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is such that even with a crude measurement
such as the one described here, worthwhile
information can be obtained on the parameters
of many individual states just above the photo-
neutron threshold and on several statistical
properties of these states. Bertozzi, Sargent,
and Turchinetz,® who performed measurements
at higher energies, and Bollinger,'! who has
considered the application of this technique to
the problems now studied primarily by neutron
resonance spectroscopy, have pointed out that
nuclei in any mass region can be investigated
with adequate precision by using a high-current
pulsed electrostatic accelerator operating in
the 5- to 8-MeV range as the source of electrons.
For light nuclei, however, for which the spac-
ing between the levels near the ground state
is large, the poorer electron energy resolution
of a linear accelerator is a less stringent re-
striction on the application of the technique.
We should like to acknowledge helpful discus-
sions with Dr. S. C. Fultz and Dr. W. C. Dick-
inson. We also wish to thank E. M. Lent for
calculations of the bremsstrahlung energy de-
pendence and intensity; D. E. Petrich and the
mechanical technicians for construction and
assembly of the equipment required for this
experiment; and E. Dante, Jr., and the accel-
erator operators for the good performance of

the machine under unusual operating conditions.
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Recent experiments! showing structure in
K*p and K*d total cross sections have led us
to examine in some detail the predictions of
dynamical calculations for these systems.
We find that two of the usual resonance mech-
anisms (baryon exchange and inelastic coupling)
must be considered and yield a resonant 10*
SU(3) multiplet with JP =3 in the mass range
1.5 to 2 BeV.2

Baryon (B) and decuplet (D) exchanges in
pseudoscalar meson-baryon (PB) scattering
were studied by Martin and Wali,® who obtained
a consistent set of particles, with a limited
range of d/f ratios, comprised of the B octet
(3%), the D decuplet (%), and two unitary sing-
lets, 3 and 3, all of which can be identified
with observed particles. Their forces were
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attractive in the 10* states with 3*, but a reso-
nant multiplet could not be conclusively estab-
lished. The phase-shift analysis of Frye and
Warnock,* based on the KN data of Stenger et al.,*
allow for a T =0, 3* phase shift ~40° around
800 MeV/c. Lovelace® suggested that this sys-
tem should resonate around 1300 MeV/c, and
that the associated antidecuplet should include
the Roper resonance’ as well. Lovelace,® and
others,® noted the importance of inelastic ef-
fects (notably, production involving a strong-
ly interacting s-wave pion pair) in connection
with the Roper resonance.

Cook and Lee,® and Auvil and Brehm® have
proposed various inelastic models of various
higher 7N resonances. These are based on
the effect of strong absorption when the quan-
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tum numbers of interest allow an s-wave in-
elastic state. Accordingly, we consider the
effects of coupling to a scalar meson-baryon
channel, where the scalar meson (S) is an oc-
tet.”! Here it makes no significant difference
whether we view S as a resonance or as a large
scattering-length effect in a PP octet. Absorp-
tion through the SB channel should be impor-
tant only for J£ =3*, where it can have an s-
wave component. Thus we consider coupled
channels PB and SB with SU(3)-symmetric forces
due to elastic B and D exchange, and P exchange
coupling PB to SB. All the forces are signif-
icant in the J© = 3* channel. The elastic forces
alone give the bound octet and a resonant 10*.
The inelastic forces are strongest in the sing-
let and 10* channels, because of the D-type
coupling at the SPP vertex. Taken together,
the singlet is eliminated by repulsive elastic
forces, and a resonant 10* results.

The partial-wave scattering matrix satisfies
an equation of the form

F(W)=B(W)

+f F (x)p ()F* (x)dx/(W-x). (1)
right-hand cut

We construct an N/D solution to (1) using the
method of Pagels,'? which incorporates the
desirable properties of symmetry of ND~! and
independence of the subtraction point. More-
over, no approximation is made to the input
matrix B(W), and no integration over B(W) is
called for (thus, no cutoff is needed). We as-
sume that B(W) in perturbation theory is an
adequate approximation to the force that a com-
plete theory, with consistent high-energy be-
havior, would give for those values of Ws3Mp
where we use B(W). We have chosen to treat
S as a resonant particle coupled to PP in B(W).
An alternative interpretation in terms of a scat-
tering length would not affect our results qual-
itatively. There is also the usual ambiguity
in defining exchanges of spin=1 in the elastic
forces, because of the presence of nonresonant
contributions in the exchange. Recent arguments,'®
based on analyticity in angular momentum,
indicate that these contributions should be re-
tained, and we have done so by calculating B(W)
in perturbation theory.

The couplings BBP, DBP, and SPP are taken
SU(3) symmetric, and, where it is relevant,
we take f=0.4.> The over-all coupling scale
for BBP is given by g2/4m=15. We choose the

DPB coupling to yield the bound octet at the

B mass,* giving g'2/47~0.04. The masses

of P, B, and D are obtained by averaging over
the multiplets. For S we choose a mass in
the region 600-800 MeV. (The results are not
sensitive to this choice.) An upper limit of
the scale of the SPP coupling may be obtained
by assuming the decay width of the isoscalar
member of S to be typically 100 MeV.

For resonances with JP# %"’, the inelastic
effect is not s wave and contributes little to
other states treated in previous calculations.3,%,°
In the JP =3 channel, we could have SU(3)
multiplets 1,8,10,10%,27. In the 10 and the
27, neither the elastic nor the inelastic forces
are strong enough to give any structure. In
the singlet, both the elastic and inelastic forces
have their strongest effect, repulsive from
D and B exchange and attractive from the in-
elastic mechanism. D exchange easily domi-
nates, and we find no enhancement. The octet
channel is quite complicated, because the elas-
tic forces alone give the baryon octet, and the
effect of absorption is not negligible. We ap-
proximate the 4 X4 octet problem by rotating
the (8, 8’) subspace to the basis in which the
strongest exchange (D exchange) is diagonal,
and then by neglecting all of the other (small-
er) octet components. We then find only the
baryon bound state, with no hint of higher en-
ergy structure.

In the 10* channel, we find the following re-
sults: The inelastic forces alone do not give
a resonant 10*, though for values of the PPS
coupling constant near the limit mentioned above,
they are strong enough to bring detD some dis-
tance toward zero. Their main effect is to re-
quire a modification of the mass splitting with-
in the 10* (see below), so that it is not linear,
as it might be expected to be, in a model based
only on elastic forces.!® The main result, we
find, is that decuplet exchange alone will always
give a resonant 10* when it gives a bound oc-
tet, with the 10* average mass about 4m, above
the octet average mass. This difference var-
ies by about +3m,, depending on the inelastic
forces and the precise choice for the DBP cou-
pling. The results for the problem with all
forces differ only a little from the results for
decuplet exchange alone; this is to some extent
because strong forces tend to saturate using
a realistic ND™! solution such as Pagels’s, and
it is not easy to separate the effect of various
forces. The 10* width comes out to be in the

765



VoLUME 17, NUMBER 14

PHYSICAL REVIEW LETTERS

3 OCTOBER 1966

range 0.7m ;-0.9m .

To see what mass splitting we expect in the
10*, we can give the following argument: Con-
sider the imaginary part of the elastic ampli-
tude. Through unitarity it involves the square
of the amplitude for PB - SB. This latter am-
plitude is driven by single-particle exchange;
and Wali, Warnock, and Ernst!® have made it
plausible that such amplitudes will lead to mass
splittings consistent with an assumption of oc-
tet-symmetry breaking. Then its square will
contain all the symmetry-breaking effects in
8x8, with contributions from 1, 8, and 27-
type terms in the mass formula. For the 10*
amplitude in the elastic channel, this then leads!®
to a mass formula M =M, +M,Y + M,Y?; so the
particle masses satisfy the relations =;,,=2,
+3(Y,-N,,,). From the model we are using,
heavier physical input masses will in general
lead to heavier resonance masses. Suppose
we identify N,,, with the Roper resonance, at
about 1450 MeV, and Z, with a T=0 resonance
at 1865 MeV. We would expect Y, to be no heav-
ier than Z, (the particles coupled to Y, are of
mass equal to those coupled to Z,, but there
is more absorption to pull down the Y,). If we
guess, for example, that Y, =1750 MeV, we
get E;,,~2750 MeV. Since the Roper resonance
has not yet been seen in total-cross-section
measurements or bubble-chamber experiments,
We have no reason to expect that the Y, has,
and we are not aware of any existing ¥,* which
we would want to assign to the 10*.
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