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present energy-level compilation~ which would
fall within the uncertainty of the calculated
"quark" transitions listed by Sinanoglu, Skut-
nik, and Tousey. ' Roughly a third of the nor-
mal transitions are of the strongly allowed
type. The others are about equally divided
between transitions that might occur through
failure of one of the common coupling approx-
imations and those which might occur weakly
as a result of configuration interaction. There
is at least one normal transition (and in most
cases at least two) within the uncertainty of
every calculated "quark" transition in Ref. 1,
except for those predicted to within better than
(0.04 A. [No overlapping transitions of C, 0,
or N were found for the two "quarked" OVI tran-
sitions at 206 A or two of the "quarked" OIV

0
transitions at =845 A. ] There are, however,
several likely normal emission lines for each
of the three possible "quark" transitions list-
ed as "faint but unidentified" in the solar spec-
trum in Table II of Ref. 1. As noted in Ref. 1,
positive identification of a series of "quark"
lines could presumably be established through
self-consistency in various relative intensity
measurements. However, determination of
such intensity ratios still requires a knowledge

of the background emission spectrum of the
normal species. It is hoped that the present
data on possible normal emission lines will
be helpful in pursuing the "quark" identifica-
tion problem.

The author is indebted to Mr. C. J. Elliott
for assistance with the computer programs.
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4This compilation includes the data in the three vol-
umes of C. E. Moore, Atomic Energy Levels, National
Bureau of Standards Circular 467 (U. S. Government
Printing Office, Washington, D. C. , 1949, 1952, and
1958), Vols. I, II, and III, respectively, and a number
of more recent major spectroscopy papers. The only
data presented in Table I of the text, however, are
found in the work by Moore (including the corrections
to Volume I found in Volume III).
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It is shown how to generalize the recent suggestion of de Alfaro, Fubini, Rossetti, and
Furlan to arbitrary spin in a simple way.

Recently, de Alfaro, Fubini, Rossetti, and
Furlan (AFRF)' have pointed out that, because
of the kinematical structure of the scattering
amplitude G(s, t) for particles with spin, cer-
tain of the invariant amplitudes will go to zero
faster than 1/s at fixed t as s- ~ ("supercon-
vergence"), provided the cross sections do
not grow too fast. They have used this proper-
ty to construct sum rules for strong interac-
tions. Aside from this interesting application,
it is important to know how to construct, in
general, functions which have appropriate an-
alytic properties and are better behaved at in-
finity than the scattering amplitude itself. The
purpose of this note is to show how to construct
such functions for arbitrary spin.

The method of AFRF involves decomposition
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of the scattering amplitudes G(s, t) into invari-
ant amplitudes (see Fig. l). As usual, there
is a great deal of labor involved in this proce-
dure, even when one has a particular decom-
position on hand. ' For the general case, it
appears to be out of the question to proceed
in this manner. Fortunately, there is a very
simple way of proceeding. Hara' and Wang
have shown how to construct amplitudes free
from kinematic singularities directly from the
helicity amplitudes. This is especially simple
if attention is restricted to the s dependence
at fixed t. This note will be so restricted; the
t kinematic singularities can easily be removed '
but are not relevant to the large-s dependence
of the amplitudes.

The solution to the problem is simplest in
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ing helicity flip, an amplitude may be construct-
ed which is more convergent as s —~; the high-
er the helicity flip, the better the convergence.

The remaining problem is to determine the
bounds on F in terms of the bounds on G. (How
the bounds on G are established does not con-
cern us here. For one possibility, see Ref. 3.)
This, too, is very simple since the crossing
relation for helicity amplitudes, '
F (s, t)

&c&d~~a&b

FIG. 1. Helicity amplitudes for the reactions in the
t and s channels.

terms of the helicity amplitudes F(s, t) for the
t-channel reaction. The essential point is the
observation by Gell-Mann, Goldberger, Low,
Marx, and Zachariasen' that every term iri
the partial-wave expansion of F~ ~d.~ ~&(s, t)
contains the factor

&d (( )G (s, t)
I"d~d I"bI"d& I"aI"c

involves real angles gt for s and t in the phys-
ical region. Thus, if IG(s, t)I &y(s, t) for all
helicities, IF(s, t)I &y(s, t), and hence

IA (s, t) I &c(t)p(s, t)/s
c&d'~a

(4)

(5)
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where Ot is the scattering angle in the t chan-
nel. Thus, if we define

(s, t)=F . (s, t)/X (8), (l)
~c~d'~a~b ' ~c~d'~a~b

the functions Ay yd g y&(s, t) should be analyt-
ic in the upper half-plane with no singularities
introduced by dividing out a common factor

(8t). In fact, it has been argued by Haras
and Wang that the A's have only dynamical
singularities in s, all the s kinematic singular-
ities of + being contained in the factor y. The
asymptotic expression for cosset,

cos8 — 2st/f[t-(m +m )'][t-(m -m )']t s-~ a b a b
fixed t

x[t(m +m )'][t-(m -m )']]'", (2)

shows that

I- c(t) IF
~c~d~~a~b ~c~d~~a~b

where n(A. , p) equals the maximum of IX I and
Ip, I, and c(t) may be determined from (2). Thus,
from each & which describes a process involv-

For example, for %+X-&+ N there are two
amplitudes bounded by y and three by p/s (see
Ref. 2); for p+ N- p+N there are three bound-
ed by cp, six bounded by q/s, and three bound-
ed by p/s . If one considers scattering of high-
er spin particles, even better convergence can
be obtained.

One may ask if it is possible to choose analyt-
ic combinations of the G's or +'s which converge
even faster as s —~ than those given in (l). It
is clear that kinematics is insufficient to deter-
mine any such combinations, since the ampli-
tudes G or I" are all kinematically independent
except at values of s and t where higher sym-
metry exists; in the physical region this oc-
curs only at threshold or for forward scatter-
ing. This is another reason why the t-chan-
nel helicity amplitudes are most convenient
for discussing analyticity in s: The only s-
dependent constraints of this type on the E's
are removed when y is factored out in (1).'
(Note that the crossing relation (4) is singular
at threshold and so a linear constraint on the
G's there does not lead to a linear constraint
on the F's. ) Thus, to do better than (5), one
must use some dynamical assumptions, such
as those used by AFRF in choosing amplitudes
of definite isospin exchange.

The author wishes to thank F. E. Low for
stimulating his interest in this problem and
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'lf one uses the formulas of Ref. 3 and 4 to remove
kinematic singularities directly from the G's instead
of the E's, one must also take into account the rela-
tions that exist between the G's at threshold. Thus,
for example, in ~N scattering the kinematic singular-
ity free amplitudes are A++ = (cosmos) G++, A+
= (sin20s) (s)~ G and are related at threshold by
Ap (s) = (m +p)A++ (s). The combination [A++(s)(m +p)

( )1/Os —(m+ p)2j [s—(m —p)2]) is finite there and
has an additional convergence factor of 1/s2 as s —~.
Clearly it is very difficult to implement the corre-
sponding threshold conditions for arbitrary spin.
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We present W-spin selection rules which prohibit many resonances having high isospin
and hypereharge from displaying dominant two-body decay modes, appearing as bumps
in meson-baryon scattering cross sections, or being produced by simple peripheral me-
son exchange. Thus, present experimental evidence against the existence of these states
is inconclusive, and a search for more complicated production mechanisms and decay
modes is suggested.

A continuing puzzle in our understanding of
the classification, production, and decay of me-
son-meson and meson-baryon resonances has
been the absence of resonances with high val-
ues of hypercharge and isospin, ' namely, those
which do not appear in the quark-antiquark and
three-quark systems for bosons and baryons,
respectively. We shall use the term "high Y, I"
to denote these values of isospin and hypercharge.
These high Y, I states would be classified in
large SU(3) multiplets such as 10*, 27, and
35. For example, resonances in the ~+Tl+, K+n+,
and K+E+ channels are not observed, where-
as many meson-meson resonances are seen
with Y, I values found in SU(3) singlets and oc-
tets. Similarly, in the meson-baryon system
resonances are not seen in channels like 2+v+
or =cw+, and only members of SU(3) singlets,
octets, and decuplets have been identified (the
recent observation of weak enhancements in

the E+ nucleon channels is discussed below).
The larger SU(3) multiplets must appear in any
SU(6) supermultiplets (such as the 405, 700,
1134) which can accommodate resonances with

spins greater than 2. The absence of high Y, I
states has been used as an argument against
the straight SU(6) classification of high-spin
resonances and in favor of orbital excitation. '

We wish to point out that states with high Y, I
may well exist and that they might not have been
observed because of selection rules which in-
hibit their production and decay by those modes
which are most easily accessible to experiment
and which are normally expected to be dominant.
These selection rules follow from invariance
of three-point vertex couplings under the sub-
group SU(4)68tcgp SU(2)& of the collinear group' '
SU(6)W. It should be emphasized that the pre-
dictions of SU(6) W for three-point functions
are in good agreement with experiment, espe-
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