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In a previous Letter we presented evidence
for the existence of an S= -2 baryon resonant

state produced in

momenta of 2.45 to 2.70 BeV/c.! The mass

of the state was r

with a full width of I'~70 MeV. Based on the
observation of decay of this state into A°K,

it was concluded that the isospin is one-half.
Subsequently, the Amsterdam-Paris-Saclay
group (APS), analyzing K~ -p interactions at

3 BeV/c in the 81

chamber, reported a significant enhancement
in their A°K mass distributions at a mass of
1820+7 MeV and interpreted this as confirma-
tion of the Berkeley report.? However, the
APS group pointed out certain differences
between their data and the Berkeley data re-
lated to the existence of alternate decay modes

of the resonance.

is threefold: (1) to report our final data, in
some cases a factor of two to three greater
in statistics, establishing the best parameters

of the resonance;

to those of the APS group; and (3) to present
our results on the spin and parity of the state
based on the Byers-Fenster method of analysis
of the angular decay and polarization distri-
butions of the particle.

Production of =*(1820). —In Fig. 1 we pre-

PRODUCTION AND DECAY OF Z*(1820)t
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sent our data on the A°KK final states. The
Dalitz plot contains one point per event for

K~ -p collisions at incident each of the A°K°K° and A°K*K ™ final states.?
The data are an admixture of events from
eported to be 1810+10 MeV 2.45-, 2,55-, 2.63-, and 2.70-BeV/c incident
momenta. Although the ¢°(1020) band on the
plot is the most striking feature of the data,

a broad vertical band from M?*(AK= 3.20 BeV?
(1790 MeV) to M2(AK= 3.40 BeV? (1845 MeV)
is observed. This effect is more clearly dem-
-cm Saclay hydrogen bubble onstrated on the mass projections. Both the
A(K® and K°) and AK~ mass projections show
a clear peak centered near 1820 MeV with an
apparent width of I'~60 MeV. In each of the
mass projections, events in the ¢°(1020) band
have been removed. Although the AK°K® events
are not useful in establishing the strangeness
of the resonance because of the indistinguish-
The purpose of this Letter ability of the K° and K°, the AK~ enhancement
unambiguously establishes the strangeness to
be -2. Either enhancement is sufficient to
establish the isospin to be £. The combined

(2) to relate these results data give a mass of 1817+7 MeV.

2.0
1.8

&

3 1.6

a

|¥|.4

X

N

=2
1.0

FIG. 1. Dalitz plot and mass projections for the reactions A’K°R® (341 events) and A’KTK— (357 events). On
the Dalitz plot, one AR® (or AK?) point per event is plotted, whereas on the projection, both AR® and AK® values
are plotted. Events with a ¢ [1000< M(KEK) < 1040 MeV] are not included in the projections. The envelopes on

Alternate decay modes of the =*
sistent with the established quantum numbers
of AK would include configurations of the type
(1) AK +pions, (2) ZK (+pions), and (3) Em

(+pions). Reactions including (1) and (2), al-
though sometimes weak statistically, show no

(1820) con-
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the Dalitz plot are for incident momenta of 2.45 and 2.70 BeV/c.
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FIG. 2. (a) 2*(1530)7 and Znm mass projection
for the reactions Z°K’r*r~, E~K'r™r~, and E~K%trl.
Shaded events also include a K* [860< M(Kw) < 920
MeV] for all I, =+ Kr combinations. The curve is
our best extimate of the background for the non-K*
events. (b) and (c) Zm mass projections for the re-
actions Z"K’r " and Z”K'n’. Shaded events also in-
clude a K* [850< M(Km)< 950 MeV]. The curves are

our best estimates of the background for all data.

enhancements near 1820 MeV. Turning to (3),
we present data relevant to the =*(1820) in Fig. 2.
We confine our attention to final states includ-
ing ZK77 in Fig. 2(a) and =ZK7 in Figs. 2(b) and
2(c). The four-body events are observed to

fall mainly into four classes: Z*(1530)Km,
=*(1530)K*(890), ZnK*(890), and ZKnn.* Fig-
ure 2(a) shows the combined =*(1530)7 and

Zm7 mass distribution indicating those events
that also include a K*(890). Having subtracted
the K*(890) events (shaded), we observe an
enhancement at ~1820 MeV. Clearly this en-
hancement is not statistically strong enough

to establish independently the =*(1820) reso-
nance, but in light of previous AK distributions,
the simplest interpretation of the enhancement
is an alternate decay mode of the =*(1820).
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The three final states discussed here —=°K°n* 7~
Z~Ktnr*n~, and E7K°nr*7°—are the only four-
body final states including a = which can be
unambiguously fitted kinematically.® In Figs.
2(b) and 2(c) we have plotted the =7 mass dis-
tributions for the Z~K*7° and = ~K°r™ final
states.® Events that also include a K*(890)

are shaded. The «(726) appears not to play

a significant role in these data. In each of

the distributions there is a significant enhance-
ment of events near 1820 MeV, We note that

in both cases the enhancement appears to be
somewhat broader (~100 MeV) than observed

in the AK case. However, as is common in

the case of broad resonances, our interpreta-
tion of the background has influenced a deter-
mination of the resonance width, and this plus
perhaps statistical fluctuations within the peaks
themselves may explain this effect.

Table 1 summarizes the reactions presented
here and gives important cross sections and
decay rates for the production and decay of
E*(1820). Based on these numbers, we find
that the relative rates of =*(1820) decay are
(A°K)®> —:(=m)% ~:(E*(1530)7)° ~:=nm::11.4
+2,6:10.8+2,7:3,0+1,5:>1,1 pb. These cross
sections are exclusive of events that may be
a ¢(1020) or a K*(890). Because our knowledge
of the path length for A°K*K~ is approximate,
our cross section for (A°K)°>~ may be system-
atically in error by +15%. The AKn, ZK, and
ZKm modes apparently play no significant role
in the decay of =*(1820). To obtain the total
charge-independent cross section for =7 and
=*(1530)7, we have assumed an isospin of 3
for both =*(1820) and =*(1530). No straight-
forward correction for unobserved =77 modes
is available, thus we quote only a lower limit.

In conclusion, in comparison with the APS
group’s results we note that our cross section
of 11.4+ 2.6 ub for AK agrees well with their
value of 12+5 ub at 3 BeV/c. Our value of 2.9
+1.5 pb for E*(1530)7 also agrees with the APS
value of <6.0+ 2.5 ub. However, we do disagree
on the strength of the Z7 mode, obtaining 10.8
+2.7 ub, compared with <1.2+ 0.5 pb from the
APS group. This disagreement may result from
(1) statistics —our sample includes 737 Z~K*:070%
events compared to 129 for the APS group;
(2) in our analysis, an overgenerous estimate
of the =7 contribution over the background;
or (3) our possible observation of an energy-
dependent distortion of the decay amplitudes.
Lastly, we point out enhancements in the
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Table I. Experimental production and decay rates of =*(1820) for three- and four-body final states at incident
K~ momenta of 2.45, 2.55, 2.63, and 2.70 BeV/c. Cross sections are based on a total path length of 4.5 X 108 cm
[approximately % of this for (2%, AYK+*K— and A’KTK—77).

No. corrected
for neutral

Reaction No. observed decay o(ub) % =*(1820)2
A’K°RY 341(127 ¢ — K" +K,’, 214 non-¢) 811 51.9 15
AKTK™ 357 535 ~51.3 7
ETK 0 253 379 24.3 9
=Kt 485 624 39.9 7
EOK+1|'_ Uncertain see cee eoe
EOK 0 Not analyzed cee ces cos
='K°K’ Only ='K,’K," analyzed see cee cee
='KK— 54 81 ~7.8
- K'K° 36 108 6.9
KK~ 15 45 2.9
ANKK— 7t 12 54 3.5 2
AKHROr ™ 8 36 2.3
AKTK—7° 31 47 ~4.5
AK'Rr° 4 54 3.5
E K ntrT 61 92 5.9
E7K 't 60 180 11.5 12[8 E*(1530)m,4 Ewn)
EK'n T 34 153 9.8}

E7K 0 Not analyzed .es ces ces
) Not analyzed ees oee cee
EOK 7O Not analyzed ces ces coe
ZKEn Not analyzed oo coo ces

8Non-¢, K*(890) only.

A°(K° and K°) and =~ 7° mass distributions at eters such as ¢,,= (S NJ(I+1]7Y2 and ¢,,
1705 MeV [Figs. 1 and 2(c)]. The possible « (35,2 - S2) were evaluated from decay dis-
existence of yet another =* state with this tributions. These were used to form x*’s
mass will be pursued in future experiments. testing spin and parity:

Spin and parity of =*(1820). — A resonance 5
of spin J can be completely described in its R SO G -y
initial spin state by 3(2J + 1) -1 independent J L>9J M LM LM,L'M’' "L'M”
parameters; these can be determined experi-
mentally from the angular distribution of de- 2J I N
cay and from the angular dependence of each xp2 = 2. Z:(t M t LM )

.y .

of the decay fermion’s polarization components. odd L=1M

The complexity of these distributions deter-
mines the minimum J value that can be as-
signed to the resonance. The intrinsic parity

Il 1
XH -1 -
LM,L'M’ Comr =t -

of the resonance relative to the decay fermion Here G and H are the appropriate error ma-

determines the orbital angular momentum per - trices, and t! and t+ are obtained from coef-

mitted for the final state; the particular ! wave ficients of longitudinal and transverse polar-

(J+% or J—3) has no effect on the distributions ization components, respectively.®

of longitudinal and transverse components of Results on spin and parity are given in Ta-

polarization except determination of algebra- ble II. It can be seen that the resonant (plus

ic signs in the latter. background) events require a spin greater than
The Z*(1820)~ =~ +7"*° and ~A + K>~ de- 3 in all channels, but do not require a spin

cays have been analyzed by applying the Byer- greater than £ except in the AK? channel (where

Fenster formalism.” Initial spin-state param- the small number of events with ¢ subtracted
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Table II. Spin-parity results.

Spin Parity

Decay Mass No. of X*3) X3 X239 X*37)
mode band events (f=24) (f=15) (f=4) (f=4)
R 1775-1925 81 64 13 12.8 11.7
1775-19252 29 848 18 5.6 3.1

BackgroundP 48 174 24 7.1 1.1

= nt 1775-1925 116 103 19 11.7 4.7
1775-19252 29 126 39 11.5 4.9

Background® 40 29 17 1.0 1.0

AK™ 1775-18504 38 298 24 4.8 2.9
Background® 83 446 16 2.6 5.4

AR’ 1775-18509 33 520 62 5.4 2.8
Background® 33 346 31 4.7 14.5

8Lower half (K* and low-mass Kr) of the Z*(1820) band removed. This is necessary to remove K*(890) events
and simultaneously avoid distortion of Z*-decay distributions.

bEvents with a Zr mass of 1575-1675, 1725-1775, and 1925-2000 MeV included. The 1675-1725 region is
avoided due to possible existence of resonance at 1705 MeV. (K* and low-mass Kr events could not be removed

because of limited statistics.)

CEvents with a Zr mass of 1575-1775 and 1925-2000 MeV included, with K* and low-mass Km events removed.
dNarrow portion of the AK band containing overlapping ¢ events removed.
®Events with AK mass of 1725-1775 and 1850-1925 MeV included, with ¢ events deleted in AR® but not in A’K™

(because of statistical limitations).

could be responsible for large values of spin
¥?). The resonant events in all channels give
better x* values for §~ than for §* parity. The
background events also require a “spin” greater
than %, but perhaps not so firmly as do the reso-
nant events; parity discrimination for the back-
ground is almost nonexistent, with sightly lower
x* values for £*. The evidence here is exceed-
ingly weak because of the large background
in the Z*(1820) decay channels, but may point
to Dy, as the state of the Z*(1820). (We as-
sume the = and A parities to be the same.)
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FIG. 2, (a) 2%(1530)7 and 77 mass projection
for the reactions Z°K'r*n~, ZK r'r~, and Z-K'r 7",
Shaded events also include a K* [860<M(Kr)=< 920
MeV] for all I, =+} Kr combinations. The curve is
our best extimate of the background for the non-K*
events. (b) and (¢) Z7 mass projections for the re-
actions 27K and 27K n". Shaded events also in-
clude a K* [850=< M(Kn)< 950 MeV]. The curves are
our best estimates of the background for all data.



