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PRODUCTION AND DECAY OF = (1820)

Gerald A, Smith, James S. Lindsey, Janice Button-Shafer,
and Joseph J. Murray '

Lawrence Radiation Laboratory
University of California

Berkeley, California

November 30, 1964

ERRATUM
For footnote 7 substitute the following, so that it reads:

7. N. Byers and S. Fenster, Phy#., Rev. Letters 11, 52 (1963). T}le
formalism of Préf. ‘Charles Zemach (Department of Physics, University.
of California, private communication) as well as an extension of the
Byers-Fenster treatment can be applied to the decay process
5*(182.0) - ’.5.**(15 30) + m. -Large background and statistical limitationé
(Wi.th K* effects removed) make conclusions difficult; however, results
are féund Ito be consistent. with‘the D3/2. (or FS/Z’ etc.) possibility

indicated by the analysis of other decay channels discussed in the text.
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| Production and Decay of E>:‘<(1820)Jr

‘Gerald A Smith, James S. Lindsey, Janice Button-Shé.fer,
: and Joseph J., Murray o

Lawrence Radiation Laboratory
University of California
Berkeley, California

.4N'ovember 19, 1964

. Ina pré\}ious Letter we presented evidence Vfor:\vthe existence of a S=-2
baryon.resohant state produced in K~, p collisions ?.t incident momenta Qf. -
2.45 to 2.70.‘BeV/c;A1,.‘The mass of the state was‘ reported to be '18-10‘:1: 10 MeV
with a full width of I' ¥ 70 MeV. Based on the observation of decay of this :
_ététe into ADK, it was concluded that the isospin is one -half. Subsequehtlyé(
the A_rnstei'dam—Paris—Saclay group (APS), analyzing K‘,‘.p interactions at !'\‘ f.
3 BeV/c in the 84-cm Saclay hydrogen bubble chambeﬂr, reported a significant
e_nfxahcement in their A%K mass distributions at a mass of 1820 = 7 MeV and
'interp,reted this-as copfirmation of the Berkeley report.z Howeve‘r,- the APS
'group. pointed out Ce.fté,in differences between their data and the Berkéleyf'daté.
- related to the e#istgnce of alternate decay r.node's of the resoﬂance;‘ The-
purpose of this L’ette-r is thrée-fold: (1) to report our fihal-da;ta;; in séme '
cases a'fact'or‘ of two to three greater in statistics, establishing the best
parameters Qf _the‘ resonahce; (2) to relate these lr'esurlts to those of thé APS
group; and (3) to present our results on the spin and parity of the st.ate based  -
on the Byers-Fe"nster’method of 'annalysis of the angular aecay and'polariz'ation

&

distributions of the particle, = * SR

b3

Production of = (1820)

In Fig. 1 we present our data on the A’KK final states. The Dalitz

plot contains one point per event for each of the A“K*R® and A’K*™K "~ final
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states.3 The data are an admixture of events from 2.45-, 2.55-, 2.63-, and
2.70-BeV/c incident momenta, Although the ¢?‘(1OZO) band on the plot is the

most striking feature of the data, a broad vertical band from MZ(AR); 3.20

BeVZ(1790 MeV) to MX(AK)T3.40 BeV” (1845 MeV) is observed. This effect

is more clearly demonstrated on the mass projections. Both the A (KQ‘ and
RQ) 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 AKQKO events are not

~

useful in establishing the strangeness of the resonance because of the . .

indistinguishability of the K% and RQ, the AK~ enhancement unambiguously v

_establishes the strangeness to be -2. Either enhancement is sufficient to

establish the isospin to be 1/2. The combined data give a mass of 1817 %7 I\/I;eV.' ‘

Alternate decay modes of the 3*(1820) consistent with the established
quantum numberé of AK would include configurations of the type (1) AK + pion.s,
(Z)V ZI—{ (+ pions), and (3) =7 (+ pions). Reactioné including (1) and .(2),
although so.metimes weak statistically, show no enhancvement_s near 1820 MeV.

Lo

’I‘mirning to (3), we present data relevant to the = (4820) in Fig. 2. We confine

our attention to final states including =K in 2(a) and ZKm in 2(b, ¢). The

4 body events are observed to fall mainly into four classes: E>':(1530)K~.r,

B ) i sk : .
= (1530)K (890), EnK' (890), and EKmr.4 Figurezz(a) ‘shows the combined

= (1530)7 and Zww mass distribution _1nd1cat1ng_those events that also include

a K (890). Haviﬁg subtracted the K (890) events (shaded), we observe an
eﬁhancei‘nent at ~1820 MeV, Clearly this enhancément is not statistically

strong enough to independently establish the 2*(1820) resonance, but in light

of previous. AK distributions, the simplest interpretation of the enha.ncernent

is an alternate decay mode of the ’.&.";‘((1820). The three final states discussed .

PO
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peaks themselves, may explain this effect.
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e mororte Rt and EKOxt | -
here — K-rr-n, = K'nwr, and = K% n° —are the only 4-body final states

" including a E which can be unambiguously fitted kinematically.” In Fig. 2(b,c)
‘we have plotted the = mass distributions for the =K n® and E7K %7 final

sta.’ces.6 Events that also include a K*(890) are shaded. The «({726) appearls

not to play a significant role in these data. In each of the distributions there

is a significant enhancement of events near 1820 MeV. We note that in both

~ cases the enhancement appears to be somewhat broader (~100 MeV)A than -

observed in the AK case, However, as is common in the case of broad

h -
v

" resonances our interpretation of the background has influenced a determination - -

. of the resonance width, and this plus perhaps statistical fluctyations within the

!

Table I summarizes the reactions presented here .and gives importa‘nt
cross sectlons and-decay rates for the productmn and decay of = ('1820

Based on these numbers, we find that the relative rates of = (1820) decay -

are (A°K)%: (2m®: (27(1530)m)°: Ewmif1.42 2.6 : 10.8% 2,7:3.0 % 1.5 :>4.4pb.

-These cross sections are exclusive of events that may be a ¢$(1020) or
K*(890). _Because our knowledge of the path length for AOK.‘*-K-A is approxi_maté,'_

0= 0 ' '
our cross section for (A K) may be systematically in error by +15%. . The

AK-n', ZK and ZKw modes apparently play no 31gn1f1cant role in the decay of

= ('1820)._ To obtain the total charge-independent cross sectlon for =m and

5*(1530)1r, we have assumed an isospin of 1/2 for both EI (1820) and '.EZ (1530). |

No straightforward correction for unobserved Ewrn modes is available, thus

we quote only a lower limit,

‘ In conclusion, in 'compavrison_with the APS grdﬁp's results, we note that

~ our cross section of 11.4 % 2.6 ub, for AK agrees well with .their value of

12+ 5ub at 3 BeV/c. Our value of 2.9% 1.5 ub for E*( 1530} also agrees With.‘,;;:;‘ o
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the APS va.lue of < 6,0 = 2.5 ub. However, we do disagree on the strength of
the =1 mode, obtalmng 10.8 £ 2.7 ub, compared with < 4.2= 0.5 pb for the

'APS group. This disagreement may result from (1) statistics — our sample

+ 0
includes 737 =°K® T events compared to 129 for the APS group, (2) in our

‘analysis, an overgenerous estimate of the =Ew 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 A%(K° and E_{d) and

=n° mass distributions at {705 MeV [Figs. 1 and 2(c)]. The possible existence

of yet another =™ state with this mass will be pursued in future experiments.

Spiﬂ and Parity of'EI*( 1820) . ' N

. A resonance of spin J can be completely described in Iits initial s'pin._
state by 1/2(2J + 'i)z - 1 independent parameters; these can be detern;lined B
experimentally:_from the angular distribution of de.c.aSr and from the angular
depende.nce of each of the decay ferrhion's polarization component‘s.' - The
cemplexity of thes"e di‘strib\lltiens determines the minimum J ;/a.h.le that can be
assigned to %:he.v:reSQnance; The intrinsic parity-of the resonaricell_‘elativle to
_the decay fier'mivon determiﬁes the erbita.l angultar.;rnomenturln‘ permitted for the -
~final stafe;' the particular £ wave (J + 1/2 or J - 1/2) has no effect on the —
distributions of longitudinal and transverse components of éelar‘ization except -
~determination of algebraic 31gns in the latter. -

e - + ___.g . - . ‘ '
The =7(1820) -~ E ' n° and AK decays have been analyzed by applying

the Byers—Fenster formalism. s Imtlal spin-state parameters such as

<S D’(J+'1 -1/2_ and t, <3S - SZ> were evaluated from decay

O

’dlstr;butlons. These were used to form y 's testmg spin and pa.nty

L
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X =. : 2, t G nrr troins
T 1Sy Mo LM TLMLIM! LM
g .
2 l L -1 I L
Xp Odg:L=1 Jz:/l(tLM -tLM) HLM,L’M' (tL'M‘ -tL'M‘) .

Here G and H are the appropriate error matrices, and t“ and t'L' are obtained

from coefficients of longitudinal and transverse polarization components,
e 8

respectively. -

‘Results on spin and parity are given in Table II. It can be seen that the_

resonant (plus background) events require a spin greater than 1/2 in all

" channels, but do not requiré a spin greater than 3/2 except in.the AK° char_melv 3

(where the small number of events with ¢ subtracted could be responsible for

| large values of spin XZ)., The resonant events in all channels give better XZ'_“

values for 3/2° than for 3/2" parity. The background events also require a
"spin"' gréater than 1/2, but perhaps not so firmly as do the resonant events;
parity discrimination for the background is almost nonexistent, with slightly

lower 'XZ values for 3/2+. The evidence here is exceedingly weak because of

‘the large background in the 'E.':‘t(i820)' decay channels, but mé.y point to D3/2 |

as the state of the E“(iSZO’), (We assume the = and A parities to be the.
same.)

The authors wish to acknowledge the skillful gohtribut’ions of the bubble

chamber and scanning and measuring groups. Spécial thanks go to

Mrs, Paul Gran_nié and Mr, William Donovan for their aid with data reduétion. o

We also acknowledge the continuing support of Professor Luis W. Alvarez.

¢



6~ UCRL-11778

REFERENCES AND FOOTNOTES

T Work aone under the auspices- of the United States-Atomic Energy Commission, -

1. . G. A. Smith, J. S Lindsey, J. J. Murra.y, J. B. Sha.fer
A, Barbaro Galtieri, O. I. Dahl, P. Eberhard, W. E.‘Humphrey; .

G. R. Kalbfleisch, R. R. Ross, F. T. Shlvely, and R :D. Trlpp, Phys
Rev.. Letters 13, 61 (1964). |

2.. J. Badier, M. Demoulin, J. Goldberg, B. P. Gregory, P. Krejbich,

C. Peiletier, M. Ville, R. Barloutaud, A Leveque, C. Louedec,

J. Meyer; P, S.chlein,‘A. Verglas; E. S. Gelsema, .T Hooglanci,

- J. C. Kluyver, A. G. Tenner, paper presented at the Inlternational
Conference on High Energy Physics, Dubna, U.S.S.R., August 5-15, '1964

3. The A° K K° events'are derlved from zero—orong, two-vee and Zero- S
prong, three;vee topologies where 2 lambda or Ki is observed asa
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Table I. EXperirhehtal p_rdduction: and decay rates of & (1820) for 3- and

4-body final states at incident K~ momenta of 2.45, 2.55, 2.63,‘ an

BeV/c. Cross sections are based on a total path length of 4.5X'1O8

d 2.70

cm

(approximately 2/3 of this for ZPA°K K™ and A°K K ™=°).
No. corrected - .
Reaction No. observed for neutral 0 (pb) Q Yo ('1820)8','
' : decay :
A’K°K° 341{"2‘21744’;&?% 814 51.9 15
ACKTKT 357 535 ~51.3 7
=K 253 379 24.3 Y -
=K O 485 624 39.9 7
=0Ty Uncertain — — —
=0 ® Not analyzed — — —
zOK°K° Only Z°KJK} - - —
analyzed ; ‘
ZOxTK” 54 81 ~ 7.8 y
= K"K 36 108 6.9
2 KOK" 45 45 2.9 | .
A°KCK 12 54 3.5 5 EXE
AKTKOn- 8 36 2.3 |
ACK K n® a 34 47 . ~ 4.5 |
CACKOKOq® 4 54 3.5 5
= K T 64 92 5.9 (8 2¥(4530)m
E7KOn 0 60" 180 415 } o2 %4 Emmw
=K O 34 - 453 9.8/ B
="K om0 Not analyzed — — : —
‘ E0kTnn® Not analyzed — — -
Z°K nOn® Not analyzed — — —
KK Not analyzed: — — _—
a Non-¢,K*.(890) onl,y-v |
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Table II. Spin-parity results

Spin ' Parity

Decay Mass No. of > > > — >
mode band events X (4/2)  x7(3/2) x“(3/2%) x“(3/27)
= 24) - = 4) (£ = 4)
27n® 0 4775-1925 81 64 13 12.8 11.7
| 1775-1925% 29 ' gas 18 5.6 3.4
Background® 48 174 24 7.4 4 o
Ent 1775-4925 116 103 19 - 11.7 . 4.7 .
1775-1925% 29 126 39 145 - 4.9
Background® 40 29 17 1.0 0.
AK” 1775-1850% . 38 298 24 4.8 2.9
Background® 83 446 16 2.6 5.4 j
AR - a175-1850% 33 . 520 62 5.4 2.8
‘Background® 33 346 31 a7 145

a Lower half (K:': and low-mass Km) of the
hecessary to remove K

.

s
=

of =

decay dlstrlbutlons

* (1820) band removed. "

This is

{890) events and simultaneously avoid distortion

e

b Events with a =7 mass of '1575 1675, 1725- '1775 and '1925 2000 MeV in- .

cluded. The '1675-'1725 reglon is avoided due 1_:0 ‘possible ex1stence of reso—‘v

. ;nanc‘:e at 1705 MeV. . (K-* a;nd. low-mass K7 events could not B.e. removed |
because of llmlted statlstlcs ) | | | _ '

¢ Events with a =7 mass of 1575 1775 and 1925 2000 MeV 1ncluded w1th K
and low-mass Km events removed

d Narrow portlon of the AKband containing overlapplng ¢ events removed.

€ Events with AKmass of 1725 4775 and 41850~ '1925 MeV 1ncluded with cp eventJ

deleted in AK° but not in A° K (because of statistical llmltatlons).
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Figure Legends

4. Dalitz plot and mass projections for the réac_tions AKOK® (341

events).and A°K+K- (357 events). On the Dalitz plot, one AK® (or AKP)

point per event is plotted, whereas on the projection, both AK? anad

- AK® values are plotted. Events with a ¢ [1000 € M(KK) <1040 MeV]

- Fig

" background for all data.

~ for incident momenta of 2.45 and 2.70 BeV/c‘. ,

g, 2. (a) =

are not included in the projections. The envelopes on the Dalitz plot are

=" (4530)™ and. =7T mass projection for EOKOTTTTT_., =Kt

b

and E'Ko'rr-*-'rro ‘reactions. Shaded events also include a K [860 € M(K7) <

920 MeV]for all I, =% 1/2 Kw combinations. The curve is our best esti-

mate of the background for the non-K events. (b,c) =7 mass projections

L . —- . -t . :
for the reactions = K°Tr+ and 5 K 7%, Shaded events also include a -

K [850< M(K’ﬂ’) < 950 MeV].- The curves are our best estimates of the

wd
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