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ABSTRACT

We have performed a pa r t i a l -wave a n a l y s i s of t h e
K K°ir~ system produced in t h e r e a c t i o n w~"p * K Ko*~n a t
8.0 GeV/c. We find t h a t t h e D(1285) i s a J P G • 1 + +

s t a t e coupling predominantly t o a 6* decay channel ,
whi le t h e E(1420) peak c o n s i s t s mostly of a J P G » 0"+

wave with a s u b s t a n t i a l £ir decay mode. There i s l i t t l e
evidence of a 1 resonance a t t h e E mass.

*

A Jpc « 0~+ state called the t{1440) is considered
to be a prime glueball candidate because i t is produced
prominently in J/jf- radiative decays1 where C * +1
glueballs are expected to be copiously produced.
However, this assertion rest's on the premise that i t is
distinct from the E(1420) discovered earlier by Baillon
e ta l* (jPC « o~+ or 1++) and later determined to be a
1 state in a Dalitz-plot analysis of a separate
experiment by Dionisi. et al.* . Since the spin-parity
analysis of the E(1420) was based on limited
statistics, i t is desirable that a study of the
spin-parity content of the E region be performed on a
large-statistics sample.

Our study of the Kftr system is based on about
10,000 events of the reaction .

,Tp + K+K|ir-n CD



at 8 SeV/c. The data come from our experiment
performed with the SNL Multipacticle Spectrometer
(MPS). The layout of the experiment i s shown in Fig.
1 . A tagged ir~ beam at 8 GeV/c impinged on a 30 cm
liquid-hydrogen target , located in the MPS magnet and
surrounded on four s ides by a l ead- sc in t i l l a tor
sandwich veto box (TB) for rejecting backward
part i c l e s . Within the MPS magnet and downstream of the
veto box were located 7 drift-chamber modules*1 with 7
measuring planes each, interspersed with three
proportional wire chambers (Pi* P2 and P3). In
addition, a high-pressure Cherenkov counter hodoscope
(Cl) with Y-threshold - 10 and two
sc int i l la t ion-counter hodoscopes (HI and H2) were
placed downstream of the MPS magnet.

The trigger required two charged part i c l e s
traversing the f i r s t PWC (Pi « 2 ) , no part i c l e s
entering th« target veto box (¥§), a mult ip l ic i ty
increase t o four at the second PWC (P2 * 4) , a
forward-going p o s i t i v e part ic le traversing Cl , Hi and
H2 with momentum p > 1.5 GeV/c (as measured onrline by
P2, P3, and H2), and" i t s ident i f icat ion as a K (or
proton) using Cl a>id Hi (Hl»cl). The on- l ine detect ion
of K (or proton) was made through the so-cal led
RAM-trigger, a three-dimensional (128 x 128 x 128)
coincidence matrix system using random-access memories.
The trigger actually required a coincidence of two
RAM's; P2 x P3 x H2 for momentum se l ec t ion and P2 x P3
x H1*CT for non-pion ident i f icat ion. A tota l of 1,5 »
10* tr iggers was recorded in a 200-hour run at the ACS
in Spring 1983, yielding 55,000 events that sa t i s f i ed a
two-prong + V° topology.

Fig. 2a shows the missing-mass squared
distr ibut ion, and Fig. 2b shows the ir ir~ spectrum for
the decay vertex. They demonstrate that our data have
good mass resolut ion, no systematic b ias , and l i t t l e
contamination from other reactions. The K R°ir~
spectrum in Fig . 2c for reaction ( 1 ) , from a sample of
16,000 events after cuts on K_ mass, n mass and t <

1.0 GeV*, i s dominated by peaks at the D(1285) and the
E(1420) masses. A f i t to the spectrum in Fig. 2c with
two simple Breit-Wigner functions and a polynomial
background gives m • 1285 ± 2 MeV and r * 22 ± 2 MeV
for the D(1285) and m - 1421 ± 2 and r • 60 ± 10 MeV
for the E(1420). Our estimate of the mass resolution
i s l e s s than 7 MeV in the E region. Dalitz plot
dis tr ibut ion for the K+

1.37 < M(K:K°ir~) < 1.49
K°,*~ system in the E region,

. . . . . . - _ . .5 GeV, and above the E region,
1.49 < M(K+K°ir") < 1.60 GeV, i s shown in Fig. 3 .



Results of a Dalitz-plot analysis with Zemach
amplitudes* were reported last simmer in Leipzig*.
Below we present results of the complete partial wave
analysis of the same data. As before, we discuss the
KRir final state in terms of an Isobar model, i.e. we
treat it^as a superposition of quasi two-body states:
6ir and K (890)K. The decay £ ••> KK was parametrized by
a two-channel fora as given by Flatte7 and K * Kir was
parametrized by the conventional p-wave Breit Wigner
form. For a given KK* mass we define the amplitude in
terms of reflectivity states a - {J*^Mn (isobar)),
where J is the spin, P is the parity, G is the
G-parity, H is the third component of the spin in the
Gottfried-Jackson frame, n is the eigenvalue of the
reflection operator in the production plane and
(isobar) is the isobar state, K oc {. We sake the
factorization assumption, namely, that the J (6) and
JP(K ) states have the same density matrix, only
different couplings to the final state. The
reflectivity amplitues depend on five variables: three
Euler angles which rotate from the Gottfried-Jackson
system to the Dalitz system and two Dalitz-plot
variables.

For reaction (1), where the recoiling baryon is a
spin 1/2 particle, the density matrix is constrained to
have rank < 2. It can be written in the form*:

Paa* " V-f 2 V*k'Va*k <2)

where V u and Vzt are real positive and the rest are
complex numbers. This parametrizalion ensures that al l
the constraints for the physical density matrix are
satisfied and the fitting procedure involves a Minimum
number of parameters for a given set of states
considered.

For the xRir system_from threshold to 1.6 GeV i t i s
found that the states JPG - 0 , 1 , 1 , 1"*, with
a l l allowed M*1 values and incoherent background are
sufficient to describe the data.

For the states JPG « <T+ and 1+*, both 8f and K*K
decay modes are allowed, while for 1 and 1~ only the
K K decay mode is^allowed. A 1 state can couple to
the final state K R (or i t s charge conjugate) via 5- or
D-wave orbital angular momentum, but including only the
S-wave was adequate to describe the data.



*• have performed a maximum-likelihood analysis
with the log of the likelihood given by

n H T . )
L - I in = (2)

1-1 Jl(T) A(T)dT

where I ( T ) is the full intensity distribution at the
point T and A ( T ) represents the finite acceptance of
our apparatus. The results are displayed in Fig. 4,
where the different J fy alfeTjl'v e n a i functions of the
KKw mass. It is seen that the 1 wave is dominant at
the D(1285) mass, confirming that it is a 1 + + state.*
Although the 5ir decay mode is definitely dominant for
the D, a considerable amount of K K decay mode can be
accommodated interfering destructively with the 6n
mode.

The behavior of the 0"+ wave at the E(1420) region
shows clearly that the E peak seen in our data is
mostly in a 0 state. In fact, we estimate that at
least 70% of the E peak is attributable to the 0~*
wave.#_Analysis of the breakup of the 0"" state into Sir
and K K decay modes, (Fig. 5) indicates that the 6 mode
is predominant, but that the K K decay mode is
definitely required, with strong constructivey q
interference between them, to adequately describe the
data. The 1+ + state, (Pig. 4b), which is mainly K K
with l i l 6 hibit h i i h h
the K
peak.

. state, (Pig. 4 ) , i maily K K
with little 6ir, exhibits a sharp rise with the onset of
the K R threshold at 1.4 GeV and levels off above the E

The 1~+ wave (Fig. 4d) is slowly rising as
increases from K X threshold to 1.6 GeV. It is found
to be produced predominantly in the Kn * 0*" state, at
small t, which is consistent with the p(1600)
production via a pion exchange. A moderate amount of
background (Fig. 4e) is required above 1.4 GeV
indicating the presence of states with spin 2 and
higher, which are not included explicitly in this
analysis.

The resonance interpretation of the 0~* wave and
nonresonant interpretation of 1 and 1 waves is
consistent with the measured phase differences as shown
in Fig.^6. The relative phase of the l++0+(X ) and
l+~0+(X ), (Fig. 6a), is slowly rising by about 90°
over the KRn mass range studied, suggesting that either
both or none of them are resonating in the E region.
The phase difference between the 0 wave and the waves



f l+~O*(k*) and 1++O+(K*) is shown In Pig. 6c and 6d,
respectively. Major fea,vires of the KKw mass
dependence of these phas*. differences and of the 0
intensity may be understood in terns of the following
parametrization: the 0 wave is represented by a
Breit Wigner form with M - 1402 MeV and T « 47 HeV and
a constant background with a phase of 90°
the resonance low-mass tail; the phase of
wave is assumed to be constant and that of 1 0 (K ) to
be decreasing linearly with Kfcr mass. The results,
represented by the dotted curves in Figs. 4a, 6a, 6c
and 6d, ar* in qualitative agreement with the data.

« 47 HeV and
relative to*
the l*~0*(K }
f 1 0 (K ) t

We also studied the KKn production in pp
annihilation at 6.6 GeV/c. In this case we required a
change of topology from 2 or greater at PI to 4 or
greater at P2. We collected a total of_4 x 10*
triggers. The K K°*~ spectrum for the p beam is shown
in Fig. 7. Both P and E mesons are obstr^ed, with mass
and width m « 1282 ± 2 HeV, r * 27 ± 8 MeV for the
D(12B5) and m > 1416 ± 5 , T - 80 ±30 MeV for the
E(1420). Fig. 8 shows results of te Dalitz plot
analysis of the p data. Again, the 0~+(6) shows an
evidence of a resonance peak in the E region, unlike
1 + +{K) and 1+~(K ).

In summary, we conclude that the D(12B5) is
largely a 1 + + state while the E(1420) is predominantly
a 0 state, and both of them require a substantial Sir
decay mode. He do not quote at this time the Sir/K K
branching ratio for the 0"+ E(1420), as its value
depends on the precise parametrization of the 6 and the
K (890) and is subject to a large systematic error. We
should note however that the interference between the
two decay modes is substantial with a relatively small
statistical error.

In contrast, the 1 + + (x X) wave does not show a
resonant behavior at the E mass. Our results,
therefore, contradict those of Dionisi, et al.* and
Armstrong, et al.1* who find that the E(TilW is a 1 + +

state. On the other hand, our results are clearly in
agreement with those of the J/if radiative decay, »Jl

and that of Baillon12, so that the E(1420) and the
i(1440) may very well be the same 0~* object. If the
i{1440) is to be identified as a 0~+ glueball, it must
be heavily mixed with a qg state owing to its prominent
production in a hadron-induced reaction such as ours.
However, recently measured m * 1458 ± 7 and r • 99 ± 6
MeV for the i(1440) in the 3/if radiative decay11 are
somewhat higher than those of hadro-produced



C(1420)/t(1440).
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Tig. 1 Schematic dlagraa of experimental appiratua. Shawn
at til* center la th* 30 em IM, target aurrounded by
a laad-aeintlllator veto box f w ) . tl, TZi M me*
tha proportional wire cbaabcra; O.C.'a ar* the drlft-
nhmttut atodulcai Cl la the high-pr«aaurc Ch«rentto»
countert nl and RZ ar* the aclntlllator-counter
hodoacop**.

a) Mlaaing-aaa* equarad (MM2) apectrim, showing the neutron peakh> *I«I KM apeetria* tor the T°, showing the X° peak
e) ITU0*" Mil apectrm with 0.4 <m* * 1.3 cev",

0.41 < M(II*II"J < 0.32 CeV and t « 1.0 C«\T.
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