
RESONANCES IN STRANGE PARTICLE PRODUCTION (*> 

D. Colley, N. Gelfand, U . Nauenberg, J . Steinberger, S. Wolf 
COLUMBIA UNIVERSITY, NEW YORK, N . Y. 

H. R. Brugger, P. R. Kramer, R. J . Piano 
RUTGERS UNIVERSITY, NEW BRUNSWICK, N . J . 

(presented by J. Steinberger) 

I. I N T R O D U C T I O N 

In an exposure of propane to 2.0 GeV/c n~ mesons 
at the Cosmotron in the Columbia 30 in. chamber, 
reactions have been analyzed for resonances between 
the particles present in the final state. The reactions 
studied were sufficiently overdetermined to permit 
a separation of hydrogen events from carbon. The 
reactions which have been studied are: 

TABLE I 

The reactions (l)-(3) have the advantage that the 
interference effects due to the Bose character of the 
pions, which hamper the spin determination of the 

FIG. 1 MASS DISTRIBUTION OF THE An SYSTEM. 

(*) Research suppor ted by the U . S. A t o m i c Energy Commiss ion and the Na t iona l Science F o u n d a t i o n . 

Some results on these reactions for pions of 1.6 1 } 

and 1.9 2 ) GeV/c, and 2.1 GeV/c 3 e ) laboratory mo­
mentum have already been reported. The present 
work supplements these and yields additional informa­
tion on the spin and parity of the Y*. 

Table I summarizes the cross-sections. 

II. R E S O N A N C E S IN THE REACTIONS 

The mass distributions for these two reactions were 
combined into single plots which appear in Figs. 1, 2 

Y* in the reaction are absent. 
There remain, of course, other interference effects 
which may also frustrate the attempts to make spin 
determinations using reactions (l)-(3). 
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FIG. 2 MASS DISTRIBUTION OF THE Kn SYSTEM. 

and 3. It is apparent that they show a resonant 
structure in which both the Y* and K' play a large 
role. We fit the experimental distributions with a 
distribution of the form 

AT = total number of events. The following para­
meters with approximate errors give a good fit 

We conclude that reactions (1) and (3) are dominated 
by Yf and Kf production. However, we see no 
evidence for a K-n resonance at a mass of 730 MeV 
reported for the same reactions at the same energy 3 e \ 

It is interesting to note that the prominent peak 
in the A°K mass can be described as being just a 
kinematic reflection of the Yf resonance and not due 
to a A°K resonance. We point out also that our 
mass values as well as the widths of the Y* and K' 
are slightly larger than those of previous measurements. 

FIG. 3 MASS DISTRIBUTION OF THE AK SYSTEM. 

where the Y* and K' distributions are of the Breit-
Wigner form 

In previous exper imen t s 3 ) indications have been seen 
of resonances in the In system at 1404 MeV and 
1525 MeV. Our distributions appear in Figs. 4, 5 and 6. 
Both of these seem to be present in the En mass spectrum. 

III. R E S O N A N C E IN T H E R E A C T I O N 
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FIG. 5 MASS DISTRIBUTION OF THE Kn SYSTEM. 

FIG. 6 MASS DISTRIBUTION OF THE UK SYSTEM. 

IV. PRODUCTION ANGULAR DISTRIBUTIONS 
OF THE 7 * AND K' 

These are shown in Figs. 7 and 8. The K* are 
produced preferentially backwards and the K' for­
wards, consistent with the general observation that 
nature abhors large momentum transfers. 

V. SPIN AND PARITY OF THE 7 * 

There are several ways in which the data could be 
analyzed to yield information of the spin of the Y*. 
We feel that we are too much above threshold to 
justify the use of the Adair analysis. Instead the 
data are analyzed for correlations between the A0 

FIG. 7 C M . ANGULAR DISTRIBUTION FOR THE An SYSTEM. 

FIG. 8 C M . ANGULAR DISTRIBUTION FOR THE Kn SYSTEM. 

momentum and three orthogonal directions: the 
production plane normal, the Y* direction, and the 
normal to the two. The frame of reference is obtained 
by first transforming to the production c m . and then 
to the Y* c m . The analysis for events in the mass 
interval 1340 ^ m F * < ; 1440 is tabulated in Table II. 

TABLE II 

(1) Yx* DECAY 
F(COS d) = CONST [1 + A COS d+b COS2 0] 

(*) fî = uni t vector normal to the plane of product ion. 
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(2) A° DECAY 

F(COS Y]) = CONST (1 +aP COS rj) 

The distribution relative to the production plane 
normal has a large anisotropy; the coefficient of the 
c o s 2 0 term is 1,29±0.78 (see also Fig. 9). The 
smallness of the cos 6 term gives some assurance that 
the interference with K' and non-resonant production 
is small. Within the mass interval of the 7* , the 
Y* is dominant: 70% of the observed events are 
resonant, according to the model we have used to 
fit the mass spectra. The large cos 2 9 term is most 
likely then an anisotropy in the decay of the Y* 
itself, or a statistical fluctuation. Given that the 
effect is real, it must be inferred that the Y* is pro­
duced polarized or aligned and has spin greater than 1 /2. 
Spin 3/2 is the simplest possibility; it also is the spin 
predicted by a model of the Y* in which it is the 
counterpart in "global symmetry" of the spin 3/2, 
/ spin 3/2 pion-nucleon p-wave resonance 6 ) . This 

Fig. 9 CORRELATION OF THE Y** DECAY AND THE PLANE OF PRODUCTION. 

prediction is in agreement with some of the results of 
the K~ meson experiments for producing the Y* 7). 

Although the assignment of the spin of the Y* is 
not very strong statistically, it is possible to show that, 
given the spin of the Y* = §, the resonance is a 
^-state resonance as the globally symmetric model 
predicts, and that consequently the Y*-A° relative 
parity is even. This is done by analyzing the correla­
tion in rj, the angle between the pion in A0 decay 
and the Y* production normal. The pion has been 
successively transformed to the production cm. , the 
Y* c m . and the A0 c m . The expected distribution 
is g(rj) = 1 + a P c o s r\ where a = 0.67±0.07 8 ) and 
P is the average polarization of our sample of A°'s. 
For the events in the Y* peak, in the mass interval 
1340-1440 MeV, we find aP = 0.55±0.17. This is in 
agreement with the Wisconsin group which finds 
VLP — 0.61 ±0.28 2 ) . The maximum A polarization 
compatible with the observed Y* decay correlation 
is \PA\MAX = 0.47±0.09 if the resonance is in the 
p-state, and | P ^ | m a x = 0.28±0.05 if the resonance is 
in the rf-state. The experimental value is 
|P | = 0.82±0.27, in better agreement with the /?-wave 
or even parity case. If it should turn out instead 
that the Y* has spin \ , then the A0 polarization shows 
in a similar way that the Y* decays via .y-wave. 

VI . THE K1 SPIN 

We have performed the same analysis for the Kf 

that was made for the Y* . The results appear in 
Table III. As can be seen, there is no appreciable 
cos 2 6 dependence in the angular distribution. We 
cannot make any conclusions as to the spin of the 
K' from such a result. 

TABLE III 

K ' DECAY 

F(COS 6) = CONST [1 + O COS 0+b COS2 6] 
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VII. C O N C L U S I O N S 

(1) We have clear evidence that not only the 7 * 
but also the K' are produced in A°Kn production 
at 2 GeV/c incident n"momentum. There is no 
evidence for a Kn resonance at 730 MeV. 

(2) We seem to observe the 1404 and 1525 In 
resonances. 

(3) The most probable interpretation of the observed 

angular correlation in the 7 * decay requires that the 

7 * spin be greater than \ . If the 7 * spin is then 

assumed to be 3/2, the relative parity of the 7 * and 

the A0 must be even to account for the A0 polari­

zation. However, if the 7 * has spin 1/2, the parity 

must be odd. 

LIST OF REFERENCES 

1. Saclay, Orsay, Bari, Bologna (Preprint) . 
2. Erwin, A. R., March , R . H . and Walker , W. D . (To be published in N u o v o Cimento) . 
3a) Alston, M. H . et al, Phys . Rev. Letters , 6, 698 (1961); 

b) Bastien, P. et al, Phys. Rev. Letters, 6, 702 (1961); 
c) Ferro-Luzzi , M. et al., Phys. Rev. Letters , 8, 28 (1962). 
d) Alston, M. H . (Private communica t ion) ; 
e) Alexander, G. et al, Phys. Rev. Letters , 8, 447 (1962). 

4. Dali tz, R . H . and Miller, D . H . , Phys. Rev. Letters, 6, 562 (1961). 
5. U C R L 9097 (1960). 
6. Gel l -Mann, M . Phys. Rev. 106, 1297 (1957). 
7. Ely, R. P. et al, Phys. Rev. Letters, 7, 461 (1961). 
8. Cronin, J. (Private communicat ion) a = - 0 . 6 2 ± 0 . 0 7 . Leitner, J. et al, Phys. Rev. Letters, 7, 264 (1961), a = - 0 . 7 5 ^ ; ^ 

DISCUSSION 

S N O W : W h a t is the decay dis t r ibut ion of the Yf-^A+n in 
its rest system? Is there any evidence of a forward backward 
asymmet ry? This would be a test of interference effects in the 
Y{* decay. 

STEINBERGER: N o , there is no asymmetry, there is n o cos 6 
term. We see no sign of interference between the 7 * and the 
background. 

S N O W : W h a t fraction of the 7 X * events which you have used 
in your sample are also in the K* p e a k ? 

STEINBERGER: I th ink abou t 1 5 % . 

S . G O L D H A B E R : I t would be useful to look a t the E+n~K° 
final state to investigate the spin of the 7 * (En) resonance, 
since in this case the K°n~ a re in a pure T = 3 / 2 s tate and canno t 
form a (T = 1/2). Therefore there would be no interference 
between the 7 * and K*. 

A L V A R E Z : There have been several repor ts a t this conference, 
which indicate tha t the spin of the 7 X * is greater than 1 / 2 . Al though 
we feel that the spin is p robably 3 / 2 , it should be ment ioned 
tha t our sample of 7 ^ ' s which is p robab ly larger t han the total 
from other laborator ies , shows only a 2 s tandard deviation 
depar ture from isotropy. So, in the spirit of Adai r , I a m point ing 
out tha t the evidence for a very p robab le conclusion does not 
rest on a very solid experimental basis. 

STEINBERGER: I would agree tha t our evidence is no great 
addi t ion to wha t we know of the spin of the 7 X * bu t I do think 
tha t the a rgument on the par i ty may be very useful. 

G O O D : I do no t unders tand why the A polar izat ion is no t 
100% for P wave decay of spin 1 / 2 7 * . 

STEINBERGER: The polar izat ion is constrained to agree with 
the angular distr ibution. 


