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On the Spino£ the K• Resonancet 

Willian'l Chinowsky, Gent~P Goldhabar, Sulamith Goldhaber, 
Wonyong Lee, and Thomas Qi Halloran . 

Physics Department and Lawrence Hadiation Laboratory 
University of California, Berkeley, California 

August 27, 1962 

* 1 . Z+ * * The production o! the K resonance in the react1.on K + p- K + ~3 
. . . 

at 1.96 BeV/c has ·permitted us to identify the K as a vector meson. Following 

a method due to Adair, 3 we examined the distribution in the a.1tgle c. between 

the outgoing K+ meson in the Ktil c. w. and the incident K+ direction. We find 

a strong anisotropy which can be fitted with cos 2a., and he11ce conclude that 
4 5 * ' . . : • 

the spin ' o£ the K is ~ 1. Alston et al. presented evidence for the K spin 

to be less than 2 within 3 standard deviations. 1 This result, combined with the 

' - • 6 
present data, allows us to assign spin 1 to the K • 

The experiment was carried out with the zo .. inch Brookhaven bubble 

1 . a + 
chamber. in a separated beam tuned to K mesons. 

The reaction we have studied.. is 

+ + ... + K +p-K +w +p+w. (1) 

This reaction. which amounts to about lO!'oo£ the total cross section, has the 

property that a l.arge proportion of events occur in the double resonant state: 

{l) 
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The evidence for Reaction (2) is shown in Fig. 1. where we present a plot of 

the effective mass distribution Mp'll'+ against lv!K+ 1r- . The triangle shown 

in the figure gives the kinematic mass limits for the two pa1·ticle states K1r . 

and p1r. It sho·uld be noted that this is not a "unifo~m-density surface" in 

phase space. The projections on the t\vo mass axes are also ahov.'U in the 

figure. Here we have defined events with effective mass 840 ~ MK+ 1't- ~ 940 
$ 

MeV as lying within the K resonance and eve11ts with 1130 0!1'0 M + ~ 1300 MeV pw 
. $ 

as lying within the N
33 

resonance. l"'hese mass limits corresponds roughly to 

a level of 10% of the respective peak values. To date we have completed the 

analyds 9 o£ about 80%of our available data .• naxnely 310 events. Of these, ZOl 

events lie within both of the above mass limits, i.e. • within the "double resonance 
! __....... . 

region.'' In what follows, we confine our discU!:lsion to these latter events. which 

·can then be considered as e:r..amples of a "two-particle" 1·eaction. a.s given in 

(2). 
' 
I • 

We \observe that the production angle o! the K is strongly forward 
i 
I 

peaked, &tS ',shown in Fig. z. Here OK* is the angle between the incident K + 
. • + 

meson and the outgoing K in the K -p c. m. system. 

In order to perform an "Adair analysis," we now limit ourselves 

further to those events !or which l.O~cosOK* i?.O.S. 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 K decay angle, n, defined above. The nop.isotropy of the 

distribution immediately rules out a spin-zero assignment for the K*. In the 

·decay of a spin-one K"', the angular distribution depends on the state of a.lignn-umt . ' 
o£ the K spin as determined by the dyna.tnics of the production reaction. For 

the casas of maxirnal alignment of the spin vector with respect to the incident 

dhection, the distdbutions would have the forms given in Table I. For a 

nonaligned spin this diatribution would be isotropic. Also given there are the 

* . corresponding distributions for the N decay. Any combination of the listed 

distributions is allowed. * The observed distribution in the K decay angle is 
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fitted well with a. pure cos
2 

a intensity distribution. In Figs. 4(a) and 4(b) 

* we present the cor responding distdbutions for the N decay angle p. For a 

* * cornpletely aligned N with m (N ) . s = + 1/2., the p1·edicted distribution is 

2 I + 3 cos 13 (see curve in Fig. 4 b). Such a fit is consistent 10 witb our data 

2 
( X ,... 7.0). 

These diatributions thus imply a. strong alignment of the K * spin, with 

the component 111
8

(1<*) = 0 along the incident beam direction. lt is perhaps 

worth noting that just such an alignment would result if the one-pion exchange 

were a dominant contributor to the production :reaction. Thh can be seen by 

noting tha.~ for events with cos&K* ~0.8, the angle a. differs little from the Kw 

scattering angle at the x* ·vertex. At that vertex the K* spin can have only the 
. . ·, * 

projection m
8

(K ) = 0 on the "incidant11 K-1r ~s, since here we are dea.ling 

with two s~in·zero "incident" particles. Hence the projection on the incident 

. l 
'beam direction (i.e., K-p axis) is also zero, which then results in a. cos o. 

distribution:. 
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Table I. Allowed spin projections on the incident K+ p axis of a spin-one 

K* and the N;~ for an initial proton spin projection of n1 = 1/Z.. The 
:0: 

corresponding angular distributions for the K decay angle, a., and the 

* N decay angle, ~. al·e also given. 

·- ]It&t rt m~ ~- mrres = 

m
8

(K*) * I (a.) I(j3) rn (N ) 
s 

·+1 .. 1/Z. 
1 z . z 
-sin ct. 1 + 3 cos ~ z 

0 + 1/2 z 
CO$ a. 1 ·+- 3 cos 2~ 

.... ,+ 3/Z 
1 z ;rsin a. 3 sin2

j3 

--
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.Figure Captions 

Fig. I. Scatter diagram of the effective UliUS distribution M + versus 
p'!r 

MK+ 'lT- • The triangle delineates the kinematical limits. The 

* projections on the Mp1r + :mass axis show the N
33 

production, while 

the projection on the MK+ 'if.. a.xis shows the aimultaneoua; K$ 

prcdtiction. The curves give the dis.rt:ributions expected from phase-

space calculations without dynamic effects. 

* Fig. Z. The <lngula.r dif~t:dbution for K production. The events shown 

here are chosen to lie inside both the N* and K* resonances. 

Fig. l. ·rhe angula1.· distribution of a., the angle of the outgoing K+ in 

th~ K * c. m. system with respect to the incident K + direction. The 

69 events shown are selected to He inside the N* and Kr(\1 resonances. 

Fig. 4. The angular distribution of j3. the angle of tht>S outgoing p1·oton in 

. h I\.T* . 1. t . . 'd K+ ..t• • t e ·"~ c •. rn. system. Wl.tn :resp4Sct o the tnct ent u.trectl.on. The 

same events descril~d in Fig. 3 are shown here. 
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