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Evidence for the Existence of a Kn
Resonant State at 726 MeV?®
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Department of Physics and Lawrence Radiation Laboratory
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In a classic investigation of the three~ and four-body final states
produced in 1; lS-BeV/c K~ +p interactions, Alston et al; 1 obtained
evidence for thé existeﬁcé of three resonant states: Y’; (1385) = A + 11’.3
K*(BSS) K + 7y and Y;(lftos) - ¥ + w; where the numbers in pa.rent;heses
are the energies in MeV, Since this work, other ’experiment;s Have demon-
strated the existence of many additional unstable baryon states as well as five
(or more) strangeness Snb unstavbl'e meson states‘. Thus far, a satisfactéry
classification of the incomplefq eﬁcpérimentﬁl d:a.t.a.-2 has been possible within .
the framework of the unitary symmetry model of Gell -Mann3 and Ne'e:nma.mv.4
- Consequently, the unambiguous observation of a new Kw resonant state |
would be of particular interest, since it would imply the existence of either a
complete new_unitar,y niultiplet whose other members remai‘n to bg discovez_‘ed.
or a phenomenon‘Whose'vexplanatibn must be soﬁght outside the cqnventional
unitary symme'tr_y,v s;ch.en‘?e. 5,6 |

In order to '_'a?';éax_-ehl;fér possible S=+1 unstable meson states, we have
studied the effectivé-m#ss distributions for Kw systems produced in v +p
interactions over:a wide momentum interval, In lﬁhis Lietter we report
evidence that strohgly i-ndicates the existence of a weakly coupled unstable
state of the K systeni7 with mass ~726 + 3 MeV and full -width T <20 MeV,
| No‘ determination of the spin or parity was possible a.ltho{xgh the data indirectly

support the isotopic spin assignment I = 1/2,
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The data we ré obtained during an extensive exposure of the Lawrence
Radintxon Laboxatory s 72 -inch hydrogen bubble chamber to a sec.ondary n
beam at seven momentum settinge ranging from 1.51 to 2.36 BeV/c. A
total of 250, 000 pictures with 10 to 20 pions each were taken and scanned for
visible pfoduction of strange partviclea.. Of the 11, 000 strange -particle

events observed, 4200 were successfully fitted kinematically to one of the

hypotheses
nmtp-xtaaTek® - "'(la)
_.i,"*‘"'.‘"-,;,.. K® | | (1bj.
- R gt | v(_1‘°)
Lxeltext g
-.'»A + 0+ K . o f‘“”-
Y

.by me'ané.of the IBM.progrvar'n PACKAGE, In gen'er‘alv, events could be
.prt‘)perly identified o}i _ﬁie_ bp.éi_’a of ‘the;.a'_dequacy of ﬁt (éa’ meaq\;:ed by j(z.) to
both the prc;ductioﬁ ana' decay vertices., In avmbiguods. cases, a decision was
frequently possible after frack ionization was éhggked, on ';}'u.?;'film.:8 Thg .
distribution of events uaéd_ _ih our analysis viv-.s summavr_izﬂe‘d in Tgbla-!_, For
’eta'._tis_tic':al éon'sidéx‘a’tions, Aflfx.evdata' aré 'gréﬁped int; thx;eé mome'n'tum‘ intera
vals: 1,51 and 1. 69 BeV/c, the two moménf& below fhe K*(.885)v thte'éhvold; :
1.90 a.nd.»z. 05 BeV/c; and 2.17, 2,25, and 2,36 BeV/c,

The major correlations in ‘r'eac_tions (1a) through (1f) have already been

7.9

_ discussed in some detail, Whe‘név‘er possible, the final states are

. : ) " , :
dominated by the sequences v +p-Y +K or Y +K =Y + v +K, At
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lower momenta, the E+ v %% and ¥~ 1r+ Ko

events arise predominantly
from decay of Y;(MOS) and Y (1520). The Ax®K° and An” &' final
states are dominated by YT(IBBS), since it decays weakly via the I mode,
At higher momenta, a significant contribution is observed in all Yn channels

9,10 The 1=1/2 K*(885) appears

from the receﬁtly established YT(1660).
strongly in all fiﬁal states except z? n KO,

The distributions in effective -mass-squared, MZ(Kw). for the pure
I=3/2 K«  system [reaction (1a)] are given in Fig. 1. Since the zte KO
final state results almost entirely from Y* decay, the MZ(K° w_) distribution
is determined by the net alignments of the Y*ie along their production

directions in the « +p c¢,m. system. For example, if the D3/2

Y5 (1520)
MeV were produced from an initial Sl/z' n  +p state, the decay distribution
with respect to the production direction would be 1 + 3cosz(). Since the data
were taken over a range of momenta, this decay distribution would be reflected
as a bump at low Kn effective mass, with a smeared enhancement at high
effective mass, In other final states, the higher mass enhancement could be‘»
masked by K*(BSS) so that the low-mass bump simulates the decay of an
unstable sfate. It.is‘important then, fhat the K% o~ distributions show no
evidgnce of structure and appear adequately represer;ted by the smooth curves’
shown, 1
.'I‘_he combined MZ(Kw) distributions for the K° 11+ and K+1r° systems
produced in aésociation with =7 's [reactions (1b) and (1c)] are plotted in
Fig. 2a, A striking feature of the data is the strong K*(BBS) producﬁon
{particularly at higher momenta), although the reaction n +p-=Z +x*t(885)

*
cannot occur in peripheral collisions involving either K or K (885)

exchange, In addition, the distributions exhibit a prominent peak in the
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interval 0,51 to 0,%5% BeVZ {714 to 742 MeV), In order to examine the
structure of this peak in more detail, an alternative representation of the data
is provided in Fig. 2b and ¢, where the K° ' and «' 7® events have been
plotted separately, It is apparent that the peak periists ix_i each distribution
“over essentially the samne mass interval, To illustrate the approximate size
" of the effect, we have atternpted to draw plausible and mutually consistent
curves through the data, No obvious enhancements weré observed in the 1,51~
or 1.69-BeV/c data {not éhown), -although at these momenta the situation is
unfavorable because phase space peaks at low Xn rass,

The observed peaks cannot result from decay of aligned Y*'s, since the
Y*'s leading to = » also lead to 23+1r-, where we find no effect, In
addition, the major contribution to each pe:allt appea‘rs in the 1,90~ and 2,05~
BeV/c data., These momenta are below threshold for production of Yr(1660),
the only resonant state that could contr.ibute significantly to both £~ +" and
= %% final states, For sisnilar reasons the peaks cannot be attributed to
interference between -".{*(885) and Y* bac.kgrcn.un.d0 Considering the peak ivn
Fig, 2a as a statisticai fluctuation in the 1,90~ and 2, 05 ~}75éV/c data, we
estimate a’pro'babilit‘y less than 1/500 for the occurrence of a peak as lafge as
oﬁserved. Consequently, a statistical origin for the peak cannét be conclu-
si'vely discounted on the basis of the present experiment alone, HmvéVer, in
view of the remarkable coincidence in mass with the peak observed byv Wojcicki

et al, ,12_ we conclude that the data almost certainly represent the decay of a

new unstable state (hereafter called the x meson) with strangeness S5=+1 and

13

mean mass ~ 726+ 3 MeV,
Resolution functions have been calculated by using events with M.Z(Kw) of

0.50 to 0,56 BeVZ, The full width at half-maximum is 0,04 BeV® for K n?
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and 6. 02 BeVZ for K° n+. From this we estimate that the full width of the
x is <20 MeV, If the width is several MeV or more, interference between «x
and Y”* decay may be expected, Some evidence for the existence of such an
effect is provided by both the marked tendency for the « decaya to populate
the Y;bands inthe £ n' i{° final state, and the apparent difference in
widths for the K+'n° and K° vr+ decay modea.. 14
A straightforward interpretation of the data favors the assignment
1=1/2 for the «, 'Most impertant. perhaps, is the absence of an enhance -
ment inthe [ =3/2 K%n~ saystem (Fig. 1). lfthe I - spin of the «x were"
3/2, both the T=1/2 and I =3/2 components of the initial ‘v~ + p ~system
could contribute to ilta broduction. In thi's case, the observed , MZ(KS n)
distribution would imply essentially complete destructive interference
between the two production amplitudes, a possibility that.appeara enlikely |
over the wide momentum interval studied, Alternatively, if the decay
k =K +v represents an allowed transition, the I - spin of the x may be
deduced directly from the branching ratio R = (n+ - K9 w+)/(x+ - K+ MR |
- K%y ) However. the presence of interference between « and Y
decay and an incomplete understanding of the background preclude a rigorous
determination on this basis., Nevertheless, in drawing the curves in Fig, Za, :
b, and ¢, we have impoased the somewhat arbitrafy additional requirlemem:'15
that tl;e relative areas in the VI =1/2 K*(S_BS) peake give the correct
branching ratio, x" - %o 1r+)/(K -~ KOt 4 -~ K0 = 2/3, A reasonable
xextrapola..tion of the background curves through the 0, 70- to 0, 40-Be V>
interval suggests a branching r>atio R = 37/55, consistent with the 1= 1/2
assignment, It must be emphasized however, that this branching ratio esti-
mate cannot in itself provide evidence against the I = 3/2 assignment,

. \
because of statistical limitations and obvious background uncertainties,

\
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We have also looked for any decay correlations that might be present if
the spin of the .n were 21, Inthe K© . final state the correlations
mer’ely reflect the accumulation of the « decays in the Y; bands, For the
more favorable K*w® final state, a polar-to-equatorial ratio of 5/21 is
observed for decay with respect to the production direction, Because of the
difficulty in assessing background effects with théa limited vexperimental data,
we do not feel that this anisotropy provides a serious argument for spin
»1, | |

It ia of interest to determine whether the neutral component of the « -
is produced in the preseﬁt experiment, The Mz(l{w) distributions for all
K*'e" and K° n® aystems afe givén in Fig, 3. We find no indication for
any énl;ancement at 726 MeV, However, a surplus of ~18 events occurs at

747+ 5 MeV,1©

again arising predominantly in the 1,90- and 2, OSQBeV/c
data, Since the net detection efficiency in reactions (1d) and (le) would be
14/27 foran I = 1/2 « (or 10/27 for 1=3/2), this is approximately the
size of the effect one would expect if the cross sections for «°+ A and
V427 were similar, Unfortunately, the effect is of marginal statisticﬁl
dignliic‘anc’-c. so that we cannot conclude whether the «% is sitnplf produéed
verf weakly in reactions (1d, e, and f), or alternatively, is produced at
about the same rate, but has a mass 21+ 6 MeV higher than. the n<+.l

in conclusion, the existence of an unstable meson with strangeness
S= H. mass 726:«: 3 MeV, and full width T < 20 MeV appears reasonably
established from a study of the Kn effective-mass distributions observed in
v +p and KT + o) ' interactions, The aimplest interpretation of these data

suggests the isotopic spin assignment I =1/2, No unambig{xous evidence for

a determination of the spin and parity was obtained. Since we were not able



.7 UCRL-10797

to /identify this unstable Knx system with any clearly predicted particlé. it
has been called the « meson, Production ¢ross sections are summarized
in Table II,

We are indebted to Mr, Max Leavitt for his extensive programming
support in the reduction of the data, In addition, we thank Professors Sheldo;'x
Glashow, Gyo Takeda, and J, John Sakurai for intere eting conversations
regarding possible interpretations of the «,

It is a pleasure to acknowledge the support and encouragement of
Professor Lauis Alvarez througho.ut the course of this experiment, Finally,
without the skill and pé.tie.nce of the operators of the Bevatron and 72-in,’
bubble chamber, as well as the efforts of our scanning and meaéuririg staffs,

this experiment would not have been posgsible,
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effect v_muld correspond to a cross section of about 100 to 120 pb for

K++ p - x+ + p.

.A va b.ot."h these effects rep,re;aent statisticafﬂuctu#tio‘ns. the full width_
 may be § 1} MeV, »so that a large fraction of the décay proceeds through
l ela.ctromagnetlc 1nte:actions, To check this poasibnity. we rescanned
all plcturéé cdntaining .2- 's for e'e” p‘aﬁr_s which mig_ht be assoclated

. w_ith_fhe decay « - K + y. Six paire ‘pointing back to production vertices

were found, but all events were consistent with ‘either X~ w? Kt or-

E_' 1r+ K’ In addition, no kinks were observed in the positive tracks

(K+ or 1!+), indicatin that the lifetime is less 'than 10.12 Qeé.
8 o

The approxim‘ate equality of the contributions arising from. Yo (1405 and

| 1520) decay to the =*«" ana T-xt 'efiectvive'—maaa di_stributions

indicates that, at least in some cases, the total decay rates are not
seriously affected by interference effects, ‘although the shapes of the
resonances are markedly altered.

The possibility of systematic mass shifts betweern the T w K and AvK

Al

' final states has been checked ‘ind_ebendently several times; no effects

. larger than 2 to 3 MeV were observed.
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Table I. Summary of events used in analysis,

Pion momentum (BeV/c)

Final : .
State 1.51, 1.69 1.90, 2.05  2.17, 2.25, and 2.36

=t e K 35 104 289

= wt KO 95 - 322 850

" v k! " 51 176 244

20 v gt 23 145 263

A v K° 58 137 209

A w k' 158

309 . 542
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Table II, Estimated cross sections for r +p = ="+ xtand
z” + K**(885).

| o k**(88s)
Pion momentum Obsgerved Cross Observed Cross
(BeV/c) events section (pub) events section (ub)
1.81, 1.69 ~0 ~0 Below threahoid
1.90, 2,05 29 bx2. 105 20+ 2

2,17, 2,28, and 2,36 26 ' 3+1 . 274 30+ 2
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FIGURE LEGENDS

Fig. 1. MK #") distributions for p_ > 1.90 BeV/c, Since the ordinate
represents the number of events per 0,04 BeV? (the resolution
width), only é.ve‘ry other point is independent, The shaded area

indicates p_= 1.90 or 2.05 BeV/c.

Fig., 2. MZ(K n) distributions for O =+1 Kn systems with p, >1.90 BeV/¢,
The solid curves through the data are mutually consistent; the
dashed background curves were drawn to give approximately the

correct branching ratio for the [=1/2 ,K*(SBS MeV), The shaded

area indicates p_ = 1.90 or 2,05 BeV/c,

Fig. 3, MZ(K n) distributions for Q=0 Kwr systems with P, 1.90 BeV/c,

The shaded area is for events with p_ = 1.90 or 2,05 BeV/ec.
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