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We preéent the results of a study of the K -p system at incident X~
laboratory momenta of 620, 7¢0 and 850 MeV/c {center-cf-mass energies L
of 1616, 1681, and 1723 MeV, respectively). Only the most imporiant features
of the interactions have been obtained at each of these momenta. Ax 620 MeV/c
the syotem io dominated by strong 81/2 absorption. At 760 MeV/c effects duc
to Yf {1660) are observed, ! Here the presence of large coazﬁ termo and the
absence of large 03936 terms in the angular distributions suggest 3/2 as a
plausible spin asaigment for the resonance. Finally, at 850 MeV/c large 3/2
or 5/2 amplitudes have set in. |

The Lawrence Radiation Laboratory's 15~in. hydfogen bubble chamber
was expcsed to a separated ¥ beam capaiﬂe of operating either at 760 or
850 MeV/c.z A setting at 620 MeV/c was obtained. by degrading the 766-'vaV/c
beam., A total of 8000 interactions, representing all the available data, were
analysed.

In Table I we summarize the observed total cross sections, having de-
termined the path length at each momentum by. counting v decays. 3 The only
significant bias occurs when a 28 decayo via the protonic mode; at our energices
the laboratory angle between the £ and its dscay proton is usually too small to
be detected with good efficiency. For this reason only =t decaying via the pionic

mode were unsed to establish both the total and differentinal croas sectionn. Za the
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other hand ambiguities in the interpretation of the events arise when cne wants
to distinguish between the An?, T%°, AT%n® and X°n%#® final states. The
method of separation used in our experiment is the same an that described by
Ferro-Luzzi et al, 4

All differential cross sections were fitted to a sexieo of the form

b,
%%%:A(}vl»AlcosGteAZcoe“G{---, (1)

where 4/ kz is an arbitrary normalization factor., The resulte of such {its
were the dimensionless coefficients Ai and their errors. A fit of order n
means a fit up to and including the term A.ncosné.

In figs. 1 and 2 we present the energy dependence of the coefficients
Ai ‘or all the two-body reactions except Z°#° ., In this latter channel statiotics
are am'ali. and, for angular distﬁributions at least, it is difficult ¢o determine the
amount contributed to a given big by the Av%7® and X%° #® final states.
Significant amounts of cos39 are required only at 850 MceV/c as is showa in Fig. 3.

At 620 M2V )’c the angulay distributions are remarkably eimilar to thouse
obtained at 51¢ MeV/c by Ferro-Luszi et al; 4 ro appreciable changes in the 2y
scern to have taken place bestween these two m@r@en’ca._ and the syotem is probably
well described by a large absorptive 51/2 amplitude with small amounts of
pl/l’ P3/a' and }}3/2. At‘ 850 MeV/c the large amounts of cou39 noticeable
in every distribution indicate that J = 3/2 or 5/2 amplitudes are now present,

. We now discuss the 760-MeV/c data more thorovghly and examine tho

effect of the newly discovered Y: {1668} on cur total cross sections and angular
distributions. F#rom now on we shall refer to this resonance as T (1660); 1660

MeV correoponds to o laberatery momentum of 715 MeV/c, and its half-vwidth,
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I'/2 = 20 MeV, corresponds to +43 MeV/c. Significant effects due to Z {1660}
should be observed therefore at 760 MeV/c, provided it is coupled reasonably
strongly to the K-nucleon system. Assuming that this resonance is adequately
deccribed by a pure Breit-Wigner form, we can obtain the strength of tne
coupling by using the formula for tho energy dependence of the total croso

section in such a case, namely

H X,
o= 2mx’ (5 é) ,..2,.}3..... | (2)
€ + 1

where the normalized channal width Xy = T

elaotic/ T and « =2(F -E_  }/T.

}’ixamiziing in greater detail the behavior of sur cross scctions in varioue
channels, shown in Table I, we notice first a 2-mb bump in the Z™n' channel at
760 MeV/c. Thise final state is a mixture of I-spin 0 and 1, but the I-spin of the

effect can be established through the following formulae:

¢ (Zm, 1=0) = 30 (X%°%) {3}
glZn, Izl = G(E17) + o(ZT0") - 2g(2%°) . (4)

It is clear from the results of this separation (Table 1) that the rise is
indeed due to the l-epin-1 part of the amplitude. We therefore attribute the cffect
to 2(1660). One notices also a small rise at 760 MeV/c in every one of the
Anww and Znn cross sections. These are aleo interpreted as manifestations
of the three-body decay modeo of the resonance., Adding these cross scctions,

we estimate x.. of £q. (2) to be 0.25£0.10 for spin 3/2, and appropriate fractions

K

of that value for other spin assignments. The Zn and AW normalized channel

widths are estimated to be R = 0.35+0.15 and X, = 0.15+0.10. Finally since

it ic not poosoible to oeparate the Ann and Xny {inal otates into [-aspin
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without more information than that gi{ven by the l-proton system alone, we
cannot calculate partial widths for these last two channels. Becauve tke clastic
cross sections are proportional to (xK)a. the small values of Xie that we have
obtained lead, for all posaible s»pin asgignoments, to negligible rices in the «-
nucleon'total cross sections at 766 MeV/c. Therefore no lower limit on the
spin of the resonance can be set by this method., Since at 760 MeV/c Table I
shows that the cross sections due to the resonance are small compared to the
background, we conclude that the nonresonant amplitudes dorninate over the
reconant amplitude,

To obtain information on the spin of (1660) we examine the two-body
angular distributions at 760 MeV/c. Usually the spin of a resonance ie de-
termined by looking at the energy dependence-ﬁf the coefficients A, at closely
spaced momentum intervals throughout the resonance region. Here we have
only a single point one half-widih above th: resonance, and so a gquantitative
analysis is not possible. However by considering the Ays Ay and 4y in
¥ig. 2 we wish to show that o:;r data seem to be more consistent with J=3/2
for Z{1660) than with any other epio assignment.ﬂ Y¥xamining first A, in Ffig. 2
we shall chow that apin 1/2 is unlikely. We observe a large enhancement at
760 MeV/c in both AZQEW*) énd Az(ﬁﬂ‘°). We attribute these bumps to inter-
ferences between the small resonant amplitude and the nonresgnant ’bacL¢:g,z°o=.nmi;5
as we have seen, the nonresonant background is dominant and is composed only
of S1 /2, Pl /2 and P3/2 amplitudes, since large amounts of other amplitudes
would lead to c0030 interferences which, as is clearly shown in Fig. 3, are not

preaent, To examine the consistency of our data with the spin-1/2 hypothesis we
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look at the form of A, in a partial-wave expansion up to J=3/2, namely

A, = 3193/3[2 s 3!33/233 + 0 Re(p’;/z Pyjat 5;/233/2‘ . (5)
For J=1/2 the large interference effects observed in the A5 must be due to the
SI/ZD3/2 or p!/?,P}/.?. terms. An Sl/zresenance seems unlikely, since
1‘53/2- is also small. Again if the rasonance is Pl/a then P3/2 must be large,
and values of the A, considerably bigger than what we observe are expected
because of the term 3| }'?3/25 z. Spin 1/2 therefore seems improbable.

By considering the Ai and the A;.we next show that J = 5/2 io unlikely
for Z{1660). The values of the A, in Fig. 2 again show interferences in all
three distributions. If the spin is 5/2 we would have expected variations in
the A, of the order of 15/9 those observed in the Al, if the non-resonant
background is assumed to vary slowly throughout the region., To see this, note
that in a partial-wave analysis up to angular momentum 5/2 the expressions for

A, and A3 ars

1
% % # ,
» 3 $ g o -
=951 /2F5s2 = I PypPgp = 10 Py Dy p +45/2Dg 55 /5

L] *

+188) ), Fy 1y + 6P /;Dg j5 + 18F; 5Dy )5 - 117 Dy g o) -
Mo such variations are seen in the A4+ which instead are all consiétent with zero.
It also seems unlikely that, when made to interfere with reasonable values of the
nonresonant background, a 5/2 resonant amplitude with cur normalized channel
widths would not have led to sizeable A3' 8 in at least one of the angular diotri-

butions,
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In summary the most natural way to interpret the data ie to assumc

that a small P3 /2 or D3 /2 resonant amplitude is interfering with large
S1 /2 and Pl /2 mnreaonaxxt“background. However only an analysis of more
angular distributions throughout the whole region will provide a final answer
to the spin question and information on the parity. In particular the energy de-
pendence of the %~ w* differential cross éectione must be established cavrefully
because we cannot .rgle out the possoibility that the large value of A.Z(E-‘ﬁ ;'; at
760 Me\i/c is due mainly to nonresonant terms. If this is the cage, the value

of x_. would be much smaller, and this in turn would decrease our confidence

K

in the #pin assignment,

Finally let us say a few words about the three-body final states. If
An'a" is formed predominantly through the chain K p - &(1660)~ T(136%5) + =
-~ Antu”, one could hope to say something about the spin and parity of L1660)
taking £(1385) to be 3/3"{'.\—»However the observed cross section for K p =A® 7
at 760 MeV/c is 4.3 mb, and Z(1660) can contribute only ~ (.4 mb to that value
gince the normalized channel width for Z(1660) - Antw” io approxirnately
0.10. Therefore, Yf(lé()@) cannot affect the Aw w~ distributions significantly.
Similar negative conclusions are drawn about the Zwn channels.

Ve wish to thank Prof. Luis W, Alvaregz, ;Dona.ldlﬁ. ailler, Arthur A,

Rosenfeld, Roberxt D, Tripp, and Drs, Massimiliano Ferro-luzzi, and Joseph

Murray for advice and encouragement,
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- ‘Ifg'b!e I, Total £rons sections in mil Iiw raL, o _
“\\\M - MR (20415 76047 850w LU -

T B gy, (MeV) 1616 1689 1723

Peaction Topology® ~~w—__ 50 SXSEE2 124 EYEREF g SVEMD

Xp Z prong 16.0x1.0 16.741.90 28.442.0

on Uprong - ¥ 2,320, 4 3.8%0.3 4,024, 3

st 2 prong {+ decays)® 4.6£0.6 7.840.3 2,050.2

pautial 2 prong {- docays) 2.0£0.3 3,320,2 1,320, 1

T0x° 0 prong + ¥ 2.1%0,3 1,480.2 . 8=0. 1

an? 0 prong + V | 1,9£0,3 2,620,2 2,720, 2

A w 2 prong + V 1.740.3 3:’.03 3,580, 3

Ll 2 prong + V 0,3£0,15 6.820,15 0.740.15

T r 2z prong {- decays) 0.350,1 0,840, 1 0,720, 1

Pl 2 prong {+ decays) 0,120.05 0.8£0,2 8.520.1

(LVE®)n%+® 0 promg + V 3,3%0,2 1.5:0.2 1.3:0,2

An{m~neut.} 0O prong + V - 0.540,15 0.14:0,1

Awénf”wo Z prong + V ¢.04£0,03 0.25%0.08% 0.15:0.05

K pr” 2 prong + V 0,040,063 0.04£0,03  0,10:0,06

K pr® 2 prong 0,040,035  0.1510,1 0. 30, 1

Kv'n 2 prong 0.06£0,06 0.0 #06.05  0,210,1

70 ne® 0 prong + ¥ 0.¢ £0,03  0,C %0.05  0.3z0.1

Total 32.441.5 40,1 1.3 40.622.1

{}:ﬂ)laa €.420,8 4.2%0.5 2,320, 3

(Tl 2.3:0.8 3.3£0,4 3.320.3

. 9.50 §.36 5,75

a. - . .
fopological appearancs of the event ta the bubble chamber

b

Thic means 2 proag, and the pogitive

DTOR GOCayu.

W T

¢ WY

e

ALY AT SILITRETER T
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FIGURE LECENDS

?r\b-

Fig. 1. Coefficients A, for ¥ oy

p-+Xp and K p+r'n with data fisted up to

third order. Cosine 9 is defined as I

- K . The A,'s ars
inc “scattered 3

large at 850 MeV/c and consistent with zero at the lowsr mornenta. for ref-

erence we have drawn horizontal bars indicating the position and width of
€, . .

Yl(,‘inbe) for all coefficiente,

Fig.2 Coecfficients A, for Kp=An®, K p= E™n", and K pe &'n" with data

; -

fitted up to third order. Here cos? -is defined as K‘:nc° . Lrthe 4,'s v1.€ notice

. -
% whereas in ¥ v the nonresonant

significant bumps in Z°7 w and An
backgroundinterferesdestructively with the resconant amplitude at
760 MeV/c. The Aj's are again consistent with zero at 760 MeV/c.
The dashed curves in the Aﬁﬁ’wﬂ are the values of the coefficients
of moszﬂ when % n'. is fitted up to fourth order. The bump in coszé? is
still significant, whersas the coefficients of couét'} {not shown) are con-
sistent with zero.

Fig. 3. The x 2 probability of describing two-body angular distributiong with

<D

a fit of order n, The probaebility of a fit is defined as J, £{x ‘z,v)dxz,
2
X

where ;;[Z) is the leaat-équares fit chi-aquare and 0

v the number of degrees of freedom for that distribution. The numbers of
events in each dietribu?ﬁion sre comparable at both romeida. However we
had much less statistice in the EJ"‘rr" channel {(dashed linea} since oaly the
pionic decaye of the L' were used. All chanuels at 850 MeV/¢ clearly re~
quire ccm36. whereas no sigm‘.ﬁca.ni amounts of that power are reguired

anywhere at 760 MeV/c, A small amount of cee‘%} ie needed for

An® at 830 MeV/c.
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