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We observe that the o meson in the recently proposed dual model of Halpern and Thorn can
(should) be reinterpreted as a pion in its own right. The resulting model has the 7 and p de-
generate at zero mass, no fifth quantum numbers, and a generally reduced spectrum. A re-
lated second model has nonmultiplicative internal symmetry, a Pomeranchukon (and exotic
states), a p at 1 GeV, and a zero-mass pion. Both models can be extended to include fermions.

The recent dual model of Halpern and Thorn!
pays a certain price for the elimination of the
Neveu-Schwarz tachyon.? In the first place, it
contains a zero-mass ¢ meson. Further, when
extended to include fermions?® it turns out that (a)
the fermions are doubled due to the presence of
fifth quantum numbers, and (b) the fermions tell
us that what we thought were pions are in fact of
mixed parity. Thus, as presented, the model can
only be used for a purely meson world. In this
paper, we reinterpret the meson model to elimin-
ate all these difficulties. The corresponding fer -
mion world will be reported later.*

As the new models will be formulated on the
same Hilbert space, we begin by reviewing a few
properties of the old model.! The Hamiltonian
J, is the usual quadratic function of the operators
mh, bk, 75, and b5. The pion state -5 _;,,|0)
~G_,/,|0) carries a fifth quantum number (73+0),
while the ¢ meson

IU>=(7’§1+ﬁk'b-l/zbs_l/g),(» (1)

does not (75=0). It will be useful to give the o
vertex a name®

V=V(k, 1)=vVOn5(1)+ V2 k-H(1)H3(1)]
~[G,, V’HAD), , (2)

where V° is the usual orbital vertex (with no fifth
operators).

Consider now the % -point functions with all ¢’s
outside:

B":<0[VJ70—1:1_V.“V3:}3VIU>' (3)
We see immediately that B, =0 unless n is even.
That is, the ¢’s carry a hidden quantum number
which is not conserved in the original model. We
now choose to identify these old ¢’s as the pions
of a new model, the hidden quantum number be-
coming the physical G parity.

There are several important observations to
make about this new model: (1) Because the old

4

o (=new pion) was in a zero-fifth-quantum-num-
ber sector, the new model contains no fifth quan-
tum numbers. It does of course contain 7}, (m #0),
which are now taken as pseudoscalars.® (2) Be-
cause the old pion had 73#0, it is completely de-
coupled. All that remains (of the lowest states)
is the new pion at zero mass, degenerate with p
(same state as before). The w is still at 1 GeV,
and, in general, being a subsector of the old mod-
el, the spectrum is reduced. (3) Again because
the new model is a subsector of the old, we are
guaranteed that the full set of spin gauges!' 2' 7 are
operative.

It will be instructive, however, to see how the
gauges work directly in the new model. From
now on, we will forget the old name o and refer
simply to “the pion.” Observe that the pion state
can be rewritten

[pion) = (7%, + V2 k-b_,,,b%,,,)|0)

= ‘é-l/zbil/z |0> ’ (4)
and one easily establishes that
(v, G,1~[veus(1), 4], (5)

so that all the gauges work in the usual fashion in
the shifted form

. 1 1 .
B, —(plonIng—_—lV .. V:fo_j V| pion)

1 1
~(0|p® — Ve
( Ib““VJo-l/z v ViZin

Vb.5.1/2lo>-

(6)

In this model, as in the models of Refs. 1 and 2,
we have been tacitly assuming the use of multi-
plicative® isospin factors. Unfortunately, such an
introduction of isospin always interprets the “pho-
ton”® as a zero-mass p (which decouples from two
pions). We know from the quark models of Bard-
akci and Halpern!® that probably the only way of
avoiding this is through nonmultiplicative (“in-
ternal”) isospin. Thus, we now turn our attention
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to an alternate model of this type.

We choose to attach an internal-symmetry label
a to the fifth modes of the previous model —i.e.,
instead of 75,55, we write 7%,5%; @ runs from 1
to 3 for SU(2), from 1 to 8 for SU(3), etc.!* We
sum over all a in constructing Gm,fm, and choose

as the pion vertex

Thus, on the shifted form, we have

Qa:

B, =(01b5,V ™ 3 v

1/2

In this model, the old p meson of Refs. 1 and 2
is the spin-one state of the exchange-degenerate
partner of the Pomeranchukon. Of course, this
whole trajectory decouples after Bose symmetri-
zation. The real (charged) p appears at 1 GeV.
Unfortunately, the spectrum of this model is not
good. In the first place, the wis at 2 GeV. To
make matters worse, the lowest exotic state ap-
pears at 1 GeV (spin zero).!? Thus, if spectrum
is the prime consideration, we take the firsf mod-
el rather more seriously. Still, the second model
is unique in that it has the Pomeranchukon with
no tachyon, and all gauges working.

We would now like to make some concluding com-
ments. In the first place, we remark that the spec-

PIONS WITH NO TACHYON
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ve=vo[r(1)+v2 k- H(1)H*(1)]
~[6,, vre (],
[ve, G~ [V H (1), &) -
The pion state can be rewritten as above,

(M2, +VZ R b_y)50%/2)0)= =Gy /30%,/,10). (8)

(M

[P V‘"n-zj__l_175 V“"“b'fﬁ/zl()) . (9)
0

r

trum of our first model (multiplicative isospin) so
far looks like the dual quark model of Bardakci
and Halpern, after using the spin gauges discov-
ered by Bardakci.’* The two models are con-
structed with different operators, but I would
hazard a guess that they may be the same. As
a final comment, I want to note the by now obvi-
ous fact that all the extant dual pion models (in-
cluding the models of this paper) have an intrinsic
G parity which limits them to SU(2); in every case
B,=0 for n odd. This problem is worth future
focus.

It is a pleasure to thank Charles Thorn for help-
ful conversations and for reading the manuscript.
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