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, A Kv RESONANT STATE AT 726 MaV"® e
" Donald H, Miller, Gideon Alexander,® Orin 1. Dahl, . . .. .
~ Laurence Jacobe. George .R. Kalbfleisch, and Gerald A, Smith

Department of Physics and Lawrence Radiation’ Laboratory
.~ Univereity of California. Berkeley. California .

June 4, l963

In a claeeic investigation of the three- and iour-body final atates pro- -

. duCed in 1, lS-BeV/c K" +p lnteractlona. Alaton et al. ) ‘obtained evidence for

Pt

the existence of three resonant etatee. Yl (1385)-’ A+ " K (885)—- K + w and

KRR

Y (1405) Z+w where numbere ln parentheses are energies in MeV. 'Slnce -

/

' thle work, other experlmente have demonstrated the existence of many additional

Bl

' unstable baryon states as well as five (or more) etrangeneee~ § = 0 unstable

&\

- meson states, Thus i’ar. a aatlefactory claeeificatlon of the lncomplete exe-'

perimental data 2) has been poeeihle within the iramework of the unitary eymmetry ,

3) and Ne' emané) Consequently. the unamblguoue ebser-

- vation of a new Kw reeonant atate would be of particular lntereet. elnce it would
4»imp1y the existence of either a complete new unitary multiplet whoae other

-~ members remain to be diacovered. ora phenomenon whose explenatlon must be

A\l

aonght outslde the conventional unitary symmetry echemes' 6)

To gearch ior possible S§= +1 unstable meson states, we ha.ve studied the

effective-mass distributions for Kr systems produced in «~ + p interactions

| over a wide momentum interval, At the 1962 CERN conference, we reported.

preliminary evidence for the existence of a new Kg resonant etate7). A

sx}sﬁematic analysis of the entire experiment has now been completed. In the -

"'present Letter the behvavior.of'the isotopic epin I=1/2 and I=3/2 Ky systems

{s discussed in detail. We believe that the data clearly indicate the existence

of a weekly coupled unstable etate -ot’ tne K 'é'y;:ém with mass ~ 72623 MéV |
\

and full-width I’ € 20 MeVo No determlnatlon of the epin or parity wag poeeible.

‘

although the data indlrectly eupport the ieotopic epln aenignment 1= l/ 2. _' R
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The data were obtained during an extensive exposure of the Lawrence. IR

Y

.,, +p - 2 +a + K°
 -‘ = +a *'K° e
ffz;+“°+xf i&§7k ‘
> 20+ n” + K
-A + a0 + KO

"A +w +K

_' irequently possible after track ionization was checked on the film

- distribution of events used in our analyois is summarized in tabla 1.
2,05 BeV/c;/and 2.17, 2.25, and 2,36 BeV/ec.
‘I‘he major correlations in reactions (la) through (1f) have alréady been

by the sequences w + p - Y+ Kor Y + K* = Y+w+K Atlower momenta,

the T v K° and Z w'K° events arise predominantly from decay of Yg(MOS) A

R c 4200 were succeeafuny fitted kinematicauY to °n° °f the hmth"“

(la)

.by means of the IBM program PACKAGE. In general. eventa could be.

+ The

Radiation Laboratory' s 72~inch hydrogen bubble chamber to a aecondé;:y %v_‘ .
A beam at seven momentum settings ranging from 1.51 to 2.36 BeV/c.® A total o

" of 250,000 pictures with 10 to 20 plons each were taken and scanned for visible )

| Cam i
(14).
(re)
| (u)”.,',

k properly xdentifxed on the basia oi the adequacy of {fit (as measured by x ) to

" both the production and decay verticea. ‘In ambiguous caees. a decision was

8)

For
- statistical considerations, the data are grou.ped into three momentum intervala*

1.51 and 1.69 BeV/c, the two momenta below the K" (885) threahold. 1.90 and
. discussed in some detail7)._ Vhenever >p‘oasible.v the final states are dominated

" and Yg(ISZO), The Av’K® and Av K’ final states are dominated by Y?(1385).

since it decays weakly via the Zw mode. At higher momento. a significant

Y’f(xeém? ' 9,

. contribution is observed {n all’ Yw' 'char'xneils' from the rccéntly astablished -

’I‘he I= 1/ 2 K (885) appeara strongly in all ﬁnal atatea except

£ E ik g

: ‘pro.duc'tio‘n of strange particles. Of the 11 000 otrange-particle eventa observed. T
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-The dwer:bw&mns in effective<mass-squared,M (Kw). for the pure

1= 3/2 K% ayatem [reaction (la)] are given in fig. 1. Since the ste K.° fmal
o state results almost entirely from Y decay. the M 2(KOn" ) diatribution s
' v de&ermined by ﬁh@ net alignments of the Y 8 along their production directions
3 in the " + p €. m. mystem. For example. if the DB/Z Y (1.320) were produced
| : ' fmm an inﬁtzal S 1/2 -w +p atate. the decay diatribution with respect to the
S _i ":‘production direction would be 1 + 3 cos. 9. Since the data were taken over a

B "range of momenta. thie decay distribution would be reﬂected as a bump at low -~

o

| o o@:her ﬁnal statea. the higher-maaa enhancement could ba masked by K (885).

80 tha& the low-masa bump simulates the decay of an unstable state. It is -

- xmportant then. tha.t the K°w diatmbuhon shows no evidenca of’ structure and

10) )

e 'appears adequately represented by the smooth curve ahown .

The combined M (K-rr) dietributiona for all K°'« aad K ° mystems pro-

' duced in a@aocxaﬁon with z 'a [reactions (lb) and (lc)] are plotted in ftg. 2a.
, o A. strnking feature of the da.ta i@ ehe strong K (885) production (particularly at |

‘ nigher momenta). although the reaction v 4 p - E + K (885) cannot oceur {n

oo

perxpheral collisions involving either X or K* (885) exchange. In addition, the

5 di@tributions exhibit a prominent peak in the interval 0.51 to 0.55 BeV (714 to
742 Me‘i) In order to examine the structure of this peak in more detail, an

: alﬁermtive representation of the data is 'provided in fig. 2b and ¢, where the

K“vﬁ and K'#® events for P, "> 1.90 BéV/c have been plotted separatsly. It

is apparem that the peak persista in each distribu.tion over essentially the same

. mass ﬁxﬁerval. To illustrate the approxima&e size of the effect. we have

attampted to draw plauaibla and mutuauy consistant curves through the data.

.Na significant enhancement was obaerved in the l 51« or l 69-BeV/c data {not

shown separatelv)o although at these momenta the aituation ia unfavorable :

‘becauae phaae apace peaks at low K‘ﬂ' mass. B o | ;\; k.

i R R TR RN BRI S

.
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The observed peaks cannot resule from decay of aligned Y '8, since the
Y#'g Ieading to ‘2.." 1: also lead to E w . " where we find no eﬁ'ect. In additxon.
~ the n‘a_xor contribution to each peak aupeare in tha 1.90- and 2 05- BeV/ ¢ data.
These momenta ‘are below threahold for production of Yl(lébo). the only
resonant state tha'e‘. could contribute signiﬁcamtly to botk Z v’ and T w° final
' states. For @imilar reasong the peaka cannot be attributed to inﬁerference

:between K (885) and Y backgn-ound Consxdermg the pea& in ﬂg Za asa

| si:aﬁwtzcal ﬂuctuation in the 1. 90~ and ,2 05 BeV/ c data. we eanmate a probabxlity
lass G:han 1/500 for the occurrence of a peak as large as observed. Canseqwmtly. N
alihaugh a atatiatical orzgin for the peak cannot be concluaively discounted on the
basis of the preeen& expenment. we conciude that the data almoat certuiniy |
repz‘esem the decay of a new unseable state (hereafter calied the Vx megon) with
strangenass Saﬂ and mean mass ~ 726&:3 M V“ 12) | (

Resolution functions have been calcula&:ed by uaing events witﬁ' MZ(er)' of
0.50t0 0.56 BeV>. The full width at half-masxtmum s 0.04 Bev?‘ for K'v° and
| 0.02 Beva for K"w . From thia we eatimate thaﬁ’. ﬁ:he iuu width of the & is |
i: 20 MeV. 1f the width is several MeV or more, interference between x |
and Y$ decay may be é:':pevct'e.é. Some evidence for the exiatence of auch an -
effect m provxded by both the marked ﬂ:endency for the ';c decay@ to populate
: the YO ‘bande in 'the T “a KO final state, and the apparent difference in widths
for the K #° and Kon® decay mode&lB)‘ SR EARRER |

A straighﬁforward interpretatwn of the data favors the aseignmenﬁ I l/ 2
f&r éha k. Most important. perhaps. {s the absence of an enhancemenﬁ in the |
I=3/2 K% system (fig. 1). mhe wpm of the « were 3/2. both the I=1/2 and |
I= 3/ 2 componenm of the initial w  + p syatem could contribute to its produccion.
In this case, the observed M (.’txow ) dwtribuﬁxon would imply esaentzally come-

plete destructive mterference between the two production amphtudes. a

possibility that appears unlikely over the wide momentum interval studied.



“5a | UCRL-10797 Rev.
Alternatively, if the décay £ > K + 7w represents an allowed transition, the
. Y-gpin of the « may be deduced dizectly from the branching: ratio |
}.‘2.”4 q,f - K@w+)/(m+ - Kl - 9%}, Hewever, the presence of inter-
ference between « and Y$ decay and an incomplete understanding of the
background preciude a rigorous determination on thic basis. Novertheless, |
“in drawiﬁg the curves in fig. 2b and ¢, we have imposed the somewhat arbitrary
addiﬁiion:—il requirement that the"relati*‘ve areas in the I1=1/2 Kz§(885) peaks give
' the correct branéhing ratio, (Kﬁ - K°-:r+)/(i{¢ - Koyt ¢+ k* - E(+w°f =2/3. A
reascnable extrapolation of the vbackgr;und curves through the 0.40-" éo O.?O-BQVZ
" interval euggewcé a branching ratio R = 37/55, consistent with the '.I= l/ 2
.'a@@ignment. It must be emphasized however, that thm branching ratio estimate
cannct in itself provide ationg evidence against the I=3/2 assignment, because
of statistical limitations and obvious background uncertainties. g
We have locked for.any decay correlations that might be present if the‘
spin of the :<  were 2 1. In the K°ﬂ+ final state, the correlations merely
 reflect the accumulation of the « decaye in the Y:;; bande. For the more
favorable E{+ﬁ° final state, the 59 events Wiﬁh‘ 0.50 < Mzin) A 0.54 E@VZ show
a polar-to-equatorial ratio of 22/37 f?r decay with respect to the production_
.direcﬁionw); no significant auiso&ropy occurs for events immediately above
-‘ori bal@#r this mass interval. Bsecause.of the small effects observed, no - ‘-
vcmnc]‘iuéion regarding the spin is possible. )
It is of interest to determine whether the neutral component of the « "‘
ié produced in the present experiment. The M?(Kw) diétribuﬁans for all
K n" and K°x® eystems are given i'n.ﬁg. 3. We find no indication for any
enhancement at 726 MéV. However, a @urﬁus afv ~ 18 events occurs at -
747%5 Mevlé), again arising predominantly in the 1.90- and 2.05-B&V/c data,
| Since the net detection efficiency in reactiong (1d) and (le) wo;xld be 14/27 for
an I= 1/2.' « {or 10/27 for I=3/2), this is approximately the size of the effect

. : , - : .+ - .
one would expect if the cross sections for «% + A and & + Z” were similar.
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Unfortunately, the effect is of marginal statistical significance, so that we

.cannot conclude whether the «° is simply produced very weakly in reactions

’

{id, e, and £}, or alternatively, iz prpduced at about the same rate, but has

‘& mase 21£6 MeV higher than *&:’nev kT |

In conclusion, the existence of an uﬁsﬁable meson with strangeness *

- 8=+1, mass 72043 MeV, and full width I" £ 20 MeV appears reasonably
established from a study of the Ku effective o‘m:zlastz distributions observed in
o p interactions.: The simplest interpretation of these data’ suggests the
isotopic-spin as:signment I=1/2. No‘{mambiguous evidence for a dééerminaﬁion
@5 the spin and parity was obtained. Since we were not able to identify this
mstabie ¥w system with any clearly predicted particle, it has been called the
K meacn.:-rProduction crosg sections are summarized in table 2,

. We are indebted to Mr. Max Leavitt for his éxﬁ:enﬁivé programming "1'. ‘
support in the Feduction of the data. ' In addition, we tﬁank Professors Sheldon
Glaghow, Gyo Takeda, a;;nd J. John Sakurai for interesting canvers'aﬁoms
regarding possible interpretations of the «.

’Il'é: is a pleasure to acknowledge the support and encouragement of
Professor Luis Alvarsz throughout the course of this exparimenﬁ." Finally,
-wiﬁh@uﬁ the skill and patience éz‘ the quéraﬁom of the .éevatron and 72-in. bubble
chamber, as well as the efforts of ouy ﬂcannig;xg andlmeaSuring staffs, thié ‘

experiment would not have been possible.
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The major ambiguity arises in the correct assignment of events to the
5 a%%" and 7w KO final states, since about one-half of the 2~ events
have acc‘eptablé fits to both hypotheses. Using i@nizaticn information,
cne can uniquely identify about one-half of the ambigucus events. The
remainder are assigned to @hc fit with the lowest y 2. We estimate that

less than 10% of the events are improperly assigned. This wes checked
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by using the same procedure on 393 ZS‘wa” events with visible K decay,

ca) I9):.

GV R. Kalbfletech, D, H. Miller, J. J. Mufray, A, H. Roaenfeld. " R
-7 3. B, Shafer, F. T. Solmits, and 8..G. Wojelckl, Phys. Rev. Letters
710,184 (1963). |
ARTY

' whéxe the K° information was suppressed during fitting.

L. W. Alvarcz', M. H. Alston, M. Ferro-Luzai, D. O. Huwe,

Becauna of the known complexity of the final states, no nystematic attempt

;. was made to compare the data’ with predictiom based upon pure phaee'-

. i gpace considerations. Instead, emooth curves npproximately conmstanﬁ

. “with known resonances were drawn through the data. ‘Marked devmtiona _

D from thege curves were then dtudied as possibla new phenomeua. PR

570 Letters, this lesue. o e e

12

1883 3130 s- G- Wojcicki. Gc Ry Kalbﬂcidch. and Md H.- Alﬂtorh Phys. ‘ - Y o

iy
.

Coor

‘e ..

1. S. Goldhaber, and T. F, Stubbs, "Plon Production by K' Mesons on H,

. and Di, " in Proceadings of the 1962 mgermtiépal'Cop{erencg on High--

' Energy Physics at CERN (CERN, Geueva, 1962) p. 358, 'Those authors .

.~ ‘obaserve a Z-etandard-deviation enhancement at 730 MeV. - 'I‘he effect

A

“ would’ corrupond toa crasi wection’ of about 100 to 120 pb for: K ¥ p - K +p.
”In the unlikaly case that both theae offects represent ‘statistical ﬁucmatmns.
i the full width could be ' § l ‘MeV,' o that a larga fraction of the decay .
SN procaadn through electromagnetic interacticna. "To check this poasibility. , :

“'we rescanned all pictures’ containing zMe for e+e pairs which might be

K aasociated with the decay x - K + Y ~Six pairs pointing. back to production,

,verticee were found,’ but all eventa were conaiatent with either = vr"K or

2w “in a.ddition. no kinks were obsarved in the positive tracks

’(K or W ). indicating that tho ertime !n lena than 10 aecf.; *

1
",,‘l.‘c 11"&[ f“
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The approximate equality of the contributiona arising from Y (1405 and

. 1520) decay to the 2 w and T w effective~-mass distributions indxcatea

- that, at least in gome cages, the total decay rates are not serioualy

- affected by interference effects. although the ahapes of the resonances

. 15)
-the same ratiods 5/2L. . T ...

:are markedly altered.

In the 1.90- to 2.09- Bev/c data, Iwhere the x is most copiously produced.

The poésibility of systematic maes shiftb between thé ZwxK and. .'AwK

final mates has bean checked independently geveral: times. no effects

,larger than 2 to 3 MaV were observed. ey e T i
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Table 2.

Estimated cross sections for v + p~+ & + < and " + K" (385).

| - < K (385)
Pion momentum - Obgerved Crose Obaserved Cross
: {(BeV/c) . events . section(ub) __events  gection (ub)
1,51, 1.69 . ~0 o ~0 _ Below threshold
190,205 29 .  6sz . - 105 2082
o 2,17,.2.25,and 236 26 3x1 . 274 . 30%2 -
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- | FIGURE LEGENDS |
’ ‘v}Fig. 1, Mzdk%') distributions for 'pw > 1.90 BeV/c. Since the ordinate
S revpréaa'nts the number of events per 0.04 Bev?Z {the resolution __
:- . width), only every other point is indepehdent. The shaded area
 indicates p: = 1.90 or 2.05 BeV/c. | |
‘ _‘_iFig'. 2 (a.) sttogram of M (Kw) for all Q=+1 Kr systems. The ‘shaded
R area represenﬁs K 7% events ﬁeparately (b, c) M {(Kw) distributions
| ~":'fmt' Kt 2% and Kox' systems \mﬁx P, ? 1.90 BeV/c. The data have .
been avera.ged ovar 0.04 BeV (the resolution width) 80 that only
every other point is independent. The curves through tae data havfé

been drawn to give approximately the correct branching ratio for'_" ‘

Iy

4 .
L} .

~thel= l/Z K$(885 Me&V). The shaded areas in (b, c) correspand to
 p_=1L.90or 2.05 BeV/c. | R
. I?ig. 5. ., MZ(K'«) distributions for Q=0 K« systems with P, 1.90 BeV/ c. -. ‘
' The shaded area is for events with p, = 1.90 or 2.05 Bev/c.
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