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We present the results of an ampiitude analysis of the spin parity components as a function of mass of
the (1\'+7x—'grr') system as produced in the reaction pp — {K"'Fofr') X. Two peaks are observed in
the (K‘Forr_) spectrum. one at (1270 = 2) MeV/c? with a width of(21 = 2) MeV/c2, and one at
(1417 =3) ;\1«_-\/;@2 with a width of (62 = 5) MeV/c?. The amplitude analysis was performed in
sixteen 20 MeV/c® mass intervals from 1.24 to 1.56 GeV/c?. The waves used for the fitting were

JPG = 9=*,1**, 1"~ and background.

1. INTRODUCTION

Many three quark (anti-quark} baryons (anti-baryons)
and quark-antiquark mesons have been observed!, How-
ever. QCD seems also to allow the possibility for other
types of bound states. such as exotic hadrons (5 quark
states), hybrids (bound states of quarks and gluons), and
glueballs {bound states of gluons). These states would
best be identified by having quantum numbers which are
not allowed for ordinary hadrons. To date, no such ob-
jects have been unambiguously observed®.

A second possibility is to lonk for exotics that have

ordinary quantum numbers, but that can not be classi-
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fied in the present ordering schemes for hadrons. Here
we will discuss the results of an amplitude analysis per-
formed on the reaction Fp — K+~ X at 8.0 3eV e
We will also compare these results with the analysis of

the reaction #7p — E~FVr n at 8.0 GeV/ec.

2. THE EXPERIMENT
This experiment (BNL E-771) was proposed to ob-
serve the (K =) final state in three different reactions.

The reactions observed are:
Fp —(K*E a1 =X
" p— (E*?g:r") +n

K~p— (K¥E'x7)+Y.

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thercof, nor any of their
employees, makes any warranty, cxpress or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
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mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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The analysis of the 5p data is the main subject of this
talk. The Brookhaven National Laboratory MPS con-
sists of a liquid hydrogen target and detectors inside a
large C magnet and additional detectors downstream of
the magnet. Details of the equipment and trigger are
explained in more detail in the paper “Search for the
U'(3.1)..." found elsewhere in this proceeding3*5. The
trigger for this portion of the experiment consisted of
detecting the decay A{ — ™77 and also identifving a
positive charged particle heavier than a pion with meo-
mentum greater than 1.5 GeV/c. A time-of-Hight system
and cherenkov counter selected A “'s from the positive

charged rtrigger particles.
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FIGURE 1
Two body invariant masses from
pp —» K+K0x "X .

3. THE DATA
The three two-body invariant masses are shown in
a-

Figure 1. Figure la is the K° K+ invariant mass.
is shown in 1b. The &~ (392) is clearly seen. A0 (307}
is also seen in A""x~ . Figure lc. although it is not as
prominent as the R (392).

The invariant A*E =~ mass is shown in Figure 2.
The prominent features are a narrow peak ceatered at
1280 MeV /¢ and broader one centered at 1420 Me\ 2.
As the acceptance is falling with increased mass. it is
possible that the second peak. in the \.7 region. is a
rise from the °/ threshold that is cut of by falling
acceptance. The acceptance corrected mass distribution
still shows a peak in the \ 7 region. which indicates that
there is at least one resonance present. The invariant

B[t - . . .
K™K 77 mass for the =~ beam data is shown in Figure

3. and displays features very similar to those of the 5

beam data.
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FIGURE 2
Mass distribution of pp --> K*K0z "X
The Dalitz plot is used to examine three-body final
states. There are three two-body mass combinations
of swch a final state. For fixed three-body mass. the
phase space distribution is uniform in the Dalitz plot.
and any concentration of events in a band indicates an

intermediate resonant state. A resonant primary state
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Mass distnbution of x°p --> K*K%"n
of a definite J7€ will vield a Dalitz plot with a distinct
population density. Dalitz plots for sorae pure waves
are shown in Figure 4 where the notation is JPC fol-
lowed by decay mode. {* is A" and ag is ua(908)
7. The pure-wave Dalitz plots were generated using
geometricaily accepted Monte Cario events which were
weighted using the analysis program 35, Waves of dif-
ferent JP wiil not show any interference on a Dalitz
plot. However different decay modes with the same JP
can interfere. as can states with the same J¥ and iso-
bar. but different G or C. For instance. the 17 states
for the A"K system have predictable Dalitz plot fea-
tures. In the 1™~ wave, with G eigenstate given by
JKYA" > - E'g0 >, K" bands parallel to both axes
are expected and those bands should overlap. Inthe 1%~
wave., (AR > —IT\:oK'O >. the bands should he
present. but the overlap region should have no events.
For interference between the 1" "A "R and 17" K"K,

one of the A bands can be expected to disappear.

K=K~ > x |1%% > =17 >

[KOK"0 > o 1%+ > -{1*~ >

These are seen in Figures de and f respectively.

Dalitz plots for the data are shown in 20 MeV ¢°
(K+r0.'r') mass intervals in Figure 3. The solid curves
are the boundaries of the plots. The most interesting
feature is an asymmetry in the A" bands that appears
around 1.34 GeV/c”. In the region from 1.34 GeV/c? to
1.42 GeV/c”. the K*~ is much stronger than the K*0.
This asymmetry disappears at higher masses. This is an
indication that the waves 17 "R and 1=~ "/ could
be important in the region with the asymmetry. The
other interesting feature in the data is that the Dalitz
plots do not resemble any of the pure wave Monte C'arlo
Dalitz plots. This suggests that the K~E'z- system is

composed of a superposition of several different waves.
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FIGURE 4

Pure wave Dalitz plots for mass
(KKr)=1.42GeV/ic? a)0™ag b)0~«"

¢) ™K d) K e) 17K and 1K/, zero
phase f) 17K and 1*K’,180%phase



1. AMPLITUDE ANALYSIS

The resuits of the Amplitude Analysis illustrate the
quality of the fits. Monte Carlo events generated accord-
ing to phase space distributions were weighted by the
probability obtained from the amplitude analysis. The
distributions for the weighted Monte Carlo events are
then compared to the data. The resuiting fit appears to
be unique. and is shown in Figures 6 and 7.

In the 1.24 to 1.34 GeV/c? region. the 1=~ 24 (890)
T resonance. f1{1283), is seen quite clearly, There is an
enhancement in 07~ agn as well. That can be identi-
fied with the 7 (1280), a 0~ up7 resonance that has
been observed in other experiments®. It is broader than
f1{12831. The phase motion of 0=~ ag= with respect
to 177 ag7 is fat. indicating that either the waves are

resonating together. or neither is resonating. The back-
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FIGURE 5
Dalitz plots pp --> K*K? ¢ -X
a). 1.34-1.36 b). 1.36-1.38 c). 1.38-1.40
d). 1.40-1.42 e). 1.42-1.44 GeV/c?

grt;und is small in this region.

In the 1.34 Ge\«'/c2 to 1.48 GeVic? region, 177K
is rising at the A"A threshold. 07~ agw peaks later
at 1.43 GeV/c®. The phase motion for 07~ ag7 with
respect to 17+ A"H is flat from 1.35 GeV/c” to 1.43
GeV/c? and then rises through 1807 in the next three
mass bins. There are several possible interpretations.
Between 1.35 and 1.41, either both 0~ ~agpr and 17~
K™K are resonating, or neither is. The rise from 1.43-
1.19 indicates that 07 ag7 is resonating in that region.
It seems that one resonance will not describe the pre-
dicted number of events and the phase inotion. It is
impossible to determine whether there are two or three
resonances in the region based on these data.

It is seen that 1™~ K"K is present in the region that
shows the A" asymmetry described above. After that.
it is only present in one bin. 07T A" K is very small ev-
erywhere. The background is growing stronger through-
out the region. This indicates that there is an increas-
ing amount of non-(I\"F'O:') events and that perhaps
some important waves are turned off in the analysis.
There are little data at high (ﬁ"roz") mass and no
conclusions can be drawn from the analysis.

The comparison between the data and the fit is shown
in Figures Ta through 7f, for the mass bin centered at
1.41 GeV/c>. The agreement between the data and the
fit is good.

As mentioned, this experiment also took data with
a 7~ beam®. The K*F r~ mass spectrum from the
teaction #7p — E+E%r~n is shown in Figure 3. and
the results of the amplitude analysis are shown in Figure
8. The data from the 7~ p experiment were divided into
three -t bins, 0.0 < -t < 0.2 GeV3/ct. 0.2 < -t < 0.45
GeV2/ct | and 0.45< -t < 1.0 GeV3/ct. A peak seen
in the ([\"*Eorr') spectrum at 1.42 has contributions
from 0~ %agr, 0-*K*K, 1%+ K*K, and 1"~ K"K. The
relative contributions vary with the -t region. The be-
havior of 0=+ A"* K changes strikingly in the different -t
regions. At 0.0 < -t < 0.2 GeV3/cl, 07T KK is small
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FIGURE 6
Partial-wave for fp -->K*K9x"X

and without structure. For the higher -t regions. there is
aclear 077 A" A" peak. The contributions of 0=~ apr and
0+ &K "K for the higher -t regions give evidence for at
least two 0~ % resonances, one around 1396 £ 5 MeV . ¢®
that decays to agm and A K. and one higher in mass
{1450 = 10 MeV/c?) that decays solely to A KA.

The amplitude analysis shows small 7 (1295} 0™~ and
large f; (1285) 17" peaks. In the 1.4 to 1.5 GeV/¢?
mass region there is a strong 0™~ peak at 1.42 GeV,¢*
identified as the 7 (1420}, but the peak is wide and there
also exists the possibility of a second 0~ resonance at
1.47 GeV/c%. Smaller peaks of 1** and 1%~ are not

culed out.

5. CONCLUSIONS

We have presented the results of an amplitude anal-
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FIGURE 7

Two body mass and angular distributions from pp
data. Curves are from partial wave fits.

vsis of the spin parity components as a function of mass
of the (I\"'Fox') system as produced in the reaction
5r— (KK
0~ - 2
(ATK x7) spectrum, one at (1279 £ 2) MeV /c- with

7~} X. Two peaks are observed in the

a width of (21 = 2) MeV/c?, and one at (1417 = 3}
MeV/c? with a width of (62 = 5) MeV/c?. The ampli-
tude analysis was performed in sixteen 20 MeV/c® bins
from 1.24 GeV/c® to 1.56 GeV/c?. The waves used for
the fitting were 0~%, 1%+ 1%~ and background.
Inthe 1.3 GeV/c? region, two resonances are observed
in the amplitude analysis. The 1" Fagn resonance that
peaks near 1.27 GeV/c? is identified with the well es-.
tablished f1(1285). A second resonating wave. seen at
the same mass, is 0" qq (890) x and cotresponds to
the n (1295). The n (1295) has been seen in 77T and
K K= final states, but it is not as well established as the
£1(1285). In all cases, the n (1295) has been observed
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FIGURE 8
Partial waves for 1" p --> K*K% ' n
with partial wave analysis techniques.

In the 1.4 GeV/c? region. the situation is less clear.
There is a peak in the number of events attributed to
1+ K"K near 1.40 GeV/c? and a second peak attributed
to 0~ apw at approximately 1.43 GeV/c2. The relative
phase motion between two waves gives information about
the resonant behavior of the waves. A rise (or fall) of the
relative phase motion as a function of mass indicates that
one of the waves is resonating. If the relative phase mo-
tion is flat. either both or neither of the waves is resonat-
ing. The phase motion for 0~% ap with respect to 17+ is

constant from 1.35 GeV/c? to 1.43 GeV/c? and then rises

through ap.proximatel_v 180° over the next 66 MeV . c=.
There are several possible interpretations. There is cer-
tainly a 0= agm resonance around 1.43 GeV/c>. There
may be both a 0”7 and a 1™~ resonance around 1.40
GeV/c. It is also possible that neither wave is resonat-
ing in the lower region, and the peak in 1™~ can be
attributed to a rise from the KK threshold. Another
interesting feature is the lack of structure in 0"~ K"K
A fourth wave, 1™, is needed oniy from 1.35 GeV /¢ to
1.41 GeV/c?® to account for an asymme:y in the produc-
tion of K"~ K* and A% states. The background is
rising steadily, indicating that perhaps higher spins are
needed to describe the system at higher masses.

These results are very similar to the results of the
partial-wave analysis of 77 p — ([{‘7\:0:‘)71 in the mo-
mentum transfer region 0.0< -t < 0.2 GeVZ.¢t. In that
analysis, 0”7 agr is definitely resonating. 0"~ A"A is
without structure. and there is the possibility of a 17~
resonance overlapping a 0=~ resonance near 1.40 GeV '¢°.

A number of 077 states have been reported in the
region from 1.40 GeV/c? to 1.5¢ GeV,c.

such resonance is observed in these data. The results

At least one

of analvsis performed on the reaction =~p — K™K

7~ n indicate evidence of at least two 0~ states, the

lower of whnich decays strongly to ag«. and the higher ex-
clusively to A" /i'. These results are in good agreement
with the results of Inagaki et. al.’ from the reaction
m~p — KR! 77n and the results of Rath et. al” .
inx"p — I\O K On. The 0™~ resonance observed
in J/¥ — nrx and *"p — np7 =7 n can be tentatively
identified as the same as the lower 0~ state observed
in #~p — KEwxn. The 0=+ state observed in radiative
J/¥ decay may be a superposition of the two states ob-
served in hadronic reactions with a KK final state. It
seems likely that neither state is the missing s3 member
of the first radial excitation of 0~ nonet since neither
is observed in K ~p interactions.

There is also the possibility of an unexplained 17~



state present

1—'-4\.

state. There is modest evidence for a
at 1.40 GeV' c” in this analysis and in the = ~p analysis at
low -t. Ifa 17" A" K stateis produced in this reaction. it
couid tentatively be identified as the same state observed
in eTe~ experiments.3? central production experiments
at CERN.10-!! and hadronic J/¥ decay!?. There is no
place for such a 1™~ resonance in the lowest 1** nonet,
and it seems unlikely that the mass is high enough for
this state to be a radial excitation. *

The various states discussed above are probably not
all g7 states. It is unfortunate that none of these states
can be positively identified as a gluehall or exotic. and
their nature remains undetermined. The situation in the
A.n region is still confusing even after the analysis of the
7~ p and Pp data from this experiment. It seems likely
that there are both 1™~ and 07~ states ir
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