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In prairiaus lettera we have raporteé a Aﬁ resonance,  called Yl 'E PRI

A },J NORIET: . -f.)'f #hy W»‘w‘"

1. 15~Bev/c K mosons iz_iﬁydrogen in the Lawrence Radmtiem Laboratery 15qin,

‘bubble chamber. We now wish to report the results of the etu&y of the three

»

reﬁétiona . f &

K'+p-.}3++ﬁ‘+v-+ﬂ* | (1)‘
, K'+p-v2°#u*+9f+w' R o (;2)
ah‘,i' S K +p—~ 2% 2P+t ba : - . ) (3)

Alt_hough reactions (1) and {2) are readily identified and meagured, reaction (3)

‘.¢aginot be {dentified sxnamliiguouélys Accordingly, we discuss first the results

pertaining to reactions (1) and (2). Nineteen events of type (1) and 13 events of 7

type (2) were obaerved, corresponding to cross sections of 0.194 .06 and 0.12 .05 mb,

reapectivglygz In a search for possible Zw resonances, we have plotted in Fig. 1
histograms of the invé;ﬁ%iant masses of the £ and each of the three pions in reactions

(1) and (2). Figure 1b5 refers to the L and pion of like charge; Fig. la tothe T

aﬁd‘ each of the pions of unlike charge, Since there are two unlike -charged pions

in each event, tivice as many points appear in Fig. la as in Fig. 1b. The plotted

curyeé, are mass distributions expected on the basis of a uniform phase-space

population., The histogram of Fig. lb agrees with the phase-space curve, but the



T and unlike ~charged pion distribution appears to exhibit an anomaly, suggesting
a concentration of events with a (Iw) mass of about 1405 Mev.

| To explore this atxo‘mily in more detail, we use the following representation

_ of the data. Since, aécording to Fig. 1i, the doubly charged Zr systems do not
depart significantly fro;n the expected phase-space distribution, we eliminate the
iike -charged pion frém further consideration. We then transform the L and the
remainihg two pions {both of charge oppomte ta that of the X) into the center-of-
mass {c.m.) syﬂgrm of these three particlen and “determine the total energy available 7

4 ifi'this particular coordinate system. For each event we can then calcutg,te a Dalits

.,%;';p__lg’)txﬁf ‘the available phase space. However, to permit tﬁe comparison of events

. :‘im invdlve different amounts of c. m. energy, we ca,n -cénvnnieutly ée label the axes

| .i&;if ):f?e Dalits plot to correspond to the invariant Iv mass squared, which is linearly

related to the kinetic energy of the other pion. The phase-space'ellipaos obtained

- frnm individual events are then added to obtain a composite phase-space probability

g‘omtqur map in the mases-squared space. The result of this procedure is shown in Y

'Fig 2a. Only half of the plot is shown, since it is symmetrim about the 45.deg line 3

_ heeauae the two pions considered are indistinguishable.

The expuimantal puints arrange themselves in a vertical aad a horizontal

band, both centered along 1.97X 106

Mav = (1405 Mev) , as if the £ resonated
with either one or the other of the two pions. In order to ‘exhibit the resonance 3
| with better utatiatics.‘ both the distribution of experimental points and the phase-
' a':;mce centéur map are projected onto the axes: the #&ﬁi&a to the right of the
dettad line onto the ordiuata. the ﬁoﬂﬁm to the left onto the abncisaa The resulting
T hiatognms and the diatributiona expected from phase space are then added, The
‘.'reaults are shown in Fig. 2b. Although the position of the dividing lmeiis chosen

in such a way as to exh&hit the resonance most clearly, it appears rather unlikety
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that the disc;repa_ucyiv between the expécteﬂ and observed distributions is a statistical
accident, eayécially in éie"w of the two-band structure of the events in Fig. 2a, I

one interputa the observed diatributian as a resomnco. its paak carrespondo to

a mass: of 3405 Mev,: and itg full width at half maximum is aboit 20 Mev after un-

. w*fetdiug experimoutal orro’m 3 . - o e _ S
: 'I'o iavaatigate furthex tha posaibimy of a resonance in the M ayatam, we

studiea the 39 two-prang events associated with a A that did not f&t a
fﬁ"’ﬁﬂ%‘*\a - A + w +% or K +p —» Eo + ﬂ' +n inwmpretaticn These eventu .

e S - . + ; L
T . K +p - 230 +n +u + ""0 ¥ - SR @)
fmm;«%' *W" e S IR T o« : P {9 -
. R o » i ) - o . . - o ) SN 2
LR LT ¢y e

S : e h tatto +e’ 4 al, .i@j)

ildoatiﬂcaeion is very difficult becmuae only reactton (ﬁ) is suffwienﬂy over- ._

‘constramed to permit a kinematical fit. Furthormoro, m@at of the eveuts thit

are a.ctua.uy examples of reaction (-3) wiil fie. hypathests (ﬁ) , but prabably with 1

larger xz value, .

T
qﬁf‘f’ﬁﬁ" ¥

' * Of the 39 events, 16 had x?

»>2 when kinematically fitted to fhe one «
constraint hyéothesia (ﬁ), Mezqt of tho'u events are probably due to reaction (8).
sinéé a priori only 17% of the events due to reaction (8) should have xz ¥ 2.
Alsé, only vne example of the reaction K +p - A + wtew 4 - and no

Wéi‘alﬁpwb of K +p ~ p rul UL P S Y “0 waere ebue'réeﬁ; thus reactions @)”
and (6) are probably rare. Even though a kinematical fit fo hypothesis (3) is .

impossible, one can obtain the invariant mass of the 2,0’0 system from the
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_ incident K~ momentum and the measured momentur of the two charged pions,

‘However, since no kinematic constrainte can be imposed on such events, the ex-

T Wﬁﬁ%i&‘menﬁal errors will, jn general, be larger than for fitted events and fluctuate

i

more widely, Therefore, the data are better represented by ideograms.

Figure 3a shows the ideogram of the mass distribution of the 16 events with

xZ 2 2. The three events with M<1329 Mev can be interpreted as the tail of the x

2

distribution af reaction {4);. the faur events with M > 1450 Mev are probably due to -

reactions (5) and ( 6) The remaining nine events fall into a narrow band centered

. at about 1386 Mev and are. méat pzabably due to reaction 1‘3) The,_platted curve
s the mase distribution of Eﬁﬁg ;gyetams based on phase space and normalizeé to
nme events. | |

»QLFX«V

In order to permit a direct comparison with the previous figure, again only the

Figure 3b shows the carusponding distribution for the events with ‘vg < 2,

measured momenta of the charged pions were used to cbtain the maas ideogram: -~

The measured diatribution appears to agree with that expected from phase space

£oi- A “0 w*w’ events. No anomaly at M ~ 1390 Mev is observed. Thus there

. ‘ - -
does not appear to be any evidence of the T =1 Y 0 resonance in the Anlnty

o _+

data. Furthermore, if one fite all 39 events to the Aw'w w” hypothesis and then

calculates the (Avo). (Aw*). and (An”) masses from the fitted values, tﬁere is

L ' ” ' ;
;' still no evidence for the T =1 Y resonances. In particular, the peak of Fig. 3a

‘vanishes, Thus we cannot attribute the observed peaks in the mass distribution

 shown in Figs. 2b or 3a to the Y: resonance, espaciallv? in view of the low Z /A

branching ratio of this resonance yreviously repurted. z Because of thia and the
selection criterion used in isolating the events of Fig 3a it seems probable that

- the ni_ne events represcm 3 Eo 0

resonance linked by charge: independence to
the. zta" and £ 2" resonance already discussed. |

It is easy to show that the branching ratic § = Ny0,0 /(N2+n' *Nyoo4 )
uniquely determines the isotopic spin of the resonance. For T =2, 1 or 0, we

have B =2, 0, or 1/2, respectively. Neglecting possible backgrounds, and
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" 'édfrecting foé neutral decays and escape of the A ﬁ fper’ons. in the }‘.‘.Ono case,
we have p = 0.5%0.2, Hence, the igotopic spin of the indicated respnance is zero,

and we will call it Yg ‘
One difficulty of our interpretatian of the data is.the difference in mass of

19 Mevszb Mev between the two peake cf Figs. 2b and Sa. Hawever. since there
_‘u_",‘v ,A‘

" are two idea:ical pions in the charged 2‘: cases and not in the . x0 ea.ces. it is

possible that the effect of Bose statistica could icauee a shift of the peake. Also,

»*:
" from the fact that the eharged Z can resmate with either of the twa unlika charged

_pions, one weuld expect inter!erence effects between the two%éifoﬁ‘anw ampliéndea

: . »,,
‘ - Amather peaeibﬂity §s interference betweaen the resonance and nonresonant back- .
o "'grounds. Both these interferences might alter the cbeerved positions of the peaks.

"ﬁ»,' I ' - ' e gy
Yrthermo:e, electromagnetic mass differences 1n the T'tw-, z n*, and EO0% e

u

y,s_tema caul& afﬁect the ebsorved mags spectra in the three cases. Assuming
'A'.that the probability of decay into any mede is proportional to the momentum available

s m that made (as mcpected for an S-wawe resonance), we find that the ghifting of the

" ’;m duo m mass i ', @rm is aegligible.
'I‘he Yt) could a!so be produced in ehe eventa 'in which the final atate cons{atu
of a z ‘and’ two pimm.- I! it 1o prodnced. it shmald appear 4n the (Efr) masa plmt

o . ;gwau m Fig 34: of ‘our. previous ietter L2 Na aignificant peak e obaerveds htswevor,

‘ :the number oi eveuta in thi: regmu cf thn mass plot ia uncertain because of the

%*lfﬂcultv of correcting t‘mr ‘E* + J + “0 + #9 pmductioa. : The abseucs of the _i"“j;:'

/ 'Yo in this final state’ (Y + w) could be easily understood it' the interaction took
place mainly through the T=0 inftial channal. This hypathe'ai'a- can he tested by
analysis of the interaction Ro +.p (a pure T=1 state) c-urren‘tlyv, being atudied

by, Adaizu ,_3‘

o P S
;\‘J‘é oL ‘,N .'.-_g?‘;; Mg, et
R .

We believe ehat our data for T grige three picms are most naturally

interpreted by invoking a T=0 Zw resonance. However, both because of the
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amall number of évents invo_lved and the éempleuity of the final state, we canact
regard the evidence as conclusive at present, Evidence for a- (Eﬁ - w*) resonance
has been obtained by Eiseuberg et al., who have studied K™ -meson interactions

4 This

in emulsion and find a peaking in the mu)o mass epectrum at 1405 Mev.
beaking copld be a‘ttribu?eé to a Y; + 1o addition, Schult and Cappe have recently
invqﬁed a T=0 resonance at a mass of about 1410 M&v to explain the hyperon
" branching ra.ti‘éj in low-energy K -d interactions. 3

Dalitz and Tuan have shown that the .(b') solution for the scattering lengths
in KN low-snergy interactions will result ina Ew resonance in the' T=0 state.6

Recent values for the zero-energy KN scattering lengths obtained by Dalitz7 using

the data presented by Alvares at the Kiev Conference, s indiéate that this resonance

" will be at 1415 & 3 Mev, with a half-width (I'/2) of about 20 Mev. 1If this ex-

planation of the T=0 resonances is correct, it should have J = 1/2; the observed
T=1 resonance could be the reabnance predicted by globél symmetry with J=3 /2. ?
- Dalitz has pointed cut that the values of the (a” ) solution given in reference’ are
consistent with botha T=1 anda T=0 (Y-w) reeenance;w both of these resonances
should have J = 1/2. | _

The authors wish to thank the many members of the Bevatron and bubble
chambei crews ‘alnd the scanners who made this experiment gbssible. We a_lio
~thank Professors R.H. Dalitz, A. Pais, and B. Sakita for several helpful discussions.
One of us (PE) wishes to thank the Philippe's Ft?nuﬁatian Inc. and the Cormmisariat

a l'Energie Atomique of France for a fellowship.
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could have anything to do with global symmetry as well. This i& certainly not

the case because, if the Yﬁ is related to the global symmetry hypothesis, then

~ there should be alcorraqumding T = 1/2 n-nucleon resonance with Q ~160 Mev.

Thus the existence of a Yo ‘may indicate that the assumption of global symmetry
is wrong. However, ancther possibility is that this symmetry could be valid
in the P-wave w-baryon interaction but not in the S-wave.

R.H. Dalitz, Enrico Fermi Institute for Nuclear Studies, University of

' Chicago, private communication,
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FIGURE LEGENDS

.Mass plote of the neutral and doubly charged Zv systems.

¥

Dalite plot of the 2rat et e events for the system cousiaﬂfﬂng

of a T and two oppositely charged pions. For discussion see text.

F'ig.- 3.

ideogramé of the missing mass for the 39 events in whicha A &nd two

charged pficma wei&'e obeserved and neutral pions were also produced. (a)

Evunta with x a,z ior the A wow*vr hypothesis; the saperimpmued

curve is the phasa -spaice distribution for the 2011 n @ reaction normalized
te nine events. (b) Emmta with xa < 2 for the Av°1r+w hypothesis, and

the expected Aw aj,.ﬁ": phase -space curve.
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