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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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SEARCH FOR S = 2 BOSON RESONANCES
IN THE MASS REGION OF 1.0 TO 3.1 BeV'
Gideon Alexander, Alexander Firestone, ahd GerSon Goldhaber

Department'of'Physics and Lawrence Radiation Laboratory
University of California, Berkeley, California

May 20, 1968

ABSTRACT
We present results onba search for S =2 bosons in the final states
KK (1=1), k% (I=1, I=0)and Kér (n 2 1) in a 9-BeV/c K p experi-
‘ment. va‘Statistically significant evidence for such resonances is observed
iﬁ thefﬁaSS region‘l.d to'3;i BeV. vThe uppef limit fdr the production cross
section;of the previously reported S =2 ephanéements at 1050 and 1280 MeV
is estimated to be 1.5 and'é;o pb, réspéctively.

A.feature coﬁmén to all well-established mesons is that they may be
classified ih~the singleﬁ and octe£ répresentations of SU(3), and hence may
also be described by a quark—aﬂtiquark pair in one of the various q@ark
models. .For_this reason it is of considerable interest to search for "exotic"
me sons whiéh cannot beiong fo the above class of particles. Several éxperi—
meﬁtslhaye studiea the KK system in the mass region 1 to 2vBeV in a search
for-possible resonant étates which, if found, could be ciaséified in the 10
~or 27 réprésenﬁgtions of SU<3). Eariy results indiéatéd'possible K+K+ resonant
‘states at mass values of 1050 and 1280 MeV,l which have not, héWeVer, been
supported‘by subsequent investigétions.g Spin and parity conservation iﬁply

- +
that S =2 Doson resonances are allowed to decay into the K+K system only
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: + + ' . o+
if their spin-parity is C, 2 , etc.; and are allowed 10 decay into K X only
+ -+ ’
if their spin-parity is 0, 1 , 2 , etc. Furthermore, it has been pointed
out that W-spin selection rules in SU(6)W prohibit the decay of many "exotic"

3

resonances into two-body final states. In particular the decay of an S =2

boson with spin parity 2 is forbidden [in exact SU(6). ] to decay into XK or

W
KK*(890) final states, but it may decay into three-body final states such as
KKn. In this work we have extended thé searchvfor S = 2 bosons up’tQ a
mass value of 3.1 BeV in K+p interactions at 9 BeV/c leadiﬁg to final states
YOKK and YOKKnﬂ (n 2 1), where YQ stana;!for either a A or ;O hyperon. Ihe.
invariant-mass combiﬁations KK and Kknn have been stﬁdied in the fitted and
unfitted évehfs, and no staﬁisticaily significant eﬁidence has been found for
the exiéteﬁée of any. S=2, 1= O, dr I =1 bbson re sonances.

The experimentbwas éarriéd out'in 90 OOObpictureS taken with the 80—inch
hydrogen bubble chémber'at-the‘Brbokhaven ﬁational Laboratory alternating-
gradient synchrotron, exposed to an rf—separatéd 9-BeV/c K% beam. Events
having a visible neuﬁrél barticle decay (VO) were measured with the Lavwrence
Radiation Laboratory Flying-Spot’Digitizér, and the remeasurements ﬁere
carried out with a conventional digitizing machine. The eventé were spatially
reconstructed and kinematicélly fitted to therﬁariéus possible finai-state
configurations having Kovor A particles. Thoée_évents, kinematically consis;
tent with the intefpretation.of A production, were examined on the scan table
by a physicist to check ionization ¢onsistency and_to resolve kinematical.
ambiguities. 1In addition to the wéll-identified fitted events we have also
studied theevents in which the V'O particle was positively identified as A
decay from kinematical fit and ionization data, but did not yield any kine-

matic fit to the production point. 1In this way 51 events were fitted as
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YOK+K+, 70 events_as.AK+K+no, 133 events as AK+KOn+, and 34 events as YOK+K+g+n_,
' and 335 events yielded a fit only to the A decay.

Of the 51 events identified as K'b - YK'K', 11 vere identified uniquely
as the se&en—cqnstraint multivertex fit K+p - AOK+K+, and 9 were identified
uniquely as the five-coanstraint multivertex fit K+p - ZOK+K+. The 31 events
that are ambiguous betﬁeeﬁ these tﬁo hypotheses were aséumed.in the following
anaiyéis to be AK+K+ eyenté. The cross section for the final étate YOK+K+
is o0 = 18i3 ub,‘where the uhéertainty represehts the stafistical error only.
For.the three-body eveﬁfs thé XO hyperon emerges backward in the production
center of mass,.as shown invFig..la. The angular cofrelationvbetween the
two final-statevK+ mésbns in’the overall production c.m. system is shown in
Fig.‘lb. Although in most éf_the evénts one K mésonvemerges forward and the
other backward'in the production center of mass; there is‘a distinct group
of 11 events iﬁ which both K-mésohs emerge in the forward direction. This
:group.0f evénts Suggests the possible éontribution of an S =1 Dboson-
exchange mechanism to the Y°K'K final state. A Dalitz ialot, ME(K;YO) versus M_g(KZYO), is
shown in Fig. lc, where Kf‘and Kb aré fhe more forward.and the more backward
K mesons. There is a low-mass enhancement in the (KEYO) mass spectrum which
may in part be due to the process:vK+p - K+N*+(1688) “>.K+K+A.un-No evidence
‘1s seen for the prodﬁction of 8 =2 Dboson résonanCes in the.K+K+, isospin
= 1 system (see Fig. 3); |

In thé study of the’four—bbdy final states AKKn there ére two major
problems. The first is to evalﬁate the contamination in the fitted sample
from thevundercoﬁstrained ZOKKn events; the secohd is to estimate what is

the effect of this contamination on the various mass plots and angular

distributions. To answer these questions in part we have generated, via
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Monte Carlo calculations, ZOKKn eﬁents which were then processed tﬁrough the
standard geometry and kinematic progrgﬁs. About 66% of these generated events
yield a satisfactory fit to ét least one of the AKKw hypotheéeé. In Pig. 2a

we plot the measured missing mass recoiling against the A versus the fitted

KKn mass for the 203 AKKn data events. Figuré 2b shows a scatter plot of the
"measured” KKn mass'recoiling against the =° versus the fitted KKx mass recoil-
ing against the A for the 86k z°Kkn Monte Carlo events that yield a fit to the
AKKnt hypotheses. From Fig. 2a alone one observes that the fitting prpcedure

to the AKKn hypotheses>essentially does nof alter the KKnx mass_value. Coﬁparison
between Fig. Ea and 2b shows that in fact the ZO contamination in the data |
events is sﬁall, since'the spread in the distribution of the Monte Carlo events
is appreciably larger than in the data sample. It is‘also worthwhile to note
from Fig. 2b that ; sampie of ZKXn events fitted to AKKn hypothéses increases
only slightly the‘KKn mass, and would theféfdre still be useful in a search

for mass enhancéments in the KKn system.

The angular distribution of the A hyperon is peaked strongly backward, .
but a smalllforward peak is seen in the AK+K°n:+ events. The angular correia-
tion between the two final-state K mesons in the production c.m. system shows
that in the major part of the events one K emerges forward and the other
backward. There is not, however, a well-defined separation between these
events and the évents in which both K mesons eﬁerge forward or both backward.
There is evidence for the production of Y*(1385) in both AKKn channels and
for some K*(890) production in the AKK®x final state. The three-particle
mass distributions, M(AKx), do not reveal any known resonance production.

We have ezamined the pure (I = 1) state, K+K+, and the mixture (I = 0, I = 1)

S+
state, K Ko, as well as the doubly charged KKn system, which would be a pure
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I = 1 stéte for those events in which the Y° is a-A hyperon.' The results
are shoﬁn in Fig. 3, where fér comparison the phase-épace distribution 1s

" shown on the M(KKx) plot. |

| Finally we used in the analysis the 335 events in which thevVO is
unambiguously idéntified as A décay, but no kinematic fif t; the production
point was satisfactory. From the Monté Carlo calculations it:is estimated
thét ~ 88% of the events haVing A or 2° in the final S£ét¢ have been identi-
fiéé 5y'the prbcedﬁres diséussed in this work. -The missiﬁg méss recoiling
against the A—aecéy events added.to_the'missing méss of thé fitféd events is
shown in Fig.:3d. The expected phase—space.distribution,ﬂcalculated by usihg
the experiménﬁal fraction of three~, four-, and five-body final states with

a Y° hyperon,.is shown as the solid curve.6 jAs seen from this sample of

623 events, there is.no eﬁidenée'for'the production of S = 2 'stons in
either the I_#-O or I =1 state in thé KK system or in the KKnﬁ~éystems.
We estimate the upper limit of the_production cross sections for the reported
S = 2 enhancements at 1050 and 1280 Mev! to be 1.5 aﬁd 2;O.Qb,vrespectively
in thisvexperiment.._ v ‘. -

We thaﬁk R. Shutt and the staff of ﬁhe SO—inch bubble chamber and'H.
Foelsche and the AGS stéff at Brookhaven for heiping with thé exposure.
Thanks are»alsdvdﬁé to Dr. B. C. Shen fof.his‘important‘cohtfibutions in the
early stages of this experiment. We acknowledge the véluable_Support given
- by our programmihg and scanning‘staff; in particular D. V.:Afmstrong; E. R.

Burns, and R. L. Siefer.
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. slx-vor more body phase space dlStrlbuthnS.:vp,_vzg

'”fIn thls phase space calculatlon we have approx1mated the flve— or more-
:71-; body flnal states by the expected phase space dlstrlbutlon for flve body
‘;J,flnal states.a The excess of events above phase space at the hlgh mass'

“'end of the spectrum 1n Flg. 3d 1s most probably due to the neglect of the
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Fig. 1. ‘Angular distribution in the production c.m. and Dalitzvplot for fhe
kK" final state. (a) Angular distribution of. the Y? hyperon; (b) angular
correlation of the two final-state K' mesons; (c) M?(YOK;) versﬁs ME(YOK;).
The events marked with an "x"varebﬁhose for which both'K+ mesons emerge
forward in the prbduétion c.m. The projection MQ(YGK;) is also.Showﬁ.

Fig. 2. (a) Scattering plot of fitted‘M(KKﬁ) versus the measured missing
mass recoiling_against theiA hyperon of ﬁhe 203 data eﬁents fittéd to
the AKKx hypothéses;. (b)_écattering plQﬁ of the missing'maés,recoiling'
agaiﬁst thé.Zé hyperon'versus the fittéd missing mass recoiling’agaihst :
the A hyperon‘for 86k generated Kp — I KK, events'tﬁat fitﬁed the AKKx
hypotheses. |

Fig. 3. Invariant mass distributions of various B =0, S =2 particle.
combinations. (a) M(K+K+) of the KK final state; shaded area corresponds
to events in which both K mesons emerge forward in the production c.m. |
(b) M(KK) of the AKKx final'stateS; shaded area cbrresPénds’tﬁ M(K+Kf)
and unshaded area to M(KOK+). (e) M(KKn) of the final‘sﬁatés'AKKn. The
solid line is the expected phase-space diStributién. (d) Missing mass
recoiling against fhe A for both fitted évents and events in'which only

the A decay was identified. Solid line represents phase space for a

oy Aoz

mixture of three-, four-, and five-body final states.
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