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Thus far, particles of the same known spin and parity have beén suc«
cessfully assigned into SU3 rﬁultipleta by uéing the Gelll-Mann?aOkub‘o mass
formula, ! 'Attempw to classify particles whose spinls and parities are not :
well established_iﬁto .pai'tAiculaf multiplets on the basis of the mass formula °
may lead to contradictory assignments, as in the case of the Y’:(i‘660). 2,3 '
Additional iﬁfofmation' on the multiplet assignment of a pa‘rticie may be
" derived from ifs decay modes., Where the SU3-breaking interactions can be
neglected, SU?:! gives definite prediétions of branching ratios and selection
 rules for the decay of a member of a given multiplet info members of other
multiplets, 4 We report here experimentai evidence for thé decay
Y’:(1660) - Y’S(MOS) + # which can be’ﬁaed as evidence that the Y’:(iébo)
is a méfn’bér of an octet if Yg(1405) is assumed t6 be a unitary singlet,
| The data on the Y1(1660)or }3(1660) decay modes were obtained from
an analysw of the followmg reactmns‘ -
K+p¢~2+w+n‘+1\' (4)
K*® +p-‘-z;+-n +w++w - (2.)7
K+p~°A+w + tate - {3)
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Reactions (1) and (2) give miormatlon on the decay 2(1660)-*»1\(1405) +wn,
“and reactlon (3) is used to gwe an Upper limit on the amount cf
2(1660)* 2(1385) + e

The reactions were studied on filfn'froni a recent eprsure of the
‘Berkeley 7Zainch hydrogen bubbleéhamber to 2.45-, 2 65a and 2. 70 BeV/c
K be:ema. 6 The sample of film obtamed at each momentum has a K~ path
length_‘ cofrespondi.ng‘to one event expected for a cross section of 0,5 pb,

. 0.45 pb and 0.3 pub, respectively, The above reactions were analyzed using

the Alvarez-group program S’yzstenrr."7 Events that fi£ more than one hypothesis
were designated a‘s‘ ambiguous i;f\th'e ratio of the xz probabilities for the
hypotheSes Was'less.than three to\‘" one, For these events the higher probability
hypothesis was chosen, and these events are inciuded in our data. The
location of the amb1guous events has been omitted on Flg.. 1 but is

shown in F:g. 2, in order to demonst\rate that they are not responsible for

the effects which are gliscuSSed ‘below’. '\ No ambiguous events happen to fall in |
the sample used in Figs. 3 and 4. \-\‘

The results reperted here are base“d on an anal'ysi.s of the distributions
which include alli e.v:ents, corresponding te no cutoff in .t'he T track length, In
the anatlysis of reactions (1) end (2), a minimum length cutoff of 0.5c¢m has
been cc;nsidered for the projected length of the sigma track in a plane perpen=-
dicular to the optical axes, Ewvents having _the projected length greater than
 0.5cm were corrected by an approximate weighting factor to compensate for
the-effect of the cutoff. The various histograms containing only these weighted
events we,xie theﬁ compafed with the corresponding histograms containing all
events (i, e,, assuming no cutoff in Z tracklength, and hence all events having
a weight of ene) The l::iétograms We‘re found to be statistically equivelent;
indicating that there is né bias from the scannmg efﬁmency for short ='s, To

© illustrate, we also sho'w so’me of the. welghted- dlstrxbutlons correspondmg to
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o .t:he 0.5~cm *’cutoff'(Figs.v 2a and b and .4a and b), E t |
It is out of the question that pioni¢ contamination hész-“a}fected the re‘su"lf;s
presented below, Actually, to understand the effect of the > 20% w" contaminatign
in 't‘h'e beam, 6 we ﬁave st;xdie;l interactions obtained when the bubble chamber -
was éxPosed to p’ure. 7~ beams of about the same mémenta. For 5 number of
" comparable to that present as contamination in our total K~ exposure, we
found only 153 eventé of the same topology as reactions (1) and (2). These ‘
évents were measured and then analyzed as if they were K-induced éventé. bf
the 153 events, none fitt'eci hypothesis (2) and only two fitted (1). The calculated
invé.riant tasses of the E+w4wi combinations all fell above 2 BéV in these two
L cases. |
Figure 1(a) shows the invariant mass distribution for the Znw parti.:le1
combinations from reactions (1) and (2), with an overall chargé of 1, For
the events from reaction (1), two combinations pér event are plotted. 'f‘he
curve shown represents the combined effect, averaged over the three incident
- beam momenta, of phaée space plus the effects of the A(1405) and A (1520) |
resonances p‘roduced in the (E;‘fr*) system of particles, 8 A definite excess
of events is aAeén about 1660 MeV. The corresponding mass spectrum for the
Zwn system. with a.ﬁ overall charge of -1 (Fig. 1b) does not show the same
feature, That is, there is som\e indication of £(1660) production in the (Emr')#
system and none in the (Emr); 8y fem, Suggesting that the E(i66b) may be
produced peripherally,
- The .cente‘r-oﬂ-maaa produc'tio“'r} angular distfibution With respect to the
inéiden’t K" for the (Eww)Jf particle cér_\xﬁbiﬁations 1yiﬁg in the 1620« to 1700-MeV
mass range has been examined.  The\production angle, 9*, is defined by
. cosO* = K" =", where K™ and " are 'gnit vectors aloﬁg the direétién of
the incident K" and the =~ not included m the mass combinétioﬁ, respectively,

in théiovefan com. system. From the aﬁgul‘a‘f distribution we conclude that
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the X(1660) is produced at very low momentum transfers (?9'.08 BeVz to

40,06 Bev?),
Figure 2a shows the (E‘m\’)+ mass distribution for those events having |
4o

_ cose* < -0,9. 'The presence of the =(1660) is clearly geen. The T 7 . x v

events are‘ each represented twice on Fig. 1a, but there are only 5 events
where both ”Z)qﬂﬂr*w'é combinations have c‘:ose# < +0.9. The lowest r‘r;ass‘
combination fér these events lies above 1860 MeV, so that these events
cannot peftqu the anaiysis of the Z(1660),

“The 8olid curve of Fig, 2a represents a best fit to the data for a
distribution of the form: a[modified phase spaée including effects of
A(i405) and A(iSZO) resonances in the (73 w)o system] + b[Brelt Wigner
form for 2(1660)] From this fit we determme the phase-space background
in the region 1620 < M(Znn) < 1700 MeV} to be 64+ 1%, Thus the é‘ng'ular A ‘ |
selection cosf" < =0,9 and this méés criferién makes a fe'latively clean |

sample of T(1660). It will be used for the study of »(1660) decay, The

' subset of events in Fig., 2a which are produced in reaction (1) aré plotted

se'pa'rately in Fig. 2b. Thése are of particular importance for the decay“ :
analysis, slinc‘e theré is only one 'neutral' Zum combination,
| The histogram analdgous to those in Fig, 2a and b for reaction (3)

is presented in Fig. 2c¢ for approximately the same bubble<chamber exposure,
In this case the c:ose <. 0 9 cutoff does not separate (1660) clearly from
the background. Those events with mass’ Ayr+w between 1620 and 1700 MeV
.represent an utp;;er limit on the production of Z(1660) in our cose* interval,

For our éample of Z(1660) events, aé d'efined‘ ébov-‘e, we form Dé‘li"t'z "

scatter plots of = 1r+1r in Fig., 3a, =" " w in 3b and Ah’ w® in 3¢. 'The

closed curves represent the boundary defmed by the upper and lovver mass

limits imposed fof the Emr syetem‘ Flgure 4a and b show the number of

g
events Versua the invarxant mass (rather than mass squared) for the E '

) evente of Fig. 3a. The hlstogram of the Ztx* mase (Fig. 4a) shows a
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' pi'onount:ed p’eak near 1405 MeV, If we exclude the 3 events t‘hat lie in the
A(iSZO) reg:on and which could belong to the background, a ﬁt to this h1stogram
- using a two—parameter dietribution of the form ([Breit- W1gner }3(1660)]

" [a + b {Breit-Wigner terms for A(1405)] gives a branching ratio

T(1660) » A(1405) + v _ ¢g*104
Z(1660) = all Z ww “16

The continuous curve of Fig., 4a represents this best fit; the dashed curve
represents the 'phase-space' contribution to it., This result is, of course;
consistent with the hypothesis that all events Belong to the A(1405) resonance,

The E+w+ massg distribution (Fig. 4b) shows an enhancement around

14 50 MeV. The solid curve represents _the_"expected distribution if all decays

were via A(‘1405) + w+. This result then constitutes a check of consistency -

for the hypothesis Z(1660) - A(1405) + w, The fact that such a decay would
10
" We can rule out the reciprocal hypothesis that we see no A(1405) but a

Z+w+ resonance of mass 1450 MeV which is reflected at 1405 MeV in the E+n‘
' + 4

“distribution, by ‘Computing the expected ratio for = w w to E+n+wi’decay modes

under the assumptlon of 1= 1 for the =" (1660) and 1= 2 for the Z-w system. This
ratm WOuld be less than 2/49 for a maximum contrlbutlon of interference effects

in the Zww gystem. The observed decay branchmg ratio of 26/45 is totally in

: di_gagreement with this nurnber,.

The ‘projecte'd E‘w+ masévdi‘s‘tributions a’re' shown in Fig. 4¢ with each

e*zent from Fig. 3b plotted twme since there are tWO Zw. combmations of zero

. total charge, The sohd curve represents the expected ghape of the distribution

under the assumption that all e“v'ents proceed through A(140_5) + fr+, and that

interference effects may be ignored., .The curve and histogram appear to be |

compatible, -
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It is w'ort.lnirh"ile pointing out that decay of Z(1660) int(? A(1405) + w*
doe-s not ﬁecessafily impiy a ‘braﬁ’ching ratio of one for the. 23@“ to E+
decay modes. We would ekpecé that E°n+ interference effe;:ts of the type
discussed bf Dalitz and Miller“ will enhance or suppress that decay channel
We have in\)estigated the possibiiity that the 1660-MeV enhancement 'issb
merely a result of a reflection caused by strongly peripheral production in
the reaction B | _ |
| K™ +p- A(1405) + %,
together with the angular selection of the 7", We find that only 7 events of
Flg. 3a have both a (Z} ) combmation between 1350 and 1460 MeV and (17 n)
in the p~-meson mass range (700 to 800 MeV)
There remains the possibility that we are actually observing O;IIY the
Zw decay mode of the Z(1385), which is known to be as high as 9% of the total
decay. 12 If such a phenomenon were happening, it would mean that our sample
| of 71 events comes from 710 E(i660)+ decays into $(1385)° # 'n'+. Isospin
conservation would permit us to expect 710 events of the type 2(1660) 2(1385)

-k -rro. ‘Taking mto account the co:rrectlon for neutral decay of the A, we should

see at least 1420%0.9%x2/3 = 850 A°w°ﬂ+ events in our sample selected from

~ Fig. 2¢ between 1620 and 1700 MeV, The impor‘tant result to be learned from

';'Fig. 3¢ - the Dalitz plot for those events from Fig. 2c that lie in the
Z(1660) region «~ is that one finds only 2 comparable number and not 12 times'

the number of events plotted in Fig. 3a and b, From the 73 events on 'Fig..-' 36,—

.. we can estimate the maximum possxble c¢ontribution from the 2(1385) +w mode

- to the 2(1660) decay rate. Comparing that number to the 71 events found in the . '
z w* and applymg correctxons for neutral decays and the branching ratio of
the 2(1385), we can set a lower 11m1t of 0.8 for the branching ratio

2(1660)-A(1405) + wto X(1660) -+ (1385) +‘1r.v The uncertainty of thia
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~ to T(1660) -~ X(1385) + w, which is allowed by SU3 interactions up to a high |
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ratio is attributed to (a) the amount of £(1660) events actually occurring in

the Awr channel and (b) the differences in rejection efficier;_ég' of events in

‘éach channel, The latter do not exceed 25%.

| In a‘ufnmary, we conclude that the Tww decay of the X(1660) is
dominated By the intermediate state A{1405) + w+, and that it is at least
comparable to tlhe. decay X(1385) + w.
| | Under the assumption that £h¢ A(1405) is the member of a unitary
singlet, 13 the decay mode Z(1660)- A(1405) + x is forbidden by SU3 inter -
actions if the XZ(1660) belongs to any multiplet other than an octet, Certainly
if that decay mode proceeds via SU3-breaking interactions, it is difficult t6

understand why a forbidden process would have a rate higher than or comparable

order of multlplet assignment for the T(1660).
Therefore, unless we 1nvoke some mixing, 14 we conclude that either

the Z(1660) is a member of an octet, or that the A(1405) is not a unitary

- singlet.
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Figure Legends | i

Fig. 1. ‘ Distribution of Zﬁw invariant mass with an.estima't:é‘g_of non-
T(1660) events., (a) Net charge.positive; (b) net charge negative;

Fig. 2. Distribution of Ywr invariant mass for cosG* < 0,9, On'(a) ar‘ui

| (b) the dashed histogram represents the xveighted e'\‘ren'ts.with a projected

léngth greater than 0.5 cm for the Z. The shaded events are ambiguoués
The continuous curve repi-eéenfs our fit; the dashed curve is the
contribution of background estimated from the fit., (a) All (Zirirv

0

: . + 4+ < . . 4
events; (b) Z x w events only; (c¢) A »° events.

Fig.' 3. Dalitz plot for the sample of events selected for the study of
Z(1660) decay. “(a) 2%*1’:“ events; (b) 2"w+w+ events; (c) Ao’ff+1‘r°
events, S - ' h

Fig. 4. Diétribution of T invariant mass of the events appearing in i"ig. 3.-1;‘

(2) Eﬁr invariant mass; (b) = 1r+ invariant mass"' (c) Z-ir+ inv‘ariant

, r"ma‘.ss. On (a), the continuous curve represents our best fit, descrlbed

__in the text; the dashed curve is the estimated ccﬁtnbutlon of non-A(1405) - oy

events. On (b) and (c), the curves represent the expected dietribution

if all events are due to the A(1405) resonance,
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