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We present the results of an amplitude analysis of the spin parity components as a function of mass of
the (K~K T " ) system as produced in the reaction pp — (K^K x~ ) X. Two peaks are observed in
the (A'~/i i ~ ) spectrum, one at (1279 ± 2) MeV/c2 with a width of(21 ~ 2) MeV/c", and one at
(1417 ± 3 ) MeV-'c- with a width of (62 ± 5) MeV/c2 . The amplitude analysis was performed in
sixteen 20 MeV/c- mass intervals from 1.24 to 1.56 GeV/c2 . The waves used for the fitting were
JPG = 0 ~ + , I"1""*", 1~~, and background.

1. I N T R O D U C T I O N

Many three quark (anti-quark) baryons (anti-baryons)

and quark-antiquark mesons have been observed1. 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 look 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 pp — A ' + A ^ T " X at 8.0 JeV.c.

We will also compare these results with the analysis of

the reaction ir~p — K^T^x'n at 8.0 GeV/c.

2. THE E X P E R I M E N T

This experiment (BNL E-771) was proposed to ob-

serve the (K~KT) final state in three different reactions.

The reactions observed are:

PP - l
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The analysis of the pp 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 proceeding3'4-5. The

trigger for this portion of the experiment consisted of

detecting the decay A"? — T~T~ and also identifying a

positive charged particle heavier than a pion with mo-

mentum greater than 1.5 GeV/c. A time-of-flight system

and cherenkov counter selected A*~'s from the positive

charged trigger particles.

ry
o
>
a
o

E
ve

r

C\J

p
>C3

o

H
>

111

>

<s2
o

IS
/

400

200

0

-

0.9

240

120

0

_
•

;

0.5

1

240

120

a.

1
\

, >">-—^ .,
1.1 1.3 1.5

K°K* Mass(GeV/c2)

b. '

„ Arw[ :f V
J , ,^>-_*.0.7 0.9 1.1

<°!r Mass(GeV/c2)

c.
JtnJI

PH.J S

/ Krs
/ M,
/ V

'0.5 0.7 0.9 1-1
K"V Mass(GeV/c2)

FIGURE 1

Two body invariant masses from
pp->K+K°5t-X

3. THE DATA

The three two-body invariant masses are shown in

Figure 1. Figure la is the A K~ invariant mass. K ir~

is shown in lb. The T' (392) is clearly seen. A'"0 1892)

is also seen in A'~T~ . Figure lc. although it is not as

prominent as the JT~ (392).

The invariant A""1"A' -~ mass is shown in Figure 2.

The prominent features are a narrow peak centered at

1280 MeV;'c2 and broader one centered at 1420 MeV <•-.

As the acceptance is falling with increased mass, it is

possible that the second peak, in the A. 7 region, is a

rise from the A*"A" threshold that is cut orT by falling

acceptance. The acceptance corrected mass distribution

still shows a peak in the A q region, which indicates that

there is at least one resonance present. The invariant

A'~A* T~ mass for the ~~ beam data is shown in Figure

3. and displays features very similar to those of rhe p

beam data.
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FIGURE 2

Mass distribution of pp --> K*K°i-X

The Dalitz plot is used to examine three-body final

states. There are three two-body mass combination?

of «ch 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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FIGURE 3
Mass distribution oir.'p --> K"K°s'n

of a definite J'"^ -.viil yield a Dnlitz plot with a distinct

population density. Dalitz plots for some pure waves

are shown in Figure 4 where the notation is .7° fol-

lowed by decay mode. A" is A"A' and ao is u^OOS)

T. The pure-wave Dalitz plots were generated using

geometrically accepted Monte Carlo events which were

weighted usine the analysis program • . Waves of dif-

ferent jP will not show any interference on a Dalitz

plot. However different decay modes with the same Jp

can interfere, as can states with fhe same J and iso-

bar, but different G or C. For instance, the 1" states

for the A'" A' system have predictable Dalitz plot fea-

tures. In the 1~~ wave, with G eigenstate given by

|A' + A"- > - A^A"0 >, A" bands parallel to both axes

are expected and those bands should overlap. In the I"1

wave. ;A"*A"~ > -lA^A'"0 >. the bands should be

present, but the overlap region should have no events.

For interference between the 1 A"A' and l^^A^A",

one of the A" bands can be expected to disappear.

|A'"A**" > « II"1-- > -II— >

|A-°A-° > a 11--" > - II*- >

These are seen in Figures 4e and f respectively.

Dalitz plots for the data are shown in 20 MeV c2

{A"+A' T~) mass intervals in Figure 5. The solid curves

are the boundaries of the plots. The most interestina

feature is an asymmetry in the A'" bands that appear;

around 1.34 GeV/c". In the region from 1.34 GeV/c- to

1.42 GeV/c2. the K'~ is much stronger than the K*°.

This asymmetry disappears at higher masses. This is an

indication that the waves l^'A^A* and 1 A"'A' 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 Carlo

Dalitz plots. This suggests that the A"~A' T~ system is

composed of a superposition of several different waves.
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FIGURE 4
Pure wave Oalitz plots for mass
(KKjc)=1.42GeV/c2 a) O^SQ bJO^K*
c) T̂ +K* d) 1+-K* e) I + V and I^K* zero
phase f)1++K*and1+"K\i80°phase



4. AMPLITUDE ANALYSIS

The results 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 resulting fit appears to

be unique, and is shown in Figures 6 and 7.

In the 1.24 to 1.34 GeV/c2 region, the 1— <z0 (890)

- resonance. /j( 1235), is seen quite clearly. There is an

enhancement in 0 ao* as well. That can be identi-

fied with the 7 11280), a 0 I2QT resonance that has

been observed in other experiments0. It is broader than

/l(12S5'i. The phase motion of 0~~ aq- with respect

'o 1 JQ:T is flat, 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°rt-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/c2

ground is small in this region.

In the 1.34 GeV/c2 to 1.48 GeV/c2 region, 1"A"A"

is rising at the K'K threshold. 0 JQT peaks later

at 1.43 GeV/'c". The phase motion for 0 <JQT with

respect to 1 + + A'"A' is fiat from 1.35 GeV/c2 to 1.43

GeV/c2 and then rises through 180° in the next three

mass bins. There are several possible interpretations.

Between 1.35 and 1.41, either both 0 a^ and 1 "

A""A" are resonating, or neither is. The rise from 1.43-

1.49 indicates that 0 agT is resonating in that reeion.

It seems that one resonance will not describe the pre-

dicted number of events and the phase motion. 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. 0 A'" A* 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-(A'~A' -~) events and that perhaps

some important waves are turned off in the analysis.
g

There are little data at high (A"~A ~~) mass and no

conclusions can be drawn from the analysis.

The comparison between the data and the fit is shown

in Figures 7a through 7f, for the mass bin centered at

1.41 GeV/c2. The agreement between the data and the

fit is good.

As mentioned, this experiment also took data with

a T~ beam5. The A""*"A" T " mass spectrum from the

reaction *~p —• A"+A" jr~n is shown in Figure 3. and

the results of the amplitude analysis are shown in Figure

8. The data from the -x~p experiment were divided into

three -t bins, 0.0 < -t < 0.2 GeV2/e4. 0.2 < -t < 0.45

GeV2/c4 , and 0.45< -t < 1.0 GeV2/c4. A peak seen

in the (A"+A" ir~) spectrum at 1.42 has contributions

from 0-+a0>r,0-+ /PAM+ +A'*/l\ and I4-K'K. The

relative contributions vary with the -t region. The be-

havior of 0~+A'*A' changes strikingly in the different -t

regions. At 0.0 < -t < 0.2 GeV2/c4, 0"^A'*A' is small
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FIGURE 6
Partial-wave for pp -->K+K°;TX

and without structure. For the higher -t regions, there is

a clear 0 A'* A' peak. The contributions of 0 cJo^and

0 '"A"*A" for the higher -t regions give evidence for at

least two 0 " resonances, one around 1396 i 5 MeV/c-

that decays to OQTT and A*A", and one higher in mass

(1450 ± 10 MeV/c2) that decays solely to A'* A'.

The amplitude analysis shows small 7 (1295) 0 and

large / j (12S5) 1~ + peaks. In the 1.4 to 1.5 G e V c 2

mass region there is a strong 0 peak at 1.42 GeV/c"

identified as the rj [ 1420), but the peak is wide and there

also exists the possibility of a second 0~"" resonance at

1.4" GeV/c". Smaller peaks of 1~"* and 1 are not

ruled 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.

ysis of the spin parity components as a function of mass

of the [K^K T ~ ) system as produced in the reaction

p p — (A"LA" T ~ ) X. Two peaks are observed in the

(K+~K°x~) spectrum, one at (1279 ± 2) MeV/c2 with

a width of (21 ± 2) MeV/c2, and one at (1417 ± 3)

MeV/c2 with a width of (62 = 5) MeV/c2. The ampli-

tude analysis was performed in sixteen 20 MeV/c- bins

from 1.24 GeV/c2 to 1.56 GeV/c2. The waves used for

the fitting were 0 *", 1 T + , 1" , and background.

In the 1.3 GeV/c" region, two resonances are observed

in the amplitude analysis. The l'^aoff resonance that

peaks near 1.27 GeV/c" is identified with the well es-

tablished /i(1285), A second resonating wave, seen at

the same mass, is 0 La$ (890) sr and corresponds to

the if (1295). The 77 (1295) has been seen in TJITT and

KKx final states, but it is not as well established as the

/l(1285). In all cases, the 7 (1295) has been observed
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Partial waves for JI" p --> K+ KG jr" n

with partial wave analysis techniques.

In the 1.4 GeV/c2 region, the situation is less clear.

There is a peak in the numbsr of events attributed to

1++A'" A* near 1.40 GeV/c2 asj i a second peak attributed

to 0 ao*- 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 fiat, either both or neither of the waves is resonat-

ing. The phase motion for 0~ + ag with respect to l + ~ is

constant from 1.35 GeV/c2 to 1.43 GeV/c2 and then rises

through approximately 180° over the next 60 MeV/c".

There are several possible interpretations. There is cer-

tainly a 0 *" ao"' resonance around 1.43 GeV/c2. There

may be both a 0 " 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 A'"A' threshold. Another

interesting feature is the lack of structure in 0 A**A".

A fourth wave. 1 , is needed oniy from 1.35 GeV/c" to

1.41 GeV/c" to account for an asymmetry in the produc-

tion of K'~KJ" and A'*0A70 states. The background is

rising steadily, indicating that perhaps higher spins aro

needed to describe the system at higher masses.

These results are very similar to the results of the

partial-wave analysis of x~p — I A*~A" -~ )n in the mo-

mentum transfer region 0.0< -t < 0.2 GeVvc 4 . In that

analysis, 0 "no* is definitely resonating. 0 A""A" is

without structure, and there is the possibility of a 1

resonance overlapping a 0 resonance near 1.40 GeV c".

A number of 0 " states have been reported in the

region from 1.40 GeV/c2 to 1.50 GeV, c". At le>=t one

such resonance is observed in these data. The results

of analysis performed on the reaction -~p — A"~/l

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

lower of which decays strongly to HOT. and the higher ex-

clusively to A"" A'. These results are in good agreement

with the results of Inagaki et. al.1* from the reaction

x~p — K-h'J T^n and the results of Rath et. al' .

in *~p — A', A'J x°n. The 0 resonance observed

in J/v — 7 » T and T~p — r/T^-'n can be tentatively

identified as the same as the lower 0~~ state observed

in i ~ p — KK-xn. The 0 •" state observed in radiative

• / / • decay may be a superposition of the two states ob-

served in hadronic reactions with a A'A'i final state. It

seems likely that neither state is the missing ss 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 1̂



state. There is modest evidence for a 1~~ state present

at 1.40 GeV c" in this analysis and in the T~p analysis at

low -t. If a 1 h'K state is produced in this reaction, it

couid tentatively be identified as the same state observed

in e~e~ experiments.8'9 central production experiments

at CERN.10-11 and hadronic J/V decay12. There is no

place for such a 1 resonance in the lowest I"1"4" 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 qq states. It is unfortunate that none of these states

can be positively identified as a glueball or exotic, and

their nature remains undetermined. The situation in the

\,n region is still confusing even after the analysis of the

-~p and pp data from this experiment. It seems likely

that there are both 1"""" and 0 states in
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