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Thus far, particlea of the same known epin and paxity have been
successfully assigned into SU3 multiplets by using the Gell~-Mann«~Okubo
mass formula, i Attempts to clasaify particles whose spins and parities
" are not well eatabliahed into parxticular multiplets on the basis of the masa |
formula may lead to contradictory asalgnments, as inthe case of the
' Y:(1660). %3 Additional information on the multiplet aasign;aéht ofa

. particle may be derived from its decay modes. Whaere the SU3«breaking

interaction can be neglected, SUS givea definite predictions o br:mching ' ety

ratioa and selection rules for the decay of a member of a given rultiplet
into a member{ of other multiplets. 4 We repoxt hera exparimental evxdence
for the decay, Yi(iééo) - Y°(1405) + «w which can be used as evidence tha.t |
the Y (1660) is 2 member of an octet if YO(MOS) is assumed to be a unitary
singlet. : .
The da.ta on the Y1(1660) or 2(1660)5 &ecay modas wero abtained from
an analysis of the following reactions: L L |
Ki+p- 2V «n'+ pet e w
X" +p= Z° vat e *+v | : @

K tp= Atw +uP+9™ T @)
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‘Roactions (1) and (2) give information on the decay 2(1660) = A(1605) + v,

'and reacﬁon (3) is used to give an upper Iitm.t on the a.mot?exo‘ , , A

i B660)- B(4385) + w. S A

- The reactions were studied on film from a recent exp‘oeurg of the L e

K ~ Berkeley 72+inch hydrogen bubble chamber.toc 3.45., 2.65~.M,2.70-BeV/c -

K beama..,é The sample of ﬁfm obtained at each momantum has a...K," path L

| iength corresponding to one event expacte d for a cx'o‘a? ‘Géstion of 0.5 by cemisnti
- 0‘.15 ub and 0..3 ubyg reapeétively. The above reactions wers analyzed using

‘7

the Alvaraz-group program system, = Events that ﬁz mobre tha.n one hypotheeia :

were desxgnated as ambiguous if the ratio of the x prohabilﬁias fox the )
hypotheses was less than three to omne, For these events the highar probability A
- hypothesis was chosen, and these eventa are mcluded in our data. Tha IR

‘o loca.ﬁon of the ambiguous events has been omitted on Flgs» | and 2 but is

* - shown in Fig. 3, in oxder to demanstrata that they are not reaponnible for : . ;

the effecta which are diaouaaad below. No ambiguons aventa happen to £311 £n e

.. the sa.mple usedini‘zg& 4and5. T .‘ SURR N AR ORI ‘

Caee et et
P o

o B The resulta reported here are based an an a.nalyais of the distrl’butione I
* which include a.ll events. correspondlng to no cutoff in the ?3 tz'ack length.. In ::.
" the analysis of reactions (1) and (2}, a micimum length cutoff of 0.5cm has o
| been considered for the projected length of the sigina track in a plane perpena"i".;_‘:-;’_';‘ :L‘_'"Ij".!;,
- : dicular to the optical axes. Evems ha.ving the projected leugth greater than L »
"~ 0.5cm were co:rected by an. appro:dmate weighting factor to compensate £or o S
o the offact of the cutoff. The va.rious histograms containing on.ly these weighxed -‘;-'1 .
. events were then comparaed with the correaponding histograms containing all “
 events (i, e., assuming no cut.off inZ tracklength. and hence all events ha‘v’ing
A a we:.ght of cne). Tha histogra.ma wore found to be statxsticany equivalent. »
indicating that there ia no bias from the acanning effxciemy for ahort > 8o To S
‘ mustrate. we also show some ‘of the weighted distributioas corresponding to S



the 0.5-¢m cutoff (Fige. 3a and b and pa and b)

the events from reaction (1), two combinations per event are plotted. The
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It is out of the question that pionic contarnination haa ‘affected the xeaults

was expoaed to pure * beams of about tho same momenta. For a number of .

7 comparabla to that present ‘as contamlnation in our total X" expoaurc. we
found only 453 events of the same topology s reactiona (4) and (2). These |

eventa were measured and then analyzod as if they wore K-induced events. Of

the 153 events, none fitted hypothesia {2) and only two ﬁ;ted (1) The calculated

mva.ria.nt masao.s of the 2: ] 'u' combina.tiona all fell a‘bova 2 BeV in thesa two

C&S 3 3.

Fzgure 1(3.) shows the invaria.nt mass distributzon for the Tuw particle
combinations from reactions (1) and (2), with an overall charge of +4. For

Al

curve shown represents the combined effect, averagéd over the three incident

beam momenta, of phase space plus tha effacts of the 'A(Mos) and A(4520)

resonances produced in the (E v ) system of particles. 8 A definite excess
of events is seen about 1660 MeV, The cor‘reSponchng mass spectrum for the
Zaw system with an overall charga ‘of »4 (Fig. 1b) does not show the same
feature. That isg, there is some indication of (1660} production in the (va)

' system and noune in the (Sre)” system, suggesting that the Z(1660) may be

produced peripharially.
The center~of-mass production angular diatribution with respect to the

* incident K" for the (E‘W)v particle combinations lying in the 1620~ to 4700-MaeV

mass range is shown in Fig. 2. The production angle, 6‘. is defined by -
cos0™ = «K”« ¢", where K" and " are unit vectors along the direction of
the incident K~ and the « not included in the mass combination, recpectively,

-in the overall c.m. system. From Hg. 2 we conclude that tha £(1660)

Lol e

) presented below. Actually, to \mderntam the effect of tha » 20% v contamination
_in the beam. 6 we have 9tudiad interactions obtained whon tha bubble cha.mber :



- limits unpoaed for the Zuw system. Figum 5a and b show ths number of .

| cosB” € 0.9, The presence of tha 2(1660) is clearly segn. Th.e = LA
3 ‘-‘:'evenxs are each represented twice on Fig. 4a, bu: them ’are only 5 avents

. sample of 2(1660) It will be uSed for the atudy of £({1660) decay. The . RS

n Beparately in Fig. 3b.. These are of particular importa.nce fox the decay

- analysxs, amce there iz only one neutral L« combination.
N preéenxzed in Fig. 3¢ for approximately the same bubble-chamber exposure.

the background. Those events ‘with mass Aw *4° between 4620 and 1700 MeV
" represent an upper limit on the production of 2(1660) in our coae interval, :

'; scatterplotsofzw« in Fig. 4&.217« in 4b and A« 'xbinéco The

o events versua ths invariant mass (rather than mass squared) for th.e PR3N

ede | UCRL-44934

{8 produced at very low momentum transfers (-0.08 BeVz to +0.06 Bevz)

Figura 3a shows tha (Bw) mass distrilngion for thgse avents having
K e

where both 2ty w combinations have ¢ose < -0.9. The~ lowest mass
combination for these events liea above 1860 MaV. 8o that these eveme 4
ca.nnot porturdb the analysia of the 23(1660) \

Ths solid curve of Fig. 3a represents a bost fit to the data for &
distribution of the £orm° a {modified phase space incluﬁing effacte of
A(1405) and A(1520) resonandes id the {£x)° system] *l'; ‘b [Breita-Wigner

| ~ forms for 2(1660)]. ) From this; fit we determine the phaaeaspace background |
in the reglon 1620 <  M(Zww) < 4700 MV, tobe 6= 4%. Thus the angulaz,

selection cos@ < -0.9 and thia mass cnterion mal:es a rela.tzvely clean )

subset of events in Fig. 3a which a.e produced in reaction (1) ave plotted |

The histogra.m analogous to those in Fig. 3a and b for reaction (348 .~ - |

In this case the cose ' < «0.9 cutoff does not saparate %(1660) c).ea.riy from

For our sample of 2(1660) ovonts, as defined above, we £orm Dalitz

closed curves represent the bowadary defined by the upper and lower mass

+ + &' R

events °f Fis 49» If wo exclude the 3 eventa that lie in the A(iSZO) region

.........



L d:stribuxion undar the assumption that au eventsd proceed through A(MOS) +to,

“5e . UCRL-41934
and wh:.ch could belong to the ba.ckgrcund, the histogram of the 3 w mass
N (Fxg. 5a) shcxwa a pronour'ced peak near 1405 MeV.. A ﬂt ;o this hintogram
; '_'using a two-parameter distribution of the form [Breit-Wigner 2(1660)] x
| [a + 'b (Breit-Wignar terms for A(MOS)] gwea a bra.nchin.g ratio

B(1660)-+ A{1405) + w +1o%. '
E(4660)> all Evw

: The coxﬂ:inuoua cuzrvs of Figs 5a repreaenta tbis ‘best ﬁt' tha dashad curve )

| "represcnta the "phaaa«sPace" cmribution to it. This rasult is, of course.l .
consistent with the hypothasis that all events belong to t@ A(1405) resonanca,. |
The -3y mass distribution (Fig. 5b) ahows an eql}am:ement a.round

41450 MeV. The solid curve rspresenta the expected dwtgxbutton if all decays

| weres via A(i405)v+ 'u'+a This result ther'x constitutes & c}eek of consistency

for the Vhypothesis £(1660) A(1405) +w, The fact that éﬂ'mc,:h‘a. decay would

roflect itself at 1450 MeV in the 5w mass was first noticed by Alston et a-l. 10
We can rule oux the reciprocal hypotheaw that & ".c: ‘n' resonance of '

masas 1450 MeV exists, and i reflected a.t 1405 MaV in the =zt 11 diatribution.

by computmg the expected ratis for T v -nr to 2 -w ¥~ decay modes under

the asaumptxon ofI= 4 for the z (1660) a.nd Ia2 for tha 23-11 system,. ' This _»:"‘

ratio would be less than 2/49 £or & maximum contribm:ion of interference

effacts\m the v system, The obaerved decay brmching ratio of 26/45 is |

. totauy bes d:@a«recment with this number. ' ‘ '
. The projected Z * mass distributions are shown in Fig. 5¢ with

each event from' Fig. 4b plotted twice since there are two Zw combinations

* of zero total chai'ge. The solid curve represents the 'expectéd shape of the
.

" and that interference effects may 'be ignored. The curve and hiztogram appoar
‘to 'be compatible. : o ' |

. L :
3 .
PP < PN



S " decay modas. We would expect that =~ w interference efg‘ecta of tha type

-/ the reaction " R

~ sample 74 events come from 710 2(1660) decays into =(1385)° + v+. Isospin

- tw o Taking into account tha correction for neutral decay of the A, we should L .

L the nu:mber of eventa plotted in Fig. 4a. and b. It should be noted in passing

| does not necesaaruy imply a branching ratio of one for the Z%-to ¥ gt

b | 'UCRL-41934 -

It is worthwhile pointing out that decay of Z(1660) into A{1408) + «* .

11

' discussed by Dalitz and Miller” "~ will enhance or suppress that decay channai

' relative to the Z'u", | | | o IR

We have investigated the possibility that the 4660«MeV enhancement is

| meiely a result of a reflection caused by strongly pezjif)haral productioa in : g2

[ ]

) J
K™ +p -~ A(1405) + p°,

a‘." THr e, -
-

together with the a.ngular selaction of the v . We find tf\a.t onl'y 7 events in SRR

the =(4660) of the sample cope < «0.9 have both a (Zw)° combination |
between 1450 a.nd,i46o'Me‘V. and (v+1r~)° in the p«meson mass ran'ge. (700 tO: oo
800 MeV). N '

é;ecay fnode of the (1385), which is known to be as high as = 9% of the total

deca.yi 1"2 If such a pheﬁomenon were happening, it would mean that our

conservatxon would permit us to expect 740 avents of the type '2(1660) -'2(1385)

see at least 1420X0.9X2/3 = 850 A® v°w+ events in our sample selected from L
. Fig. 3c between 1620 and 700 MeV. The important result to be learned £rom S

Fig. 4c = the Dalitz plot for those events from Fig. 3c that ne in tha
2(1660) region - ia ‘that one finds only a comparable number and not 12 times

3 '

LNt
[

o hypothesie thax constructiva interference, o£ a Dalitz-Miuer nature mentioned

B above. between the modes o£ decay 2(1385} + 1: a.nd 2(1385)" + w » &8 present |

There remains the possibility that we are actually observing the v IR

'thac the presenca of the aimultaneous enbancement §s consistent with the - v



A(MOS)-’ =0g9 and A°-' n + «° ~decay modes. The uncartainty of thie

-Te | UCRL-11934 |

. for high (Amr) mass, if the 2(1660) has negative parity. If all eventa of
Fig. 4c are conaidered as the maximum of the examplea&of 2(1660) -2(1385) + W,

then we may set a lower limit on the A(MOS)/ 2(1385) branching ratio of

' (71x3/2)/ (3/2X73) = 1 to take into account the correctlona £or

ratio ig gt;ributed to_(a) the amount of z(1660) events actuauy q‘cc_v:.:}ring‘ in
thé Amr cha.nnel and (bj the diiference in rejek:tion efficiongy of ey,quq in , |
each charmel. The latter 18 not off by more than 25%. | .\ .
In summary, wa conclude that the 2w decay of ﬁgxe 2(1660) ia
dominated by the i.ntermedia.te state A(MOS) + v o and that it is at least
comparable to the dece.y 2(1385) + o,
Under the asaumption tha.t the A( 4405) is the member of a unitary

singlet. 13 the decay mode E(1660)~ A(4405) + v 16 forbidden by SU3 inter-

actions if the 2(1660) belonga to any multiplet other than an octet, Certainly

if that decay mode proceeds via SUS-brea.kmg Mteractions.,it is difficult to

u.nderstand why.a £oz-bidden process would have a rate higher than or comparable :
to T{1660}~ T(4385) + w, which is allowed by sua interactions up to & high . |
order of multiplet assignment for the 2(1660) R . . , o

‘4 P

) Therefore. unless we invoke some mixing. i we conclude that either _.'_} K
_ the 2‘.(1660) is a member of an octet, or that the A(1405) is not a unitary )

singlet, .

v

Y
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FIGURE LEGENDS
Fig. 1 Diatribution of Zuy invariant maes with an catimate of nonw
. 2(1660) events. (a) Net charge positive; (b) net chgrge ucgativo‘.
Fig. 2. Cos6™ aistribution [9 is the production angle £gr the (Ew)
system in overall center-of-maas system(], _
Fig. 3. Distribution of Ymr invariant mass for cose <-0.9. ' On (a) and
(b the dashed hmtogram repreeents the weighted events with a projected
length greater than 0.5 cm for the E. The shaded events are ambiguous. -
The continuous curve represents our fit; the dash?d curve is tho
contribution of background astimated from the ﬁt. (a) All (= w)
eventa, ) = aty" events only; (c) A° «° events, |
Fxg. 4, Dalitz plot for the sample of events selacted for tha study of
2(1660) decay. (a) st ;1r v events; (b) T % 1r+ svents; (c) A°1r v°
events, | L s
Fig. 5, Distribution of S invariant mass of the aventa appearing in Fig. 4.
(a) 2 w invariant masa; (b) 2 v invariant mass; (¢) =" v invaria.nt
mass, On {a), the continuoua curve represents our beﬁt fit, deacribed
in the te:ﬁ. the dashed curve is the estimated contributwn of uon-A(MOS)
eventa, On (b) and (c), the curves represent the expectod diatribution -
if a1l events ars due to the A(1405) resonance, -
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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

Assumes any.liabi]ities 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.






