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Following the results of the previous talk, it is of interest
to ingquire whether there is a Kronecker-delta term in the vectbr
channel of the vector-spinor theory.  If it were absent from the

vector channel, as it was from the spinor channel, one would have a -

i
theory witn elementary particles but with no Kronecker-delta terms i}

in any channel. We would then 293 be aﬂle to define a béotstfap theo;y
as one with no Kronecker-delta terms in ény channel. Our conclusion
will be, however; that the vector channel, unlike the spinor channel,
is not exceptional; There is a Kronecker-delta term in this channel.

We first observe that the diagram, Fig. '1;, is gaugé invariant

_ by itself and has an asymptotic behavior which is not in conflict with .

ASSEE NN e

Fig. 1. A diagram with a vector-meson intermediate state.

This work done under the auspices Qf’the U.;S. Atomic Energy Cormission.,
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" the unitarity equation. The reasoning by which we préved the absence
of a Kronecker-delta term in thé spinor channei cannot therefore be

" applied here, since such reasbning depended on the correlation between

Fig. 1 and other diagrams. Of course, this does not prove that tﬂe

' Kronecker-delta term réally does not cancel, and one has to examine

4

the problem further in order to establish the existence of such a
terﬁ.
Gell-Mann et al. have given a general criterion for the

cancellation of the Kronecker-delta'te;m. Suppose wélrepresent the

potential in the appropriate'channél as follovg:' ,

. Sense ' " . Nonsense o L -iéﬁ
Sense . - -a b, . —2 4 Terms regular at
Co Js [3-1 o 5= 1. .
" . Nonsense’ —_ - e
| I F I i1

In the previous talk we have shown that the potential is of this form.

The nonsense-nonsense and sense-nonsense elements become infinite at

- J = 1. The sense-sense amplitude does not become infinite, as it

does not involve the value 4 = -1, but it will contain a Kronecker-

delta singularity. Figure.l will give such a singularity. The criterion

for the disappearance of the Kronecker-delta term in the scattering |

L
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If there is more than one nonsense state, & and b will be square

" matrices and b a rectangular matrix. The appropriate generalization

of (1) is then -

a = b ¢ b. . ' (2)

Gell-Mann et al. did not show conclusively that (1) or (2) is a

sufficient condition for the cancellation of the Kronecker-delta term,

as there were some uncertainties about subtractions. However,® these

equations are necessary conditions.
When we attempt to apply these criteria to the vector-meson
channel, we are faced with the circumstance that there are no- two- h

particle nonsense states in this channel. In other words, there is

'_ no pair of particles with the quantum numbers of the vector meson for

whichl'al 5

+¢g, -~ 1= 1. If therefore we limit ourselves to two-pariicle

" . intermediate states, we shall certainly not cancel the Kronecker-delts

| term, since there is no diagram to cancel Fig. 1. The possibility has

|
been raised that three-particle intermediate states might effect a-:

cancellation. The three-meson state has g, *+ 05 +.G3 - 2=1 s0,
by analogy'with the criteria o, = n for a one-particle state,
oy + 95 - 1 =n for a two-particle state, we may expect that.thel
three-photon state gives a singularity at J = 1.

Let us therefore investigate whether the‘criterion of Gell-Mann
et al. can possibiy be satisfied‘with'threefmeson intermediate states.

We shall examine a spinor antispinor sense state and a three-meson

nonsense state. The sense~sense amplitude 1s given by Fig. 1 in

e . - ——— e — -

‘
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lowest order perturbation theory. The sense-nonsense and nonsense-

nonsense amplitudes are given by Figs. 2(a) and 2(b). We notice that
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- Fig. 2. Coupling to the three-vector state. ,fi o,

1l

' »  ' Sense-Sense | O(g2}
Sense-Nonsense = O(gB) s g
| Nonsense-Nonsense =>O(g6)'.. | H
"vThus Eé. (2) cannot possibly be satisfied; since fhe two sides are of

different brders'in the coupling consfant. It follows thaf the

~

Kronecker-delta term cannot cancel.

The possibility hes also been raised that the disconnected
{ . :
diagram, Fig. 3, may be relevant for the nonsense-nonsense amplitude.

A
z
;7

Fig; 3. A discomnected diagram for the three-vector ;

< ~amplitude.

Such a diagram at any rate involves the correct power of the coupling

constant to effect a cancellation.. However, if we define 2z as the .

i
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| ﬂf?f: coeine of the angle of scattering of the disconnected particle, the ?f &7j4f7;/“

''''''''''

’zfscattering amplitude will contain a factor 8(z - l) - The partial- x

_vave amplitude will therefore be independent of the angular momentum J.:Hf

- Since the quentity c in (1) or (2) 1s ‘the residue of a pole in 3 o

"\ the amplitude represented by Fig. 3 will not contribute to ¢, and

Efthe 1owest-order perturbation is given by Fig. 2(b)
i There is one. further point which must be cleared up before our :f3~'?ih
ﬂfreeulta are established. The criteria, (1) or (2) have been derived 1f”ft3fi;
ffon the assumption that there are a‘finite number of nonsense states..'
#ﬁf,prore precisely,'they have been deriveddon the assumption.that a finite B
iyféynumber'of trajectories begin to move from the value of J:_in'questiony
'tf?ﬁias the coupling is turned on.. We must therefore inrestigate whether |
t5.pnfa three-particle intermediate state may not cause an infinite number
'Gh‘of trajectories to move from a particular value of J as the coupling ,<
lﬂf;is turned on. We‘have‘investigatedlthis question and have found that
v,a finiteinumber-more precisely, tuo-—trajectories begin to move from -
‘:;J =gy +o, o5 = 2 as the coupling is turned on.' No trajectories N
V_Cmove from any higher wvalue of jv The criterion of Gell-Mann et al.‘i
; can therefore be applied, and our reasoning is correct. As a matter ofiﬁf";.r.ﬁf
‘? fact, the trajectories which move from J = ol + 02 + o5 = 2 belOng ~£ﬁp :
to the 2-1 representation of the permutation group ﬂ3 .
the three particles are all identical, there is no traJectory at all

If. therefore,i ;ffh‘”l

v which moves from the value J

gy +. 02 - l Thus, in a theory with

only one vector meson, there is no three-particle trajectory which
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moves from j = 1. Ina ﬁheory with more than onevelementary vector
meson there may be such tﬁajectories, but the criterion of Gell-Mann

4

et al; shows that the Kroﬁecker-deltg term is not cancelled.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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