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A RESONANCE IN THE K- 5YSTEM®

Mazrgaret Alston, Luis W. Alvaresz, ?hiligge Eberhard, | Myron L. Good, §
William Graziano, Harold K. Ticho,” ' and Stanley G. Wojcicki

Lawrence Radiation Laboratory and Department of Physics
University of Califorata, Berkeley, California
January 30, 1961

In a continuation of the study of the interaction of l.bl 5.Bev/c X mesons
in hydrogen by means of the Lawrence Radiation Laboratory 15-inch hydrogen
bubble chamber, we now report a study of the reaction

| K’+p-ﬁ°+ s+ p :  (A)
Examples of this reaction were easily identified in those cases in which the
Ro decayed into charged pions and appeared in the chamber as & two-pbrcmg
interaction associated with a V. A kinematic analysis isolated 48 events of
reaction (A) from other events with atn;uar topology. ! In only one case was
the identification not unique, Correcting for neutral decays of the Ro and for
escape from the chamber, we find a total crolﬁ section of 2.0‘& 0.3 mb for
Reaction {A). |

*Work done under the auspices of the U, 8. Atomic Rnaréy Commission.

‘ ¢
TPreoently at Laboratoire de Physique Atémique, College de France, Paris, France.
sPreaently at University of Wisconsin, Madison, Wisconsin,

“Prenently at University of California at L.os Angeles, Los Angelas, California.



-3~ UCRL-9547
The events are shown on a Dalitz plot in Fig. 1. If the reaction ware
entirely domimted by phase apace. the Dalitz plot would be uniformly populated.
lhltead.' a etrong clumping around proton kinetic energy of 20 Mev is observegl.
This effect cannot be explained by an interaction matrix element that incre:sen
monotonically with decreasing proton snergy. Whereas an extrapolation from -
the region 15 Mev & TP £ 25 Mev would lead one to exéecg a minimum of 16 evente
in the region ’K‘p < 18 Mev, only three are found there. No experimental bias
against very-low-energy protons in the K-p center-of-mass system can exist,
since such protons have laboratory-system momenta of approx 600 Mev/c, and
are easily identified. The observed distribution can best de axplaiued by a
quasi-two-body reaction of the type
‘ K™+ P K 4P {(B)
followed by & decay, | |
| K ~g% o ()
The 3-3 resonance of the pion nucleon systern would show iteelf on the
Dalits plot as a concentration of points along the diagonal line drawn through
Fig. 1. The absence of any evidence for this reaoﬁani:a in our data can be
explained if Reaction (A) proceeds primarily through the 1 = 0 channel, which
cannot produce a p-w system in the I = 3/2 state. Further, evenintheI=1
channel, the 3-3 resonance favors (n + wo) + RY over (p+a)+ KO. and hence
provides additional suppression of this resonance. |
The mase distribution of the K" - is shown in Fig. 2. The mean value
is 88543 Mev.v After removing the number of background events estimated
from the phase-space distribution and unfolding the experimental error on
each of the remaining 22 events (typically 3 to 4 Mev), we obtained a full width

-23 seconds.

at half maximum of 16. Mev, corresponding to a lifetime of 4X10
The angular distribution for Reaction (B) is consistent with isotropy.
Assuming that the K" system is produced predominantly in the s state (which

appoars likely both because of the clogseness to the threshold and because of
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_ the isotropic distribution), we can obéai‘ﬁ an upper limit of the R* spin 8.
If $=0, then the reaction can be produced only through the P /2 ingoing
channgl; if =1, through LT /2 and d3 /20 etc. In any case the decay angular
distributionz is given by

10 = 1aYg o 0.4) 1%+ 1bYg @012 )
with {ai?+ b2 =1, wherea = 1for 8= 0. Here O is the angle of the

Ko in the K*' rest system with "reapect to the incoming K~ direction. The mean
~ value of coszﬁ. baae& on the distribution function (1), is

(s08%0)e (282 +25-3) + 2la| 2 | @

457 +48-3

Experimentally, <col?‘0> for the 21 events lying in the K" mass range

between 870 and 900 Mev is 0,275, Using S=2 in Eq. (2), we find the expected
value of cosz 9> 2 0.429, with a standard deviation of 0.051. The experimental
result thus deviates from the range of values expected for 8 = 2 by three standard
deviations. For 8 > 2 the discrepancy is even greater. On the other hand,
the experimental result is consistent (within errors) with S=0or 8=1., Itis
worth noting that an isotropic decay distribution is obtained both for S =0 and
for $=1 if the 63 /2 input channel does not centribute., For this reason, for
§=0, experiments at several momenta will be required to settle this problem.

Assuming that the K~ and RO are an I-spin doublet, and I=1/2 #if-
’- -

LV S A

equals 1/2; for I=3/2, R=2. In either case another charge stats of R‘. |

namely K.o. should exist and decay into K~ + w or KO + wo

“ ’ - -
the XK'~ I spin, the branching ratio R = (K~ - K~ +

. The value of
this branching ratio, also, depends on the isotopic spin of the R*.
To investigate the isotopic spin properties of the K’* we searched for
examples of the following two reactions
K +p-K +n04¢np, (D)

K +p-K +n ¢n (E)
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These avents appear as two-prong interactions and are much more difficult to
identify than the avents already discussed, since there are usually several
péssibla interpretations for cach inslastic two-prong svent. In particular
there was & pion céntamimtion of about 10% in our incident K~ besam, and the
inelastic pion interactions are kinematically very similar to Reactions (D) and
{£). Both the kinematic fite and the fonization of the tracks were used to
{dentify the events, but these criteria were not always sufficient to distinguish
between various hypotheses. At present we have processed only abbut 2/3 of
- our two-prong interactions, but we feel that the data obtained are reasonadbly
unbiased. |

In both Reactions (D) and (E) there are peaks in the nucleon kinetic
energy distribution in the &® resonance region. On the basis of the aumber of
events in the proton psak of Réaction (D), rour preaém éata allow us to make a
crude estimate of the branching ratio: R = 0.%5& 0.35. The data thus strongly
favor the 1=1/2 state.

The experimental production ratio of ﬁ* via Reactions (A) and (E) is about
‘1, and {s thus conseistent with the prodnctién of the R* through a pure isotopic
spin state.

An 1=1/2 particle, called the K'i with negative parity with respect
to the K meson, has been invoked by Tiomno to explain the backward A peaking

3

in associated production. © Gell-Mann postulated the existence of such a particle

to permit the construction of a strangeness-violating weak-interaction axial
current. 4 The Kﬁ that we have observed has properties consistent with those
poatulated for the K', but, as discussed above, the K‘ spin and parity remain
to be established.

As in our previous communication, we acknowledge gratefully the
auiut%nce of the many people who helped us to obtain and analyze these data.
Cne of us (PE) is grateful to the Philippe'e Foundation, Inc., and to the

Commigariat a 1' Bnergéd Atomique for a fellowship.
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FOOTNOTES

1. M. Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. Grasiana,
H. K. Ticho, and 8. Wojcicki, Phys. Rev. Letters 5, 520 (1960).

2, ~Mchard Spitzer and Henry P. Stapp, Polarization and Angular Correlation
in the Production and Dacay of Particles of Spin 1/2 and Spin 3/2,
University of Cauiomia Radiation Laboratory Report, UCRL-3796 (Rev.),
July 1987 (unpublished); also Henry P. Stapp (Lawrence Radiation
Labératory). private communication, We are grateful to Dr. Stapp for
several illuminating discussions on this subject. ‘

3. Jayme Tiomno, in Proceedings of the 1960 Rocheateyr Conference, p. 466;

also J. Tiomno, A. L. L. Videira, and N. Zogury, Phys. Rev. Letters
{to be published).

4. M. Gell-Mann, in Proceedings of the 1960 Rochester Conference, p. 508.
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Fig. 1. Phase-space plot of the 48 examples of K~ + p —= Ko + v+ p reactions.
Fig, 2. Masgs spectrum of the Ro-w’ systern. The solid line represents the

|
|
FIGURE CAPTIONS
phase apace curve normalized to background events.
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