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ABSTRACT

This work represents a study of the Amnnm final state of kN
interactions between 0.620 and 0.870 GeV/c incident laboratory momentum.
Data obtained from a Hydrogen Bubble Chamber exposure has been used to
obtain channel cross-sections for the reaction k p - An+n_ . Study of
the Ar'n Dalitz plot reveals that in addition to I (1385) and & (1385)
isobar production, a final state umw S-wave interaction ('e') is present.
Assuming a model of incoherent addition, quasi-two body descriptions for
each of the n+2-(l385), n_2+ (1385) and 'e'A channels are extracted.

Subsequent consideration of the =nI(1385) quasi two-body channels
reveals evidence for strong A(1690) formation. Combining the newly
obtained data with that previously published for the #I(1385) channels,
an energy dependent partial wave analysis is performed. Resonant amplitudes
of the S01(1670), D13(1678) and DO3(1690) states are determined. Considera-
tion of the DDO3 and DSO3 partial wave amplitudes for the DO3(1690) state,
indicates substantial A483 —A283 mixing within SU(6)w @ O(3). 1In addition,

*
a comparison is given between the amplidues Y states observed in the partial

wave analysis and those predicted by the Isgur-Karl Model.
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CHAPTER 1

1.1 INTRODUCTION

What was later referred to by de Rujula et al (Ref.l.l) as the
'teenmin g democracy of hadrons:lead Gell-Mann to propose 'The Eightfold
Way' in the 1961 (Ref.l.2). So, with the SU(3) quark model, was started
the trend in particle physics for symmetry groups. Gell-Mann's rather
ephemeral quarks have now become the partons of Quantum Chromodynamics
(Q.C.D) and the fundamental objects required of SU(5) Grand Unified [heories
outnumber the hadrons known in 1961. Whatever the success of asymptotically
free field theories, such as Q.C.D, in describing scaling violations and jet
production, the hadronic bound state problem remains. Isgur, Karl and
Koniuk, in a monumental series of papers (Refs. 1.3 to 1.7) have determined
the baryonic masses, wavefunctions and branching fractions with great economy
of phenomenological parameters. This model embodies features expected of
Q0.C.D, including a long range quark confining potential and a short range
vector particle exchange, which mediates quark-quark hyperfine interactions.

Even now, twenty years after the proposition of the Eightfold way,
data to test hadronic symmetries and quark models remains incomplete. Two-
body reactions such as kN — EN, KN — mA and kN - nl explore the SU(3)

~ -~ *
8 @ 8 final state couplings of negative strangeness baryons (Y states) and

~ ~

have been well observed. However, determination of 8 @ 10 couplings is more
difficult, requiring study of the wl (1385) quasi-two-body final state.

Since the I(1385) undergoes strong decay, with lifetime ~ 10-14S'U3A m,

*
Y couplingsare found by extracting the process

kKN -+ m 1(1385) (1.,;,;(;’-“?’[,,;‘,;;;&
0% scrence ”ﬁf\
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seen in the reaction kN > wwA. Although complicated, the results of this

form of analysis are rewarding ; comparisons of 7L (1385)and mA(1232) couplings



within the framework of SU(3)and tests of the baryonic composition found
by Isgur et al are possible. The object of this thesis is to examine the
reactionk-p.+n+n_A,seen in experimental data,and determine the underl. ying
s-channel nI(1385) dynamics.

1.2 S—-CHANNEL PARTIAL WAVES

To describe s-channel dynamics for the reaction k p~> nt2(1385)t
partial wave formalism will be used throughout this thesis. Each wI(1385)
final state is decomposed in terms of isospin content and the allowed initial
and final state orbital angular momentum for given s-~channel angular momentum.
The isospin composition of the s-channel will be discussed in section 1.4 ;
this section gives the angular momentum content of the partial waves.

If the initial k_p system has relative orbital angular momentum

_)
L and the final state =n I(1385) system has relative orbital angular momentum
> ! ~»>
L , conservation of total angular momentum (J) gives :~-
O B |
> >
= + = = + = .
J L 3 L > (1.2)
1
1
Parity conservation gives (-l)L = (-l)L and AL = |L—L | = 0,2. The
]

permitted s-channel partial waves are given in the LL (2J) spectroscopic

notation :-

SD1 DS 3 DD3 DDS DGS GD7 GG
with parity = -1

PP1 PP 3 PF3 FPS5 FFS5 FF7 FH?7
with parity = + 1

t
Throughout the rest of this thesis the LL (I) (2J) notation is used

to include isospin. Since only isoscalar and isovector amplitudes may
couple to the k p system, I=0 and 1 partial waves exist for each spin

parity sector above.



) T
?
Mass (1n Mev) width Amplitude at Resonance (t)
LI2J n Ne Elasticity YT - Status
[ #% A T L ) k*N(L'ZS')
g1y | 1768 + 10 105 + 15 | 0.18 + .05 {(#)0.08 + .03 | -0.10 + .02 £0.03(D) - i
1925 + 20 200 + 20 | 0.48 + ,03 0.20 + .04 |(+)0.08 + .03 £0.03(D) -0.10 +.02(s1} .t
{-0.07 +.03(53)
P11 1673 + 10 140 + 20 | 0.10 + .03 -0.13 + ..02 £0.03 - - e
1870 + 10 140 + 20 | 0.19 + .05 0.30 + 0.10| -0.24 + .08 0.05 +.03(Pl) .
0.11 +.03(P3)
D13 1670 + 5 60 + 5 | 0.09 + .02 0.20 + .02 0.07 + .02 - - b
1920 + 20 215 + 25 | 0,10 + .04 | -0.13 + .03 -0.08 + .03 ¥-0.07+.03(S! -0.09 +.03(S3) e
£Q.03(D) {so.oz(mms)
1775 + 2 120+ 5 | 0.38 + .02 0.10 + .02 | -0.28 + .02 [(0.17+.03(D) - e
D15 { £0.03(C)
2270 + 5 loo + 5 0.06 + .02 0.0% + .02 0.12 + .02 - - *
1930 + 10 120 + 15 0.06 + .02 -0.18 + .03 -0.09 + .02 £0.03(P) wxrx
P15 g-o.o41.oz(r-*) £C.03(P3,F14F3)
2060 + 15 225 + 25 | 0.08 + .03 0.12 + .04 - - - b
F17 2040 + 5 165 + 10 | 0.22 + .02 | -0.13 + .02 0.19 + .02 {-0.15:.03(1") j—0.06 +.03(F1)
£0.03(H) 0.04 +.03(F3) varn
£0.03(H3)
Gl19 |2210 + 10 70 + 10 | 0.22 + .01 -0.03 + .02 0.09 + .02 - - *
so1 1670 + 4 3 + 5 0.19 + .03 |-0.26 + .03 . i
- - - - - -0.06 + .03(Cj [{-0.17 + .03(sl) *hx
1810 + 25 |215 + 20 0.33 + .05 |-0.08 + .05 3-0.13 ¥ .04(p2)
POl 1588 + 15 {187 + 50 0.25 + .04 |-0.25 + .07 - - { 0.14 + .03(PL} ww
0.35 1 .06(?3'
ro3 1896 + 10 |104 + 20 0.25 + .04 [ 0.12 + .03 - £0.03(P) { 0.07 + .03(Pl1) ein
|+ 12 + .04(F) [{<0.03(P3 & F3}
1520 + 1 16 + 1 0.46 + .02 | 0.46 + .02 - - - e
D03 1690 + 5 | 62 + 5 0.23 + .02 |-0.26 * .02 - - - e kw
2325 + 20 (170 + 30 0.19 + .06 |- . =~ - - -
DOS 1823 + ‘5 | 90 + 15 0.04 + .02 |-0.17 + .02 - -0.14 + .03(D)| £0.03(Dl,D3zG3) TR
£0.03(G)
1820 + 2 80 + 5 0.58 + .02 |-0.27 + .02 - 0.15 + .03(P)| _ ..
FOS - {_0.05 ¥ .03(F) $0.03(P3,Fl&F3) reer
2115 + 15 ]190 + 30 0.07 + .02 | 0.15 #+ .03 - {—0.06 + .03(P)| £0.03(F3&F2) —wx
<0.03(F) 0.17 + .0O4(Fl)
- £0.03(D&G) .21 + ,04(D3)
Go? 2110 + 10 |190 * 30 0.27 + .02 | '0.12 * .03 - £0.03(D&G) 0.04 + .03(Gl) el
£0.03(G3)
HO9 2365 + 25 |160 + 20 0.12 + .04 |-0.10 + .02 - - -
e
TABLE 1.1 : Amplitudes at resonance for Y* states observed in kN formation experiments.



1.3 RESONANCE FORMATION

Major contributions to the s-channel partial waves in kKN reactions
have been shown to come from Y* resonance formation (ref 1.13). This section will
consider the resonances known to be present in the centre of mass energy
range 1.640 to 2.040 GeV/c, which is explored in this thesis. The bulk of
such knowledge comes from global, energy dependant, partial wave analyses
of two body final states of kKN interactions (Refs. 1.8 to 1.12). At the
1980 Toronto conference, the current situation concerning Y* states was
reviewed by G.Gopal, (Ref. 1.18) , from which Table 1.1 is taken. States
receiving a (* * * *) status are considered well established and have been
verified by many analyses ; 11 such states exist. Those remaining
states are less well established and are not seen with consistent parameters
in different analyses. Table 1.1 also lists the observed couplings of the
Y*'s to two—bod; final states of kN interactions (EN, A and wI )together

with the quasi two-body couplings (k* (890)N and wL(1385) ).

The object of this thesis is to extend the energy range of data
available for a partial wave analysis of the nZ(1385) channels, which was
per formed over the 1.775 to 2.170 GeV range by the RL/IC group in 1977 (ref 1.13).
Since this previous analysis was completed, new high statistics data for
two-body final states has clarified certain features of the Y* spectrum
(references 1.15 to 1.17). In particular, an update of the partial wave
analysis of elastic scatter and charge exchange channels,

(reference 1.18) has been undertaken and resolves many of the previously
features found previously. Table 1.2 gives the results of this reanalysis
and will be used as input to a new study of the wI(1385) final state over
an extended energy range.

Above all, new data presented in this thesis for the 0.630 to 0.870
GeV/c interval, will permit the wI(1385) couplings of DO3(1690), D13(1670),
and S01(1670) states to be determined. A substantial branching fraction for

each resonance remains unaccounted for in Table 1.1. Inclusion of these

rather narrow states in the wI(1385) analysis will constrain greatly the




















































































































































































































































































































































































































































































































































































































































































