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On the Spin of the K Resonance !

Williaimn Chinowsky, Ger&‘ﬂn Goldhaber, Sulamith Goldhaber,
' Wonyong Lee,' ' and Thomas O'Halloran

Physice Department and Lawrence Radiation Laboratory
University of California, Berkeley, California

August 27, 1962

_ The production .of the K~ resona,xmé1 in the reaction® K'+ p"'K*'l- ﬁ:B

at 1.96 BeV/c has permitted us to identify the KlﬁE as a veétor meson, Following
a method due to Adair,3 we examined the distribution in the angle a between
A‘&he outgoing k' meson in the KEea ¢.m, and the incident K’ direction, We find

a atrong anisotropy which can be fitted with cosza. and héaxce conclude that

the spinﬁ' 3 of the K‘ﬁ is » ;'. Alston et al'.v ;pi'esented eivi&en‘ce for the K#spin
to boe less fhan 2 within 3 standard deviations, 1 'Th;s regult, combined with the
 present data, allows us to assigh spin 1 to the K" 6 |
The experiment was carried out with the 20-inch Brookha\ren bubble

chamber in a separated beams tuned to X mesons,
The reactién we have studie_d_ is
K+'ﬁ~p4K"‘+ﬂ'v~+p+W+. ' lv (1)
This reaction, which amounts to about 10% of the total cross section, has the
property that a large proportion of events occur in the double resonant state:
+ e 44
K+p =K + N33
{2)

Kten™ phw
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The evidence for Reaction (2} is shown in Fig, 1, 'where we present a plot of
the effe;ctive mass disﬁribﬁﬁion Mpw* against MK‘L-«' . The triangle shown
in the figure gives the kinematic mass limits for the two particle states Km
and pn'."_ It should be noted that this is not a "uniform-density surface' in
phase space, The projections on the two mass axes are also shown in fhe |
figure, Here‘ we have defined events with ef‘fectivé Mass 840§ Myt = < 940
- MeV as lying within the k* resonance and events with 1130 < Mp“-f £ 1300 MeV
as lyi_ng @'i&hin the st. resonance, These mass limits corresponds roughly to
a level bf 10% of the reapebctive peak valu@&z; To date we have completed the

9; of about 80 %'of our available dats, namely 310 events, Of thess, 201

analysis
events lie within both of the above mass limits, i.e,, within the "double resonance
region."” In what follows, we confine our discussion to these latter events, which

‘can then be considered as examples of a "two-particle' reaction, as given in

(2).

We “\iobeerve that the production angle of the K* is strongly forward
peaked, as \“mhown in Fig., 2. Here GK'& is the angle between thé incident K'Y
meson and the outgoing K$ in the K+-p c. m, syatem,

In order to perform an ''Adair analysis,” we now limit ourselves
further to those events for which 1.0 #Co8fp #0.8., There are 69 such events
in our sample. In Figs. 3(a) and 3(b) we present the unfolded and folded dis=
tributions in the Kﬁ decay angle, a, defined abové.. The nonisotropy of the
distribution immediately rules out a apin-zero éssignment for the K*. In the

‘decay of a spin-one K*, the angular distribution dependa on the state of alignmam
of the Km spin as determined by the dynamics of th@fproduction reactioxﬁ. For

the cases of maximal alignment of the spin vector with respect to the incident
direction, the distributions would have the forms gi#en in Table I, For a
nonaligned spin this distribution would be isotropic, Also given there are the
corresponding distributions for the Nsae decay. Any combination of the listed

13 » . * I3 » @
distributions is allowed. The observed distribution in the K decay angle is
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fitted well with a pure COEZ a inten&ity distribution, In Figs. 4(a) and 4{b)
we present the corresponding distributions for the N* decay angle g, For a
completely aligned N$ with ms(Ng) =+ 1/2, the predicted distribution is

10

1+3 coszfs {sce curve in Fig, 4b). Such a fit is consistent” with our data

(x% = 7.0,

These distributions thus imply 2 strong alignment of the Kﬁg spin, with
the component mg(l{*) = 0 along the incident bearn direction, It is perhaps
worth noting that just such an alignment would result if the one-pion exchange
were a dominant céntributar to the production reaction. Thiz can be seen by
.no-ting that for events witﬁ cosfy # 0.8, the angle a differs little- from the Kz
s.catt‘aring‘ angle at the K’a vertex. At that vertex the K%‘g gpin can have onlj? the
p;oj‘ecéidn; ma(K*) =0 ion the "incident'" K~ axis, gincé here we are dealing
with two spin-zero “incident” particles, Hence the projection on the incident
béam direction (i. e., K-p axis) is also zoro, which then results in a chza

distribution,
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Table I. Allowed spin projections on the incldent K+p axis of a spin-one
v " -
K and the N33 for an initial proton spin projection of m = 1/2. The -
Y
corresponding angular distributions for the KX decay angle, a, and the

% ' : .
N decay angle, 8, are also given,

& K % o
ma(K ) ms(N ) _ I{a) I1({p)
-+1 - 1/217 ' %—ain?'q. ¥+ 3'coszﬁ
L I +1/2 _ cosszav 1+3 coszﬂ
: 1 2 Z
-1 +3/2 ssin”a 3 5in“g
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Figure Captions

'Fig. 1. Scatter diagram of the sifective mass distribution Mp 57 versus
h'ii{+ﬁ- . The triangle delineates the kinematical limits, The
projections on thé MPW&- masg axie show the Nf3
the projection on the MK+w“ axis shows the slimultaneous Kt

production, while

production, The c,:ui'ves give the distributions expected from phase-
space calculations without dynamic effects,

Fig, 2. The angular distribution for Kg: production. The evente shown
here are chosen td- lig inside both the -N:;%c and K?ﬁc resonances,

Fig. ‘3. The angular distribution of a, the angle of the outgoing k' in

| the K* ¢, m, aystem with reapect to the incident. ii:(+ direction. The

69 events shown are selectsd to }.i.e: inside the ‘N# and K.ﬁm TEBONANCES,

Fig, 4. The angular distribution of §, the angle of the outgoing proton in

. % . . ot . .
the N ¢, m, system: with respeact to the incident K direction. The

same events described in Fig. 3 are shown here,
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