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Imthial.atter we report l'Oiulta of a atuc:ly af the reaction 'iff + p- K+ K+ N 

at incident momenta lese than Z.3 BeV /c. We fincl that tho distribution in mo­

mentum transfer to the recoU nucleon is eonoistont with the assumption that 

moat KK-paire are produced in peripheral 'If- + p eoWslons, as suggeotod 

by the data of Erwin et al. 1 However, the effective ... maas distributions forth~ 

'RN ayotem indicate that an adc.Utional contribution to the KXN final state ariooo 
0 z 

from production of the isotopic spin I= 0 resonant state Y 0 (1520 MeV), ~th 

• the subsequent decay Y 0 - K + N. We have alao examined the KK elfectivc-

mase distributions for poesible effects due to fina.l-atate inte:racUooa. Althouah 

the K~.K.. etfeetive•maea distribution ie conaistem with the phaoe-opa.ce eotimato, 

an enhancement is observed for the neutral KK-system (K1 Kf1 final statoo) in 

z z the repoD M (K1 K1
) <o5 (l.OZ .BeV) • A satisfactory fit to the data. io obtained 

if the enhancement is attributed. to stro11g scattering in the l = 0, S-wavo KR otntG. 

In a study of the reaction K'"' + p- .A + K + K at Z.Z4 and 2.5 BoV /c, Borte.nza. 

et al. have observed a similar enhancement at approximately ~e same maoo; 

.I 3 however, only final states of the type A K1 Kz were .. ound. The relation of 

the two results is discus sed. 

Tho data were obtnlned durin& an extonoive exposure of tho Lnwronco 

Radiation Laboratory• a 72-in. hydrogen bub})le chamber to a oecond~ry ,­

beam at oix momentum settinns rantsina from 1.51 to Z.Z5 BeV /c. A total of 

ZZS,OOO picturoo with 10 to ZO ,.,- meoone oa.ch 17ero takon and ecr.nnod for 
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visible production of strange particles. Of the 1 z.ooo evonto mensurcd., 158 

were unambiguously identified via the kinematical constraint program 

PACKAGE as belonging to one ol the following hypotheses: 

a. ,.. .. + p- K(j + K .. + P• with KO - 11'+ + w· , 

b - 0 :0' 0 + ... :Jf + -
• 1r + p -K + K + n, with K - 1r + w , anc:l K - tr + 1t • 

The number of observed events together with th• approxitnQta path lont.Jth 

exa.m.itled. ia summadzecl in Table I. 

The Dalitz plot for the reaction ,.. .. + p- 1r.O + K.- + p, together with ito 

projections on the Mz(K°K .. ) and M2(K-p) axes, io ahown in Fia. 1. Since 

the effects of two-body intel'ac:tions may be obscured in evento occurring too 

clooe to the kinematic threobold. all evcants for which the laboratory momentum 

of the incident pion p
11
i s less than 1. 95 Be V / e have been plotted oepara.tely and 

are not used in the analysis of effective-rnaoa distributiono. The pho.oc·spaco 

curves represent weighted averageo for the data appaaring in tho ploto. A 

a( .. l 5.. 2 strong enhancement appears in the M K p) diotribution at M ~ (1 ~o MeV) • 
0 

with estimated full-width r ::J. ZS MeV. Since the resonant state. Y0(15ZO MoV) 

ia readily produced in the 11'. momentum interval etuclie4 here, 4 we attribute 

- (I .0,~ * -the peak to the reaction w + p - Y 0 + K ~.oUowed by Y 0 - K + p. No 

significant deviation from the phase-space curve io obocrved for either tho 

Ma(.K° K .. ) or tke Mz(K0p) distributions. 

The Dalitz plot for the reaction w- + p - K.0 + 'ilf + n io ohowa in 

Fig. Z. In the present experiment we can fit only those evonte for which both 

the K0 and ;!I decay via the K1 - 1r + ~ ,· mocioJ interactions lea.dina to tho 

K1 Kzn final states are Jdnon:uitlcally undordotormined, ei.Ace neither tho 

neutron nor the Kz le oboervecl. 5 In a4dltion, the K0 cannot be diotin(SUiohed 
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£rom the i!f, so that each event muot be represented by two pointe on the 

Dalitz plot. The distribution for M2(1<0~) is otill unique and may bo compared 

directly with the M1(~K-) diotribution; in tho other projection we asoe con­

strained to study the sum of the distrlbutiono for M2(K0n) o.ad M2tK.U'n). It 

must be aoted. that if the product CP ie coneerved in production and doco.y, 

the observed K1 K1 evento result only from those states in which the relativo 

angular momentum, L, of the neutral KK eyat6m le even. Consequently, 

the K1 K1n events serve as a detector for only a restricted portion of tho 

K0 Klf'n final state. 

A comparison of the M1(K1 K1) cli.otributlon with the phaoe-apace curve 

indicates a syutematic tendency for the K1 K1 eyatem to 'be produced with low 

effective mase. a peak occurring in the region M1(.K1 K1) ~ (l.OZ BeV)2• Sinco 

no corresponding deviation is observed in the K°K-p events. wo aocribe tho 

effect to a strong interaction in the 1 = 0 KR syotem. 6 Possible aasipmento 

for the enhanced state are o++, z++. etc. (spatial parity is designated. by tho 

.first superscript and. G-parity by the aeeoncl). This result may be compared 

to the similar enhancement reported lry Be:rtanza et al. • in which no K1. K1 

linal etatea were observed.. With CP conservation, the Gifference in decay 

states is sufficient to eonclud.e that the observed. enhancements must a.rioo 

from strong iD.teractiona occurring in two etatee of the neutral KR oyetem 

with opposite parity. 

a o z:::u The combined M (K n) and M (K n) dietributiono have been examinod 

for evidence of the decay Y: - ;.a+ n. Taldns into account 

o - I • Jf I' (YO ... K + p) r (YO ... K + n) = 1, and the relative 4etection efflclencico, 3:1, 

for K°K·p and K°K0~ final otatoo clue to K0 decay, the ,zo Y:(15ZO MoV) 
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d.eca.ys ob$erved in the K0 K.-p channel lead to the expectation that ·· 7•1.5 

K0 i.lJn events will. be associated ·mth Y~ decay. Although we observe no 

enhancement in the M2 interval centered about 15ZO MeV, a peek of about 

12 counts ie present in tho next higher interval. Although thiB M2 c:Uatribution 

may arise from a series o! statistical fluctuations, the shift in the position 

* of the Y0(15ZO .MeV) resonance may be due to interference with tho atrons 

K° K0 interaction. 

The distributions for the cosine of the nucleon recoil ~gle in the 

11'- t p c. m: oystem, and the invariant momentum transfer to the nucleon, 

A Z, are given in Fig. 3. Chew and l.ow ha.ve shown that if one -pion ex.cha.nse 

(OPE) contributes to reactions (a) and (b). the double·differential crooe section 

z z 7 
io dominated in the limit A - - m'lt by the term 

~z 
Z . Z 2 • o {11 n - KK), 

(A +M'l\' ) 
{1) 

where M io the effective mass of the KR-oyatam. f io the w ... N eoupllns 

1/'l. ... constant (X Z for" exchange), k11'(or kK) io the momentum ofelther pion 

(or either kaon) in the 11'11' c. m. system, and g (mr- K1Q is the KR pro­

duction erose section at energy M for the appropriate initial a.nc1 finnl charge 

states. The solid curves in Figs. 3a aad 3b were obtained by suitable inte­

grations over ~(KR), where we have taken a(mr- KK) oc kg/ktr ancl Eq. (l) 

l to be vallci for phyeie&l1• values of A • Asreemont with the data lo satiafo.ctory. 

In addition, Treiman and Yang have pointed out that for reaction.D ocf;urrlng 

peripherally. there can be no correlation between directiono defined in the 

rcast frame of the incident pion by p0Xpf (initial Ancl final DUcleon momentum) 

and 'PI(<'Pg. 8 After oubtraction of evcnto associated with Y:uszo MeV) decny, 
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is uniform within statistics. 

Il the adequacy of the OPE mechanism is ac:c:epted for KR pro­

ductions not aosociated with Y: decay, Eq. (1) may be used to estimAte the 

cross sections for "•Ht - K + R • 9 In particular, wo shall consider tho 

stronaly interac:tin& I := 0 otate. Since the enha.ncement ln .h.i2(K1 K1) occurs 

close to the K0KtJ threshold. 10 it is possible that it may arise from strons 

S-wave scattering in the KR'-system. ll For &impllc::lty we take into a.<:count 

only the two channels KK -~KK. and KR - 11'1'f. Using the earo·eUoctiva-

lZ range approximation and detailed balancing, we can write the S-wave KR 

production croes section for pure I= 0 initial and final atates: 

where A0 = a0 + i b0 is the 1 = 0, S-wave, KX scattering length. The 

additional factor of two arises from symmetrization ot tho initial and final 

states. Since we assume that the KR oyotem is produced in the S-wave, on~­

fourth of the eve~ta will lead to the K1 K1 final state. 13 Tald.ag into account 

the isotopic composition o£ the initial "-1r + state. we obtain 

+ . 
cr(w·w - K 1K 1) = (1/3) (1/4) 0'0(ww-KR). (3) 

Using Eqe. (1), (Z), and (3), we have evaluated da /dMZ !or several com­

binations of a
0 

and. b0. For ftOrmalizaUon, it wao assumed that all evonto 
2 Z +T 

with M (K1 K1) leos than 1.3 BeV were aeoodated with the enhanced 0 otato. 

We find that Ao Z d: (4 to 6) + 10.3 fermis provides an adequate fit to both tho 

oboerved crooo section14 (determined predominantly by b0) and the shape CJf 

z 
tho M (K1 K 1) distribution. 
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•• 0. Alexaadcn•, G. R. Kal'Wleiech, D. H. Miller, IU1d. G. A. Smith, Phye. 

Rev. Letters !J 447 (1961). 

+ -5. Some fraction ot the K1 - tr +I' + v decays may fit as K1 -v + n • AD 

a check to I' aa.y serious coataminatloa due to K.1 decay a, the Ufetimo 

has been calc:ulatecll.or eveate used ln the prese11t arullysla. We llD.c1 

T • 0.8660.08(10•10)eec, conelatent with a pure sample of K1 4ecnyo 

(eee for example 0. Alexander, &. P. Almeida, and F. s. CJ'awl.ord, 

Phya. Rev. Lettera 9, 69 (196Z), l.oomote 11). -
6. The 1 u 1 KR system c:aa be produced from either the l = 1/2 or I a S/Z 

componeat of the WUal w· + p stat•u consequently destructive later­

terence is posaiblo iA the K°K• cha~mel. Because the clata wore ob· 

tainoci over a range of tncideat momeata, we conelclor Duch a comploto 

accidental cancellation unlikely. 
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1. G. F. Chew and F. :rr,. Low, Phys. Rev. 113, 1640 (1959). -
8. S. B. Treiman and C. N. Yang. Phys. Rev. Letters 8, 140 (196Z). 

9. Theee cross sections were estimated in Ref. 1. It may be noted. that 

the cross sections of Erwin et al. are overestimated bec;:ause ltK 

rather than kw is used in the numerator of Eq. (1) •• 

10. In the al;tsence ot a strong ltR interaction, explicit evaluation of Eq. 1 

yields results for the expected Ml(KX} distribution quite oimilar to 

the phase-space estimate. Consequently, conclusions based upon. a 

comparison with the phase .. epace curves remain unchanged. 

11. The possibility that the enhancement ariseo frorn the decay o£ a. zero 

+~ d strange-ness J = Z ·, resonant state cannot be rule out. However, 

such a state may be expected to decay much more rapidly into two or 

four pions. Since no well-establhhed peak haD been observed in the 

neutral 1nr ayatem in the cor"I"esponding maoo region, tho hypotheeio 

is not required by existing experimental data. It may be noted that to 

the extent that KR-pair pl'oduction occurs peripherally, the loweat 

relative angular momentum allowed to the K°K"' system is L = 1. The 

centrifugal barrier in this state may contribute to the tendency for ths 

Dalitz plot (Fig. 1) to be depopulated a.s M-'(K°K-) .. (M 0 i· M )Z • 
K K-

lZ. See for example R. H. Dalitz. Strong Interaction Physics and the Stranao 

Particles • Enrico Fermi mstitute for Nucloar Studies Report 

EFINS-61-69. 

13. ln addition to having I = 0, the initial S-wave '"" otate io even under charso 

conjugation. C. Since I and C are conserved in the peripheral 
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collision. the final charge state muot be (1/Z) (I<.0Y!f" + Klf'K0) 

... (1/Z) (K+K- + K'"'K+) =(1/Z) (K
1
K

1 
+ KzKz) .. (1/Z) (K+K- + K•K+) 

{.ee for example, M. Cioldbaber, T. D. Lee. and C. N. Yana. Phyo. 

Rev. ~ 1796 (19581J. 

14. Usina the path length given iD Table I, for p, > 1.95 BoV/c, and cor­

recting for the 1 Ofo electron and muon 'bea.m contamination, wo 

estimate the contribution to the croos section to be O.lJLb per event. 



-10- UCRL-105Z~ 

Table I 

Beam momentum Nu.n1ber o£ observed events Path lensth 
(BeY/c) 

K°K-~ K0i.On 5 
(10 meters) 

1.51 0 0 5.1 

1.69 2 7 6.4 

1.89 16 10 10.1 

2.05 13 8 . 3.4 

2.17 Z.4 18 lZ.Z 

l.Z5 37 23 15.Z 

----
Total 9Z. 66 
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.FIGUR.E LEGEt-~DS 

Fig. 1. Dalttz plot fo'f' ,. .. + p - K!' -t· K .. + p. Phaoe-opac~ curvea a'f'e 

normaUzed to the total number of events. Evanto for incident plon 

momenta. p1i. less than 1. 9& BeY /c are projected. oeparatoly. Tho 

shaded areas cort"espond to Pn < 1. ?8 BeV /c. Sea text for clctnUo. 

Fig. 2. Dalitz plot fol" "• + p- K
1 

+ K
1 

+ n. Each event yieldD two pointo 

on the plot. Phase-apace eurveo (dotted) a.re norm.eli&ecl to the totnl 

nWftber of events with Pw > 1.95 BeV /c. Tba effect of otrons 1 = 0, 

S-wave KR scattering is in.dleated for several valueo of tho complon 

scattering length A0 • a0 + i b0-. See text for deta.Uo. 

Fig. 3. Produetion c. m. angular &atribution and invo.riant momentum 
~ . 

tra.n.efer, A • for the recoU llUclecm.. The eoUd. curvoo woro cnl.culntod 

assuming that KK-pair pl'oduction occurs in periphorD.l eoWsiono. 

Data are for p1r > 1.95 BeY/c. Elimination ol evcnto poosibly 

associated with Y ~ dec:ay results in no oignificant chango in the 

dietributlone. 
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