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Th• Decay Y~ (i660) - Y~(i405) +.~\_} 
Philippe Eberhard. F. T. Shively, Ronald R. Ross, and Daniel M. Siegel 

l.&wrenco Radiation L.a.bo:ra.to:ry 
University o! Cali!.ornia ' 
. Berkeley, California 

.. and 

' J. R.. Ficenec, Robert L Hulsizer, D. w. Mortara, 
Morria Pripstein, and VlUliam P. Swanaon 

~ I 
Physics Department fii ·· 

University o! UUnois ~' · 
Urbana, Dli.noia !~'·t 

. . "!,i, 

Thus far, particles of the same known spin and. ~yity have been 

successfully assigned into SU3 .multiplets by using tho QoU .. Mann·-Okubo · . . 
' ,· i ,. . 

mass formula. Attempts to classify particles whose spins and parities . . 

are not well established into parti.cula.21' multiplet a on the basis o£ the mas a 

formula may lead to contradictory assignments, aa in the case of the 
* . z 3 ' ' ... 

Y1(i660). ' Additional iniormatioa on the m.uttiplet ~aaignmebt of a 

particle may bo derived from it11 decay modes. Where the SU3•brea.king 

interaction ca.n ~ neglected~ SU3 gives doi2.Xlite predictions ~~ br1nching · 

ratioa~ and selection rules for the decay of ~ member of a. given multiplet 
·~- ( 

into a. member(. o! other multiplet&. 4 WG report ·here experimental evidence · · 

* * . £or the dac~y. Y1.(i660)- Y0(i405) +,..which can be used a.a evidence that 

* . . • . the Y 1 (i660) ia a member of an octet if Y0(i40S) is aseumed to bet a unitary . . . . . 
singlet. 

The data on the Y: (i.660) or :7;(1.660)5 aecay modes wer• obtained £rom 

an analysis o£ ihe £oUow1ng reactions:, . ' 

' 

:&+ + ..,+ + ,.. .. + -· 
. ' ·" 

·K~+p- (i) 
'. 

K•+p• ::&~ + 'f/ + ,,+ + ... (Z) . 
K""+p .... A ·. + o • 

·~ 'ft' +, + •• 
., 

(3) 

. . 

l 
' l 

l 

.. • ~ ';:.._! .. • .: .. • ........ ~~ ~' . . 

'-•-'>-·-·· .... ····.-' --~--"-· ·----··- ____________ .. ______ ------------· ---~--
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· Roo.ctions (1.) and (Z) give infonna.tion on tho1decay l:(1.660) .... A(t4-0S) + ,, 
. . . ~ 

' ' ',w •' 

".• : ;.'.·.',,. 
·' ••.. • r .• 

,·. , . 
. . ~. 

and 2:'ea.ction (3) is ua~d to give ~ uppe:r Umi.~ on the amo1:,~ot · 

·:::· ~(i6~?) .. ~(i385) + ,. . . . ' ' \. ' ' . ~~ ; .. \ . . 

The reactions were studi~cl on film £~om a .recent e2CpOG\U'e of the 

·:. . p ~ ~--
'.· ,· 

~ .,. .. • 

\ 

Berkeley 72•inch hyc:lrogen bubble cbambe~ to~-2.45 ... , 2..65• and Z.?O•BeV/c ·, 

• 
.0. • 6 m<:...~ . • 

K · beams.· Tho sample o£ .:uzn obtained at each momontw:n bas a K path. . . 
........... ...;'>.V.·:"•'•''":'t.:( 

.~ .. -....... 
length corresponding to one e_vent e:KpeCtE)d fer a. c:roatJ sectiol.l ol. o.s v.b, 

·,·. 
..... ,• 

· O.i5 J.Lb and 0.3 J.Lbo respectively •.. The above reactions Vlere ana}.yzet;i using. . ' 

the Alva:rez•group program system .• 1 Events that !it mq~e ·than· one hypothesis : .: .. : · ·.:·. 
~ ·. . . 

were ·designated as ambiguous i!th~ rat~o otthe x2 pro~bilities t.or the ,· .. · . :. <: :·. 

hypotheses waa less than three to· one, For these eventa the higher probability 
f . 

hypothesis wa~ chosen, a.n.d thea$ events are included hi our data. · Tho I . ' II 
.... ;.,. 

/ . ·.. locatio~ of the ambiguous events has been omitted ~ ·F~s~~ t and a b~ is 
.. . ' 

l. 
. .... 

.i . 

shown L-,_Fig. 3. ~ o.rder to dcmonstrat4) ~~,th~y_al"e not re_&pOIUJible ~9r . . .. 1· . . 
the effects which are disauosed beloW•· No ambiguous oventa~happen to !aUJn .· 

the sample uaed in Figs. 4 and 5. · 
. -.";.\ 

tho analyrds of r(lactio:ns (1) and (Z). a :minimum length cutoff of ().Scm baa 

'•," 

:.:-: r~~-i~t::-4::6-~. 
., 

. ' i 

' ' ' ... 
- .. '~ - -

.. • .. 
~---

'.• ·'· 
·-t. • • ..\ . ~ .. 

been considered for the projsctecllength .of the sigma. track in a plane perpen• -. ·. ; : ·: -' :· 
• .. !.:;····· . ·-

dicular t') the optical axes. Events J».l.viil.g ~e proJected length g7:eate:r than 

· · 0. 5 em were corrected by an approximate weighting factor to componsa.t~ for . 

the c££ect o£ the cuto!fo ·rhe :va~tou8 histograms c~ntainlng only these weighted 

'•, . .. 

. . . ~ 

events were then. compared with tho corresponding histograma containing all 
.·. ,· .: ... 6 ... 

~- · . 

events (i. e. , ~ssuming no cuto!£ in l: tracklangtb., ~ hence. a.U events havb:lg .. 

a weight o£ one)o The his.tograms were,foUnd,to be statistically equivalent, . . . . 
. .. 

indicating that. there ia no bia$ £rom the scanning e££iciency for short :&0 • .So . To 

illustrate. we also shOw 80~~"Q£ the Weighted distributions coneapondins to ·· . 

. '. 
·: .. 

., . 
:· ~ -~ . 

. ~: ... > .. · .. 

·---·' -~·-·-- - ·-· .. _._ .. ;, ::' 
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the 0.5-cm cuto!f (Figs •. 3a and b and pa and b). 
/ J I 1' 

It is out of tho question that pionic contamination ha,:~Ufectod the results 
' . ~ 

. ' • "; • ·"t''~- • .;~~r:,-:;::-~ 

p;es?nted below. Actually, to undare•.and th6 ef!oct oi ~ ~ ~0% ;11 contaminatlQn 
. . 6 . .. i . . 

in the beam, we have studied interactions obtained whon tho ~~bl~ chamber 
. . -

was exposed to pure 'If beams of about tho same momenta. For a number of . . ~ . . 
,.. comparable to that present aa contamination in our total K exposure, we 

£ound only i!>3 ovents ¢1. the same tupolc>gy as reactions (1.) and (l). Thea~ "=' 

evento we:re measured and them analyzGd as U they wcu:e K·.induced events. Of 

the iS3 eventa, none fitted hypothesis (~)and only two f~ed (i). Tho calculated 
. ~ ~ 

+ + - ~ invariant masses of the ~ , "A' combinations all fell abbvo 2 BoV tn the so two 

cases. 

Figurta i(a) shows the invariant mass distribution £or the~ particle . . 
combinations from reactions (t) and(~). with an overall chargo o£ +i. Fo:r 

the events from reaction (1), two eom~inations per· event az>e plotted. Tho • 

curve shown represents the combined e!!ect, averaged ovol" the three incident 

beam momenta.. o! phase space plus tho ef£ccts of the ·A(t405) and A(iSZO) 

resonances produced in the (~; ,t=) system of particle a·. 8 A definite oxceaa 

of events is seen about i660 MeV. The. corresponcling mass spectrum for the 

l:mr system with an overall charge ·of •t (Fig. ib) does not show the aa.me . . . . . + 
!eature. That is·,. there is some indication of ~(1660) production in tho. (Dinr) 

system and none in the (~'11''11')• system. suggesting that the ~(!660) may bet . 
' .. . . 

produced_ pcripherially. 

The center•o£-ma.ss production angular distribution with respect to the 

incident K.., !or the (l?mr) + particle comblna.tions lying in tho 1.6~0- to i?OO·MeV 

mass range _is shown in Fig. z. The production angle, e•, la defined by .. 

c:os9° = .. 1{ ... • "A'~ • where K""" and v • a.re unit vectors along the CI.U'eetion o£ 

the incident K. and the,- not included in the ma.Ga combination. reapec:tf.vely~ . . . .. 

· in tho overall c. m. system. From Fig •. a we conclude that the E(i660) 

• 

.. 
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' is produced at very low momentum trans!ers (~0:08 Bev2 W +d.06 Bev2). · .i'' 0.': 
J; .: . ·...: .. •. 

·Figure 3a.. shows the (1::1Mf)+ mass distribution tor ~~&.Q Civents having . · :: :..,.·:· );.::'-;, 
• I ' •· I .I ' . ,. 

cose* E; .. o.9. ~presence o£tha :E(i660) is clearly ae~ The r,+,,+,+,•· ·_- > :/··:.::·~>;: .. 
• • &;· • -~· •• • '. • • . 

. ·. eve~s are each represented twice on Fig.· ta, ~ theret.~i'e only & e~s .,·:: _.:. · . . ; ·~. ' 

where both :E+ 'If+~- combinations have cosQ"' < ~d.9·. ~·lowest mas a 

combination for these eventa"'Uea above t860 MeV, so that these evem;a 

cannot perturb the analysis o£ tho ::Z:(i660) •. . ., 

The solid curve ol Fig. 3a. represents a best fit to tho Clata for a 
. I .· 

distribution of~ form! a. [modified phase spac~ inclu!ting effects of 

A(i405) a.nd A(15~0) r~sonances is1 tho (:E~)0 system] Jb [Dreit•Wigner ~-

'• , ... 
~ ... ·:···. ~ .. ~.: . ~. . .. .~ 

• • • ~ : • ~ • < 

. "•.' I,,', 

,:·. •. ·~·~ ' 
..... (·.;. 

. ' ... ·. . ·.· .. · ' . 
.. ···· . ;. 

. . . 

. -· . 
. . . ' ~~ .. ; . .' ·. 

' ~ .. 
·. ·. ~.. . ... 

' ~ 4 

. form..•· for l:(t660)] .9 · From this ifit we determine the phase ... apace bacl<:ground . · 
. • I . . • . ,· .. 

· in the region 1.620 < M(l:mr) < 4100 MeV. to be 6: i.,o. Thus the angula.r,1 ·. ~ · 

selection cosr/'' < ~0 .• 9 and thtG ·mass c.ri.terion mal~s a relatively clean ;~ ·.:/ ,~·-:·:/~:i:C~ 
• . .:._... .f' . . . .. . • ' 

sampl~ of ~(i660). It will bG u~~ti il>r the atud.y o! I:(i660) decay.. The 
. ~ . .. ··• 

subset of events in Fig. Sa w~c:h a:.:e produced in reaction (i) al"~ plotted: · · · · · 
•. 

separately in Fig. 3b. . Thea~ ar~ of partic:ula.r impoi:'ta.nee £o-r the decay . 

analysis, since there i~ only o~ neutral 1:. v combination. 

. .. : 

. ' < \'.,· : 
···' 

f ·• • .• : •• 

•• .•. l· • 

I ,i.' 

The histogram analogous to those in Fig. 3a and b for reaction(~) is ,:. ·· .. · · 

presented in Fig .. 3c tor approximately the same bubb1e·ehamber exposure.·'::··::·.:·.··· .... \:,:> 

1n ·thia .case tho· c~sl'' < -~~9 c~o£1 does not separate I:(i660) clearly from . :·.· .... · .. · ,.; . 
" • • • ~ _1.. . : • • 

the baclt.ground. Those events with mass Atr+vo between i6ZO and 1700 MeV :~:_ ·.':·; .:<~: . . . . ' • . . .. · .: :. ·~< '.: : 
represent an upper limit on tho produc:ti<>n Qf l:(i660) in our coeD interval!' .· ·,,._ < · · ,_-, · 

·~ ·., .' .~· : . . :: ·.:· ' 

For our sample of ~(1660) ownts, aa defi:nod above._ we t'orrll Dalita . ' . 
I + + • L • A- • + + • .A ...,_,.1 A + 6 . A.-SCatter plots 010 1: 11' 1t u. Fig. ~. l: ·'If. 'a' m -.b \GWjA4 "~tr 'it in ..we The 

. :.·· .· ..... · 
. . . '·: \~. ·... . .• . 

.... 
• ,, .. !..' 

<ti-~,.. ~ . ·. . 
0 

closed curves represent the boundary defin~d by tho upper ancl.lower masa. ,.~:-,.: .. ·.·:T·~.~}/ . 
limits imposed for the ~n system.. Figure Sa and .b show ib& number of ... ·.· .·:·,.,: ·::·· :;·> . 

• ' ' : • • ,• r •• ·,·, ~ • .• ' 

' . - ' . ' ' + + .. · .... :' .~ .. 
events versus· the invariant mass (rather than mass squared) for the 2::_ v 'If -~: :·>.:: :·. :. . .. . . . ; . ~- ·. ... . .. , ..... 
events o£ Fig. 4ao X£ we escluc:le the. 3 events that li4 in the A(i&aO) region . .=' · · • ·' 

. ~. ~. . 

. ·' .. 
... -·-·-· 
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and which could belong to tho background,. the histogram of the E\r• mass 
" . . ~ 

(Fig.· Sa) shows a pronounced peak near t405 MeV.. A !it 1<) this histogram 
. • . • % . 

~ ·using a two-parameter distribution of the fonn [Breit• Wiper E(i660)] .X 
,. ..... . :· ... 

t.a. + b (Breit-Wignor terms for .t\(1405)1 gives a branc~ :ratio 

~(i660) ... A{i405) + "'~ " 90+to,~: ... 
~(!660,_,. a.U En · ·i6 

The continuous c~ o£ Fig~ Sa. represents this best fit• tho dashed curvo· · · 

represents the "phase-space" contribution to it. This· rosult ia, o! course, 
' ,I 

consistent with the hypothesis that all events belong tQ ~ A(1.405) resonance~. . ~~ . + + . . 
The· E v mass distribution (Fig. Sb) ahows an e~ement around . ~ . 

· ... : ... i 

i450 MeV;, 'I'he solid curvo ropreoenta the expected ~bution U: aU decayt 
, -~ . . . + . ·,.' .· . 

wero via A(i405)·+ v • This 'result then constitutes a c~ock o£ consistency 
• X 
. . i 

for the hypothesis l:(i660) .... A(t405) + 'lt. The fact "tha.t ·auch .a decay would 
. . + + i •• : 

re:fl.ect ita eli at t450 MeV in tho E 1t mass was first ~iced by Alston et ~ ~ 0 
'• 1 ' ' '+ + We can rule out the reciprocal hypothesis that a~ 'tl roaonance of .. . . . . +.. . 

mass i450 MeV existG, and is reil4ctad ~ i405 MeV in the~ ,... dhst~ibution. 

by compu~ing the expected ratio £or I: .. ,/~~ to '1:; + Tt + 'It• decay m.odos wdor 
. \ ' 

the a.ssumptio'O: oi t = i for the ~*(t660) anci''Ia Z for .thG l:•tr system,.. :This 

ratio would be loss than '2./ 49 !or a. maximum contribution of inter£er~e ., . .. ·• . 

·ef!ects in the Emt system. ·The observed decay branching J."atio ot '2.6/ 45 ia 

~' .:'~ totally m ~agreement with this number.. 
. ·~ 

. . 
- + . . · The projected l: "' mas a _distributiona are. ahown .in Fig. · 5c with 

each event !rom: Fig. 4b plotted twice aince there are two l:'ft" combinations 

' o£ zero total charge. The solid curve ropreaents the expected ahape o! the . . . . . . . 
. . . . + . 

dutribution under the assumption that all eventa proceed.through A(t405) +'II' , 

and that interference e££ecta may be ignor~d. The curve Ucs hiatogram appear . 

to be compatible •. 
.. ·. 

'. . .. 

. . . 
o ~.. I :' ' o ' o ' f t I 

.' 1 ' •• ' ' 

. ' 
. • : • :,·. • :. .' 1, 1 • ' • ~ 

.. · 
\ 4 ~ r 

•'· . ,. .. 
•· r 

..... 

..... , 
.l _,. "''"·;•''{ 

l . I 

I 
I 
i 
I 

.. . 
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lt is worthwhile pointing out that decay o! 2:(1660) i~o A(i405) + ,,+ . . :· · ::,. '· · 
··~ j • ;'·. 

.... _.,., ....... ,;· 
does not necessarily imply a branchln~ r:tio of one lor 1' ::1.1" • to ;;:l:;+ .. ·. ·. ;i;;~~~~ 
dec~y modes. We would expect that %: .'~'~' ·interference ettec:ts o! the type . · .. : ·.·: 

/, ' 
discussed by Dalitz and MiUo~i·i wiU enhance o~ ·auppres~ that dGcay c~'eF(·. : ;.:. :<':· 

+ -relative to the l:·. 1r • . 

We have investigated the possibility that the i660•MeV enhancement a· 
' ' 

merely a result of a reflection caused by strongly pe~ipheral p:rocluctio:\ in 
; .. 

. ( 
. J 

K. + p - A(.t405) + p0 , 

together with the angular selection of the 'lr .. 0 

. . 

, I 

.~ r 
'l• ' f,\l 
~~· .. 

W G find tl\a.t only 7 events in 
1 

the I:(i660) of the sample co.sfJ
0 < .. o. 9 have both a (~v) 0 combination 

. . ~ 

.·. ' ·.,. 

·, .'· 

.. ·"· . ,_._ 

' + ~·. 
between 1450 and 1460. MeV, and- (v w·)o s.n·the p•m~fiOn mass ~a.zlge (700 to.·· .. 

800 MeV). 

There remains the possibility that we are actually observing the ~ 
. . 

decay ~o4e of the l:(il85), which is known to be. as high as· 9% oithe total 
·t2 ' . . 

decay~ . · . I£ such a phenomenon were happening. it would mean that our 

' : •. 

''··.·' 

'I 
·'! 

·> .... '.· 

·.· 

.. 
,'•. 

.) 

I , 

· sample 71 events come !rom 710 l1(1660)+ decays into l:(t385)0 + ,,+., lsospin 
. . . I . . 

. conservation would permit us to expe'ct 710 events of the type l:(t660)+ ..:.:&(1385)+. · .... 
. . - . .. . 

+ ,..o .. · Taking into account the correction for neutral decay ot the A, we should. _: ~--
. . ... 

see at least t420X0.9XZ/3 • 850 A 0 ,..o,+ events in our sample selected from .·. 

Fig. 3c: between i620 and 1700. Mev.. The important result to be learned £rom :; . · 
. . ., . 

Fig. 4c .... the Dalitz plot for those events from Fig. 3c that lie b;l the 
. . 

:'E(i660) region. ... is.that one f~s OJlly a comparable number and not 1Z times 
·• r. '·· -

. ',. 

I •, '\. • • o ~ 

the number of events plotted in Fig .. 4a and b. It should be noted ln passing .::,': · · · · ··· 
,·· .. 

that the presence o£ the simultaneowa enhancement is consistent with the 

· hypothesis that con~tructive 1nter£erenceo o£ a. Dalitz-MiUer nature mentioned · 
·. - .: . + . . + ' . . 

above, ootween the modes of decay :&(1385) '+ ,o and %:(1385)0 + 11' p is present 

.. 
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.for high (L\mr) mass, if tho l:(i660) ha.a negative parity. I£ al~ events of . \ . . . . ·~ + 
Fig. 4c are ·co~sidered as the maximum o~ the exam.ples~ol :Z:(t660) -1:(1385) + ,, 

. ' t - . 
then we may set a lower limit on the .A(i405)/I:(1385) br~nching. ratio of .. ·: . . . . . . ). . : . 

,(71X3/~)/(3/Z.Xj3) tt t to taka i.nto.account the c:orrectlbns ~r. .. ... :. :, 

~(i40S)- :&0 v0 a~d A 0~ n + ,..o decay modes. The uncertainty o! this ........... . . .. . . . . 

ratio is attributed to. (a) the amount of l:(i660) events actually occt;rring m. 
• ' • • • ., • • ' • • ' • 4 • • ~ • • • • :' 

the .An channel and (b) the. di££erence in rejection e!!ictency of events in 
1 ' ,·' ' • • ' • • " ' • ' • • • ,. '. ,; .',, \ • . I • 

.each channel. · ·The latter is ~ off by more than ~·~o/o. ;, · .. : . ·.... . . . . v 
In summary, we conclude that the ·l:mr decay of the :Z:(t660) ta· . ~ . . + . t . 

. dominated by the intermediate state . ~(1405) + v , and· that it is at le~st; 

.. 
'· 

comparable to the. decay 1":(1385) + 'I'• 

Under the assumption tha.t the .A (i405) is the member o£ a unitary . 
. . . . . . ; . . I· 

singlet, t·3 the df$cay mode I:(i660)- A(i405) +via forbidden by SU3 inter.;. 
. . . 

actions if the :&(i660) belongs to a.ny multiplet other than an octet• Certainly 

if tha.t decay mode proceeds via so3 .. breaking interactions ... lt is .. cll££icult to 

understand why.a £orbidden process would have a.rate higher. than or c:ompa.rabl6 : 1. 
. ' . . . 
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FIOURE LEGENDS 

Fig. t. Distribution o! Dvw in'\l'ariant maa1 with an catbnite ot non•· v.,.: 
.- ·Ji 

. ~(!660) events. (a) Net charge positive• (b) net c~rge nogatlv•· 
• • . \ + 

Fig." z. CosO distribution [9 ia the producti~n angle ~r tho (En) 

system in overall center-of-mass syatem,] • . . 

Fig. 3. Distribution of Ymr hlvariant mass for ·coso* < -o. 9. On (a.) and 
(b) the dashed histogram represents the weighted oventa with a projected . . 
length greater than 0. 5 em for the l:. The shaded events are ambiguous. 

The continuous curve r~presents our fit: the dD.s~4 curve ia tho 
. 4 . + 

contribution o! background estimated from the !it~· (a) AU (I: n) . . . 
. + + . + . 
ovento; (b) l: v ,- events only: (c) A o, ,o events. 

Fig. · 4. Dalit:r. plot £or the sample of events selected for the study ol . 
. I:(i660) decay. (a) l:t.'«+"lf• events: (b) or,• 'It+,,+ events; (c) A0 tt+vo 

. . 
events. 

Fig. 5. Distribution of :E1J' invariant mass o! the events appearing in Fig. 4. . 
+ . . . + + + . 

(a) I: , - invariant mass; (b) :'& 1r invariant masa; (c) ;t•, invariant 

mass. On (a), the continuous curve represents our beat fit, deacribed 

in \:he text; tho dashed curve is the oetima.tod contribution of =~·A(i405) 

events. ~ (b) and (c), the curves represent the expoctod distribution 

if an ev~s aro due to the A(1.405) reoonance! 
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This report was prepared a~ an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behaJf 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
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