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Frank T. Shwely, and Robert D. Trlpp

Department of Physlcs and Lawrence Radxatxon Laboratory
Unwerszty of Cahforma, Berkeley, ’Cahforma :

x

May 19, 1964

In th1s Letter we present ev1dence for exxstence of an ‘1810 MeV S--Z 5
: baryon state. Durmg an extenszve exposure of the 72-m. hydrogen bubble
- I__chamber to a separated beam of K . at mc1dent momenta of 2.45, 2 64, and "

o 2. 70 BeV/c, apprommately 380 000 pzctures have been taken, w1th 6 to 7 K s

‘and 1 to 2 ™ ~s per p1cture.- The 2 64- and 2 70 BeV/c momenta compr1se ;..'f

(3)°
O
RORO -
6) | 5 K KO

A°KTK =0k

+ neutrals

2- + RS

KK‘n’

KK - A° K°K

We f1rst con51der the three kmematmally f1tted four-body fmal states of

- + - 0 +

(7) and (8), ) Kt n_,'-,z K°'rr w, and ”*°K°

.;‘1 F1gure 1a shows - -
b + =0 300 o

a Dalltz plot of M ( w ) versus M (&° L ) fOr the .:.__K " ™ and ="K

fmal states.' These two have been grouped together, smce each reactxon has

'only one Ew pa:.r in the t :H./Z state.. We see. that both fmal states are -
| 3/2 system (._. 1r +.""° +)




for the three fmal states under consxderatmn. F1gure 3a contains only those

events m whxch a E (1 530) 1s produced. 4 'I'urmng our attention to ‘the pro-‘ e

Jectlon of these events on the = (1 530) i axxs, we note an enhancement of

| events in the 3.4~ to 3 4 BeV2 regxon. The est:.mated probab111ty that thz.s

:

peak is due to statlstxcal ﬂuctuatmn is <1%, based on our best evaluatmn of the

background (upper curve) 'I‘he Dahtz plot shows a slzght clustermg of pomts

"in the regxon bounded by 3. 1 M [ “(1530) ’“] 3.5 and 0. 76 M (K'“) ﬁ 0. 84 BeV
. )

Smce the latter defines. a reglon in whxch one would expect to observe the

1/2 (890 =25 MeV), this fact could cast some doubt on the va11d1ty of a true -
E*'ﬂ' resonance. However, a deta1led evaluatmn of the relative concentratlon‘
v".»:of various charge states in th1s reglon suggests that the clustering of poxnts ,'5.:
cannot be exp}laxned in a 31mp1e manner. > In add1t10n. a plot of those events
outs:.de the K* regmn (unshaded events) still indicates an enhancement m the
3.1- to 3.4~ BeV2 range relatxve to the apparent background (lower curve)

: Flg Zb we present a Dahtz plot for those events that do not sat1s£y the E* (1 530)

"_lselectzon criteria. 6 Although somewhat 11m1ted statxstxcally, the prOJectxons f—

glve no indication of the structure observed in Za. If we mterpret the. enhance-‘

i
cae

F—‘

__ment in the = (1530)11 prOJectmn as a resonance, the best parameters are L

‘18'10&10 MeV and I~ 70 MeV.

3

In Fzg. '3 we show the mass chstrxbutxons of S -2 pairs £rom three-body ,_

fmal states (1) through (6) In the 1810 MeV regmn. we note an excess of events

,,\

~in the dxstrxbutxon for A° K m 3b.,_ (We consxder for the moment only the shaded

L ‘ Cr - B ,}', .f,
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olur. best estimate of thelbackground for these events. | 'I‘aking this curve at ‘
, face value, ,m the 1775 to 1850-MeV mterval we observe 55 events when we

'Ewould expect ~ 33, Regardless of one's mterpretatmn oﬂ the =¥ (1530) L o

enhancement, the probabxlzty that such a peak is due to a. statlstlcal ﬂuctuatxon
is <1 %. If one argues ‘that the peakmg in A°K is related to that in "E¥ (1530) Tf. i
‘then the odds for such a fluctuation are greatly reduced. To illustrate this i
pomt, .in’ 3b we have added the‘ = (1 530)1\' events of 2a to the shaded area.

ln the 1775 to 1850-MeV mterval we observe 89 events when we, expect "‘45
g1vmg odds of 50 01% that the enhancement is a stat1st1cal fluctuatlon. _Y'I.‘he.
.~22 events which we ascribe to the 1810-MeV phenomenon in the A° KK 'event‘s-' &R
vind‘lcate that the decay rate into Ao;li is aopreciable. [ The distributions in 2

L , A7 and EK 1nd1cate no s1gn1f1cant peaking at 18‘10 MeV. . Finally, the 5':]*"!. 3

(=] ]

AT -

+ neutrals) and AK'N‘ systems as derived from events in categories (9)

through (1 2) do not 1nd1cate any structure in thls reglon. In the remamxng

d1scuss1on, we cons1der the 1810 MeV enhancement as seen 1n = (1530)1\'

" and A K as a mamfestatmn of a resonant state, and conslder 1ts other propertles

PN

o "‘_,ISOTOPIC SPIN

¢

‘We cons:.der two reactmns, KD~ E*?1810)K° and -2 -(1810) K+ g ',

:;Introducmg an 1ntermed1ate decay of the 1n1t1al (181 O) vxa a ...1/2 (1 530) + T

state, we evaluate the branchmg ratxos for. 'I‘ 1/2 and 3/2 assxgnments of

~

f-”the 1n1t1al (181 0) under the assumptlon of charge 1ndependence in the

'“strong decay. ‘These values, along with expenmental counts. are nge_n _:Ln-
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.‘.lj?is in’considerable disagreenment with the T = 3/ 2 prediction of four, amtd o
 one standard devxatzon removed from the 'I‘ 1/2 prediction of one. 8 This

5 "partzcular ratio forms a strong test of the isospin, smqe it is free of

IR

' scannmg bias. The lower-than-expected number of & g( events (3126 ..
; ‘were expected for T.= 1/2, 18*9 were observed corrected for neutral.

decay loss) may be understood in terms of the aforementmned bxas. although

J_

'i’-ithe statistical uncertazntzes on these numbers warrant no such explanatlon. P ,ﬂf
".For the T = 1/2 state, one expects to observe (uncorrected) 21 =0 K° 0 0 ‘

KT %% %% events in the resonance region (based on 316 = -

w0 'rr+K° events and 206 EvT okt events, respectively). ' Both of '

. events'and 31 ' &

L) T N . .
- . A

' these numbers are consistent wrth the absence of any apprecrable sxgnal in the o

*‘!{"(.-. + neutrals) mass d1str1but1ons. Wecconclude that the 1sosp1n-1/2 a551gnment 5

;- ;,:"_’.;;_‘f‘é‘. for the (1810) is hzghly favored over 3/2 o o L ." - . 2

' SPIN AND PARITY

‘Using the 3/2.+ spin and parity a'ssignment' for the E¥ (1530), 2, 1.ojwe

conszder spin assxgnments up to J 5/2 " For 1/2 and 3/2 , the lowest

 common orbital state for ..""'.. (1530)11’ AK and Ew is a P wave. The lowest

orbxtal states for 1/2 ‘are D wave for E#‘ﬂ and S wave for AK and Ew
" ‘For. 3/2 and 5/2 S-'and D-wave states respectlvely are reqmred fox E# ™,

- with D-wave for both ass1gnments in the case of AK and Ew. - The lowest "

H

T states for 5/2 are P wave for &’ (1530)11' and F wave for AKX and ....'n'.

o VFrom simple barrxer-Penetratmn arguments. ‘the predlCted =" (1530) b AK

-ratzos are 1:3:3 for 1/2 and 3/2 1 10: 11 for 1/2 ,,1 0.7:0.9 for 3/2°7,

'ii :5:5 for 5/2 ,-and 1:1:1 for 5/2 . ’I.‘hxs approach 1s clearly highly speculatwe. j--

however, taken'at face val ue,. those spm-panty values that best approxxmate

La'SﬂYo ,we have searched £or a

1."

the expenmental results are 3/2 and 5/2 ,%.,

L .*-'possxble spm ahgnment of the resonance by analysmg the strong decay mto
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OER 5{30) + 7. We construct two angles as measured in the rest frame of

P-"

“ . the &° (1810) --the angles made by the :*(1530) with respect to (a) the

- normal to the ¥ (1810) K-productxon plane and (b) the line of fhght of the

= (18'10) in the K -p ‘center of Mass.: The distribution in (a) is consistent

ok

| with isotropy, suggesting that either the = (18'1 0) does not have its spin ahgned

7:-'_,hr:4‘ﬂ.-'_»-w1th respect to the normal, or that the =¥ (1530) 7 system isinan £ =0 orbxtal

;v'..-":state (J = 3/ ‘2 7). The dlstnbutmn in (b) reflects the small anisotropy along N ,};I.‘,.’

the =¥ (1810) band of Flg. Za, and has been discussed in detail in reference 5 s
L - A group of experimenters using a beam of 3.5-BeV/c K~ in a heavy- .
‘liquid' loubble charnber have reported the existence of a possible new‘v resonant‘:‘. |
state of the = with mass ~1770 MeV,‘widthl ~80 MeV', and isotopic spin '1/2._1

o : 0
*“._';I; ~ . In particular, although low in statistics, their mass distribution for E.'-"ir+

"
W,

combinations in four-body fmal states demonstrates a peaking in the regmn of

71700 to 1900 MeV; however, no evidence is presented for a correlation of this . ‘."'

" peak with the E* (1530). ' Their data also suggest, if the effect is related to the

L

" ,H* (1810), that the = decay mode of (1810) in three-body ﬁ.nal states is

S ‘more abundant relatwe to the background at- 3 5 BeV/c than at lower momenta.
| The authors wxsh to acknowledge the chhgent and pamstakmg effort of ,'
the bubble chamber OPeratIOns group under the d1rect10n of Mr. Robert Watt |
and the Scanmng and measurmg group under the du‘ectmn of Mr. Edward o ">

. _Hoedemaker.- We agam thank Professor Lms Alvarez for hzs contmumg :.nterest

co#o o in thls expenment.




< Table I

Summary of Hva fmal states for 1n1t1al T =

=% -(1810) decaymg through an 1ntermed1ate system of =

1/2

and 3/2 states of the |

1/2 (1530) ¥ om

Clebsch-Gordan . Bok
Coeff1c1ents

= (1 530) events in ‘resonance®

=1/2

3]2

R e

+ (2/9>’/ 2
(/92

- =%~ (1810) K"

B PSR T R

Cwet/e
a ‘+<1/9)4/2': 
 ra?
VYL
@/
+(2/9)‘/ ""_

;_'+'(z/9)1/2 o
+ (2/9)1/2, a3

'“/9’1/2 ,

Observed C'orrecte'd]a T

i T et e ‘b.». ar ‘\* gy LA TIE e -
\:s:

(X9/7)
(x 9/7)

+(1/9)1/ 2

+(4/9)/2
e/t
e/

11+ 6/2° 1845

13i4ff.

14i8ri

/9t

b




track decaymg, plus a vee (lambda) The S°K°wtm events have been .

O E. L Hart, G. Kalbfleisch, K. W. Lai, G London, G. C. Moneti, °

. PJerrou, w. E. Slater, D. H. Stork, and H. K. ‘Ticho, Phys, Rev.

. as a subscript ‘to: the state.

' l-xs consxstentuthh the calculated resolutxon for thxs system aa denved

e Events in the category =
" the topology of a two-prong ev‘ent with the negatweg-track decaying,
'_f', plus one vee (K°) or »t.wd vees (lambda. and Ko). : T}ye =" K'*' " 1r+ events )

. used in this d1scussxon appear as a four-prong event vnth one negative
" restricted to those that appear as a two-prong thh two vees (lambda and

:"_'<48 at 2.64 BeV/c, and 24 at 2.70 Bev/e.

) For a d1scuss1on of the properties of the =

" Sept. 1963 (unpublxshed), and P. E. Schlein, D. D. Carmony, G. M.

- _nonunifcrm. The densxty and the correspondmg pro;ectmns have not
been calculated exactly masmuch as the nature of the fmal state is 50
apparent.

The :*(1530) is defmed by 2.3 < M (:‘rr )s 2.4 BeVZ and 2.3sM? (

T4 L UCRLet1456. 0
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. from a one-constraint class fit for the reaction E

in the .::

- produced one point is plotted on both the Dahtz plot and the pro;ectzons. G

If we assume that a =
: the Dalitz plot, then in this region we expect ["
o [E* (1 530) K*°(890)  K° w°] = 2/1.
i;- [only for ="
' prediction.
" the normalization for the =
In thi‘s‘case we always plot the t =

° combination.

' . projection.

" mass squared and low Kw mass squared

v K p center of mass.

ga UCRL«11456 L

}

. In the case .
- K° w0 -n'+, the ‘event is accepted if either or bioth masses satisfy

“these criteria. The pion common to both axes is r;hat one not mcluded

('1530) For those events in which only one E*(1530) is.’

' Each event in the E¥ (1530) overlap region (=" K° 70 only) is plotted

tw1ce on the Dahtz plot and K progectlon, and once on the =¥

Pro Jectxon.

*(1530) K* (890) overlap region does exist on

' (1530) K“°(890)- K " J/

The experimental ratio is 0.6%0.3 .. =

*011530) - E"

X!

'n'+] , in considerable contradiction with the i1,
: . ) X .‘l (
At this time we cannot test = 11(15'30)K (890) inasmuch as -
] .

KOnh " sample is in doubt.

+1/2 K7™ combination versus the Eww ..~
27K w0 at

"We plot twopoints per event for all ‘events

" _on the Datlitz plot and the Km projection, and one point on the Eww

We note that although the Dalitz envelopes represent the

correct k1nemat1c boundanes, the populatlon of events within the boundar:.esv

ls expected to be nonumform, w;th i tendency for peakmg at hxgh ....'n"rr DR

R

The enhancement in the v1c1n1ty of 1810 MeV is partlcularly strong for
' ‘.those events 1n‘wh;ch a. 4).('1 020 MeV) 1_s produced, The _Dahtz plot of
e M2 (KR)'.versus M2 (AoK or A"K) ‘indicates'that the simpleét explanation’ . :

of this effect is a spm ahgnment of the 4) along 1ts 11ne of flight in the

Thls results m a sin 9 dxstrzbutxon along the ¢

band as. seen progected on the A°K Or A°K axls‘ ‘ For a dlscussxon of the

\,"' PR SN
J
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o Where P is the momentum of decay products of a ‘resonance of mass M
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'
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FIGURE LEGENDS
F1g 1. (a') Dalitz plot of MZ (Z:*'..' w ) versus M (...0 'n'+) for the final states

,S K'v" 2" (®) and B°K®+T 4%~ (0). In the prOJections the &° K°

:‘ events are shaded, (b) Dalitz plot of M (B w ) versus M (H "n' )for
0 +

bt

B _ the final state = K°w

2 poe
et

Fxg 2, (a) I?alitz plot of M (1530)n) versus, M2 (Kw) for all events

containing a S’,k(i 530){ (See footnote 4 for criteria used in plotting

0 +

e ind

i ,. - events), Final states are denote‘d.by @ for = KO-“ o) for E° K .“+ ..'

; and { for E” ‘K+ﬁ-'rr+_.v Events in the =% (1530) overiap regl_on\
(27K w0t only) are‘ plotted twice (0 ). The upper curve is the:best :

" estimate of the background"for all events, the lower is best for those

R events with the band defined by 0.76 < M2 (K ) < 0.84 Bev? removed

L ' (unshaded). (b) Dalitz plot of M2 (Sww) versus M2 (K ) for all events not .
_ . conteinjng a = (1 530), (See footnote 6.) Final states are denoted by o |
( E-Ko ’ﬂ'o 'ﬂ'+ ( )). EO Ko ‘n‘" 'ﬂ’+ (O), and E K 'ﬂ' -“- (o ) - . S

. Fig. 3. (a) Ev mass distribution for combined = “KOqt, =" K*.w‘?, ‘and

20K e .‘ﬁnal states. Events witn an 850-—v t0-950-MeV K7 mass,

.correspondmg to the K* (890) have been removed from the shaded events

o (b) AK mass distribution (shaded area) for combmed A° K 9K® and

E A° K K™ final states. Two points for each A° X K° are plotted sinoe tne
K° and K° are 1nd15t1ngmshable. Events with a 1000- to 1040 MeV KK

';"j‘-‘ mass correspondmg to the ¢ (1020 MeV), have been removed. The.

S unshaded area contains =¥ (1530) w events from Za. : (c) E_K mass L

'“‘.“:_ distribution for, eombined E+ K.° K - and =® K K - final states. ' Phaseﬁ-.f'_. :

'_space curves m (a) and (b) are our best"estlmates of the background'j”' o : »I‘

o dxstnbutzon for the shaded events.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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