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PRODUCTION OF 
STRANGE·PARTICI.~E nESON'ANT STATES 

I .. * · · BY Z.l-BEV C n MESONS 

UCR.L-101.95 

' . . . 
Ctdeon Al~~nder~; George ·R •. : Kalb£l.eis~h,,. P9~d H •.. :Miller, and Oe!'ald A. Sr~-dth 

Lawrence Radiation Laboratory. and Departr.nent of Physics 
University of Ca.liforma,:, .. Berkeley, California 

In a. study of th~ multipa.rticle final states produced by K-+ p inte:ractions 

a.t 1.15 Bev/c, Alston et al~ observed enhancements in the effective-mass die3-

tributiont3 for (a.) the Aw sy~tem (Y
1

\• isotopic spin l=l)at 1385. 11.1ev;1 (b) the 

* . ·z . • . . 
K'iT ~ystem (K , 1=1/Z) at(,88S !.1ev; and (c) the l:Tl system (Y 0, 1=0) at 1405 

. '·. 
' 

Mev. 3 The deviations from calculated pha.se•spac~ distributions were attll:ibu.ted 

to resonant interactions between the particles indicated. Statistical limitations 

in the data ·did not permit the determination o£ the spins or parities ior the states 
. . . . . . * . . * 

involved. Though marked c;or!·elations due to _production of Y 1 and K . h¢~~ve 

since bc:len observed in several o~er :&.·eactio-~s~ ':4, 5• 6 little additional evidence. 
. I . . \ ., : . '. ·.. * . . . . . .. . . ·. ·.... . 

·for the ·e:datence of a. Y 
0 

at 1405 M.ev has been reported in the.:: study of 

reactions in which its production might be expected·. 3• 611 1 In this letter v-;e show . . 

tb..at the y*
0 

is produce4 stron~ly in 2.1-Bev/c ·«-+ p hltea·actions leading to the 

+ .. . - + 0 fincl states (:I: 'lr or E 1r ) K • The distribution of events ia the region of tl1.e 

peak suggests that it be identified with a bo~nd sl/Z state of the KN system~ In 

addition. an enhancement appears in the mass :region W~w = iSH> to 1560 Mev 

due to production of the 1=08 !520-:Mev resonant state studied first by Ferro.;. . 
Luzzi et al. 3 A study of the r.aa.ss distribution for the K~ syete:;.n leads to an 

. . . ~ .. 
observed width r:: 60::.1:5 Mev for the K ... as COn"lpaZ"ed to the value r:::: 16 Mev 

reported by Alston et at. 2 FinaHy. soml.! evidence ls preae11ted for t.lle exist-

ence o! a. reso~nt state o£ the Kw system at ~"1.-t·ii' t1t 730 :M~ev. 
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The data were obtained during·a rec~nt e.Jtposu~e o£ the Law1:ence 

·Radiation Laboratory ·7~-irA.: ·hydrogen ~bble ch2.mber in which 1~,000 pictures 

with- 10 to 20 w • t~acks .each were obtained at ea.eh of the n"lomenta a.035 and· 

2.155 Bev/c ... All interactions resulting in th<! production of a _visible hyperon 

we1·e measured and f~tted ldnema.tically with computer p:&'ogran1.s that adjusted.· 

by a least-squares method the measured va.ria.bles in order to satisfy sim~-
• . . . 'l. . . . ·. . . . . :-' 

ta.neously the.en;rgy•momentur.a conservation constraints at the production an.d 

decay vertices.· LitU,e~~- cll!ficulty was encountered in distinguishing the three..; 

bociy"final states listed in Tabie I £1•om the other fin.-:il states producedo Afte1· 
,/ 

·- , .·' . I, ·.' • • 

Table t. · Distributio·n of numbers of events 
!I ;::; .. :-,4! ; v= c k =====·= -=::;; -::n t'• e " ;;:g a:z::u: ----- * --c 

Final State Number obse:rved Corrected number 

l .. Au·K+ 148 

A OyO 
':·~. 
., 

Z6 2. "ii' ~-

-',;,' 

. 
::t0w •K+· ; : 

3. 55 

4. I:+-a·KO,.. 47 I 

- .. ··· . ' 

47 

5 • ':?.: .. 'il' +KO 142 
. . 

6. 1:: ... wO.£<: + '61 

a. ..l"hs col:::ection is for neutral decay 1-nodes only: 2/3 for Dt:ntes ( l) and 

(3), 2/9 fo1: state (2). 

b. Ninete~n a.vnbiguou.s events were assig:w.cd to states (S) and (6) according to 
. . 

the lower x2 v~ue. 

fitting, each event was examined for consistency of the actual track ionization 
' . 

with that e~:;pected from the calculated fits. At this point it was possible to 
.·\.-

. . ' 

0 . ·.· . . ·. . ' 
· K either decaye.d neutrally or outside the cha:q:tber, ai"ld type (6). The 19 an'lbi-
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guous events_ were assigned to'Ule hypoth.~sis resultingin the lower x2• intro-
' ' ' . ~ 

ducing a small <frror which has no effect upo11 th.e pre sent concl'l,lsion~. 9 .. :. -_ 

.: _'rhe eff<:}c:tiv:e-ma.ss .. pl~ts fer th~ AwK events a.re given in Figs •. 1 and 3 .. 

'l}tey a.r~- c::o,nsietent wi~ the do~nant l:>i'o¢iuction.-~necharusm~S ·. · .. . ' . . . 

*' ' ' ' 
• 1_._,y :+.K ~-l · · . :.·. 

w .. + P _. . =et .J A + n + ~. 
. . ' ,~ .. ',. ,; . · .. : 

,. :•. ···:·; ~' ., A .+ K · :, ... 

ln accordance with tl'!e tentative spinfassign.rne~t J = -~/2~ o'fli:~y ~~;a.l, 5 the··~~?..ss 
. di,st~i~tlo~ ~·-~e· ~e·~nity,_of th~ _Y~·-pe.a~.has' been fi~~~ v.~-~~:a p•wav~ :~~sol1ance 
f~rmula. 10

_ A ~atis~~~tory iit ~~ o~tain~d with M(Y*',- =·l3
1

~~,~~ev ~d full ~~i~th . * · .... , ''·· . : ~ : ·.·' \ t i '. '· • 1 · .. f' ' . • '· .:· _i . • : . .... t . ' 

r(Y 1) = SO lviev. No significant evidencs~ for a peak ~t any l'rlgher mass ia 
;. ~ ' •• • ~ .<. ' I' 

observed~- ',r , .. : . ,. ~ . 

. ± + 0 -~ ' . • 
Exarr..ination o£ the Dalitz plot in. Fig·. · 2a io;;: the :?.: . 'IT K events and :t.ts 

'. . '2 ' .' ' ' ' 
projection on the M.,.. axis indicates rno regions of enha.ncemento The lower-

. .·, LW 

~os peak .. occ~rs at ~w c 1410 Mev a.r-...d appears particularly cle<1rly in the 

.!,. ·- 0 . - 0 + 0 - + · l: · 'ii' K events.. No corresponding peak occurs in the 1': w K or X: w £< events. 
,- I 

On this baais we associate the peak ';vith.. tl'11e 1=0 resonance l."eported by Alston · 

... · 
soTne ~videnc~ for the spin of thia stateo. ·On th.e Dalitz plot in Fig. ia t.hc density-

. ~ ' ' ' ' - ' ., ' ' ' - ,- - ,, ' . ,. ' ' 

o( events a.ppears.~o fall off slowly in,
1
the low-maas:regim.1. although on tl1e high 

n1ass aide of the pea..'!;,;. ~e. enhanceme1it dioappears abruptly at th.e I<.N frn"ed:lold, . . 
2. 2 ' ' 

M- ·. ::::. Z.05. Bev ..•. This is in. ma.rke.'d contt.·Bl~St tothe z.r ... ass distribution fox. the -;;z;w . 

Arr event~ a.seocia.ted w~th the J_ = 3/2. y~ peal(. and suggcsta the bchn.viol· G}tpected 

f~r a reeo~a.ncc associated wi~h ~bound sl/Z 'si..::~.te of the KN systex.rt·. li,l 3 · The 
·~ \ ' . . . . ' . ' . ' ' . .· 14 

dotted curve in Fig. 2a represents a fit ~o ih.~ da.ta based on this s&t.odel. ~ Tne full 
' . ' ~ ' 

vAdth at half-maximum givea r::: 35±5 ~v. with. tho unce:rtainf:'!/ arising fron"... both 
........ .c ... . .: 

.. ". 
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e!'l.hance:rnent occurs in th0 lSlO· to 1560-Mev mass region~. Ferre-Luzzi et al, 

have~r~ported the existence of a.n 1=0,. o3f?.. resonance at 1520 Mev with r = ZO 
.. "; . 

Mev. 8 . Via ·obtain an adequate fit- to .the present ,.data with th~ values M(Yt.'Htt
0

) = 1525 
f I ·• ' 15 " Mev and r'=' 30 Mev. :: · .. 1\. ' ~' I ! ' i ; .. ,; .. 

The ef:teciive•masa di'stributiona for the Kw syst~ms a.:re· given in Figs. 3a 

and 3b. Plots of several charge configurations' have been combined on the 
. . . . . 

. . 
assumption tha.t features depe~dent primarily upon tlie I<w e£fective mass will 

persist~'. The·l:-~-w.-K0 events are·SllOITJn separately, shtce thiG is the only case 

in which the Kw system is.'in:a- pure I= 3/2 state. We' attribute the broad peak in . . 
the region' ~t" = 880 Me~ to K* production. · However, in.contrast to the nar~ow 

1i " • . " ' . . . ' 

widtb. r:::: 16 Mev observed by Alatron_ et Ill. for production of this state :nea.~ the 

. energetic threshoid, 2 a fit to thi:a data giv~s r:r_ 60:!: S !v1e:V·· 16 · Some part of this 

! ~ !.'..~ 
observed width may tesuU: fro~ interference between the a:mplitudes for- Y· and 

K * production. though the width varie a lU:tle with the charge state studied. 
' ' . / 

. t· . . . . 

. · A second peak in the mass diatributiorl occurs at ~'il' ~ 730 Allev. Baeed on 

the foregoing evidence that tbe. Yw systems tend to. be produced in resonant states, 

a reasonable estimate of the background for the !; ·events/is sho•.;vn by tl'le d.ashed 
# •. .fl .. 

.. curve in Fig .. · 3., (Note a.ls~ the K1'i' mass distribution for· the z+r.-·r;;,O events). The 

statistical Si§;nificance Of the peak £or the Combined ~ ~ sample t1:lUS Co:t•l.·osporids 

to about th:-ee standard deviations. Since our mass resolution in th.iD rang<.? is 
,. . 

less than-10 Mev,. it.appeara likely that there is a resolllant K1i interaction vJith 

l:lllK1!' = 730 Mev and r ·~ 20 Mev. Because of .th~ lhnited :numb<lr o£ events 

available. no definite asaignmene of isotopic spin has been possible, though 

I= 1/2 is weaJ;.J.y. suggested by the lack of s:n.y effec't iri the Z: \r -KO events. The · 

dist:dbutioil. of events in Fig. 3 indicates that this :resonant state is produced 

pr~t:dmninatt.tly in association with E 'a. · 

,.. 
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. . ' . 

·has m,aso m = 730 M~v17•: 18 and bindingis due top -meson ~xchan.ge. it:a ex~'·. 

r'J pect~d decay rate relativE) t~ the p. may be estirJlated by .usb'lg the formula.· .. 

. ' 

' ~ 

,. . ·r(K*_., 'Kw) a: ~l /(l + p2R2)] &3 (p/m)(2J 4- l); .· ' ' • 
'I'.'· ; '.- ··: 

( -····· 

With a simUar ~xpression for 
' . . . . . . 

the p -meson, and with :m. = 750 Mev, and r ~ 100 Mev, v.le obtain !(M..g.Kir)= . . . . . ~ •. ·,.. p .· ·. . . : .. p . ·.. ... ',, . . . :-.. '· ". . : .. . : 
,j .. 

0.12. rp. = 12 Mev., This :result suggest~ ~at the nar~ow ~ea'k o~se,rved in the 

presentda.ta.'would be con.ail;ltent with a :resonant K'if state at WJ...,,. 1!11 730 Mev 
. • • • •• .. • • .. : .. • ' •• • ...... '•" i.> .. ; • • . . ' . • • ,., . l:'llo'IT . . . 

·with J ~ 1. 
1

: ; , . . , ~ , . ·, . . . , · .: , , 

~ It is a pleasure to than.~ Professor Luis P..lvarez for his encouragexneut and. 

advice throughout the course of this worl(. The experilnent would not have been. 

possible without the able support of the bubble-chamber ataf£ under Measers .... 
/' . 

{ 

J.D. C-ow ~uid Robert D. Watt, and the scanning and mecsu:dng otafb under 

Dr •. Margaret Alston.a.nd Mr. Robert West • 

We are indebted. to :btb·. Orin Dahl l'or e~:tensiv~ assistance in t'tte use of · . '· . ' . . . ;. . .. 

the computer programs necessary in th~ azla.lyais. 
' ,. . ' : I 

' ··. 

,.If 

!.' :' 

~ • I'' ~ ••·• 

'.;¥,::,, , 

' ·' !;·,' 
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3. i'...i. Alston, L, .Alvarez, P. Ebe:i.'l1ard, M. Good, W-. Graziano, H. Tichoi: 

¥.' ., 

and S. Vlojcicki, Phys. _Rev.· Letters E., 698ll961) •. . 

' .. 

M. Alston at1d *- Fe:rro .. Luzzi, Rev. Mod. Phys. 33, 416 (1961} sum.rna1·ize - . 
* the ea:l'ly data.. on Y 1• 

0 II ~ • 

S. R. P. Ely, Sun·Yiu Fung, G. Qidal, Yu-Li Pan, W. M. Powell.- and Ho. S. 
•:. '• . t '.{ 

White, Phys. Rev. Letters !• 461 (1961). 

6., A. R. 1~:rwin, R. H. Ma:rch, and W. D. ,Vlallter, Prelin1.:hury Results ort 

~~ a~d K* pi:od~ction in .J. ..... r~ ColHsi~ns, . to b0 published in Nu6vo cixne1.1.to~ 
7. · P. Ba.sf..ien, M. Ferr9-Luzzi, at1d A. H. Roserueld, l:'")hyo. Rev. Letters~. 

.. , .... 

. . 

· 2S.U962) •. 

9. Of th,e 65 events of types Z .. 'if-I:K0 or E .,;1ToK+that had two or more fits_ wit!1 

x2 < 6.0 (one-cons.traint class), 46 weze resolved by using io1'iization 

~· 

. ? 

information. For the 46 event3, 2 7 agreed with lowest xc. fit~ This suggests 

that o£ the 19 unresolved events, about eight a:.r~ in::ap_:rope:dy a.ssign~d. 

10. We assume that the enhancement on the Dalitz plot is proportional to 

(r/qj(E-E0)~ + r2'/4r·l '\vhe1·e ria [Z(cla)3 /.U + q2a2 )]'~/ and q ia the 

. * 
momentum. o£ the y 1 d.ecay.product;ih the y~ c. m. system. [see R. Dalitz 
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and D. H. W.J.ller~· Phys. Rev. Letters f• 562 .(1961) and M., Gzll ... Mann. 
,. : ·. 

· .. and K. M. Watson, Anll. Rev. Nuclear Sci~· 4,· 219 (1954) ] •. ·The dotted 
l . . _; J - - • # 

. curve co~~espo.nds to the. value~ a = .~/m:.r• '/- = 25 Mev; and Eo.= !.385 Mev •. ' 
•. . . . . 0 .. ·. . 

u. VIe do not .. a.~~ributa the peal~ t.o y'-i· decay since (a) ths .difference in mean . , 
.t A ' •/ 

. energy, i~ zo~ to 25 Me:v and (b) the branching fractions !ol4 y~ _decay would . 

g{ve r_(Y.*i .-· A1l-) / "r dr*l- -. :z: 0tr~ +. ~-'lfo) ::1 5 whUe r r~*~ -·A+ w0)/. 
· *o · + - . - + · o· o · · . · · . : · · . . . · 

I"' (Y . 1. -. 1;. 1t, ·. ~ 7.: ·tt~"' + ~- w ) lfJI 1.3 in disagree.ment with the reqUl:r:emc11.ts 
~ -~ ' • ~ ~ '~ t ' .,· . 

.. of charge indep_endence. See also Refs •. 3 a.nd 7 •. The present data a.·rc not 

sufficient ;to rule out I = 1 for the resonant state. · The absence. of a strong 
... ' • ' •• j • :. • •• • I" ': • ~ ' • • ! ~ > I . . I ,' •. ' ' I . . . . 

.' ~£ i · ... t. . ..:-• 0,...,.+ d. 0 •v+ d . . . . e.r. ect · n UJ\e .w r.. A an I: 1T ~:·10. events could be ue to demtructtve :u:tte:r .. 

ference .betvveen. the .production ~mplUudea from the initial 1.= 1/Z aud I = 3/2 
. . ' . 

states of the w~+ p system. If this.is so, the re%,lonant state n'l\U:t be prcduced 
.. . 

·!.. 

in tt"' + p interactions in th~ same energy range. 

would then cmeure the assig~e~t (= 0. 

1 z.. The poeai'bility £or resonances of this type wa.s firot pbinted out by Ro 

Dalitz and s. IF\ Tuan, Phys. R<~v., .Letters 2, .425 0 959}. The rr.1odel has 
. . . ,· , -- " ' 

been discussed £urther by R. D~litz, l?hys. Rev. Letters 6, 239 ( 1961) 

and R(;vs., :b-1odern Phys. 338 •l7.1 U.96llo 
' ........._ ' i· 

J • " • ~ • • 

13. R .. L~ Shult and .R. H. Capps, Nuovc) cimento XUl, 4H>, 1962. have e:mpha .. 
•• . ~ ' • - . .iC •• .. •' . . • • • 

si~ed_the. importance of. ~e y·~ in ~o low energy K~ •d abc:loxpti~:a J?eac:tions • 

. 14. The ·~·nJu~.ncement £or an S-wave final- s~ate is proportior..al to {sin 5eio /_q} 2~ , 

To obtain th~ cor:r:ect energy dependenc;e we use~ tan 5 = q, [y ... pi ~<./0+ K .:],)] • • 

A sat~afa.ctory fit to the data is ob'~ined with-y,= {248 Mev) ... 1, .e. =(110 k.1ev)-l o 
~ ' 

' and !3 =·U7S M~v)·1 • For the X= 0 KN systeUl., these values yield a comple:r,;;; 

scattering length a+ ib = •1.23 + ~.0. 75 £, in reasonable agreement with the 

:. ... 

·:. ~~ 

.' 
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(b .. ) solutions of Ref. 12. or th~ type-II solution of· William E. ·Humphrey~ 

Hyperon Production by tC' ¥eaons Itl.~ident on Hydrogen, . Lawrence · · 

Radiation Laboratory Report UCP.JL-9752,. June 1961 and Ronald R. Ross, · 
. . ~~ 

• 
Elastic and Chargo-E:tcha.t'.i.ga ScattGr:lng o£ !("' Meso1'1s in l-7-;rdx·ogen, 

Lawrence Radiation LabQratory Report UCRL-9749 •. June 1961.. · 

15 .. The pealt.ia composed: predominantly o£l:-1/r<0 events> Whether ~'lis 
is due to an in,terfe~ence with th~ K*- background or a nonre.~onant I ::: ·1 

?.;'IT amplitude cannot be determined from th.e present data. 

16. The narrow width reporte·d in Ref. Z has been interpreted a.s tavidence 

£or the existence of a. centrifugal barrier in t."'le reso11.ant state of the Ktr 
.. ··~ . . 

system. In addition, M.A. Baqi Bog ~d P .. C .. D~Celles [Physo Rev. 

Letters 6, 145 (1961)] have f<;~.vored the assignment J :::;; l by asrsuming a - .' - . 
si:tnple relation between the production cross sec::ti9:n and decay width 

giveni:n.R.e£., ,Z. In view of th<:~ width observed in this experiment these 

arguments areno longer .. compelling. 

17. M •. Qoll .. :t...tann in California institute of Technology SytlCh&·ot:ron Labo::ro:to1.-y 

·· Repol"t CTSL-200 .1961, (unpublished) and Phyao ·Rev. 125, 106711 0 962), - . 

has discussed the possibility for the e:tistence of such a particle vvith 

i ::: l/2., called the M·meson. In this £:chen"le the expected r.nass is given 

to. i.ov·.;est order by mM ={1/ ~)( 3mw ~r mp ) :::.730. l:viev. 

18. Y. N~'emen, .Nuclear Phys. 26, 222 (196l). 
. -t!: 

19. · The aame calculation yields r = 42 lv!ev for the t< at 8S5 ~:1ev, so th.at· .. 

J = 1 f,);r this state cannot be r ... ued out by this argument. 
' . . 

. ~,; ' ... . 
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LEGENDS 

Fig. 1. Distribution. in ~1.A./· for the A:rr~< events. The. dotted cu1.·ve 

represents a. fit to a p-wave resonanc.e formula. with E=1365 Mev . 

and r :dl 50 Mev~. ~e dashed curve l.•eilectm ths K~ background·. 

Fig·. 2.~ Distribution. in M.£~2 for the Z'iTlt events·. In (a.) the ~~ashed curve. 

repres.ents the ·ba.clcground; the.dotted curves are the resona~ce forms 

discussed in the text •. The area per event is the same. in each. figure. 

Fig~ s: '• Oist;ibuti~· In My.,/· for all event .. ~· . The dashed cury~ I~. the best. 

estimate .£or. the,: bac~<ground in the, ~trK. events. 
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