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T possibility of plonshypercn rosonspoes assoniated with ©

statas” of the E-muclaon syetem was pointed out in some detell seversl

yeors agos’ In view of the clear evidence, recsntly reported,” of e

#b yescpance at 1355 Mev, it may be of interest to present & simple physlesi

modsl Wiiich mey clarify the mesbihg of the description “bound-state resonance”

and vhich allows 5 simgle ploture of its production provese qualitatively comets tent

with a)l the evidence st present sveilable. - |
¥ consider vave functions” ¢, f vervesenting the BN ami me¥

channels mmtimy (Y demotes A, £ hyporons), ond sotisfying the

boundary conditions |

(g = o & 0] 8 & @] (10

(g = ¥ G| +r & ] . (av)

spresent & MPO-range sppeoaimstion to the intardotion
vithin and betvesn these chamnels, Thelr fom io dicteted by the linearity
ndh ond wel eystems participece and § s o L@ colum metwis, B

p——— A
Work dome under the ousploes &F the U, 8. Atomie Dnergy Comaission,
eraanont Address: Baries Fermi Insvitute for Suclesr Stulies, Univernity
of Chicago, Chicags, Xilincis.
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FPor K0 olactic scattering, W %<¥ channels have outgoing vaves,..

he (@ V2 oo (@)

e in (Ib), ve may elimisate # from these
bepdary conditions, with the result

(r)y = lo+ 4 (s (- 290" oty

« aem) & o] )

by Jackaon ot o1, gor discussion

This fo the boundary cendition: introdused
of Tl seattering.

When the imeginery part b 35 smallewl.8., the cross-channel
fntersction Jeremeter £ 16 smadl {wo argue below thet 7 1s not large)w-
v may apmroximste mmMmaﬁ‘mmb&ﬁﬁrﬂW obd Ps
I¢ & 4is negntive, Bq. (la) then allows an edgensolution

b amiallal) )

¢ = ;
' Jhwx!al 2

nting an 6 4 BB bownd state of mass WM + mp - oo, where
Wy denotes the K8 roduced mass. However, this stets is linked with the
energsticelly svellable #-¥ chaznnels. Fram (1b), the veve function $
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sscdasion ¢ of By, (4) cen bo obiained and the
leads 0 & Pinite lifetime for the K- boumnd state, correspanding to o
nele-vidth | |

rfe = enc"' & {9(1@» w)*’“ (1 « dyg)™t *}

()

m(ﬁ),mmtxsmwmwmwm b of the K-8 scatterl
length, and we have the cimpls mmé,,m,“ £

- ‘3.,
"ws w

Alwif‘

vz = vl e ), (6)

As 48 physically ressonsble, this width will be amall 4f b is swall
(480y the resction K « § « Yo x mamtmw)@?w el e
large (sorvespomding to o diffuge strusture for the K- bownd state).

Tue sat of BN scobttering peremsters which corresponds to the
pessibility of an I e 1 bound etete is the (s4) ocet of Dalits and Tuan,

for wiich b, 10 emall and o, 18 large snd negative, e yresent K «p
date ut lov enevgles leed $0 &, + 4By = -2.08 (& 0.2) + 1 0.20 (% 0,06)
rwmﬁ With neglsct of the onergy Sepeniencs of these parmamete a,a
nave for the K- boundestobe puvemeters (with & ™o, neglecting v),

6

v the
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A=
B, = My + my - if2ma®) s 138 (% 20) Mew,
(n
rfe = b/gfs & 18 Hev.
The redius paremeter of the R-H state (Lo be compersd with 4.3 femis for
tho deuteron) is then ]a[e 1.08 farmia, ao that it &5 indeed quite diffuse.
To discuss the shape of tha f-A resonance aud the &/A ratio at

resonance, we retwen to Egs. {la,b). Por B < ¥y + my, Ve bave

£ ¢ = Fan) /R o | (8)

where nm{a&% o ﬁ)}uﬂ . Just as ve previocusly eliminated #,
¥ can now be eliminated from thes boundary conditions, lesding to the
boundary condition for f,

. 3t
i)y ThGH |, = e -:-f@f;l ) I PO (Y

Wa note that, a;t the resonance enerzy, the coefficient o' becames infinite,
88 i maﬁ.ea;u.y approyriéve. The fivet tem of I’ represeats "potemtisl
mﬁmm“s if 7y were largs, the resomsnce would have an asymetrical form
of the type wull Mnown in neutron-nucleus rescmsace scatbering.’ Since this
effect is not apparent in the date, we believe that ¥y 418 not large (o8
appenre very ressamsble for a plon-lyperon state with J = £ ), and we wild
neglent it hers compared with the rescnance term. The pion<hyperon soattedng
shases may be cbtained by disgomslizing T = o2 T M2, with the reswit

2 a2
tan 8, = Z(E&f;ka;ﬂ&w%) ' wn 8, = O | (10)

ny

vhere er. 8 - denote the resomant and nomresomsnt rhase shifts, respectively.
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The resonant stete has the fora
| #¥, reconant } = {ﬁa%llggm) + 53%1"@‘&‘)}» {31)
and the total #m«\ crose sedtion is

(22)

(v, )%
v {B&A} e o%n : 3 »
am( ) q;f (1 + m)a * (u‘b)é"

whoere

2 2
babza'bﬁwaqu*%qﬁ

is generally energy-dependent.
Experiventally,” the /A ratio st resomsnce is believed to be less

. " ‘ 2 .

then 10f. From (11), this ratio s kiyen by R, - @z{%);- (@,{%)r. In

the present model, an estimate of ¢his rutio depands on & normelisation in terms

of the B/ ratio, R, = (53/3:‘)5(%/%)% » for the I=1 chaznalo at

the K-8 thrveshold. The meooured valua‘w ia Rt = 1.0% 0.8 & Ylows

asit, B> 0.30 0,06, mmy be cbtained from the £/F retio and the

A»ae rate in K’"wg capture ab rest. If 35.' ‘A denote the orbitel angulay

moenta in the s«f apd m-A chsnnels resanancs ratio will be

| 241 22y¢2 | | |
by the centrifugel barriers, that is, ¢.8 R, with odd pritios for Ko and

K-, 0.5 R, for oven peritiss. We ses that it is difficult to obtein o ratio

52 small as that observed wunless the smplitudes az end % have some energy
depandence beyond that due 40 the centrilugal darrier effect.
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With the R-B bound-state interpretation, the production of the

N E+ 28 - () +« n (W) -4+ »n, (x3)

s closely analogous vith the well<kaovn process of deuteron forwation in
mipdeon-~rmieleon colliniong,

e N oo {HN) + w. (1h)

We note timt, for the X~ ensrgies of intorest, the picn produced in Reectiom
(15) travels a distance of eppros. 6 fermis in one msen lifetime of the (KN)
bound stbe, For the seme resscn that peveve pion producticn 38 dastrant™
in Resction (1) sbover fins) c.m. moments R 50 Mew/c, we expect’™ tmt
pesave plon production wm be etrong in Renction (13). This appeers
sonsistent with the excitation curve observed.

Purther, Renction (1) is kanown vo teke ploce predceinantly in those
atates where the m-8 (% 3) resonsnt interaction cen be effective. It 4s
fensonsble to expect similarly for Reection (13) thet the (3,3) resonance will
play in toportant role in determining the douinant yrodwction states. vith
this assunption, y“f production mugt tskalizretnil Wifeon L e 1 inftisl
Bl otates, ans we e Huoe the SSTOo
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{a) x““/”r'“ Rl for the K'-p resction, 20 in comsistent with
ocbservation exoupt at the highest anergy €or 1150 Mav/c K moscns, so
engrgy. which is susavhat deyond the (5,3) resomense W)x el

() stnce T=1 holls for the K'enemd Eosp aystem,

of" + o s !*“H «n ﬂﬁmeg *p wx® 4 Yi.*} » o(Kap =i+ Ym}

+ eﬁK"*p T e ¥ {15)

Further,

(¢) charoetaristic correlstions then yrediced for the (B, 8).
plot of the A+ o +a" svents appesr to be quelitatively consistent vith
the cbeervations.’” |
Also, as for the #'=d eystem, the (33) rescnooce will lesd, ’ cn the
present nodel, to & rather broed “resononce” in the xm‘f'}‘ system for total
energy R 1650 MNev,

. In conclusion, wo remark thet the evidence in mugpart of globel
symotry frou the etudy of hyperco-nuclecn intersctions 1o now quite strong.’”
As Amatl et al. have emphosised recently, the cosursence of o f e ),
3= g' n-h resonance is then o be mwﬁ,ea.w The location (1375 Mev),: the <
belf~width gaw. 27 Mov) and the 5/A ratio prodiqed are all conpatible

il
with the ¥ ocbeservations. Howeovers; 4t must ba remesbered that the influsnce
of the nesy-ty E¥ chamel on the location of this J»% resaance may be

emnsidernble, ani that thio resomance may well be displaced to sore higher

energy value.



p UCRL-5543
:;a’w.

Belpud dicceuwssions of the exparimental dete with Dr. Donald R, Miller,
Dy. Artime 8. Rosenfald, ond other momders of the Hydrozen Bubdie Chasber Groug
movledged with gratituie.
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R, Be Dalits and 8. F. Tuon, Phys, Bev. letters 2, 485 (1959);

Agn. Puys. 10, 307 (1960). The posaibility of interpreting the

donarved < panes in this wy hes been diccuseed recently

by H. Rose and G. Shew, Phys. Rev. letters 5, 579 (1560).

M. H, Alston, Ls ¥, Alverez, P. Eberhord, M. L. Good, ¥, Graziang

H. Ko Tioho, and 8. 6. Wolotckly'. Prys. Reve lotters 5, 560 (2960);

¥, Parroeluzsi, Rovs. Modern Phys., o be publiched (1961); R. Adadr,

Rews. Modern Thys., to be published (1§61); O, Penl, W, Horwit,

D. H. Miller, J. J. lpvey, and P. G. Waite, Phys. Bev, Letters G

0o {1961).

¥or convendence in the later cagressions, wo normnlice esch wavefunction
to (am)™%, whers mumiaag/(m +@,) 15 the “reduced enorgy” in

the corresponding two-particle chamnmed, - .. :

Jackaon, Ravenhall and Wyld, Huovo eménm 9 834 (1958).

This formale i essentiaily equivalent t¢ that for the lifetime

width of the K»p Coulomd Jo state, efter b 4s replaced by

2 (by+ b)) ast o by the appropriite Bokw redius. Hovever,

the difference in shape botween (L) and the Coulosd wave function

gives rise to an sdditional fagtor of 2. \

R, B, Dulitz and 8. F. Tuan, Amn. Phys. § 200 (1959,

For o discussion of thoir derivotion; see R. H. Dsliss, Revs. Modern

Puys., {to be jblished), Appendix A.
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B, Yo are anxious to epimeize explicitly that there is 1ittle physical
reason to axpect these peremeters &y B t0 be storpy-indepandent.
On the conixary, us we note later, n decrgose in D with decsensing
energy oy b expected from vhese~mpace and contrifugnl~borrisr
consdderations. However; wo have ab prosent no lewr guldance
conuening Wit energy depandsnce $0 saume, since this will depend
on the odoption of & spocific model. Ross and Shav (Ref, 1) haee
sasuped an effective range expanaion, bdut the sresent data are
consdstent with zero-affective rauge.

S

effect ou the shays, oand sxpocially on the symetry, of this resorsuxe,
but that 1t hae 1ittle effect on it location ov width.

30s 1. Alveres, The Intersctions of Strange Partisles, lewrence Rediatiocn
Leboratory Report UCRL-G35%, August 1960,

33, Bee, for ewmmple, M. Gell-ann snd K. M. Watson, Amn. Rev. Hucl. Soi.
b 219 (a93h),

12, Note that the R neson cannot emit = single plon, although 4t oan
seettsr plone emitted from the nucleon. %his can give rise o come
s-wave production. Sueh scatbtering eppeare essemtial 1f (3,3) n-¥
resonant enhancenont is Lo oncur,

134 As ohown by celewlations at present being codried out jolutly with
Dr. Do B. Miller and winich will Yo reported at a later time.
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1k, We note thaty in the s+ (K) state with Iol m=0 the
w8 (3,3) rescnonce hes o welghting factor only ooe~balf of
that in the s-4 stote. As a resuls; the “rosonsnce”™ affect is
not expected to be 85 murkoed as is observed in the labiser caee.
Purther, decsuse of the large B8 binfing energy, this vescnance
will be greatly Wondened relative #o the (% 3) resonmw, espenislly
on the high-mergy oldge

15, Ra 8. Dalitz, Rovs, Modern Phyw., t0 de pdlished {1561).

16. fmptd, Vitsle, snd Stenghellini, Phys. Rov. letters 5, 524 (1960).




