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Fermion Quarks of Spin —',
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The usual quark model of baryons requires quarks to obey effective Bose statistics if they are to be in
space-symmetric states. We show that if quarks had spin & they could obey the usual Fermi statistics, even
with space-symmetric wave functions. Using spin-~ quarks, we construct a completely antisymmetric
three-quark state of total spin $ corresponding to the baryon decuplet, and a mixed symmetry state of total
spin ~ corresponding to the baryon octet. A simple dynamical assumption about the spin dependence of
quark-quark forces limits the s-wave baryon states to the octet and decuplet, and saturates the quark
binding at three. We 6nd very little ditference in the experimentally tested quark-model predictions when
spin--,' quarks are used. The main di8erences we do find are: the well-known prediction that —tso/ts„= sa is
lost with spin--, quarks, and they must have anomalous magnetic moments. The predicted Z+ moment is
essentially unchanged, but the and 0 moments change when spin--,' quarks are used, and their measure-
ment would test the spin of the quark. With spin--, quarks, mass relations within SU(3) multiplets are kept
while the less well satisfied relations connecting octet to decuplet mass differences get broken by a small
amount.

I. INTRODUCTION We suggest here a model using fermion quarks that
can couple in s waves to produce the low-lying baryon
octet and decuplet. This can be done if the quarks have
spin 2." In fact, most of the results obtained with
spin-~~ Bose quarks follow also for spin=', Fermi quarks.
In the following, we look at the multiplet structure and
the static properties (masses and magnetic moments)
of the low-lying baryon states. A reasonable dynamical
assumption restricts the three quark s states to the
spin-~ octet and spin 2 decuplet and also provides for
quark saturation at three. The major difference in the
predictions of the spin-2 fermion quark model is that
the ratio —tt„/tt„ is predicted to be se if we assume that
the nucleon-quark magnetic moments are proportional
to their charges. The same assumption with spin- —,'Bose
quarks leads to the prediction that —tt„/tt„= s, which

is closer to the experimental value. This result means
that spin-~ quarks would have to have anomalous
moments. All other mass differences and magnetic-
moment predictions are either the same as for spin-&

quarks or favor spin ~ quarks where they can be com-

pared with experiment. The main experimental test
of the spin of the quark would be experimental determi-
nations of the magnetic moments of the ™and 0
hyperons, for which the two models give different

predictions.

I In the next section, we consider the baryon rnultiplet
structure for spin ~ fermion quarks. In Sec. III, we

consider baryon mass differences and in Sec. IV,
magnetic moments. Mesons are treated in Sec. V. In
Sec. VI we summarize the differences between spin-~

fermion quarks and spin-2 symmetric quarks.

'HE success of the quark model" has seemed to be
linked with the requirement that spin=,' quarks

obey Bose statistics. This is because the low-lying
baryon octet and decuplet are obtained by requiring
symmetric spin states for identical quarks. For quarks
in s states this implies Bose statistics. Attempts to use
antisymmetric p states' have not been successful
because the many nodes of the antisymmetric spatial
state make it dificult to explain why it would lie
lowest, even among p states. ' These nodes would also
be expected to show up in the nucleon electromagnetic
form factors, ' but there is no evidence for them there.
Models for quarks that would obey effective Bose
statistics have been proposed using parastatistics' or
unseen internal degrees of freedom. "%e refer to this
class of models as the "s~nznetric quark model. '"
While these models may be correct, it is of interest to
ask whether it is indeed necessary to require effective
Bose statistics for quarks.

' That quarks need not have spin ~ was Grst suggested to the
author by Don Lichtenberg (Temple University colloquium).
R. Acharya and R. Narayanaswamy, Phys. Rev. 142, 1085
(1966), have looked at the representations of a combination of
spin-$ and spin-~ quarks satisfying the Bhabha equation, H. J.
Bhabha, Phil. Mag. 43, 33 {1952).
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' M. Gell-Mann, Phys. Letters 8, 214 (1964); G. Zweig, CERN
Reports Nos. TH 401 and TH 412. 1964 (unpublished).' Reviews of the quark model have been given by R. H. Dalitz
Pin Proceedings of the Thirteenth 1nternational Conference on
High Energy Physics, B-erkeley, 1966 (University of California
Press, Berkeley, Cal. , 1967), pp. 215—236, and in Proceedings of
the Second HamaA Topical Conference in Particle Physics (Uni-
versity of Hawaii Press, Honolulu, Hawaii, 1967)j and by G.
Morpurgo (in Proceedings of the Fonrteenth International Con
ference on High Energy Physics, Vi-enna, 1968' (CERN, Geneva,
Switzerland, 1968), p. 225). These reviews have extensive quark
bibliographies.

3 See, for instance, the 6rst work of Ref. 2.
4 A. ¹ Mitra, Phys. Rev. 142, 1119 (1966).
5A. N. Mitra and Rabi Majumdar, Phys. Rev. 150, 1194

(1966). See, however, R. E. Kreps and J. J. de Swart, ibid 162, .
1729 (1967), who indicate that antisymmetric wave functions
can be found that give form factors in reasonable agreement with
current experiments.' O. W. Greenberg, Phys. Rev. Letters 13 598 (1964).' M. Y. Han and Y. Nambu, Phys. Rev. f39, B1006 (1965).' J. Franklin, Phys. Rev. 172, 1807 (1968). We refer to this
work as I and generally follow its notation.

'O. W. Greenberg and M. Resniko8, Phys. Rev. 163, 1844
(1967).
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II. BARYON STATES

It is a straightforward matter to combine three
spin-ss states to form states of deftnite S=st+ss+ss,
using Clebsch-Gordan algebra. The result is that there
is only one completely antisymmetric state under spin
exchange. This state has 8= ~ and leads to the baryon
decuplet with fermion quarks in a space-symmetric
state. The other states have mixed spin symmetry
leading to SU(3) octets with S=—'„ss, —'„—,', or are com-
pletely spin-symmetric leading to SU(3) singlets with
S=~, ~, or —'„ for fermion quarks in a space-symmetric
state. Although it might be possible to fit all these
states into the higher baryon spectroscopy, we prefer
a model that does not contain them as s states. One
dynamical assumption —that the (s&+s&) =3 quark-
quark force is repulsive (enough to prevent binding)—
leaves only the S=—,

' octet as a possible bound state,
along with the 5=—', decuplet. We note that this dy-
namical assumption involves a strong breaking of
SU(6) symmetry. There is no loss of economy in
requiring a dynamical assumption to limit the number
of space-symmetric states, since, in models with
unseen degrees of freedom, similar dynamical assump-
tions are required in order to achieve the e6ective Bose
statistics. Here, at least, the dynamical assumption is
made in the usual, seen space. As in the models with
unseen degrees of freedom, this dynamical assumption
also provides saturation at three quarks. That is, more
than three quarks cannot be combined without intro-
ducing spin-3 combinations of quark pairs.

The multiplet structure of the higher orbital states
of spin-2 quarks is just the same as in any theory that
uses spin-~~ quarks and assumes an SU(6) XO(3)
structure. " This is true even though our dynamical
assumptions violate SU(6) strongly. For a state with
mixed spatial symmetry, we 6nd that the symmetries
combine in just the same way as they did for spin--',

quarks to produce a (70,1 ) state for spin--,' quarks.
A similar situation holds for the other orbital states
contained in SU(6) )&O(3).

III. MAGNETIC MOMENTS

The baryon magnetic moments with spin-~3 fermion
quarks can be derived in the same way as for spin-~
boson quarks, ' " if we assume no orbital angular mo-
mentum and neglect relativistic and exchange effects.
The results are

for the proton moment, and

for the lambda moment. Here, p+, p~, and pg are the

"K. T. Mahanthappa and E. C. G. Sudarshan, Phys. Rev.
Letters 14, 163 (1965)."G. Morpurgo, Physics 2, 95 (1965); H. R. Rubinstein, F.
Scheck, and R. H. Socolow, Phys. Rev. 154, 1608 (1967).

magnetic moments of the (P, K, and X quarks, normal-
ized so that p, =2@,s; to correspond to the usual normali-
zation for spin-~ quarks. The other six moments of the
sPin-rs baryons follow from Eq. (1) by aPProPriate
substitution of quark moments as in Eq. (3) of I.

If we make the assumption that the quark magnetic
moments are proportional to the quark charges, Eq.
(1) leads to —p, (p)/p(e) =1.25. This is different from
the corresponding symmetric-quark result" of 1.50 and
not in as good agreement with the experimental ratio"
1.46. This result would be changed if quarks had
anomalous moments, however, and need not be taken
as a conclusive test of the model. '4 We take it as an
indication that spin ~ quarks would have anomalous
magnetic moments.

From Eqs. (1) and (2) and similar equations for the
other baryons, we can derive linear relations for baryon
moments of the type given in Eq. (5) of I. These will

be independent of any assumptions about quark mo. -

ments. The results for spin-2 fermion quarks are

iaz+= (1/15) (17p„+7@ —9pg) =2.70a0.10, (3a)

p"-'= (1/15) (—4p~+p~+18pz) = —1.74%0.20, (3b)

pg-= (1/15) (pr 4p„+1—8ps) = —0.18&0.20, (3c)

» = (3/5)(vy+u +3p~) = —0.79&0.30, (3d)

(3e)

where we have listed only those moments most likely
to be measured. The numerical values in Eqs. (3) have
been obtained using the experimental values p„=2.79,
p„=—1.91,pg= —0.73&0.18 (all in proton magnetons).
The prediction for the 2+ moment is the same in either
quark model and in agreement with experiment
(2.4&0.6). The only magnetic-moment predictions that
have changed are the™and 0 moments for which the
corresponding symmetric-quark-model predictions are'
pg- = —0.65~0.20 and p, g- ———2.19~0.48. A good
experimental determination of either of these moments
would distinguish between spin- —, symmetric quarks and
spin ~ fermion quarks if the nonstatic corrections are
small. In an earlier paper" we have derived sum rules
for the ™»and ' moments that are independent of the
usual nonstatic corrections. Since those sum rules did
not depend on the spin of the quarks, they would hold
equally well here, given the same assumptions.

The prediction for the transition moment p, (1V*+,P)
given by Eq. (3e) is (125/108)'I' times that for spin-s
quarks. This transition moment has been used by Dalitz
and Sutherland" to calculate the rate for 1V*+—+ p+y

"The experimental values in this paper are generally taken
from the data compilation of A. H. Rosenfeld, N. Barash-Schmidt,
A. Barbaro-Galtieri, L. R. Price, P. Soding, C. G. kohl, M. Roos,
and W. J. Willis, Rev. Mod. Phys. 40, 77 (1968), revised as UCRL-
8030, August 1968 (unpublished).

'4 This point is discussed in I. See also footnote 3 of Ref. 26.
's J. Franklin, Phys. Rev. (to be published).
'~ R. Dalitz and D. G. Sutherland, Phys. Rev. 146, 1180

(1966).
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decay, with the result'r Fiis(1V*+~ P+y) =0.40 MeV
for spin--,' quarks. For spin--', quarks, this result would
be (125/108) times as much, or F sos(N*+ ~ P+y) =0.46
MeV. The same factor (125/108) enters in calculating
the rate for N*++ +p—+~+ decay. This has been calcu-
lated for spin- —', quarks by Secchi and Morpurgo" with
the result" Fi, s (1V*++—+ p+~+) =80 MeV, and thus we
have Fs7s(N*++ ~ p+s+) =93 MeV for spin-s quarks.
The experimental estimates of the E*++ width range
from" 100—120 MeV so that the spin- —,

' quarks seem to
give a slightly better result, although still low. However,
anal-state interactions might be expected to increase
the quark-model predictions for a strong decay width
and this is not a conclusive test. The ratio of the y
decay to the pion decay of the E* is independent
of the quark spin and is given by" F(1V*+—+ p+p)/
I'(1V*++—& p+s+) =0.0050 which agrees with the ratio
(0.0054&0.0002) estimated from pion photoproduction
experiments. '

IV. BARYON MASSES

Mass formulas for spin-2 fermion quarks can be
derived by the same method" as for synunetric quarks.
For symmetric quarks, there are seven mass formulas
that have been compared with experiment. These are
given by Eqs. (21)—(24) of I. There is also a mass in-

equality given by the requirement that the left-hand
side of Eq. (37) of I must be positive. Of the mass
equalities, three relate masses within the same SU(3)
multiplex and four relate octet masses to decuplet
masses. When spin-2 fermion quarks are used, the three
mass formulas relating mass differences within SU(3)
multiplets remain. These are the "electromagnetic"
mass relations

I—p (1.29) =Z —Z++P —Z (1.6&0.7), (4)

-', (Ne —N*++) (2.1&0.9)
= F* —I'*++ *'—* (0.9&3.8), (5)

and the "medium-strong" relation

—',(0——N'++) (145a1)= *'—I'*+ (147a1) . (6)

Here, we have used the particle symbol to denote its

'7 The subscript &2 refers to the quark spin. The use of a form
factor suggested in Ref. 16 for the E* and E would reduce FI/2
to 0.32 MeV and F3~2 to 0.37 MeV for Ã*+~ p+y.

's C. Becchi and G. Morpurgo, Phys. Rev. 149, 1284 (1966).
'9 This result is based on a pion-nucleon coupling constant of

f'/4s =0 08 as used in Ref. 1.8. The existence of form factors makes
the result uncertain because the form factor for E*++—+ p+21-+
would be different than that for the unphysical process
S~E'+m. .

"M. G. Olsson, Phys. Rev. Letters 14, 118 (1965) deduces
2=120~2 MeV from an analysis of pion-nucleon total cross
section data and this is the value listed in Ref. 13. However, the
authors of Ref, 18 dispute this in their footnote 5 and suggest
F 100 MeV.

~~ This ratio is the quantity that is directly measured by experi-
ment. See Ref. 16.

mass and have given experimental values (in MeV) in

parenthesis. These relations hold independently of
quark spin, since they just follow from the symmetry
properties of three objects.

The symmetric-quark-model predictions relating
octet masses to decuplet masses are lost in the following

way for spin-s quarks. Equation (23) of I is changed to

~~—~6 +-s' (»i' —Dp(p')+ s (»i,'—Dps')
=-', (0 —N*++) (145&1),

~~QQ PQ@+ (147~1 ) (7a)

2D~x Dxx D»
=3A+Z —21V —2g (25.6&0.8), (8b)

and is no longer an equality between decuplet and
octet mass differences. Again, the term breaking the
equality enters with a factor of 6, and this could account
for the small magnitude of the difference between
Eqs. (8a) and (Sb).

The other two mass formulas that are lost when

using spin 2 quarks relate electromagnetic mass differ-

ences of the decuplet to those of the octet. These
equalities are satis6ed, but with relatively large experi-
mental errors caused by uncertainties in the decuplet
masses. Therefore, they were not strict tests of the
symmetric-quark model.

"See, for instance, Eqs. (27) and (28) of I

The notation here is that'~ D;,8 is the interaction energy
of quarks of type i and j in a state of spin 5. For
spin=,'quarks the left-hand sides of Eqs. (7a) and

(7b) were id.entical, implying a mass equality that was
off by 24 Mev. That equality resulted because there
was only one way to add up three spin- —,'quarks to get
total spin —,

' (the first two quarks had to be in a spin-1
state). For three spin-ss quarks, the completely anti-

symmetric state of total spin —,
' is formed from a linear

combination of states with any two quarks in the spin-0
or spin-2 states. The numbers s and s in Eq. (7a) are
just the squares of the appropriate combination coefh-
cients. For the spin- —'„ three-quark state, any two
identical quarks must be in a pure spin-2 state (spin 0
could not combine with spin s to form total spin —',)
and this leads to the left-hand side of Eq. (7b). It is

interesting to notice that the term responsible for the
"breaking" of the equality of Eqs. (7a) and (7b) comes
in with a factor of 6. This could explain why the differ-

ence between Eqs. (7a) and (7b) is only 24 MeV
("weak-strong"), whereas the magnitude of other spin-
dependent mass differences is of the order of2' 100—200
MeV. A similar situation occurs with Eq. (24) of I,
which is changed to

s (2»st' —Dstz' —D»')+s (2»sr' —Desi' —D»')
=I'*+ *—

¹

—0 (7+4), (Sa)
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New electromagnetic mass inequalities are obtained
when spin=', quarks are used. These follow if the assump-
tion is made that the mass splitting within an isotopic
multiplet is caused by the electromagnetic energy due
to the quark charges and magnetic moments, as well

as an intrinsic nucleon quark mass difference. For
spin-s quarks, the magnetic (dipole-dipole) interaction"
can have either the same sign (for st+as ——Q) or the
opposite sign (for si+ss ——I) as the electric (Coulomb)
interaction so that a definite sign is not, in general,
predicted for electromagnetic energy differences. One
inequality )that Eq. (37) of I is positive definitej can
be derived by cancelling out the triplet interaction.
For spin-2 quarks, the magnetic and electric inter-
actions have the same sign for all the spin states
(si+ss=Q, I, 2) for quark pairs in baryons. Then the
following inequalities are satisfied:

Z++Z- —2Z'& 0 (1.75a0.18), (9a)

3(p —I)+Z +Z' —2Z+&0 (7.25%0.25), (9b)

Z —Z*'+p —ts ——(Z++Z —2Z') &0 (3.1&2.2) . (9c)

These inequalities are all well satis6ed and constitute
tests of spin--', quarks that do not apply for spin--',

quarks. There are other inequalities involving decuplet
masses, but with experimental uncertainties too great
to test the model.

"See, for instance, Eq. (30) of I.
'~ D. J. Crennell et a/. , Phys. Rev. Letters 1S, 323 (1967). See

also Ref. 13.

V. MESONS

If we build the mesons from q
—

g states of spin 2

quarks, then the pseudoscalar and vector nonets arise,
just as from spin-~ quarks, as the S=o and 1 spin
states. For spin-~ quarks, s states with J"of 2 and 3
are also possible. These states are expected in any event
as L=2 orbital states (or Regge recurrences) and at
least one of them (the g meson, s' which is likely to be 3 )
has been observed. It is probably neatest, however, to
rule these states out as s states by making the dy-
namical assumption that the S=2 and 5=3 q

—
q forces

are repulsive (enough to prevent binding). This assump-
tion then also provides saturation for the meson states,
in that states like qqg would not occur since they would
include repulsive spin states for either qq or qg pairs.
Actually, given that the spin-3 qq force is repulsive
(for baryon saturation), it is only necessary to require
that the spin-2 qg force be repulsive to achieve satura-
tion for the meson states.

There is not much that the quark model can say
(without making additional symmetry assumptions)
about the static properties of the mesons because
restrictions to two-body interactions do not lead to
any constraints for two-body states. There are some
interesting inequalities, however, for the electro-

magnetic mass differences. For spin ~ quarks, these are

~+—so&0 (4.6),

p+ —p'&o

E+—E')m(p
—re~,

E*+—E*'+ —™0&0(0.3&4.2) .

(10a)

(10b)

(10c)

(10d)

and then Eq. (10c) is not satisfied (experimentally,
&+—E'= —3.9&0.2 MeV). With spin=', quarks, the
nucleon quark magnetic moments are not proportional
to their charges and. Eq. (I.31) no longer follows. In
its place we have the lesser restriction

——'(j6.6&0.7)& first —m(p& 1.9&0.1 MeV. (11)

Then, Eq. (10c) leads to

E+—X'+" —R'& 0 (2.7&0.7), (10c')

which is satisfied. It is interesting to note that any
quark model that uses the assumption that the nucleon

quark magnetic moments are proportional to their
charges to get a good (—-', ) proton-neutron magnetic
rnornent ratio will predict a bad E+—E' mass difference.
Equation (10d) is similar to Eq. (10c') but would not
follow for spin--,' quarks.

The radiative decays of vector mesons, such as
t0' ~ rro+y have been calculated with spin--,' quarks by
Becchi and Morpurgo. s' They obtain I'i~s(&o'-+s'+y)
=1.2 MeV, in good agreement with experiment
(1.1&0.2 MeV). Using spin-ss quarks leads to a factor
of (125/81) in this rate, so that I'gs(to'~ 7r'+y) =1.8
MeV. There are many uncertainties'7 in this calcu-
lation, however, so that this is not a strict test of the
model. The same factor (125/81) enters into the rate for

p —+s+s which has been calculated by Becchi and
Morpurgo' with spin-~ quarks. The uncertainties in

"D.S. Beder, Nuovo Cimento 43, 553 (1966)."C. Becchi and G. Morpurgo, Phys. Rev. 140, B687 (1965)."This result follows if the radial overlap integral is set equal to
unity, as is done in Ref. 26. Since the co radial wave function
should be quite diferent from the ~Q wave function (because of
the large difference in their masses), a realistic estimate of the
overlap integral would reduce the rate given here. Other un-
certainties in the predicted rate are discussed in Ref. 26.

Equation (10a) also follows using sPin-rs quarks and is
well satisfied. Equation (10b) cannot be derived for
spin- —,

' quarks because the electric and magnetic mass
shifts are then in opposite directions. It would be of
interest to test the p+ —p' mass difference because a
bootstrap calculation" predicts the opposite sign.
Equation (10c) is quite important. It also follows using
spin- —,'quarks, but, for spin-2 quarks, the nucleon
quark-quark magnetic interactions are proportional to
their electric interactions and we can derive the equality'

est —rise =I—P+ s (Z++Z —2Zs)

=1.9&0.2 MeV, (I.31)
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this calculation are so great" that a strict comparison
with experiment is not possible, but the order of magni-
tude remains reasonable with spin=', quarks.

VI. SUMMARY

We have seen that most of the conclusions for spin-~
Bose quarks follow also for spin- —', Fermi quarks. We
list here the main features of spin-~ Fermi quarks:

(1) The baryon multiplet structure follows from the
dynamical assumption that the (st+ ss) =3 quark-
quark force is repulsive. The meson multiplet structure
follows with repulsive 5=2 and 5=3 q

—
g forces. These

same dynamical assumptions provide appropriate quark
saturation for baryons and mesons.

(2) If the assumption is made that the nucleon
quark magnetic moments are proportional to their
charges, then using spin-32 Fermi quarks leads to the
result —p,/y„=zs. This means that the quarks must
have anomalous moments. Relations that are in-
dependent of quark moments can still be derived for
combinations Of baryon moments. The prediction for
the Z+ moment (which is in agreement with experi-
ment) does not depend on the quark spin, but the
predictions for the and 0 moments change and
measurements of these moments would test the quark
spin.

(3) The predicted widths for X*+—& p+y andlP++-+
P+s+ are 15% larger with spin-sz quarks than with
spin- —,

' quarks, in slightly better agreement with
experiment.

(4) The mass relations between baryons within
SU(3) multiplets predicted with spin-tsquarks are
retained with spin-~ quarks, but relations connecting
decuplet masses to octet masses are dropped. The mass
relations dropped were either poorly determined (experi-
rnentally) or were violated by 20 MeV. The small
magnitude of this difference can be understood by a
factor of s in the term breaking the equality PEqs. (7)
and (8)j.

(5) Electromagnetic mass inequalities, all of which
are satisfied, can be derived using spin-2 quarks. An
inequality for the E+—E' mass difference, which
was violated with spin- —, quarks, is modi6ed with

spin s quarks and is consistent with experiment LEq.
(10c')j.

On balance, spin-~ quarks are, if anything, in some-
what better agreement with experiment for the low-

lying multiplets than spin- —', quarks. We have included
here those tests we feel are the strictest tests of the
quark model. Many other predictions of the quark
model, such as most of the high-energy scattering
relations, " do not depend on quark spin and would
be the same for either model. It is an open philosophical
question whether it is nicer to have quarks of the lowest
possible spin and then have to contrive effective Bose
statistics, or to settle for spin- —', quarks and normal
Fermi statistics. This question could be answered
experimentally, however, by measurement of the
(or 0 ) magnetic moments.

Neither model gives a good reason for the non-
appearance, as yet, of quarks, and this remains an
imposing difhculty. However, there is somewhat less
compulsion to regard spin ~ quarks as necessarily light
( sMr) because they could not be expected to have
Dirac moments (the assumption of Dirac moments for
spin--', quarks "explains" the result —p,„/p„=-'„but
also provides a measure of the quark mass). It is also
true that there is less chance that spin ~ quarks with
anomalous moments would be purely "elementary"
rather than composites themselves.

Having broken the "spin barrier" for quarks, we
might ask about quarks of higher spin. It does turn
out, in fact, that any half-integral spin of ~ or higher,
would give results quite similar to those shown here
for spin--', quarks, although more complicated dy-
namical assumptions are required to restrict the
multiplet structure and achieve saturation. We consider
these models of higher quark spin in a subsequent
paper. '9

See, for instance, E. M. Levin and L. L. Frankfurt, Zh.
Eksperim. i Teor. Fiz. Pis ma v Redaktsiyu 2, 105 (1965) LEnglish
transl. :JETP Letters 2, 65 (1965)j; H. J. Lipkin and F. Scheck,
Phys. Rev. Letters 16, 71 (1966); J. J. J. Kokkedee and L. Van
Hove, Nuovo Cimento 42A, 711 (1966); H. J. Lipkin, Phys. Rev.
Letters 16, 952 (1966); J. J. J. Kokkedee, sNd 22, 88 (196.6);
C. A. Levinson, ¹ S. Wall, and H. J. Lipkin, ibid. 1?, j.j.22
(1966); J. J. J. Kokkedee and L. Van Hove, Nucl. Phys. Bl,
169 (1967).

'9 J. Franklin, Phys. Rev. (to be published).


