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Ina p;'evious Letter we reported a hydrogen-bubblchhamber experiment
on the K p interaction in thé vicinity of 400-Mev/c incident K~ momentum.. The
existence of an excited hyperon of 1520-Mev mass and 16-Mev full-width was
established; the state was _found to have isotopic spin 0, spin 3/2, even parity
with respect to K‘p,',and aKN:Zw: A2w branching ratio of 3:5:1. In this Letter
we report the study of the angular distributions and polarizations of the dif-
ferent = v charge states, from which we ‘conclude that the KP X parity is odd.
- The determination of the KPZ parity in the reaction

K +p=+Z+n (1)
rests on establishing the parity of the transition operator M defined by QJf:vM X
where npf(@',d;) is the fix}a._l—sgate wave function and X is the initial spin function.
For a reaction in which a new pair of particles is created, M may be either
scalar or pseudoscalar. The problem can be conveniently discussed in terms
cf a generalization of the Minami t:ra.nsfoz-rnz:xticm.2 Defining —}ii axnid Ef as unit
vectors in the incident X~ and outgoing i directions, respectively, and
51_=_1_<~‘><5f /lkikal as the unit normal to the scattering plane, one can write four
exibrlessions for M -- two scalar and two pseudoscalar. These are listed in
column 1 of Table I. Here A and B are functions of the center-of-mass

{c.m.) scattering angle ¢ between the K~ and the 7. For final 51/2' pl/Z"

and P3/2 waves (abbreviated S, Pl’ P3). they are3

A=l [S+(2P,+P)) cost] ; B == [(P,"- P)) sin0]. (2)
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Since thé operators 0 ° _I_:_i and 0 ° _lgf change the parities of all initial- and
final-state partial waves, respectively, the transformation from the first to the
second row represents the usual Minami transform#tion. whereas rows 3 and 4
represent transformations of either the initial- or .ﬁnlal—state partial waves of
row l. Thus for rows 2 and 4 we h;Qe S Py Pl - S, and P3-' D in Eq. (2).
The cross section I can be obtained immediately frorh I-= /41;, ¢f> » and the
polarization P from IP =<¢§,‘ g !JJ£> . Substituting q;f =M X and taking spin
sums, one obtains I' (the prime refe‘rring to the cross section from a polarized
initial state) and If_’ {for an unpolarized'initial 'state) listed in columns 3 and 4.
Here I = fA !2 + IB]Z. and P, = <x3. g Xi> is the initial-state polarization
(zero for our bubble cha_.mber‘)- It is seen that the féur possibilities can be
resolved by‘ rheasuripg both the lleft-l"vighi-aéymmetry in the a.ngu‘lar distri-
bution of Z's\producgd from polarized protons and the polariéati_on’ of ='s

from unpola‘rized protons. However, in our case we know the initial state to.
be a well—definéci mixture of S and g:) waves with a small addition of PI{1
This removes the‘nece_ésity of an experimentswith a. polarized initial state,

reducing the four-fold ambiguity of Table I to a choice between rows 2 and 3.

The determination of the//@_parity becomes a matter of measuring the sign

of the QQ‘l.a_;gg@;Qgg_,tg;m;

- One further ambiguity arises, resulting from the fact that the operation
of complex conjugation of the final-state wave funvction. like the Minami trans-
fd‘rmation o ke jleav_es I invariant but changes fhe sign of P. We are fo<rtunat‘e
hov&ever\. in &ealing with a narrow resonance to which t‘he Wigner theorem is
applicable. 4 This theorem, a consequence of causality, states that the phase shift,
1 of a resonant state cannot decrease rapidly as a function of energy when |
passing through a resonance, unless the' radius of interaction is large. For our

resonance, the radius of interaction would have to be of the order qf 15 fermis

or a negative dn/dE to be acceptable. Since complex conjugation reverses the

\ -
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sign of dn/dE, the ambiguity associated with complex conjugation does not exist .é—
\‘_—w

=

N .
for a narrow resonance.

As shown later, our data indicate row 2 to be the proper choice, so let

us write explicitly for I and IP

k% - 2 22 |
1=t [P, +(5+2D) cos6 "+ (s - D) | sin”6] (3)
IP=—=—2Im(S-D) [P;+(S+2D) cos 6] sinfn (4)

The various amplitudes and phases in the Zit reactions are determinéd in the
following manner. Below resonance, the incoming K p S-state dominates all
other waves. Heré the %', Z", and Z‘O corresponding amplitudes are given by
S+=SO/'\/3 -SZ/N/—Z—. S~ =SO/'~/_3—+ Sl/@ SO= “SO/V? whére S-0 and S1 are the
S-wave ampliktud‘es in.the isotopic spin-0 and -1 states. The magnitudes of SO
and S1 at the resonance are determined by extrapolating the nonresonant EO
cross section for SO and the &' + % 2230 cross sectien for Sl We obtain -

lS Ol= 0.48 and .!Sll= 0.61 at resonance. These values are in good agreement

with the zero-effective-range Humphrey-Ross solution I and also satisfy unitarity

with respect to the other channels. 1 The relative phase angle between S, and

|
i

\

S1 can be determined from the difference between the %' and I~ cross sectiqns.
For K~ capture at rest this phase angle is 60 deg, and at about 250¢Mev/c in-
cident K~ momentum pass'es through 90 deg, increasing slowly with momentum. :
By extfapolating to the 395-Mev/c resonance momentum, we estimate the angle

to be = 110 deg. Beyond vthe resonance, P-waves become appreciable, so that

an interpolation to the resonance would be less reliable. In what follows we shall.
consider these values of SO and S, and their phase angle as constants throughout the

resonance region. Now, in the vicinity of the resonance we introduce into the

IO state a D-wave amplitude of the Breit-Wigner form
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rz Ty s+ Ty 1/2
i
€ -1

N
FN' Ir s+ and TA are the partial decay rates into KN, Z#, and AZH, respectively.
The values of I, I 5 and I:A have beenpreviously established from enhance-
1,

ments in the various channels at resonance.

where I'=I__+I+ 1", , ¢ =-2—(E -E), E_ is the resonance energy and
Z A r r r

This leads to an amplitude
D=0.36/< -i). It is easily seen that D is a vector in the complex plane, starting
from the origin, the end point of which describes a circle. The orientation of the
S amplitude ‘with respect to the circle is the _ohly freevpara&ieter left to be ad-
justed, and this is done by fitting the angulaf-distribut’ion terms arising from
interference betw'even S and D: This orientation of SO and S, is shown in Fig. 1
with, the two circles giving the quantities 2D and -D of Eqgs. (3) and {(4). The
Wigner theorerm excludes the é‘omplex conjugate of Fig. 1 which would reverse
the sign of P. The distance squared from the point marked =% to the end
points of the two vectors 2D and -D give, by the use of Eq. (3), the coefficients
Qf cosZG and sinz 0 in the Z+_angular distribution. In a similar manner one
obtains the coefficients for the Z° and =9 angular'distributioné. ! We have
‘adjusted the orientation of S to give the best fits to the E+, =7, and EO angular
distributions as a function of momentum, as shown in Fig. 2. Here we have
plétted the experimental ratios (P-E)/AP+E) and (F—B)/(F-FB), (here P, E, I,
and B are the number of ev.ents in the polar, equatoriai, front, and back fegion,

respectively. For example, for P we take lcose|> 0.5) together with the values

predicted by Fig. 1 through

P-E _|s +2D|2-|S-Df' (6)
YY) z P )
P+E 4ls |+ P, |* +2|D]] |



. We then have
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The over-all agreement, while not perfect, is very encouraging, considering

the simplicity of the analysis. Perhaps the addition of a small amount 6[ P3

| (interfering with Pl) would improve the fits, the restrictionto J = 12 inthe P

state being somewhat artificial. The .curve s have been extended well beyond
the resonance to illustrate the behavior of the interference, although far from
resonance the S-wave amplitudes sho\uld change appreciably and the Breii:-
Wigner formula will have a more involved energy dependence.

The sinbcos? terbm in Eq. (4) results from interference bet_ween Sand D

waves and therefore is now uniquely specified for all three Z channels. To de-

 termine the average value of the polarization arising from this term, we consider

a sample of events for which the ¢c.m. production angle is 0.3 < Icose|\< 0.95.

Over this interval sinPcos® is 0.43. We then 6btain 1o P for the forward and

backward c.m. angles from Ta P=3Z _cosﬁi. where coéﬁi =n"* kp' kp being the
i : - TE T i
direction of the decay proton in the hyperon center of mass and a the proton helicity.

Ry (T
(0P im0 cost "N Hm)forward ~(la backward] (7)

for the average value of this polarization term over the cos? interval, where N

is the number of events. For the sign of o..'_ we use the determination of Beall

8 . o .ot Ler -
et al.” This egpenment shows that the proton in '20 decay has nggatlve helicity

(i.e. the pfdton is emitted preferentially opposite to the direction of the Z
polarization), whereas the other decay rnodes of charged Z are consistent with

zero helicity. For the decay EO-' A +vy, one has _I:"A = -(1/3)2 0 and experiments

~now indicate that protons from A decay have positive helicity.9 In both cases we

take |o.| =1l. From Eq. (7) we then obtain the values of (aP) dreported in

sinbfcos
Fig. 3a (for £°) and 3b (for 20+). The calculated curves are those predicted for
odd KPX parity. For the other parity assumption, the signs of the calculated

curves should be reversed, clearly disagreeing with the data.
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The result of this experiment, when compared to the K™ +He exper‘iment
which yields odd KPA parity.lo shows that the relative ZA parity is even, thereby
experimentally establishing the assumption made in many symmetry models of
baryons .1 ! |

The presehce of a front-back ratio different from zero in the angular
"distributions of Fig. 2 implies an intérference betweevn odd and even orbital
~states. This requires that a certain amount of P waves be introduced into ihe
= ?roduction amplitude in a;adition to the S and resonant D wave. The presence
of P-waves manifests itself also in the coefficient of the sint texm of IP. We
compute the value of this coefficient by coﬁsidering an interval lcosGIS 0.95

over which sin¥ =0.82, and usihg the relation

1 , |
;= = {{TaP) * m)backwa.rd} ’ (8)

sinb N forward

(oP)

The values so obtained are shown in Fig. 3a and b for the =0 and 'Z)O+. respec-

tively. Fofﬂthe p channel the requisite P-wave cross section is about 1.5 mb.
The other z f,f: channels yield less information concerning the P wave, but we ‘ |
su:rmisg that the cross sections at 395 Mev/c are é.bout 1.5 mb in e_ach of the two
isospin states. This gives us the P-wave contribution to the total cross section
to be introduced into Eq. (5). " The A channel appears to contain about an equal
ambunt of S and F waves. Together, the ZTand A P-wave absorptioné yield
the observed small P wave in the K p and 8.1

It is appropriate now to enumerate some minor flaws in the interpretation
developed here and in the previous Letter. These pertain to the = absorption
cross sections in the three charge channels. The width of the £%° resonance
absorption as a function of momentum seems too large to be accounted for by the
experimental resolution; howevef, since this reaction is obgerved indirectly,
the uncerfaiuty associated with it is greater than with other channels. Secondly,

the cross-section enhancements in the three Zn channels seem to be slightly dif-

ferent, Z'u” ana =t being respectively higher and lower than Zorro. Perhaps
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the latter effect could arise from mass difference or from the presence of a
| small I, , D3/2 absorption. However the over-all internal consistency in the
experiment seems so good that such discrepancies can hardly alter the con-

clusion of odd KPZ parity.

Analysis is still in progress. A least-squares {it to all the data em-
ployingvappropriate momentum dependences of the various amplitudes is under
way in an effort to improve our primitivé fits. Experimental details and final
results will be reportéd in a later paper.

It is a pleasure to écknpwledg‘e the support of Professor Luis W. Alvarez.
We are indebted to Professors Richard H. Dalitz, Murray Gell-Mann and
Henry P. Staép for valuable dis.cussions. and to Professor Richard H. Capps
whose original conf.stiderka.tioms.12 stimvlated our attention fo theée phenomena.
Thanké are also due to the other members of this collaborative experiment--

P. L. Bastien, J. P. Berge, O. I. Dahl, J. Kirz, D. H. Miller, A. H. Rosenfeld

and particularly to Dr. J. J. Murray for his.excellent beam design.
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Table 1. Generalized Minami ambiguities.
Transition mattix -Parity  Cross section Example

M .of M 1 IP initial»"" final
(A+B b *n) 4 1+IP- P, 2Re(A¥B)n  SP P,~SP P,
o Ef(A+Bg_~3)g~1_<i + 1+1P " P, -2 Re(A*B)B P,SD~P,SD

(A+Bg-n)o-ky - “I-‘I‘f_ﬂ‘»g 5 | ZRe(A*B)_x_a_ P,SD-=5P, P,
gk (A+Bg-n) - 1-1P - B, -2Re(A*B)n  SP, P,~P, SD
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FIGURE LEGENDS

Fig. 1. Geometrical construction of the S- and D- ﬁré.ve amplitudes of
Eqgs. (3) and (4). The vectors §0 and -S’l’ére asgumed to remain
constant throughout the momentum region in the neighborhood of the
resonance. The direction and ma;c;nitude of the vector 2D is obtained
as » function of momentum from the upper circle; values of the momentum
(in Mev/c) are indicated on the periphery of the circle.

0. =, =f angular distributions.

Fig. 2. Momentum dependence of the Z
(a), (b), and (¢). The "(polai'-equatorial)/(pola.r+equatorial)" ratios for
a total of 163 neutral, 860 nega,five, and 1335 positive Z's, respectively.
(d), (e) and (f). The ''{forward - backward)/forward+ backwa.rd)" ratios for
the same events. The curves are derived from Eq.(3) and Fig. 1. Errors
represent the statistical uncertainty.

Fig. 3. Momentum dependence of the polarization terms.
(a) and {b). The sint cosb term of the polarization, as measured by the use
of Eq. (7), for a total of 610 2+"’p+ w0 .decays and 163 20‘-* A +y followed
by A= p+7 decays. The curves represent the predictions obtained from
Eq. (4) and Fig. 1.
(c) and (d). The sinb term of the polarization, as measured by the use of

Eq. {8), for the same events.
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