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only even G parity (for example f o and p).
Moreover, the I= 0 isospin exchange seems
to be dominant in reaction (1) since the I = 2

nucleon isobars are produced copiously, but
the I= —, isobar state N», *(1240) is suppressed.
In reaction (4) only the I= 1 isospin-exchange
amplitude is allowed, and both I= —,

' and 2 iso-
bars are produced. It is interesting to note
in this respect that the cross section at 6 GeV/c
for

is approximately 34 p,b, whereas for

it is approximately 8 p, b. We have not obtained
a value of the inelasticity of the N», "(1400)
at the present time since the many-prong (&2)
events are not analyzed.
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We have been able to derive and correlate
the following baryon properties: (a) absolute
values of the magnetic moments, (b) form fac-
tors G~(t) and G~(t), (c) mass spectrum, and

(d) decay rates, in a relativistic theory based
on the unitary representations of the dynami-
cal group O(4, 2)-SU(2, 2). We are then able
to make a number of new predictions.

The starting point of the theory is a conserved
four -vector cur r ent operator j&

constructed

from the generators of the dynamical group
and from the momentum operators && = (P '+ P) &
and q &

= (p '-p) &, where P &
' and P &

are the
baryon momenta in a vertex. In a recent pa-
per' where the general theory is described
we have considered a simple current operator
that gives positive magnetic moments and "phys-
ical" mass spectra. No attempt was made
there to fit the experimental properties of the
hadrons with the theory. In this paper we shall
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consider, as a continuation of the previous
work, the most general linear conserved cur-
rent and fit the theory to the experiment.

General current and requirements on its ma-
trix elements. —The most general linear con-
served current is of the form

=(NN )

Vx(a I' +e P +n P S+in Lpvq ), (1)
1 p. 2 p, 3 p.

Note that the physical states are the "tilted"
O(4, 2) sta, tes'

In) = st 'exp(i8 L ) ln).
n 45

(2) Current conservation. This means that
for a vertex function, (P'-P)& j =0 and can
be expressed in terms of the boosted O(4, 2)
states In; p) = e™In) as

(3)

where N, N ' are normalization factors to be
determined; I'~, the algebraic current oper-
ator constructed on the representation of O(4, 2);
S=L«, the Lorentz scalar generator in O(4, 2);
and I'& and q ~ have been defined above.

We require the following physical conditions
on the matrix elements of the current opera-
tor:

(1) Constancy of charge. All levels of the
O(4, 2) tower should have the same charge q,
i.e., between the physical states In) we have

M, Q'Ij In;p)=M Q'; -p Ij ln), (4)

lN(. ) I-'

x(n n cosh8 + 2M n + 2M o.'sinh8 j=q, (5)
1 n n 2 n 3 n

It follows that in the limit P- 0 the "tilted states"
are orthogonal with metric jo: Q I j0 In) = 5n n.

Consequences. —From (1) and (2) we obtain,
as in I

(n jl, ln) = q = const, for all In). (2) and from (4) we obtain, after some manipula-
tions described in I, the mass spectrum

2yo. , 2
I

2 f ~ 2) 1/2

2t n '+ ', n '+2pn +, '+
t c '+2pe +, ' -4t p'+~,

t n '+

and the tilting angle"
2

Slnh
n n p-o. ,m'

Note that so long as n, c0, the mass spectrum
has a saturation value for n -~ at

G (t) =F1(t) sinhaf;

G (t)=F (t) cosh ' ,'f=F (t) —sinh
0 3

(10)

m = (2os ) [os + 2pos + n (~ 2+ 4pns )~~2]. (8)sat 3 1 3 1 1 "3

If we insert (7) into (5) we can determine the
normalization factor N(n) if q c0. Otherwise,
(5) is a consistency equation.

Next we evaluate for the current (1) the mag-
netic and electric form factors of the ground
state P = 2+, n = 2. There is no loss of gener-
ality in assuming N(2) = 1. For this state, if
we denote

The computation of the matrix elements (9)
follows the usual procedure'&' and one obtains
the following results:

8-'G (s) = s (1—oosh's

p = --,e, cosh~-Me„1

F (t)=(nlj e In)
p. p.

t
G (t) = q t

1-cosh 8 2 + 2 1-cosh'8
E ~

4m' 4m' 4m'j

xt B +B cosh'8
1 2 4m j'
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with

q = 2n, cosh'+ 2M', + 3MQ', sinh0

p-(4 sinh'9+ 3)+ 4o.'3M sinh8 cosh e,

&2 = q+ 3 p -4Ma, sinh~.

Determination of the parameters. —We assume
that the theory outlined above applied to both
the proton and the neutron towers. It contains
six parameters for the neutron tower and six
parameters for the proton tower. It is possi-
ble, by making certain assumptions about the
SU(2) transformation properties of these co-
efficients, to reduce their number. However,
we do not attempt to do this here. On the con-
trary, we want to infer these properties a pos-
teriori from the results. The 12 input param-
eters are then the following:

(a) The mass of the ground state of the tow-
er: n = 2, m», = 0.94 BeV (for both neutron and
proton tower).

(b) The charges and the magnetic moments
of the ground state (q=0, p=-1.91 for n, and

q = 1, p = 2.79 for p).
(c) The tilting angle e, the same for n and

P and fixed to satisfy cosh'6= 5.0. This gives
the experimental "singularity" in the magnet-
ic form-factor expression.

(d) One point on the curve G~(t) for n and P.
(e) One point on the mass spectrum curve

for n and p.

These requirements give the following val-
ues (for the solid mass curve, Fig. 2): For
the proton tower,

n, = -6.29, n, = 7.46, 0.,= 1.43,

n4=4. 48, P=-4.02, and y= 2.68;

for the neutron tower,

4 42~ 0,'2= 4 83~ +3= 1 02

n, =-3.20, P= 2.81, and y=-1.47.

If we use a slightly different mass curve
(see dashed line in Fig. 2), the parameters
n~, a2, P, and y change slightly:

o.', =-5.79, n, = 6.57, P= -3.60, and y= 2. 15.

Predictions. —(1) Double-pole form of the
magnetic form factors, in excellent agreement
with the experiment [Eq. (11)].'

(2) The exact equality

G (t)/Iu =G (t)/p, for all t.
p M n'

(3) A definite deviation of G& (t) from GM (t)/
p, , in agreement with experiment (see Fig. 1);
G& (t) has a minimum value of about -0.0108
at t= -7.89 and approaches 0 as t-.
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FIG. 1. Electric form factors of proton and neutron.
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(4) The equality
3.7

(
, I1-cosh'8 (14) l9-

y
2

which has been speculated by experimentalists, '
and which seems to be in agreement with ex-
periment. [This follows immediately from
Eq. (13) for the adopted choice I3, = -B,.] The
neutron electric form factor has a maximum
at t= -0.71 (BeV/c)',

e~ = -0.94, e2 =1.12, n3 =0.21, n~ =0.64;

for the isovector tower,

8
5.36, =6 15' A3 =1 23~ Ag =3 84.

G (t= -0.71)=0.096E, max

which agrees with experiment. '
(5) All form factors for arbitrary transitions

N~*-N&*+y for the I= —,', Y=1 states, com-
pletely determined. The measurement of form
factors of such processes as e+P -N, ~,*(1400)
+e -N+ n+ e could provide a crucial test for
the theory.

(6) A lot of new states with definite spin and
parity doubling as determined by the unitary
(most degenerate) fermion representation of
the group O(4, 2). (See the weight diagram by
Barut and Kleinert. ')

(7) The partial decay widths of the resonanc-
es, determined with the tilting angle of the
form of Eq. (7). This has been reported sep-
arately.

(8) The mass spectrum of the I= —,', Y'=1 bary-
on resonances. Figure 2 shows two possible
fits. It should be remarked that we have not
yet incorporated any splitting of levels in j
with the same n. The mass formula depends
only on n and is the mass of the degenerate
O(4) multiplet before splitting.

(9) A definite saturation value, Eq. (8), for
the mass spectrum. For the above choice of
parameters Msat = 3.7 GeV. But again this
value will depend, of course, on the way the
spin-dependent terms enter into the mass spec-
trum.

(10) Parameters of the isoscalar and isovec-
tor towers, evaluated from proton and neutron
towers, as follows: for the isoscalar tower,

FITTED TO 'j 2
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FIG. 2. Mass spectrum of the I=2, 7=1 baryon tower.
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2By physical mass spectrum we mean one which is in-
creasing with j as to be applicable to baryons. The
simple Majorana theory predicts in this context an un-
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The ratio of the current coefficients for iso-
vector and isoscalar case is close (within 15'%%uo)

to the values obtained from SU(4) plus vector-
meson dominance models, "' namely

(5/3)m '/- m ' =—5.1.
P (d

But these latter theories give magnetic moments
which are also 15%%uo too small.

There is another current component that cou-
ples the nucleon tower to the I= 2 6 tower.
If this is also taken into account the values of
the constants obtained above change only slight-
ly. The electric form factor GE (t) can be fit-
ted even better and other predictions remai. n
essentially the same. This new current describes
the tra.nsitions N -N*(1236)+y.

One of us (AOB) would like to thank K. T.
Mahanthappa for interesting discussions.
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We report on a comparison of the generalized
Deck effect (discussed recently by Ross and
Yam') with our data from a K P experiment
in which the 30-in. Midwestern Universities
Research Association hydrogen bubble cham-
ber was exposed to a 5.5-BeV/c separated K
beam at the zero-gradient synchrotron of the
Argonne National Laboratory. In a sample of
four-prong events (exposure equivalent to 1
event/0. 3 pb) we identified 3368 examples of
the reaction

K +P -K +m +w +p.

1304 of these events with an invariant mass,
M(K w ), in the interval 0.84-0.94 BeV are
due in large part to the reaction

K +P -K* +w +P

-K +m

The background to K* events is estimated to
be less than 15%; it is mostly associated with
N*++(1236) production. There is little if any
po [&-7% of reaction (1)] or Y*o(1520), Y*o(1770),
and/or Y* (1815) (all Y* &-6%).

The M(K*os ) distribution shows a broad en-
hancement in the mass region 1.2-1.5 BeV.~

Part of this enhancement may be shown (by
a detailed study of decay angular distributionss)
to be due to K**(1430)production. The remain-
der of the enhancement is presumably due to

(I) K.

(I)K.
~& 1P

m (4) K (3)
(2)p

0

(3)

Process I Process II Process IK

the "Deck" background as well as to possible
other K*m resonances. The purpose of the pres-
ent study was to compare the data with the back-
ground predicted by the Ross-Yam model in
order to see whether the data could or could
not be understood without invoking the existence
of genuine resonances.

The Ross and Yam model we want to consid-
er involves three processes corresponding to
the dissociation of E into K* and m with
(virtual) elastic scattering of each of the three
particles with the target proton, as shown in
Fig. l. In addition to the usual Deck model
(process I in Fig. 1) the model includes two
other processes and mutual interferences.
The relative phases of the amplitudes are de-
termined by means of approximating each (vir-
tual) elastic-scattering amplitude by the cor-
responding asymptotic form associated with
the vacuon exchange. For example, the invari-
ant amplitude for the process II in Fig. 1 is

FIG. 1. Three processes associated with the dissoci-
ation, K X*+7I, considered in the model.
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