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"If one uses the formulas of Ref. 3 and 4 to remove
kinematic singularities directly from the G’s instead
of the F’s, one must also take into account the rela-
tions that exist between the G’s at threshold. Thus,
for example, in 7N scattering the kinematic singular-
ity free amplitudes are A++(s =(cos309)=1G,,, A,_(5)
=(sinkfs)~! (s)¥2G, and are related at threshold by
Ay_(8)=(m+p)A,,(S). The combination [A, (S)m +p)
—A+_(s)]/ {ls =(m + ) 2l[s —(m—p)2]} is finite there and
has an additional convergence factor of 1/s% 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 hypercharge 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, 1”
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 n*r, K*1%,
and KTK™ 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 =777
or Z°7%, and only members of SU(3) singlets,
octets, and decuplets have been identified (the
recent observation of weak enhancements in
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the K 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 3. 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,/
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) pg; ® SU(2), of the collinear group®~®
SU(6)yy. It should be emphasized that the pre-
dictions of SU(6)yy for three-point functions
are in good agreement with experiment, espe-
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cially the selection rules obtained from this
particular subgroup.! One example is the for-
biddenness of the @p7 coupling, which accounts
for the suppression of the otherwise dominant
p-m decay mode and of the peripheral ¢ produc-
tion in pion-nucleon reactions. The application
of this same symmetry to higher resonances
shows that a large class of these resonances
have no simple allowed coupling involving the
spin-3 baryon octet or the pseudoscalar meson
octet. They are, therefore, not produced as
bumps in scattering cross sections, nor by
peripheral pseudoscalar exchange, and the oth-
erwise dominant two-body decay modes are
forbidden. An experimental search for these
states should therefore be made by examining
more complicated production mechanisms and
looking for multiparticle decay modes.

The selection rules are obtained either by
straightforward use of SU(G)W Clebsch-Gordan
coefficients or by looking at particular perti-
nent subgroups of SU(G)W. Consider the follow-
ing subgroup of SU(6)y: SU(2)p® SU(2)y @ SU(2), .
It is the direct product of W-spin groups for
the three types of quarks, ®, 91, and A. The
smallest group containing both this group and
isospin is SU(4) pg ® SU(Z)A. Invarlance under
this group requires that the W-spins, W(P’ ch,
and WA: of the three types of quarks are indi-
vidually conserved. We thus have three sets
of three operators (each of which satisfies an-
gular-momentum commutation rules) which
are all conserved. We may, therefore, con-
struct linear combinations of these nine oper-
ators which also represent conserved quanti-
ties. For example, the set of three operators
Ry, Ry, and R, may be defined:

Rz - W(Pz * W‘le’ (1a)

Rx - W(Px—WETLx’ (1b)

R =W _-W_ . (1c)
y ey ny

These R-spin operators satisfy angular-momen-
tum commutation rules and therefore represent
a conserved spin. They are constructed keep-
ing in mind the W-spin properties of quarks

and antiquarks.” From the definitions (1) it
follows that

R(®) =S(®), RZ(@) =SZ(@),

@ =-s, (©), (22)

X,y

R@) =S@), R (1)=S (),

Rx,y(m) sx’y(m). (2b)
The role of the minus signs in Egs. (1b) and

(1c) is to reverse the roles of the 9 and 9.

As a result, R spin is identical to S spin for

® and M quarks, but R, , have opposite phas-

es compared with S, X,y for the ® and M quarks.

If our system contains only ® and % quarks,

then R spin is equal to S spin, and invariance
under SU(2)p® SU(2)y; ® SU(2), requires the
conservation of S.

Let us apply R-spin conservation to the de-
cay of a 2* meson T"*(Y =0, I=1I,=2) into n*7™.
If the nonet of 27 mesons which has been ob-
served is classified in the 405 representation®
of SU(6), then the existence of a 27-plet of 2*
mesons which contains the 7+t meson is im-
plied. The T** and 7" states contain only @
and 9N quarks and, consequently, have R spins
of 2 and 0, respectively. Since R=Sis conserved,
the decay T+t —~nt+77 is forbidden. As a re-
sult, even if the T+ meson is formed in some
way, we cannot expect to find it by looking at
effective-mass plots for the two-pion channel.
Correspondingly, since the 777 coupling is ze-
ro, its peripheral production by pion exchange
in 7*p reactions would be strongly suppressed,
in marked contrast to the f°. The 77 might
be produced in a backward peak in n+p reactions
via baryon (N*) exchange and be seen either
as a KK or a four-pion resonance.

Similar selection rules are obtained for oth-
er decays by defining SU(2) groups analogous
to R spin accordmg to the following principle.
The ordinary spin Sis equlvalent to some func-
tion of the components of W(P’ ch, and WA for
any system which contains no quark-antiquark
pairs of the same kind. Thus, ordinary spin
conservation is included in SU(6)y and SU(4) poy
® SU(2))k invariance for such systems and for-
bids the decays of high-spin states into low-
spin final states such as two pseudoscalar me-
sons or a pseudoscalar meson and a spin-% bary-
on.

These selection rules are immediately appli-
cable to all states of the two-quark—two-anti-
quark and four-quark—one-antiquark systems
having high Y, /. The following transitions are
forbidden:

For the (¢)%(g)? system, high Y, I:

2%~ P+P or V+P (forbidden). (3a)
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For the (g)*7 system, high Y, I:
3~ ~B+P, B*+P, or B+V (forbidden), (3Db)
2= ~B+P (forbidden), (3c)
1= . B*+ P (forbidden), (3d)

where V and P denote the vector and pseudo-
scalar nonets and B and B* the spin-3 octet
and spin-3 decuplet, respectively.

Thus, of all the high-Y, I states which can
be made from four quarks and one antiquark,
the only states which should be observable as
bumps in meson-baryon cross sections are the
s-wave resonances. The excitation of all
and 3~ states should be strongly suppressed
by this selection rule. Similarly, for high-Y,I
boson states made from two quarks and two
antiquarks, the only allowed decays into two
pseudoscalar mesons are the s-wave decays
of 0% states.?

The selection rules (3) apply to all high-Y,7
states in the SU(6) representations 405, 700,
and 1134, where they appear in the SU(3) rep-
resentations 10%, 27, and 35. If SU(3) symme-
try breaking is neglected, they apply to the
entire 10*, 27, and 35 multiplets.'

Similar selection rules may be obtained for
higher spin resonances which are constructed
either by the addition of more quark-antiquark
pairs or units of orbital angular momentum
to the states considered above.!

A particularly interesting example of these
rules is the case of resonances in the Y =2,
K*-nucleon system. Because of the selection
rules, one would predict the existence of weak
enhancements observed in total K*-N cross
sections which would be almost completely in-
elastic. They should appear in K*N, KN*, and
K*N* production, but not in the elastic channel.
If the selection rule were rigorous, these states
should not be produced at all in the K*N chan-
nel. A small symmetry breaking would intro-
duce a small coupling to the K*N channel, but
still much smaller than the couplings to the
allowed channels (analogous to the @p7 coupling).
Thus, there would be a small cross section
for producing the resonance, but it would de-
cay mainly into the allowed channels. These
are just the properties which have recently been
observed.!? It would be interesting to check
the spin and parity of the resonance, to see
whether the selection rule (3) is applicable.!®
A further experimental test of this description
would be to look for this resonance in a multi-

1=-
2
3—
2
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particle final state, where its production would
be allowed. A spin-3 resonance of this type
should be produced peripherally by K* exchange
in the reaction Kt +p -7 +K +N* and be detect-
ed as a K-N* resonance.
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UPPER LIMIT TO THE NEUTRAL HYDROGEN DENSITY
IN THE HALO REGIONS OF SPIRAL GALAXIES
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The average density of interstellar neutral
atomic hydrogen is known only for regions in
or near the galactic plane,' a volume approx-
imately two percent of the entire galaxy. The
remaining volume, defined by the system of
globular clusters, is represented by an approx-
imately spherical halo of about 15-kpc radius.
Knowledge of the interstellar density in this
halo is necessary in evaluating the motions of
cosmic rays as well as in considerations re-
garding a possible radio halo. If the matter
in the halo is primarily neutral and has the cos-
mic abundance of hydrogen, then the most di-
rect approach to its measurement is through
21-cm hydrogen line observations. Unfortunate-
ly, radiation from hydrogen in the general vi-
cinity of the sun will completely mask that from
a low-density hydrogen halo. As an alternative
we may search for such a halo in other spiral
galaxies and apply the findings to our own gal-
axy. Results of such a search are presented
here.

We require a system seen edge on so that

disk and halo regions may be clearly distinguished.

Results derived from galaxies with smaller in-
clinations (closer to face on) are difficult to
interpret, since galaxies show a significant
larger size in 21-cm hydrogen radiation than
they show optically.?»® The galaxy should be
free of companion systems which might cause

tidal effects and should be of reasonably large
angular size along the major axis. Two galax-
ies satisfying these requirements are NGC 4244
and NGC 7640, both late-type Sc systems. Their
optically measured® angular dimensions are
18/x2.9’ and 13.5’ X3.6’, and their distances
are 3.8 and 4.4 Mpc, respectively.

Observations of these two galaxies were made
with the National Radio Astronomy Observatory
300-ft telescope which has a half-power beam-

width of 10’ at the hydrogen-line wavelength.

A switched-frequency 20-channel receiver cov-
ering a total bandwidth of 2 MHz (=420 km/sec)
was employed. Drift curves covering a decli-
nation range +15’ about the optical center were
taken in 5’ steps; from 4 to 17 observations
were available at each declination. From these
data, contour diagrams of the integrated (over
velocity) antenna temperature were construct-
ed. For each galaxy, the position angle of the
resultant HI contour diagram agrees with that
measured optically. The half-intensity width
along the minor axis of both contours had no
measurable beam broadening; the radiation
may be attributed to a line source. This is
consistent with the thinness of the hydrogen
plane in our galaxy' which, over much of its
extent, has a half-intensity width of 200 pc.
There is no measurable radiation from either
system that can be attributed to a halo distri-

1203



