‘taﬁe.’ We ™ a.’%ribute the broad peak in

the reg*on MK = 880 Mov t@ K pro&ucmom, However. in comﬁ-ast te the narrow

- width T'= 16 Mev observed by Alstron et al for producmon of ¢his state near the

energee:icthreahold.-z a {it to this data gives I'¥ 60%5 Mev, 16. - Some part of this

observed width may ':;esul% from interference between the zx_‘mpiitud@s for ¥ and

K"ﬁ.?ro&ucﬁon.. though the widﬂi varies liitle with the charge state studied,

A sgeccxrad peak in the mags distribution océurs at M.K% = 730 Mev, 'Baeed on

v

the foregoing evidence that the Yv systems tend tobeproduced in resonant states,

: . ' . » ) 2 P % 3
& reasonable estimate of the background for the I events.is cshown by the dashed

" curve in Fig, 3. (Note elso the Ku mass cﬁst?ibution for the =K events), The

statistical mgnaﬁcance of the pec.lf for the cambined %7 sample mus ﬁo?xmvonus

to about m:ee standard devza ions, Since our macs resoﬁ,mwn in m range is
v
less than 10 Mev,. it appearzs hkcly tha.ﬁ: t}wro iz a mscmant K zm@raﬁ:&ian with

M& = 730 .Mev and T <20 Mev. Beca.use of @hc‘ i.zmﬁ,ed z’mmber of events - .

avaﬂuh}.e, ‘RO defm.t@ asmgnmem: of iso‘mp}.c spin ha.s been po%zb'%a. thouwix

I=1/2 is weakly. emgg@smd by the lack of any e!ffect in the Tw & events, The

distribution of events in Fig, 3 mdicai:ea that this rcecmam: state is px‘od‘xced

‘f: I

predominantly in association .thh E‘s. o
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"has mass m = -730 Mev

"mmz > 1‘9 I

Cese EIC’:{L=10195
. It may be noted that if the straﬁgﬁﬁgas :tl zmalogue of. ft:ze p meson.
l?'-la and 'binding ”ia’ﬂue- td p--me son exchanwe, its exw g

pected dacay rate relative to the g may be e hmatcd by usim the. formula - _ 9_

&

I “(K *Kw)ecip /u +p "? )1 R (p/m)(a.ﬁ‘-rl).

whez:e p = 360 Mev is the c. m. momenmm. and R = l/mp zs i:he radms cf o

_. interac:tmn. 'i‘he term in brackets repmsems the effoc?: of “che centrifugnl

ba.rner' /m. the pha.se space. a.md J’ the spin. Wzth 2 simﬂar expression foz "

the P »meson. and thh mp = ‘759 Mev. and I‘p v 100 W’ev, we obwm Z‘&M-wfh): " N “

0 12 I‘é) =12 Mev. "“hw msule suggem%s ?:ha.e. the narzow peak oﬁserved in the

present data wou}.d be conszé;ztent wiﬁh a mwnaﬂt Bw Qtaﬁg aﬁMKﬁ a 739 Mev '

. It is & pleasure to thé,nk Préfcssor\Luia Alva,reés for his sncouragement and.
advice throughout the course of this work, . The experiment would not have 'been. ‘
possiblfa without the able 'support of the bubble-cham.bez" stafs under Messers. . |
J. D -Gow and Robert: D Waﬁt. and the. ecaﬂmng and measuring staf Ff.s under-

Dr.  Margaret Alston and Mz, Robert West,

We are indebted to Mr, Orin Dahl for es tcnavp aagi stance in the,use of -

the computer programs necessary ia the analyais,
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M. Alston, L. Alvarez. p. Ilberhard M. C@od w Graziano, H, Ticho, ;s -
andS Wojcxcki Phys. Rev. Letters 520(1960) P _ - ; -*
M. Alston, L Alvarez, P Eberhard M. Goed W Gra,ziané-. ﬁ; Ticho,;
ands Wojcickx. Phys. Rev. Letters.§, 300 (1961) o v_ o | ;

iy

' M Aiswn, L, Alvarez. P mbezhard E\ Good W. Gz‘z%:.zi&na. H, 'I‘who!

andﬁ Wojcxclu. Phys, Rev.’ Les:tera 6 698 (1%1); | o
xvi. Als’&o*z and a;/I. E‘@rrooLuzzz, Rev. Mod, ths. 33 Mé(l 61} sumr@nae '
'i.he early data on ¥ 1 » e o

R P, I‘ly. Sun»Yiu Fung, G. Chdal. Y’u«-bi Pan. W M. Peweﬂ. zmd H S.
%mm, Phys. Rev. Lemrs 7, 461 (1961}, o o -

».A R Lm:m, R H March, and W. D. ,Valka Préliﬁ‘ximry Reaﬁits‘on

v* 1 aud B procmci:loa in 'sr «gl Coilmmns. to bc p‘;»bliehed in i\lov@ mmem‘oo

~.P Bas\,icn, M. F rre?-Lu zi, . ,.g.m A Ei Ro@eafeid thd. Rev. Lettem <R

?02 (1‘361).

»

Ivi. Eenanwuzzi. R D Tazpp, am"’; M, B ‘viagsam, Pbys, ?ev. Metaera 8,
28(1962), I |

Of the 65 events of types = ‘%f*-'l’ Cor E;'wOK'+ﬁhat. h&d tx%;o or more fits wiﬂ{
x‘?‘ < 6, G (one: -constmin& class), 46 were resolved by wsing iOﬂlaa%C}n '

information, For the 46 evems, 27 agreed with lowest ;g fis, This suggests

_-i:hat of the 19 unresolved events, about eight are improperly assigned,

We assume that the enhancement on the Dalitz plet is proportional to
(C/{E-E ) + 1‘?‘/4} where I'is [Ema}gﬂu + qzaz)}yz and ¢ is the

momentum of %he > 1 decay pradact ih the Y i c.m, system, [see R, Dalitz
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- and D H Miller, Phys. Rmr. Letters 6, 562 (1961} and M GelleMa.nn_ N ;:

‘ ~.~§~.ﬂand‘£{ M. Watson, An‘sx. Raw, Nuclear m:x. 4 2?.9 {1954} 1. "‘he.domed 3

11,

curve correspon&a to the. values a= i/m ?2 = 25 Mev, and }30 1385 Mev.ﬁ SE

We do ﬁot attribute the peak to Y 1 dezcazy since (a) s:hea difference in mean

. emerr?y is 20:to 25 ‘M.ev and (b) the brancb_mg fractzcns for Y i decav wouid

g_ivern? ~Aw)/r(Y -«-z% mﬁ)zs»«huemv »/

I" (Y - }3 + E 1: + ‘E}Gs?o) & 1 3 in disagmemenﬁ with the requir cmeau |

cf cha:we independence. Se e a}.so Rmfs. 3 anc?. 7 The pre sem: cla%a axe nat

12, T

- 13,

14,

'~ effect m f:h.e 23 . K. and =

aufflc;.ert to m_};e «z)ut I= !, £or tha r@somm ma.te. :Tae absence of a sf;roag
0_“ K events ccvuld ba due ﬁo dc@t;ﬁélmére mtex- :
fevence bemeen the proﬂuctwn &mpliﬁ:udes frcm ‘Gzhe mhhal I= 3. / 2 and E = 3/ 2
atazns of the TP syafzem. $3 thﬁs is so, th@ regonam state mt.st be pmdu.cec}
in w Yy - P mt@rac’cions in thc sme cmergy ranr*e. _ The 'a.bse_nc:e‘ of a.gzy eifect
wculd th.en ensure the assigmem& E = 0, | ‘ | | |

""he poambﬂity fo;~ reaonamee of t;his type was first pcmfced ouf E:s'y lw.,

D@llﬁ aad 8, I‘ Tua.n, Phy Se. R@v. Leﬁﬁez‘s 2. 42.5 U?"‘mﬁ}) The mode}; has
bc ndxocussed fuz:ther by R. ﬁahez, Phyc. Rcv. ,..ae’*@;ew 6, 2 &W am

and Reve., Mode:m Fhys. 33, 471 (1961). B |
.i‘l*»‘., L gmm anc:} R. H, Ca,ppu. Nuovo cimento Xiis, 4169 1962 lmwe ernphae
m?j.gd‘ﬁxe_ ‘impo?oamce @f_ i:he 0 in ﬂm low energy f -él abeorgtmn reacéwns.
Tﬁe.‘erﬁmcementier‘ an S;vqave i‘ma..‘ state is p?’opa ‘bom.l to Qem Se E’/z:i)" :
To ob%;aiix i:hé éor rect energy &cpenéene& we uued ﬁ;am é =g {y =3 x/&l }}.'

A sa@zsf&ctory fit to the date 15 cb&aimd with y = QZ«% Mev) =(i§,€) @ev}

. anc’i B= (175 M;ev} '+ For ehe E 0 E*».N system. these vaiuus ym?d a comwi

scaﬁ:ﬁm’mg length a+ ib = -1 23 + m 75 § m madoaab‘ie agmemcnt w:s,%z the
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{b~) solutions of R@f 12., or the type-ll 502%10"1 of Wdham ‘ I'Kt.mphmyﬂ

Hyperon Production by K~ Mesane indldent on Hydrogen, Lawrence

Radiation Laboratory Report UCRL-9752, June 1961 and Ronald R, Rose, R

Elastic and Chargc»ﬁ'ﬂ;cnazwa &ca.ttt.,rlng of K* Mesons ia H ydw ogen,

- Lawrence Radmtion Labcratory Reparﬁ UCM-?W@. .”i'unm 1%1.. .

0

The pea.c 15 compesed predommanﬂ.y of " w K events.,: Wheihe.; this

is due to an interfereuce w:.th the K background or a nonre sonant I =1 -

- amphtude cannot be determined from the present data,

S
15,
16,
17,
is,
190 ‘

The narrow width reported in Ref, 2 has been interpreted as evic‘ienc‘e
for the emstence of 2 centnfugai barrier zn thc«r resonan». state af the t u,w

system. In addition, M. A, Bagi Beg md P. G DeGen s {Phy.). Rev,

 Letters 6, 145 (1961}] have favored the assignment J = [ by assuming a

simple relation between the production cross section and decay width
given in-Ref, 2. In view of the widih observed in this experiment these
arguments are no longer-compelling.

s

M. . Gell-Mann in California Institute of Technology | yneh rotron L""‘b“&iub()ﬁ’“j’

- Report CTSL.-20, 1961, (un;mblishéd} and Phya.-Rev, 125, 1067, {1962},

has discus sed the possibility for ﬂie exictence of such a particie with
i=1/2, calied the Me“maom in this scheme the éxpected mas.éz% is given
'te lowest Grder Ty mM “(1/4)(3m % m ) = 7865«1&:'&. .

3:- Nelemen, Nuc}.ea.r Phys. 26, 222 &l%}l) |

The same ea,lcula.&ion Vzelds I'= 42 Mev for the E‘% at 8&5 Mﬁv, so that -

J = 1 for this state cannot be ruled out by this argument,

Ca )
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Fig-. 1. Diatvributien.in My 2 for the Aw{ events, The;-&oﬁted curve :
 -~,: represen‘cs a fit to a p-wave resorance formula with E= 1 85 3 ;,av
v and =50 Mev. ‘The dashed curve reﬂectc tha T{ be;czzgz-ounéi
- E‘xg. . Dmtribution in I*»L»,e‘ 2 for the z.wm:(. events, In{a) the ﬁas’aed curve
represents the ba.ckground the dotted curves are the resonanw forms
d1scussed in the text. . The area per event ig the same in each Eigure. -

Fzg. 3 Bxstribution in MK for all even&;a.- The da.v.n‘ed curye is the best

es*imate for the ba.ckgm\mci in the '21:&{ events, L e

\
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