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A measurement of the relative signs of the product of. the couphngii p e

'.constants f’NKY g/A Y* for Y1 (1660), 1(1765), Y1,(19‘15) and

(2030) is used to a351gn these resonances to SU(3) mu1t1p1ets and to

- place limits on the value of a (the D-F mixing parameter) for the res-

-onances assigned to octets,




In a part1a1-wave analys1s of the reactlon K + n - A+ w  in- the ¢, m,

""_fjenergy 1nterva1 1660 to 1900 MeV we measured the relatwe phases of the

" '-'vresonant amphtudes Y1 (1660), 1 (1765), Y1 (1915) andY1(2030)

e ‘In the e1ast1c channel K+n- K +n the relatwe phase of two resonant

amphtudes, taken at the resonant energy ER’ 1s always zero because the '

“resonant amphtude TR is’ proport10na1 to ;_ NKY*/ (ER 5 - 11"/ 2). - In

T * B -
i the inelastic channel A1r the arnphtude var1es as 7‘NKY ﬁ Y /(!‘-}(-E 11‘/2),

v-"were in phase at energy E,

and the relatwe phase of two resonant amphtudes may be 0 or 180 deg

.‘vdependmg on the relat:.ve s1gn Of;“NKY fA Y* for the two Y states, ‘: :

I
- The analys1s in reference 1 showed ’that YT(1765) and Y1 (1915)

W

R and 180 deg out of phaSe with’ Y (1660) and

1.(2()30) Th1s 1mp11es that;,.NRY* iA Y* is of one s1gn (t) for

* . ; . v . .
(1765) and 'Y (1915) and of opp031te 81gn (3) for Y (1660)and Y (2030) ‘The - -

amb1gu1ty in sign ar1s es because the expenment does not meas.ure the phase ’

relationship of the resonant amphtude in-the A1r and NR channels,

In thxs paper we show tha.t knowledge of the relat:.ve sxgn of the

~ coupling constants is a powerful aid in aas;gnmg Pa’tmlea to SU(3) mul-

., octets,
, P

tiplets, . . ‘V

&

Yt resonant states have hyperoharge Y= O and zsotopis spin

1=1, Table 1 shows the Clebsch—Gordan coeﬁ;eients of SU(B) for the .‘

decay oi a Y’ 1 into a baryon B and a rneson M both members of

2 . We consider the case that the baryon is a member of the

’- 1/2 (NAZH) octet and the meson isa membe: of the Pﬁéudoscalar o

'\,
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7 = In fhe _limit of unitary symmetrf the coupling of a member of a
o “multiplet {u} to {8}@ {8} is described by a single invariant coupling
‘. . _ » S : * 3 . P
- Lcen_stant fﬂ. Then the coupling conetant f’BMYV is 7‘# times the

Clebsch-Gordan coefficient for the transitidn Y*—» B+M for Y a

" member of a {27}, {10}, or {10”3. The situation is more complicated - -
* ‘ _ : -
when Y is a member of an octet. Because {8} (@ {8} contains the

' {81} and {82} representation, there are two coupling constants for this _f T

" process, i.i and f‘Z' The coupling of an octe_tlto {8} Q® {8} is

) ++ described in the notation of de Swa,rt3 by two parameters ;”8 and a,
where 9.4 - (N30740) But (N6/24) Gy and o= («/%724);2/7-8. The
o coeff1C1ent which when mult1pl1ed into fB gives the coupling constant
i’BMY* for {8} ® {8} is shown in the last column of Table I. The
quantity j‘NKY AtY * is simply the product of the first and fifth
row in Table I times ﬁ—p, and is shown in Table II,
i Usmg Table II we make some observations on SU(3) a531gnments -
for Y (1660), Y1(1765), Y (1915), and Y1(2030). |
The Y1(203O) has JT 7/2 and it has been suggested that
. this particle along with N3/2 (1920) belongs to a 7/2+ {10} multiplet, o P
" which is the Regge recurrence of the 3/2" & decuplet. 4 |
In order to make an SU(3) assignment for Y’: (1765), we assume
" ‘that Y’:(2030) is a member of a {10} representation. Table II shows that .
f‘NKY f?\ * is positive for a {10}. Since fNRY fA y* bhas opposite
: s1gn for Y 1(2030) and Y (1765) by reference 1, the {27} and {10} assign-

" ments are ruled out for Y1(1765), as is {8} with 1/2<a<1. The only poss:.ble o

: . * - L
assignment for Y,(1765)is {10} or {8} with a<1/2 or a>1, if Y.'i(2030) is a

. member of a {10}). A measurement of the relative phase of Y;k(1765) end
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i o Y 1*‘('2‘03,0) in the Zn ‘channel would re.solve this a;‘nbiguity. Unfortunately

- 30 MeV. A measurement of the relative sign off;NKY 7,2 ay* for

‘. the branching ratio for Y1(1765) decaying to Zn is probably very small

becausebf limited phase space, since the Q value for the decay is only

1(1765) and Y (2030) could restrict further the value of a, and.

.- possibly rule out {10 }. A {10 } mulitiplet would containa Y =2, I=0

'resonance; evidence for this state has recently been reported, > A recent

: t
~ study of the branching ratios of Y; (1765) favors the octet assignment

0.7 . 0.5%0.2

with o = -1.5_1.1 or 20.3°

depending on the energy‘-dependent form
assumed for the resonant width I} 6 This‘ is consistent with our limits
on a.
Since ;‘N?LY 0, ATy * has the same sign for Y, (1765) and
Y (1945), the same possible assignments are indicated for Y (1915).
It has been suggested that Y1 (1915) belongs to a s5/2% octet along
with N’:/z (1688), ¥, (1815), and = (1933), ' and this is consistent with

the conclusions drawn above, If Y: (2030) is a member of a {10}, then

o is less than 1/2 or greater than 1 for the 5/2+ baryon octet, The 1/?.+

baryon octet has a = 1/4, 8,9 so the results are consistent with a being
the same for the 1/2+ and 5/2+ baryon octets,

* . ) -
Y1 (1660) is usually assigned the 3/27 y octet of baryons., Then

- - 2
from Table Il the 3/27 y octet has 1/2 <a <1 if Y, (2030) is assigned

to {10},

# : R
Regardless of the Y (2030) assignment, one can still state that a

- _ is different for the 3/2” y baryon octet and the proposed 5/2+ baryon

‘octet; For one octet a lies in the range 1/2 < a <1, and for the other

‘a < 1/2 or >1, Cutkosky has discussed the conditions under which a

.
;:_,ﬂ
Lo crd
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- might be the same for different baryon octets,? .

The following reservations must be made:

(i) Most of the above conclusions are based on the assumption that

; % . : '
_-Y1 (2030) belongs to a {10} representation, Ideally one should measure
, S " the YT phases relative to Yf (1385), which is firmly established as a .

number of the 3/2” baryon & {10}. _ r s

*
(ii) The experimental measurement of the phase of the Y, (1660) and -
e
Y 1 (1915) amplitudes is not conclusive, because these amplitudes are
relatively weak in the A w channel. ! |

We have used the experimental data from reference 1 primarily to %

‘ : ; | v illustrate that a measuremernt of the relative phase of resonant axl;xplitudgs
in a two-body inelastic reaction can be used to make SU(3) 'assignmc;nts. BT N
This method is applicable to the higher spin resonances formed in ﬂ-N.A\ N

: o and K-N scattering, and may prove to be more reliable than assignmentf; ‘
made on the basis of measured partial decay widths. The SU(3) predic- o
tions of the relative signs of coupling constants involve only one param-

v eter, a, and this only for octets. On the other.hand,‘ SU(3} calculations of'
partial widths depend upon ;}L and kinematical factors, as well as on a,.
Inexactness of SU(3) symmetry may cause a splitting in fm, giving r‘ise ~ .
to discrepancies between calculated and experimental partial decay rates, |

For example, a calculation of r for ET/Z (1530} {(a member of the

ot
=T

AT

6 decuplet), using as input the current values of I, _ and I‘z" for Yf (1385)
el ) * . ;
‘ P | and I‘NTT for N3/,2(1236), 10 .predicted I‘.E:Tr = 16 MeV, compared to the

measured value of 7,5%+1,7 MeV,

. We thank Professors J. S, Ball, G. 1. Shaw, K, Tanaka, and

.- R. D. Tripp for helpful discussions,
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Table I, SU(3) Clebsch-Gordan coefficients for the decompositioh of
bx, Y, I, 13> = ’p, 0,} 1, -1) into |8, y, i, 13)®|>8, y', 1|,~13|>’

*-.
1

7y o) o'y (8} (8,)

0 0 0 o. 0o
oy 1 44
a4 -t I -1

J1/5  N1/6 N1/6 -,\[3/10' N176

N
-
£ '
o
]

~16{1-20) -

0 N1/12 1712 0. N1/3

N32a

o ~I/1z  NI/1Z 0 -N1/3
VI/T0 N7 NI/E N1/5 0
V370 NI/ Ji7Z2  N1/5 0

~32a -

J3Z73(1-0) |
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L Table .II.4 Quantity ;NKY fBMY for Y a member of a N
S o, Il {10 or {8) multiplet; B and ). denote members N
o ofthe J© = 1/2 baryon octet and of the perudoscalar meson

‘octet respéctively, -

n———— e - £ :!

BM (21 {0y {120"y 8y
0 - B 24,0
. 2 - 0 fio NAT72 -310%5'\{51772 fS 20(1- Zu.)
R o ;»1(,«/7‘2 ‘ dai‘o*a'i'f‘i Pal5Ta(t-20)
S5 m ?.27 3750 jw:\f'i?a' _ 710#«47% | ﬁ«f‘s‘TzT(i-a)u Za);}
A ?.27 3750 ‘/,wﬁ/'z"' ?, ot 1724 @3\/'5127 3(1-a)(1- 20.)"‘:‘;
BT Ko_‘ J /~27~/17zs (/@10«[7'6' ;‘10*. 17‘6 g-sms (1-2a)
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