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ABSTRACT
v )Q) o +

v + -
The lov-mass Knn enhancement,is studied in K p = K= x p
o+ o+ o . ; o - .

and K p = K'n x'p interactions at 9 GeV/g. This enhancement
consists of two peaks of mass and width M = 1260+10 MeV, T =
L0210 MeV and M = 1380£20 MeV, I’ = 120£20 MeV. The main decay
modes are K89Oﬂ and pK, which interfere strongly. A consistent
description of the-data'requires either an additional decay mode

S v
into K plus an I = O s-wave m-x system (e

6720) or.a large 1nterf

ference effect between two components of the Q, or both.
The low-mass Knx enhancement (1.2-1.5 GeV), called the Q, has been reported
1-3 4-8

to consist of one or more resonances, a Deck-type kinematic enhancement,

or a combination of thése effects. Its spin-parity has been determined to be

+ 4,9
JP — l ’l%)/)lo

and its isotopic spin has beep determined to be YI'= 1/2. In
tﬁe present letter we report on the internmal structure of the Q énhancement
énd on its dqcay branching fractions.

] ‘ - The experiment was carried oﬁt with ~l200,000 pictﬁres taken in the
Brookhaven National Iahoratory’s 80-inch hydrogen bubble éhamber} which was
expoéc& to a 9~GeV/c rf-separated K+vbeam at the Alternating Gradient Synchrotrou,

The sample studied here consists of the reactions
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+ + 4 - : :
Kp-— K pr x 1577 events (1)
+ + -
- Kopi x° (K° - 1 x) 2072 events (2)
+ - .
= Koni' i (K - 1o ) 462 events (3)

which corfespondsto about three times the data reported earlier.9 These events
have beén collected in an unbiased manner from the same sample of film, which

allows direct comparisons between the three reactions.

xtF

The main features of the data are the strong productlon of N123/’ KB)O’

*
thQO’ p, and Q enhancements. We shall refer to the Q enhancement as being
resonant in nature, however the decay analysis which follows is independent
of this assumption. In Fig. la we show M(Krn) for all the events of reactions

(1) and (2). The shaded region represents events with N 6 removed; this does

193
not significantly affect the Q enhancement. For the study of the Kwic system

we consider only events with the Ni;;6bremoved. In Fig. 1lb is shown M(Kur)

with a selection on p or K;9O' A sfafistically significant split of the entire
Q enhancement (an effect of > L standard deviations at present) is observed

in the data as was reported earlier.9 The lower peak has a mass §f M = 1260%10
‘MeV and a width of T' = L4010 MeV.ll The upper peak is centered at a mass of

M = 138020 MeV and a widtﬁ of I’ = 120%+20 MeV, part of which is the contri—

. ' * + +
bution of the decay K - Knx. F¥rom the reaction. K p = K

K%+, v
1420 1h20?? Kqho0 7
. + ’

Kon » in which the K° is visible, and using the branching ratios reported in

the Tables of the Particle Data Group,12 we calculate a contribution of 87

. %
events to the Q enhancement from the decay th20

- 4. PR * X “ . ‘-‘v v 3
for events with N1236’ K89O and p76O removed (not shown), no evidence is scen

- Knar. In a plot of M(Krx)

for any Q enhancement. The data are therefore consistent with no significent

three-body Kia decay of the Q. In Fig. le is shown M) (I = 3/2) for the
R KT R C . . ‘ s s

J‘th ton K p = Kne n « No evidence is seen for any Q ephancement in this

Tinal state as expected from the T o= 1/9 assignment of the Q.
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We hevertheles estimate the pos sible I = 3/2 background.contribution
v . + o+ -
in the Q region. To this end we decompose the I = 3/2 state K5 o into
o + ‘
+ n. TFor the K'nx n events

the two states  (XKi) + 1 and (Kn

1=1/2 T= 3/2
+ .
in wnlchlﬂﬁin 7T ) is in the Q reglon, the mass dLStleuthn h(K T ) is consis-
+-1 v
. LN 7 - . . . ‘“ .
#ent with lQOp K89O production. Thcvdecay sequence QI=3/2 ,ﬁg(Kh)Iél/g»f i
. : ’ + g .
predicts a maximun of 6 events out of 377 events in the Koﬂ no state and 7.
. . . RS v | o .
events out of 1100 events in the K =« s state, as a result of an I = 3/2
amplitude in the Q regidn. Consequently,iwe shall regard the Q region as
a pure ] = 1/2 qystem. We also observe a peak corresponding to the L- mesonl
from 1660 MeV to’ 18h0 MeV. This peak shows some indication of structure in
" the form of a "narrow spike" at ~ 1750 MeV.
Tn Fig. 2 is shown the scatter plots of:M(Kﬂ)q§s M (e ) and their progeb~
. : . + 4 - o_ + o N e .
tions for the final states K pn st - and K pn n, where M(Kssc) is in the Q region-.
Clear evidence is seen for the decay of the Q into K89Oﬁ and Ko states. ' For
the K° events there are two possible K89On decay modes, both of which are present.
The mass projection M(Koné) (not shown) appears substantially the same as the
+ ' v ‘ »
projection M(K°x ). There is a high concentration of events in the overlap

. , * : o
regions of the K8 and p .mesons.

90
For the purpose of relating reactions (1), (2), and (3) we have studied
possible experimental biases. We form the ratios

%

PR, ”_~ >+t o + o | + X+ ‘ R e
T(Kp - K89O N1236 - Kprx ) . ™MK p — K89O Nl?36 - Kong n )
ot ++ A+ - ' + ++ - o + o

(K > K8OO N§236 - Kopr o ) (K p - K8 . N1236 —>‘K pic )

whiph'are determined by I-spin. conservation .to. be 1/2 and 2/9 respectively.
The cxpcrimontai ratios, in whichvthc_Ko events have been corrected for the
visible decay branching ratio are_in,good agreement with the predictions of
stpin_bonscrvution as Shownbin Table T. This demons trates the abscence of

any approciable loss of one Tinal state with respect Lo the other.
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"In order to compare the experimental data with I-spin predictions for Q

. x . A . ~ .
decay into K, .71 and Kp states, we study a series of ratios

890

+
Ry - P(K'p - intermediate state — Kopr n-)

n ¥ : f  + -
K 'K p = intermediate state — K prt x )

vhich are independent of aﬁy phase space factors. Conservalion of I-spin
predicts a ratio of R(K°/K') = 1 for pure K§9b . decay_énd R(KC/K') = 2
for pure p +-K decay of the Q; To ahalyze the decay feaiures as a function
of M(Knn), we have divided the Q into three regions; I: 1.2-1.3 GeV, iI: 1.3-
1.4 GeV, and ITI: 1.4-1.5 GeV, referred to as low Q, mid Q, and high Q. The
experimental ratios afe shown in’fable I. IWE note that none of the ratios
changes with M(Kni), and in additi;n that the ratios are insensitive 1o the
manner in‘which the amount of resonances was estimated (sece Table Ij. The

+y . o
ratio R(KO/K ) for the Kg n decay mode 1s unity as expected from I-spin, but

90
+ v .
the ratio R(KO/K ) for Kp decay is also unity, which is in contradiction with
. N
the predictions of I-spin. Moreover, the ratio R(K°/K') for all events in the
Q is unity, which would imply no Kp state at all, while a strong p signal is

seen in the mass projections (sece Fig. 2). Three possible phenomena may

. *
contribute to this discrepancy: (1) interference between the K89Oﬂ and Kp

decay modes; (2) the presence of an I = G s-wave nx enhancement (€$20) in
+ o+ - ' v +
the K n n p final state at about the p-mass, which cannot appear in the Kon ﬁop
' +
state;  (3) possible mixing between different octets of two e

Q resonances.
*
We have studied the interference between the K89Oﬂ and Kp decay modes of
the Q by calculating the density on the Dalitz plot for the {wo cases Q -
o+ o LAt + - o o . : X,
K i x and Q — Ko x . For the K~ events there are two possible K89Oﬁ

- es a ; o Ak ,0 A+
decay modes and therefore the interfercence is different for the KW and K
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events. The expression for the intensity, I,'on the Dalitz piot is given bylo

er‘;hbe re , . .
/ 2, LM [i73 !
vAM B [GK%oyﬁ(QK%owK*o)3 +_GpY§(9 SINEVE oe
BN :

; . M V2 o o Moo o\ 1P
AM - [(GK_X_OYJ.\{I(QK*OQK*O) - GK*_,FYX[(GK* +cpK* 4._)} —3—_—_1 Gle(Opr)\/273 ozc‘ B

for the’Ko events, in which G is a Breit-Wigner function of the form

. P
1‘(_111_) (_.9 . n
oy P ' - . p\3, 0
G - and D= (=) (=) .
) 2 2y N o'p . m
(m —mo) - 1mol : : _ o -

s : . . . P . . - .
The  above expressions assume a spin parity J = 1  assignment for the Q region

and an s-wave decay into a vector and a pseudoscalar meson. The angles 6 and
B

L L . . . . ) Lo . i .
¢ are the decay angles of the vector meson in. its own rest frame, and Ce is

the complex ratio of p to K89O amplitudes. Both o and B are.treated as free

parameters. In the expression for the Breit~Wigner form'we‘haye set *m_ =. 89l

i

50 MeV for the K and m, = 764 MeV and FO = 125 MeV for the
p meson. - Also p is the momentum of one decay product of the vector neson in

the rest frame of the vector meson; P is its value at the center of the reso-

"nance where m = m .

o
From this calculation we have obtained values of aﬁd‘ﬁ for vhich the
experimental.ratio R(KO/K+) =1 for the entire Q region is reproauced, and
si:ztixlth.az.aeousl;y' the detailed intensity on the Dalitz.plot is correctly described
(séé the éméoth curve in Fig. 2). Values of ¢ and B are, however, prcdicted
under exact SU% symmetry.  Specifically, if the Q is a member of an octet then

TP o . X . . :
the anplitudes for decay into K x and Kp must be equal in magnitude {(a = 1)
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and relatively'real. On the other hand, Lhe flttlng to tho data 1nalcates that
o maJ not be greatcr than 0.5, 1ndcpcndcnt oi B, if the ratjo R(K /h = 1 is
to be reproduced. Insofar as the Q enhancement may be considered as a EEEEQE‘
.I = 1/2 JP = l+ object, this model does not fit the data well in the framevork .

of SU, symmetry. Here, the SU bréaking interaction, aé evident in the K'x to

3 3

Kp mass difference, has been corrected for to first order by the proper phase

space faclors. A contour map over the two Dalitz plots of a sample calculation
is shown in Fig. 3.
The second possible hypothe31s to be con51dered is the existence of an

I =0 s-wave sr enhancement in the K‘n n final state at approximately the p

I3 . : .
mass for events in the Q reglon. The presence of such an additional decay mode

. _|.'
can'explain the discrepancy in the ratio R(KO[K ) and furthermore is consistent
with the observed %14 mass projection. Specwfjcally, for M(Kﬁﬂ)lin the mid;Q
(see Fig. k) :
regionathe observed "o" peak in the K pn n flnal state is low (m ~ 720 MeV)
' +
and wide (I' ~ 180 MeV) while the observed p peak in the Kopn 7° final state
‘has the accepted mass (m ~ 760 MeV) and is relatively narrow (I’ ~ 80 MeV).
We -emphasize that this difference in the appearance of the p peak cannol be
due to resolution as the K+pn+ﬂ— events are four-constraint four prongs, which
' ' . ’ + As shown in Fig. 4, in
~ have better resolution than the one-constraint Kopﬂ ﬂo events. ~ the low Q
région the observed p mass is cut by phase space; however p production is still
very strong here. In the high @ region p production secems reduced,'but this

effect may be related to the K We have looked at the dccay angulur distri-

1420°

butlon% {for the events in the p region and find that the XK° and K dlstrlbuilons '

appear differcnt. However it is difficult to draw any quantitative-conclusions

from ihia fact due to the large bacKgrounds present.
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The third . . phenomenon which may have to be taken into account in’

. t ] -+
describing the Q region is the possible existence of two JP = 1. -Q mesons

which are near in mass,‘but differ in that they belong to‘SU3 octets with

opp051te charge conjugation quantum numbev-s.l)’L (Presumably. the lower mass Q

++
"eontaining the Al meson, and

meson would belong to the octet w1th JPC
A . JPC' -t . .
the higher mass Q me son would belong to the octet with =1 containing

the B meson.) In this case a deécription of the data involves not only inter-

. ] . - . 4
ference effects between the K*n and Kp decay modes of g singlg Q meson, but

‘ ’ E : ‘ o - .+
may also involve an interference effect between the decay modes of the two Q

mesons. Furthermore an SU, mixing can occur between these two Q mesons, which
: 3 ‘ . ' ;
. . . i . '
results in an effective predicted e B which need not be equal to *1, and

vhich depends on the miking angle and the relative production rates of the two

Q mesons. Evenfin the 1imit of a small mixing angle between the two Q m0°onj,

no prediction may be made about the effective aelB since the tw0'physioai Q

‘mesons are not well-separated in mass and the relative production amblitudes

are not known. Although many aspects of the data 1nch1a3ng the ratio R(K O/K

may be reproduced with a value of o = 0.4 and B = OO; one cannot.interpret

. 3 . : i * '
“this as providing a value for the p/K branching fraction due to the complica-

tions introduced by a possible Ke® decay mode ana_the SU3 mixing of the two

Q mesons.
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We thus conclude that a consistent description of the data, including
. .
the ratio R(Ké/K ) in the Q region, and the detailed distribution on the A

+ +
Dalitz plot requires either the presence of the decay Q — X €$20 in the

final state K+pﬂ+n— or an interference effect between two different JP = l+ ¢
objects in the Q region, or both. We emphasize that the inclusion of a general
incoherent background term over the enfire Dalitz piot does not contribute
to an understanding of the data as the ratio R(KO/K+) eéuals unity specifically
.in the p region. We further emphasize that the splitting of the observed Q
peak is strong evidence for important multiple resonance contributions to
this phenomenon.

We thank R. Shutt and the staff of the 80-inch bubble chamber and H.
Foelsche and the AGS staff at Brookhaven for helping with the exposure. We
acknowledge the wvaluable support given by H. White and the FSD.staff and by

our programming and scanning staff, in particular D. V. Armstrong, E. R. Burns,

and J. G. Miller.
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‘ FIGURE CAPTIONS

'Fig. 1. M(Kﬂﬁ) for the final state Kprx :

(a) for final states K" pn % and

Kopn no, the shaded reglon corresponds to events w1th N1236 removed.

o]
(b) For the final states K pr n and K° pﬂ e w1th N1236 removed and K89O

: + o+
or p selected. (c ) For the final state K 0K owo.

Fig. 2. Scatter plots and projections of M(Kr) and M(nn) for the flnal states
»4Kfpn % and K pr no, in which M(Knn)vlsnn the Q region. (a) M(Kn) vs
- M{mn) for the final state K'pn 7 . (b) M(Kn) for the final state K+pn+n-.
(c)vM(nn);for the final StatevK+pﬂ+n-.: (a) M(Kxn) vs M(mn) for,fhedfinal
state Kpr 7. (e) M(Kx) for the final state K'px n°. (f) M(xx) ch_r the
.-finalbstate Kopﬁ+no. | | | | |
Fig. 3.: A contouf map in 5% steps of the density‘distribution over ﬁhe
..'“Daliﬁz“plots.'

_Fig.' L. 'M(,_n_n) for the final states'KOpn+1ro and K+pn+n' in the three regions
Q-1low, Q-medium, and Q-high. | o
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Table T. Table of ratios. The K® events have not been corrected
© for escape probability which amounts to a few percent.

Ratio " Number of events Results
o+ - o + o . a .
K pr n Kprn x I-spin Experimental
.+ » X0yt ‘ g_;@( T ] _—
| Kp = K89ON1236 —>[ = frﬁi 6Lk 100 _1/2 : ofh{Lo,os
K , K pr = o ++ .
‘ ' (K'nn @ 30)
, ¥t xt o + +
! K i\ = Knn n _
Kp - |-820 1236 2/9  0.30:0.07
‘ KO ¥t Kopn+n0
8901236 .
ro + ol
+ - 1K
K'p > 'z ﬁ[———-——]
o ' K_pﬁ e ,
1) Entire Q 1415 L38 0.93£0.05
.-X-. . -b . » . ‘ . .
2) K89O or p (narrow) 1100 377 1.03%0,06
* ' :
3)_K89O (narrow)b 827 262 1 0.95%0.07
L) p (narrow)b 708 260 2 1.10%0.08
5) Kggo (wide) above 1116 357 1 0.96%0.06
‘ background® '
. 6) p (wide) above background® 32k - 110 2 1.02%0.11 .
) K890 or p outside inter- 323 112 1.04+0.11
: . ference region ' ' '
8).low Q 504 . 160 0.95%0.09
9) mid Q 498 150 0.90£0.08
10) high Q 413 128 0.93+0.09
l X .
11) low Q (K or p) 387 134 1.04%0.10
_ N . .
12) mida Q (K or p) 395 136 1.03%0.10
_x_
13) high Q (K or p) 318 107 1.01%0.11

a. The I-spin prediction refers to the production of a Single'state.

b. _K*(narrow): £50-920 MeV. p(narrow): 680-800 MeV.

X . - .
¢c. K (wide): 8R0-950 MeV.

o(wide):

GRO-860 MeV.
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@ 1. s
- rla . Ko —» K'p 7% 7"
I60[‘ + .0 +_0 |
i Kp—=Kpr'nr |
| 40+ O All events (9849)]

N*** out (6650)-

1238

120

100

T

80

60

40r

20T

120t Kp—Kpwtm |
- ! K'p = K® pmrtar®

100F v s i
' | Noze oUT, Ksso

Events /0.02 (GeV )

8Q_' ~or p-in (3594evenfs)_
60—-
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ZOl
Ol s e ok e

o)
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not In-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuarntt to his employment or contract
with the Commission, or his employment with such contractor.
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