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Dynamics of the Fss* (1815-MeV) KN Resonance
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An exact N/D calculation is done in EN scattering by taking o and a& exchanges in the t channel. The cal-
culation shows a resonance (Foqe) at —13 m with a width of 1' 100 MeV in the I=0, f512 state. No reso-
nance occurs in the I=0, d5/2 partial wave, suggesting the spin-parity assignment ~+.

I. INTRODUCTION

ECENT experimental investigations' ' in XN
scattering have shown a resonance F05* at 1815

MeV in the state I=0. Sodickson et u/. ' have suggested
its spin to be ~~, but have not been able to say anything
about its parity. In our analysis, we have assumed its
spin to be ~ and have tried to ascertain the parity.

In the analysis of E'N scattering, one normally faces
a multichannel problem, namely

EN —+ EN,
E'N ~ Am,

XN ~ Zm.

(1.2)

(1.3)

Of these K1V —+ Asr is ruled out in our case, because it
cannot contain a I'05* resonance on account of isotopic
spin conservation. Also, the third channel can be neg-
lected since Foe* decays mainly into K P. Rosenfeld
et a/. ' have reported that 80% of the 1'os* decay is KE
and less than 10% is Zsr. This shows that Foe* is very
weakly coupled to the Zx channel. There can be other
inelastic channels like KE~ Ar) and KE -+ K*X also,
but we have not taken them into account for reasons of
simplicity and have confined ourselves to one-channel
elastic scattering.

The forces due to only one-particle exchanges were

taken into account. No baryon exchange is possible. p
and ~ mesons were exchanged in the t channel and we

tried to see if they could give sufhcient force in the s
channel to give rise to a resonance in the J=—'„T=O
state. We made an exact E/D calculation and found
that a resonance occurs at 12.99m with a width of 100
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MeV in f wave. This shows that a very likely spin-
parity assignment for the resonance is ~+.

In Secs. II and III we give the description of the input
forces and the method of calculation. The numerical
results have been given in Sec. IV and have been com-
pared with the available experimental data.

II. INPUT FORCES

The invariant amplitude for the EN process is written

K /II
/I

K y
/

/

/
I

(b)

F&G. 1. Exchange graphs for KN scattering. (a) p-meson exchange.
(b) co-meson exchange.

(a)

8 See, for example, S. C. Frautschi and J. D. Walecka, Phys.
Rev. 120, 1486 (1960).

9 Apart from the unknown coupling constants gK~~gNN„and
g KKf0gNN f0 there are other undetermined parameters, since f0,
which is a particle of spin-2, does not have a unique propagator,
see G. Mohan and S. C. Agarwal, Nuovo Cimento 37, 470 (1965).
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T= A( st, u)+-', B( st, u)y Q, (2.1)

where Q is the sum of the momenta of the two K
mes ons.

The partial-wave amplitude is defined, as usual, as

fg~
= (1/q) exp(ibq~) sin8r~ (2.2)

and is connected with A (s,t,u) and B(s,t,u) in the usual
wav. '

We confine ourselves to the forces arising because of
one-particle-exchange Born graphs only. No baryon ex-
change is allowed in the I channel. The only one particle
exchanges that we have taken in the t channel are p and
co mesons. There could be other exchanges like y and fs
also but we have not taken them into account because
that would introduce unknown parameters in the
calculation. '

The Born diagram for p exchange LFig. 1(a)j gives

fp && ="=(3/4sr) (1/4Wq')L(E+M~)
X (A &+ (W MN)Bt'f+ (E—&st)—

X j—A Eyr+ (W+M/v)Bryr) j (2.3)
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which is again written as

hg(W) =N(W)/D(W), (3.2)
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60-i TABLE I. Position and width of the I 06* resonance for different
values of the cutoff parameter.
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Cutoff
(pion mass)

45.5
47.0
48.5
50.0

Mass (u*)
(pion mass)

13.68
13.30
12.99
12.65

Width (r)
(MeV}

167.44
138.90
101.60
73.83
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FIG. 3. The total contribution to A'~~~ for the d~~~ and f;~2
partial waves.

=0. The width I' is given by the formula

2q* E(M*)F=-
p (M*) ReD'(M*)

(3 5)

where q* is the center-of-mass momentum at the energy
where the resonance occurs.

IV. RESULTS AND DISCUSSIONS

The values of all the masses of the particles were
taken from the experimental data. In the l=0, d5~~

state the p and ~ exchanges give a repulsion (Figs. 2 and

3) and we do not get a resonance for any value of the
cutoff parameter. This shows that Yo~* is not a d-wave
resonance. However, in the I=O, f5~2 state we get a
resonance at the correct mass (12.99m ) and with
slightly higher width (F =101.60 MeV) with the value

of the cutoff parameter =48.5m . The experimental
values are 12m and 70 MeV, respectively. ' This sug-
gests that the resonance has even parity. Ihe variation
in the value of the width and the position of the reso-
nance as the cutoff parameter is varied has been shown
in Table I.

V. CONCLUSION

In conclusion it may be pointed out that the very
simple model proposed here is adequate for under-
standing the F05* resonance. Although the model is an
approximate one in the sense that the other inelastic
channels may be important, and that no strong justi-
fication exists for neglecting the exchanges like q and f',
except that this would introduce unknown coupling
constants (unknown to the extent that even their signs
cannot be fixed by any existing theory), the present
approach is in keeping with the spirit of attempting to
understand the phenomena in simplest possible terms as
a first step.

A necessary conclusion of this model is that the parity
of VO5* is even. Xo adjustable parameters were used
except the cutoff and we did not get a resonance in the
I=O, d5~2 state for any value of the cutoff parameter.
This is not a surprising result if we note that the
exchanges considered here give a repulsion in the I=0,
d5t2 state and there just cannot occur a resonance with
odd paritv. Hence the model suggests that the I"0~*is an

f wave resona-nce.
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