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ABSTRACT
We construct natural generalizations of the gauge theory of
hadrons (and leptons), now to include the B{1235) and possibly other
mesons with CP = -1. We are led to a concept of "pseudospin”
multiplets including p, p', A ;and B-type particles; this provides
then a reno;malizable approach to all known particle types with
J < 1. A number of interesting mass relations and intriguing

structure is found.
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1. Introduction _
At least one vector meson with CP = -1, namely the Buddha
particle [B(1235)], is known to exist in nature l). Others, such
as h (the singlet B), have popped up from time to time on (at

2-h). While gauge theories - of CP = + vector

least) theoretical grounds
mesons havé been successful over the years 5), I am not aware of any
theories including such B-type particleé. Especially with the advent
of renormalizable gauge theories'6-8), in principle capable of
describing all particles with J < 1, we feel "B-particles" can and
should be’stﬁdied. -It is our purﬁose here to diécuss the principles

of including B-type particies in gauge theories, and we.will construct

a number of models.

Most ofrour model-building will be hadrohic, Egcause of the
known B itself. However, we do not claim to have explicitly discussed
all hedronic B models that follow from our general ideas, and‘wé also
note thaf it may be useful to consider such particles in the weak
interactions as well.

In our way of doing things, a number of general featurgs
emerge. (1) We .include the B-type particles in "pseudospin” 9)

multiplets along with p, A, and p' type particles. This is a

‘very'natural extension of the gauge theory of hadrons 7), and leads

to the idea that the underlying (algebraic) symmetry éroup of strong
interactions is larger than say SU(3) ®SU(3): Where SU(3) x SU(3)
is generated say by fz(to + t3) [t's being Peuli matrices], our
symmetries are generated by the completion of this group to xq tB
(g = 0,1,2,3). [tﬁ’ we say, generates the pseudospin.] These

algebras are isomorphic to those used by Gilmen and Kugler 10)’ but

their role is different here, because in our notation, t, will have
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CP = -1. In particular, if the internal symmetry is 8U(3), then,
with pseudospin, we have in all an SU(6).

Of course, these larger

symmetries are in general badly broken. (2) These symmetry groups

are intrinsically parityvconserving'in the. sense that the entire
multiplet is described By'onl& one gauge coupling constant ("left" and
"right" are locked). More will be said about this later. (3) As
far as vecﬁor.meson speétra.are concerned, we find one SU(2) model

\ :
2 = 2mB2; this is remarkably accurate. In the

in which m 2 + m
P p

same model, an isoscalar Al[D(1285)?] is found degenerate with B.

In another SU(2) model, assuming the existence of h, we find it

most naturally degenerate with A,- The SU(3) model may be

unsatisfactory, in that it indicates that the p' is the first
l2 3

p-recurrence at vmo =5 rather than the observed p' at
o - . .
my o= % . (4) The gauge theory of hadrons' problem (GA = %)

is modified here, and in general improved. (5) In some of the
models, the intriguing possibility of calculable pseudoscalar-baryon
coupling constant emerges. This is directly connected with the
existence of the CP = -1 vector mesoné ll);' |
2. Fermions and Pseudospin
As far as I can‘tell, the stumbliné bléck in constructing
gauge theories with B-type particles is the observation that sﬁch

particles must have a derivative coupling into say baryon-antibaryon

(or any diagonal coupling to a fermion). Thus, at first sight, B
particles are simply nonrenormalizable. This reasoning is however
specious, as we shall see. The point is that B can couple off-

diagonally between two fermions in the gauge Lagrangian. One test

e

that its CP is fixed negative would be that higher order corrections
do indeed generate the appropriate derivative diagonal couplings.

We intend %ealizing Jjust such a situation; and we shall do so
as é very natural extension of-the gauge theory of hadrons 7). In that

model, the fermion vector meson system can be phrased [in a U(4)

notation ] ‘
/qL _ oy = (-
[q A g = (- n
Q = §
%R
ql
R (2.1)

with V and A, the vector and axisl-vector gauge particles, coupling

as

t = y Q@ —Sq

8 = exp(it-a)
(2.2)
fespéétively; Here 'ca
internal SU(E); SU(3), ete. for this discussion).l As written, the
pfimed quark is transforming with the opposite sign of 75, to remove
axial-vector anemalies.
Once we have removed the anomdalies with the extra quark, it

turns out that the same space supports two more gauge transformations,

and anomalies are still absent. We take these to be

are ordinary Pauli-matrices (we'aré'suppressing

-

o
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Assuming that q,g' have the same parity and charge conjugation, we

seeAimmediately that t, corresponds to p', t

1
The details of C and P for these models are found in Appendix A.

Together, all four particles are a representation of the U(2)
(pseudospin) group

t = |0 ' 50 = o o, . (2.4)

It will prove useful also to note the 8U(2) subgroup which commutes

with pseudospin,

v () % (G

e, - A0 : (2.5)

(%) =0 .

1t does not appear that gauge particles can be attached to ﬁkl or 62[

because these mix left and right quarks. 2% could be used alone
however, and would evidently provide an Ai. This would provide a
larger, more chirally symmetric éseudospin group [with members QAl’
B, p;Ai] but we will not go into these interesting models in this
paper.

As an immediate application of ?é, however, we notice that

we fix the C and P of q,q' to be the same by writing the gauge-

2 to a B-type particle.

2

invariant mass term
w'a U a . : (2.6)

Thus the C's and P's of all particles are now as assumed above 12).
It is curious that within the meson Lagrangian itself (without fermions
there is no way of ascertaining more than the relative C, P of
o', B. As we shall see below, however,bspontaneous breakdown will
establish their absolute C, P, even within the mesons. Such

mechanisms will also give further (diagonal) quark masses.

Algebras

The desired internal symmetry can now be juxtaposed with the

pseudospin. For the simplest case of 8SU(2), we distinguish three

models:
(a') tOI’V tBI’ tlz’ t2 : (Q: Ql’ Q' ; h) (‘2.78‘)
(v) tOI’ tBI, tl’ tQI : (Q: él’ w', g) (2.7v)
(c) tOI’ t}} t.T, tg,’[ : (Q; “’5: Q' ’ 2) (2.7)

where T dre.anothef set of Pauli matrices (Ta, OB) = 0, this time
représenting isospin. Here B and h have the quahtum numbers of
B(1235) and the oft-conjectured isoscalar Buddha. To each of these
models, an w, transforming as to, may be addended trivially if
desired. ‘

Each of these models has an 0(5)-like algebra. For example,

in the case of model (a):
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where qﬁ, Qu5 form the usual -SU(2)Q® su(2) (of vector gnd axial
vector currents associated with to and tB){ while ' are an
sdditional set of (Q' ~ tl I) vector charges, and qh is the second-
class isoscalar charge (tE)‘ Similar algebras for models (b) and (c)

can be read off, remarking that, in (c), there is no local realization

of 8SU(2) axial vector transformations.

Similarly, one can write models for arbitrary internal symmetry.

Most interesting presumably would be the models for U(2), generated
zy %P (g =0,1,2,3), and SU(3), geﬁerated vy t%P (g =0,---,8).
These models essentially combine the features of the prototype models
(a), (v), and (c), and, except for a remark about possible trouble
with SU(3) in Sec. 3, will not be discusged'here in detail.

A final relevant remark in this section is that we have also
studied introducing B-type particles on qqg' where both quarks
transform with the same sign of 75' Then, e.g., one can take [in a

similar U(4) notation]

o
i
.r.
o
~
21
)
It
(@]
}—l
24

Ll

1]
24
=

1]
!

(2.9)

“

where L,R form the usual SU({2)@ SU(2), and where L'R; éie of
abn&rmal'cénténtf Particle content in such modeléjalwéys seem to
involve (with B) an abnormal p particle (with C - +)3 further,
these models have anomalies, and are not "parity—conserving". For

all these reasons, our ~doubled gquark system appears natural. We

T,

2,
emphasize, however, that our pseudospin-vector-meson systems may be
taken on their own, and other (barycnic?) representations may be

sought instead of the quarks.

3. Spontaneéus Breakdown and Vector Systems
We will catalogue here a number of the simpler scalar multiplets
péssible for the Abelian theory. The analogous multiplets for the
quels with isospin are given in Appendix A The smallest representa-

tions are of course vector, say L - S ¢ S-l.

These are representa-
tioﬁs which potentially can couple directly to the ferﬁions, and which
are the analogue of the usual (x,0) multiplet [say (3,3) when

using SU(3)® SU(3)]. It will be convenient to distinguish three of

these, depending on their C and P content: ’ L
gl = Utl + ﬂtg + Pt}
£, = ﬂ’tl' + 0't2 +.S1’45 ' (3.1)
I, = Pty ¢ 8ty + c"t3
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where ¢, g, P, S type fields are characterized by
o(c=P=+), n(C=-P=+), P(C=P=-), and §(P=-C=+)

particles. The couplings, if desired, to the fermions are

ey 25y + 8, U7, + &5 U750 (3.2)

but the 23 cbupling Vanishes-explicitly; The couplings to the
vector‘mesons are as usual for vector representations. We give all
three represeéntations for reference; in fact we do not necessariiy
intend using all of them at once in a given ﬁodel:

_Anotherz even more useful representation is the M-type field
of Ref. 7, which, as in Ref. 8, is necessary to provide unification

with the nonstrong interactions. M transforms M -aSM(S')_l, where

the primed group is that of nonstrong interactions; M has no direct -

coupling to our fermions. Its representation content is
M = to(o +is) + tl(c' +18") + to(n + iP) + tj(P + i), (3.3)

Other representations such as‘c;mplex vectors mey also be useful,
but, for this paper, we will_confine'ourselves to the foregoing.
The C and P content of these representations are fixed
for all but M by the fermions. (See Appendix A) The ébntent of
each multiplet is, however, fix;d anyway by the assumed pattern of

spontaneous breakdown

<Zi> = t,v,

(3.4)
M) = k.t. + Kkt
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This leads to the general vector meson masses

2 + 2 5
Ko Ky Kok
2 2
m , = T
PP 2 2 + 2 + 2 + v 2
Kok o T5 T % 3
2 2 2 2 2 2
-mAl = £ky + 8 +V o+ V) (3.5)
2. f2(K 2 % K 2 + v 2, v 2)
oy = 0 1 1 3

Here mﬁp, is appropriate when the représentation content allows
mixing between the to(p) and tl(p') type particles [e.g., pp'

mixing in models (a) and (c)]--otherwise the masses in the t.t,
2 2

system are just the diagonal entries [model (b)]. m, ~, my are
- 1

generic here for normal and abnormal axisl vectors, whatever isospin

we choose. f is of course the strong gauge coupling constant.
This pp' mixing determines, as promised, the absolute .
C and P of p' and B type particles even in the pure meson

system (given ¢ and P of p). Using Eq. (3.5), we will now

distinguish appropriate scalar systems for the models (a), (b), and

(e). . |
Model (a) (E’ él’ Q" h). The simplest scalar system here is just
M (no £'s). This has a number of interesting features worth

mentioning. In the first place, the mass spectrum is »
2 2 N2 '2 2 2 2 2 2 2
m" = f (no - nl) ;o omo = f_(no + nl) , mAl = f2(xO + Ky ) = m .

The model predicts h degenerate with Ql’ We alsoget the sum rule
2 '2 2

2 ’ .
mp + mp = mAl +mo, together with an equal spacing rule: mp

)

is as far sbove m 2 = mh2 as m 2 is below it. Thus this p' is
Al p
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not the p' of experiment at mp'2 = 5/2; Instead, taking known
masses of p, Al? we find mp'g = 5/2, the.position of the as-yet-
" undiscovered first dual p'. Later we will discuss (with VB)
raising p' to 5/2, with a corresponding raise of h.

Another interesting feature here is a calculable pion-quark

coupling: M does not couple directly to fermions, but we have
determiged that, say, the remaining pion in M does couﬁle'diagohally
via loops. It is easy to check that the 'E,h intermediate state
induces a direct coupling of the form -~ M’fi a t2 411 q which is just
like the pion in Zl would couple. Similarly, as must occur, h
develops diagonal gquark couplings through a Q’Ql intermediate state.
Another feature is that the GA = 1/2 (for "bare" qua;ks) 13)
result of the original'gauge models is in general modified in these
theories. Letting the weak interactions transform. M as (té + té)

from the right, we can calculate

2 (b“oe B ."12)
(Glgy = * 8 ——p— . (3.6)
m .
A

The + is for the quarks which transform as + v.. In fact, this

)

iesuit is perféctly general (as long as A, exists, and is not

~1
restricted to just M); in this simple case, however, Eq. (3.6)

reduces to

©)g = =2 (3.7)

where we've assumed the (+) quark is dominating the low-lying

]
fermion spectrum. Using m 2 3/2, we get G, ~ 0.85 which is

A
an improvement over the old unified models. This modification (and

© must split Ql‘ from p, and raise B -even more than A

-12-

improvement) of GA is a general feature of all our type of modelé,
and traceable directly to the intrinsic pp' mixing. Of course, for .

real baryons, GA depends on - Eq. (3.6) times a factor reflecting the

composition of the baryons: If the baryons are taken in a symmetric i

SU(6) multiplet 1&), e.g., we get to multiply by 5/3:

Cp)paryon ~ 13- , _ B

‘Model (c) (g g » B, p'). This is a model without A, although the

1

éffects of an Ai may be present as a kinematical enhancement, it

is not likely this model .can be successfully unified with the nonstrong
1nte?actlons (GA,trees =0 ete.). SFlll, the model is very
interesting for hadrons. If we proceed with just M, we find QB

[D(1285)?] degenerate with B. 1In fact,

2 2 2

m”+m," = omy (3.8)
. 2 1 2 3
fixing mp =% mB = 5, ve find indeed the experimentally known
. .
p' at mp 2 = % ! "In this model we predict the p' mass in terms

of p and B.
Model (b) (Q, Ql’ B, w'). This is a model without pp' mixing. We

A - Thus, ip
and (at least) either

>
s . 2 2 2 2 2 .
v, or v,. With vy, we find mo :Amp + my m ~m, , SO W

addition to M, we must introduce some .v
A Th

. . 2 2 2 2 2
is a candidate for @[1020]; with Vo, m,C = mAl tmy -m 2mA1 ,

so here o' is closer to @'(1675). This model seems less attractive,

both on grounds of vectpr masses, and because of the large number of

scalars.
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A necessary remark in this section is that the models we've
discussed so far have the minimal number of scalars to achieve
interesting vector spectra. Other X's may be added with
corresponding complications.

The case of SU(3) is not totally satisfactory. Here we
must have 0 s A;; B all together (with strange mesons) in the
same multiplet. Then we see immediately from (3.5) that (fixing
n 2 1 2

== m =1
o} 2) A 2
1

(It is easy, of course, to put mp,2 = %). So, at the 8SU(3) level,

mB2 = %) one cannot get mp,2 greater than‘ 2.

our models, as they stand, are giving the "first" dual p'; SU(3)
appears unsatisfactory here unless a lower p' is discovered 15).
It also remains possible that some other scalar representation can

split the multiplet differently.

L. Structure of the Scalar Systems .

We begiﬁ, for simplicity with a discussion ofithe "Abeiian"
case, which will illustrate mosf of the principles. Further, we will
assume, at first, that there are no "insertions" in the "primed" side
of M. Either kg Or k) vacuum expectation value woulé break the
system down from eight symmetries (four local,_four."primea" global)
to four final symmetries, ﬁeing the pr&duct u(2) group of'priméd and
unprimed. The four Goldstone bosons are eaten aé four vectors are

raised. However, we need in general Ko and k Together, the

1
final number of symmetries is reduced to two, being the product group

'to and tl. Now there are two remaining real Goldstone bosons--

corresponding toa 5 and a P. 1In the case of model ]a!, e.g.,

this translates into a zero mas g and - P (isosinglet). These are

-1k

consequences of spontaneous breakdown of t.7T and t2 respectively.

3
Their degeneracy is a consequence of the persisting tlI global

invarisnce. At this stage, we remark that the (a) model appears

completely analogous to the low spectrum of Brower's model h).
(Be found EQ' trajectories split equally arocund & degenerate Px
trajectory.) The possibility of a very low mass P is discussed
further in Appendix B. v

Here, however, we .can change this situation if desiréd: e.g.,
a t, insertion such as Tr(@TM(aoto + altli) will raise x and P
away from zero mass, but they would remain degeﬁerate. A t5
insertion, which would raise P above 5 is unfortunately parity
violating and cannot be introduced directly. A t3 ingertion can be

achieved, however, via the introduction of an extra 23. Then, we can

have the term Tr(t5 U 25 M). 1In such a model (Just t, insertion),

3
only one 7 remains at zero mass 16), while P is raised.
Concurrently, the presence of 23 now further raises Qﬁ and h;

the 1-P and Ql-h splitting is not necessarily correlated in size.
The possibility of p' Dbeing the observed p‘ at % is now reopened

in this model. If we set p' at that mass, we find th =2, -~

Further, Eq. (3.6) for (GA)quark can be reexpressed,
2 2 4 2 2.2 2 .
m"m = my G +m, (mh - mA‘) (4.1)
. L
so we would, unfortunately,be back at (GA)quark ~ 5

Further, t and/br t insertions can be reconciled with the

3 10
usuel nonstrong interactions ((té + t%): local gauge group): We
must, of course, make such insertions indirectly through the

spontaneous breskdown of "weak" Higgs' fields @. For example, to get
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A tl insertion we would use

P o= 60+ treT, g-st g st (&.2)

This field, being like the tl,t2 part of Zi, is essentially
6)

Weinberg's scalar ¢, and is enough to provide adeQuafe spontaneous
treakdown in the usual weak interactions, while introducing a tl’

insertion via Tr(;dl Ml M) (?r Tr(¢i MT by M». Alternately, a tB
insertion can be achieved via a weak scalar ¢5 (Like 25), taken

in the combination Tr(¢3 MT 23 M). Parity-violating tgrms like

Tr(¢l ¢5) can be included to avoid extra Goldstone bosons. All this

can be done without expanding the weak interactions to include ti té

currents in analogy with the strong interaction;. We shall, however,

return to such subjects below.

Although the scalar systems in model (b) and SU(3) are
easily discussed in the terms we have just employed for the Abelian
case and case (a), our model (c) (no Ql) is very unusuel, and
deserves separate comment. As one can see from Appendix A, there
are no pions in the appropriate M. Presumably, this is related to
not needing any to be eateg by an Ql' Pibns can be included via
L~type fields, as in the Appendix (or a more complicated M),.bﬁt in
all the multiplets we have found, the pion occurs togetﬁer with fields
that can have no parity and isospin conserving vacuum expectation
value (see Appendix A). Thus, in these models, we find no reason
for the pion to be zero mass (i.e., Goldstone). The point is of
course that Qi type (global) transformations in such a model

correspond to an intrinsically broken symmetry (by vector representa-

tion content). If a reason could be found for getting the x to

~16-

zero mass in the trees, such a representation would guickly generate

mﬂ? via loops (pseudo-Goldstone 17)). In the absence of such a

mechanism, we must conclude that a gauge él should always be

incorporated from the start. This is distressing, however, in .

relation to the sum rule (3,8), which is so good.

‘5. Pa;ity-Conse?ving Stroné-Ihteractions énd Miscellaneous Topics
As.mentiﬁned in the‘Introduction, the basic pseudospin-
symmetry group of these models, taken with say SuU(2), su(3) ..., is
intrinsically parity conserving. Both "left" and "right" vector
mesons are locked together with a single coupling f. On the other

hand, the scalar representations that we have introduced have no such

nice property. For exeample, one can (a priori) introduce parity-

violating insertions of the form Tr(@T MQJOtO + a3t3i) in the
potential. After that, of course, one can have (P) % 0O as a
complementary source of spontaneous parity violation.

. It is an interesting quéstion whether or not we can stop
such insertions in one way or another. If we have the ordinary
(té + té) weak interactions, acting on the M we have introduced,
we cgrtainly cannot étop them in a-gguée invariant manner. ‘(We can

of course hold them small by hand as usual 18)).

One path toward

stopping the insertions is through expanding the weak interactions to -~
include the pseudospin grbup (and second class currents--to be
suppressed). In such a siﬁuation, the group structure is so tight <
that it is no longer possible to violate parity by representation

content, as is now common. Rether, we must teke the whole parity~

conserving multiplet. Then parity would have to be broken
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époht&neously, presumably through a (Pweak> # 0. This is an
intriguing possibility that we will explore eisewhere.

Aﬁother possibility is that other scalar representations be
used that brook no insertions. ' We have found a number of simple
models of this, but they are physically unsatisfactory.v As an

example, consider in the "Abelian" case, the "SU(2)-M" representation

Ysu(e) = .toMo Lipy ' : - 61

This L-component representation supports no t transformation. If

0

we couple- t in the manner

MSU(2)_ - s(%) Mu(2)

(5.2)
q - S(t)e
and a U(l) as
: -iat,
Msu(2) = Ysu(e) ©
' (5.3)
iato
Q@ — e q

then we have a model with all but one vector mesons raised and only
one o-like scalar left. This vector meson transforms like the

product group tl, and we can raise this with the introduction of
-1 L
5, - s(t) 5, s () . (5.4)

The resulting model has all four vector mesons raised, and one x

and two o's left in the scalar sector. 1In this model, we have used

our B-type particle to "eat the P", and the resulting system is

‘

original (motivating) fermions, it looks that

-18_

completely parity-invariant. A weak left-handed W can be\attached
as ti on the right of M, and QIB to the quarks. No parity-
violating insertions are possible here,‘but, unfortunately, this model
does not appear readily extendable to internal symmetry. 8till, the .
idea of parity-consefving strong interactions, say by eating all

P's 19), is very interesting, and we are not yet convinced such

models cannot be made more physical.

We have some remarks about the issue of T -2y, (with
respect to the quark doubling). In thé first place, it is worth
re-emphasizing that the vector (and scalar) systems of this paper éan
bevviewed on their own right, to be attached later to appropriate
baryons. From this point of view, we need classify various fermions
under the pseudospin group. On the other hand, staying with our
0 -a?r can be taken
correct 20):. In the case of the calculable pion-quark couplings, the ‘
question is open at the moment, buﬁ the pion in the 22 multiplet
works quite well on its own. In fact, this pion, while coupling (say)
with €585 to ¢,q' respectively, gives masses mq = &Vp,
mé =-q,V,. For simplicity then, think of zero éuark mixing (M’: 0).

Writing ¢q' = rsq",'we_have two degenerate quarks' q,q" at the same

‘ mass, and with opposite parity. Their pion couplings are both +g2,

so the gq,q" contributions add and 1o = 2¥ receives in fact an

" extra (good) factor of 2. Atvthe same time, the B-quark coupling is

i@ ™" -3 H q)Bu which is quite correct, because q" has
opposite parity.

We have a remark to make about M-type particles in general.
We have seen heré that such are always best thought of as bound states

in Jjust such a Ys-doubled quark system. Indeed, in the original
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model 7,8) if one introduces a q' transforming with the opposite

sign of '75 under the primed group, we have the coupling aé M{ qL
ete. 21) In fact such an observation leads to the idea of an M-free

theory based on q,q' with a gluon coupling between them. M's can be
zalled into existence as bound states by searching for a solution with

a2 mixing mass a'q.' All this is in direct analogy to fhe way pions are
found with just one quark. .Such theories would>al$p‘5é; in principle,

parity conserving. Analogously, fhis idea can be extended to the

zauge gréups of this paper:

As & final remark, we note that these theories might bé
expected to Reggeize 22) better than the original. M models. For
example, here the h meson, being the next member on the y,h
trajectory, may help g Reggeize. By the same reasoning P might
be helped to reggeize (even in the original models) by A, --especially

1

if P is set to zero mass.

I would like to thank Professor K. Bardakci, Dr. K. Lane,
Professor H. Bingham; Professor A. Goldhaber, andvespecially Professor

I. Bars for helpful conversationsﬂ
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Appendix A. C, P, and Scalar Representations
In the text, we fixed the C and P content of gq,q' to
be the same. As we shall note below, the whole theory can be redone
with different assumptions; first, however, we want to give the matrix -~
C and P transformation properties of all relevant fields with this
convention. C and P transformations on the quarks [in the U(L) . .

notation] are

ch.q.gzb-l = cc a | (a.1)

%P q ﬂp-l

where C = 17270 is the fermionic charge conjugation operation,

c'gq » (A.2)

110
transformation properties of the vector mesons are then

while C' = (:O lj) operates in the pseudospin space. The

wvut - -cve ” (a.3)

-ctve . . (AL

Uy v U™

The transformation properties of the £'s can be read off from the
manner in which they couple to fermions [see Eq. (3.2)]; note the

C and P properties of 4], ' ) .-

U, = %

¢ % e (a.5) .

Q{le‘i(y'l = ¢ zc o (a.6)
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For Zé, the parity is reversed and, for 25, both parity and charge
conjugation are reversed. In fact, this arguﬁent is formal for 25,
as it does not couple to these fermions. However, it is & useful
field through its couplings to the vector meéons, and its C,P 1is
fixed through its assumed spontaneous breakdown ({o) # 0). We will

assume the complex field M to transform as

unt - oute @

‘LLP MQLP'l - ¢c'MC! ' (a.8)

and use allowed vacuum expectation values accordingly. Other M's
are possible, but do not appear useful.

This completes a description of the p, p', Al, B type

models. We want to note that a different kind of model involving

s Ay, Ai, PAB (abnormal p with C = +) 1is also possible. The
way to obtain such models is, say, to legve the quarks alone, but use

a T, conjugation (instead of Tl) for the vectors. That is

(6] . Ji ~ o]
7 = - o) - @ = 0,0 0, (4.9)

Then t2 ~ Pype We have avoided explicit discussion of these models

on physical grounds. With this remark, one.can‘see how to construct
models of p p' Al B even_wheﬁ q,9' have opposite C and P,

One needs only use the T5 conjugated gauge particles. »
Using these transformation properties, one can check the C

and P of the following assortment of scalar multiplets for each

of the 8U(2) models of Sec. 2.
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Theory (a) (g; Q') él’ h):

Moo= t(o +1E08) + (0" + ET-8') ¥ B,(IP + 1ex) + (P +iteg')
Zl = Utl + t2 Teq + Pt5
(4.10)
L} . .
zé = to Tex + tl Ten' + Fec + t5 T:5
25 = th + t2 1-§ + tBU

Notice that the fields in different multiplets are in fact distinet.

Theory (b) (Q} ﬁl’ B, w')s

M = to(c +1i1-8) + tl(io* +1.0) + te(n + 1i1-P) + t3(P +1i7.n)
Zi = toz.g +vt1° + te T +vt3 TP

(A.11)
Zé = tli'ﬂ + t20+ tBS
23 = ‘tlg.g + tgs + t,0

3

where 17 has JPCG = O-++
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Theory (¢) (g, D, g', B):

M = to(o +it.8) + tl(o’-+ ir-8') + t2(n + it-P) + ta(in +1-P)

Y

1 _ s} gt .
zi = tl + t2 + tiz §
3 = bGTQ * 630"+ byTex + 6P . (A.12)
= . X/
Zé = t§: s + t2 + tln
zé = tll'n + tox'ﬁ' f tBS + t2g~£

Analogous multiplets for SU(3) are even easier to construct than

these, and are left as an exercise for the reader.

-2l

Appendix B. Possible Low Mass P and Exchange Degeneracy
We have seen in the text that it appears possible to raise P
above g in these models, but it is somewhat cumbersome, requiring a

considerable number of new scalar fields; indeed, the simplest (a) _ -

"model, with just the M scalar, keeps them degenerate (this is the

extra symmetry tll’ corresponding to p' transformations). This is

‘also the situdtion'fbund by Brower k).

In facf, for a considerable time prior to the construction of
the Buddha-type_models, I. Bars apd the author have been discussing
together the fossibility of a very low mass P particlé, say degenerate
with the pion, or very close. The following ideas of this Appendix
arose in collaboration with I. Bars.

We realized that the very existence of a P particle ih the
M-models ~0) is a sign that the Lagrangians are giving s simple

reelization of exchange degeneracy. For some time physicists héve been

familiar with the (p,f), (m,~2), (xb), (o50'); (m,B) exchange
degeneracies, and a so-called "pseudotensor” trajectory 3) with

intercept near zerd and approximately degenerate with A

1+ This

pseudotensor'trajectory, usually assumed to begin particle content at

J=2, isv"Smbothing" the A, behavior in the cross channel (say np
scattering). Our Lagrangians are clearly giving "smoothed” (no AI = 2,

unitarity bounded) physics, but realized on systems with J <1l. In. b

‘this sense, it is not surprising that P 4is found in general in

these models: It has the quantum numbers of a particle at J =0 on
the "pseudotensor” trajectory.
This is, of course, all the more striking in the B-models

here, where P most naturally occurs degenerate with n . On the
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ofher hand, it may bé the case that P should always be raised by
hand, and thought of as a low spin representation of the higher J
part of the pseudotensor trajectory.
In any case, Bars and I have also found that a very low mass
P is a very peculiar particle indeed, and may possibly have eluded

detection thus far. We are presently pursuing this investigation

22)

10.

11.

12.

13,

1k,
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. + +
e.g., that T(p —»nx + X)/T(po s X) = %i , where X is

a missing pseudoscalar with small mass. The asymmetry

. + +
arises because of . p - g + P can occur, but there is no

cofresponding o mode. >

h
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