
VOLUME 21, NUMBER 10 PHYSICAL REVIEW LETTERS 2 SEPTEMBER ].968

(h) The good fit to the nw+ mass spectrum in
the region of the 1400-MeV enhancement raises
the question of the resonance interpretation of
this phenomenon. One experimental difficulty
clouds the issue. The rather small number of
events and, in particular, the loss of events with
ltp ~ & 0.06 (GeV/c)' makes it difficult for one to
determine a slope for der/dtf, having selected
Mnz in the 1400-MeV region. The missing-mass
counter experiments suggest a dependence of
exp(Xtp) with A. =14-18 GeV ', if the missing
mass is in the region of 1400 MeV. However,
the present data are consistent with a much
smaller X—viz. , 8-10 (GeV/c) ' for events with
M(nw+) &1500 MeV, in agreement with the model.

Nevertheless, in line with recent work on Reg-
ge-pole theory, "the appropriate conclusion
would seem to be that although the exchange
model yields agreement with the data, such
agreement fails to imply the absence of one or
more resonances in that structure.

I am indebted to Richard Morrow for insight
into three-body kinematics and deeply grateful
to Robert Panvini and W. Edwin Ellis for help in
understanding the data and for generously pro-
viding the various distributions essential to this
work.

*Work performed under the auspices of the U. S.
Atomic Energy Commission.
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Applying the technique of finite-energy sum rules to the recent CERN ~N phase-shift(-)analysis, me investigate the Regge structure of B at large momentum transfer. The
features found are most easily explained by an additional fixed pole at n = -1. Some of
its implications are discussed.

We have redone the calculations explained in
earlier work and continued them to lower t val-
ues, using the recent phase-shift analysis of the
CERN group. ' A particularly interesting struc-
ture reveals itself in the Sn of B' '. The expect-
ed Regge expansion of this amplitude is

P (t)a.v.
B =z (1 e i(-) q ~ i i inc. -

+. 'I'(a. +1)sinma
2 2 2

The sum is extended over the possible poles with
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the r ight quantum numbers. The high-energy
data are believed to be accounted for by the p
pole. The finite-energy sum rules (FESR) read
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The fact that the p pole itself is not enough in
order to account for the various Sz was already
noted in Ref. 1. In particular it was observed
that S, has large values that can be explained in
Regge language only by something similar to a
fixed pole at e =0. This being a nonsense wrong-
signature point assures that this addition does
not change anything in the Regge fit of 8

Calculating the S~ with the phase shifts of Ref.
2 we find that they continue to oscillate down to
low values of t. The various even FESR start to
diverge (i.e. , cease to oscillate) roughly near t
= -1.2 whereas the odd FESR oscillate down to t
= -2.4. It seems therefore safe to assume that
over a reasonable part of these regions one ob-
serves true effects that have to be explained
within the context of Regge theory. Figure 1

shows the first three odd S„as a function of t.
The upper limit N is chosen here at 1.93 BeV,
the highest point of Ref. 2. The most remarkable
feature observed here is that IS, I is bigger than

13S31 and l 5S, I over most of the plotted region.
All along where this phenomenon holds there
must be a dominant pole near e = -1. From Eq.
2 we see that only such a pole can contribute a
big amount to Sy and practically nothing to the
other S„. In general a pole that lies around
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FIG. 1. Various S„for B calculated from the
phase shifts of Ref. 2 with the choice N =1.93 BeV.

some ez = -n will contribute only to S~ and the
contribution will be (-)nn! P(t)N

Now that we have established the existence of
a pole at e = —1 we can continue and ask which

pole it is. Is that the usual p pole or an addition-
al one? That calls for a further analysis and

raises the question whether all the features of
the Sz shown in Fig. 1 should be interpreted
through the Regge representation. In particular
one might think that the oscillations of S, and S,
are spurious fluctuations. In order to settle this
issue we varied N between 1 and 2 BeV and decid-
ed to consider as interesting those features that
remain relatively unchanged. Thus it turns out,
for example, that the relation Sy &3S3&5S, at t =0
shown in Fig. 1 is not true for different choices
of ¹ However, the zero point around -0.4 as
well as the general shape of the S~ as shown in

Fig. 1 remain essentially constant. Therefore
we consider both this zero point and the shown
maxima and minima as an input to a, Regge anal-
ysis.

If one tries to fit the data with a p that tends to
n = -1 and a moving p', one finds that np should
approach -1 quite rapidly and p' should then fol-
low a trail that would form a continuation of that
of the p. Therefore we find it more appealing to
fit the data with one effective moving pole (p)
plus a fixed pole at a = -1. In order to fit the
curves of Fig. 1 one has to introduce fixed poles
at -3 and -5 as well because S, and S, do not os-
cillate around zero. We choose for the moving
pole pp(t) = po exp[pin. '(t)] where p, is of the order
of 0.1-0.3. That is consistent with the high-ener-
gy fit of Rarita et al. ' The P's of the fixed poles
are assumed to be constants. With these assump-
tions we try to deduce the form of ap(t) as well
as the values of the P's. In order to have an esti-
mate of the errors involved we vary N between
1.56 and 1.93 BeV, and incorporate the results of
this variation in the error bars of Fig. 2.

In the case of a single moving p pole one ex-
pects oscillations of Sz around zero. They stem
from the factor 1/I'(o. ) in (2). Since we add
fixed poles these oscillations do not occur around
zero any longer; however, the place of their ex-
trema should not be changed. The first minimum
of S, is expected at a =-0.82+0.04. From Fig. 1
we see that it corresponds to t = -1.18+0.04.
For the other Sn (2 ~ n- 6) we find that the first
expected minimum is at e = -0.44+ 0.04 and it oc-
curs at t= -0.72+ 0.04. The first maximum of S,
and S, should lie around n = -1.53 + 0.04 which
turns out to be at t= —1.63+0.1. For the other S~
the first maximum occurs at a point that is al-
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FIG. 2. The e&(t) values deduced under the assump-
tion of a moving p pole plus fixed poles. The error
bars include the effect of the variation of N as well as
the fact that most points incorporate information that
comes from several S~ simultaneously.

ready far beyond the place where they start to di-
verge. All the points mentioned here are includ-
ed in Fig. 2 which shows the deduced form of
np(t) under the above-mentioned assumptions.
We included also the o.p =0 and a@ = -1 points
that are obtained from S, and S, of Fig. 1 by find-
ing the center of the oscillations. Fig. 2 gives a
reasonable form for ap(t) and therefore seems to
be an a posteriori justification of our assump-
tions. The extracted value of P of the pole at o.
=-1 is 8.9+0.8 mb. For the poles at -3 and -5
we find P values of 1.0+0.5 and O. l +0.05, re-
spectively. Varying N we find the effect of the
pole at -1 to decrease with increasing N as it
should; however, the two other poles behave op-
positely, namely, for N around 1 BeV S, and S,
oscillate essentially around zero. Therefore, we
cannot attach reasonable reliability yet to the
poles at -3 and -5.

The introduction of the fixed poles explains wh~

the dip in doidt is observed at a lower t value
than the place of the zero at -0.4 in Fig. 1. We
see from Fig. 2 that a& =0 for t slightly below
-0.5. Indeed, that should be the location of the
dip even in the presence of the fixed poles. The
latter contribute a real positive value to the B
amplitude. Therefore, I B I will not vanish at
0,& =0, nevertheless it will still be minimal at
that point t This is also true for the other pre-
dicted dips.

The situation of the FESR of the A' ' is quite

different. S, oscillates strongly around zero in-

dicating an apparently rapidly varying Pp(t).
This makes it hard to decipher any fixed or other
additional poles.

It has to be emphasized that the fixed pole we

are talking about might also be a slowly moving

pole or cut that cannot yet be distinguished from

a fixed pole. However, it is interesting to spec-
ulate about the possibility that this is a genuine

fixed pole. If so, it does not really appear as a
pole in the j plane of any physical scattering am-
plitude. ' It is rather a term that belongs to some
asymptotic integer power series. Wherever
such a term occurs it spoils the superconver-
gence relation for the amplitude minus the mov-

ing Regge poles. ' lt seems that such terms do

occur in the analysis of 8' '. How general this
feature is only future experience will tell. Such
a fixed pole could account for the n+ photoproduc-
tion behavior. ' Then it would have much in com-
mon with the fixed o. =0 term of Ref. 1. In both
cases it is the Born term in the direct channel
which gives the dominant contribution to the am-
plitude and cannot be overpowered by the higher
resonances. The role of the Born term in B'
was explained in Ref. 1, and its importance in

photoproduction is pointed out in Ref. 5. This
is not to say that the Born term is the sole con-
tributor to this or other fixed poles. The one at
a = -1 discussed in the present paper is a collec-
tive effect of all the s-channel structure. That
is also true for the Pomeranchukon which might
yet be the most prominent member of the class
of terms discussed here. Difficulties raised by
such an assumption' would then have to be re-
solved by providing different rules for the fixed
poles compared to the moving poles.
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We consider vector and pseudoscalar meson decays using vector gauge fields with cur-
rent mixing. The processes cu 37t., ~ ~, and 7t 2y are fitted with one value of the
gauge field's coupling g, which also determines leptonic decay rates of vector mesons.
Octet breaking of the underlying VVP strong interaction introduces four parameters.
The available experimental information on ~, p, cu, and y decays gives relations among
these parameters which predict rates for decays such as K*—Ey.

The vector-dominance approach to meson de-
cays' gives a good qualitative account of a num-
ber of strong and radiative decays, but the un-
broken SU(3) version of this approach has certain
quantitative failures. Examples are the ratios
I'(~-vy)/I (~-3w) and I"(g-mwy)/I'(q-2y) which
differ markedly from the predicted values. An-
other experimental disagreement with the un-
broken SU(3) prediction, which has been recently
established, ' is the ratio I'(q - 21 )/I'(vo- 2y), the
disagreement in this ratio being about six. Ne
study these and other decays here, using octet
breaking as well as some recent improvements
in the theory of vector gauge fields within the ef-
fective-Lagrangian framework. '

The fundamental strong-interaction term re-
sponsible for the processes we study has the
form

ized Yang-Mills Lagrangian

=-&Es. V V + &m V V
, ~b a b, 2 a a

V p, v p, v

--,K"V 'V '+-,m'V 'V '
JLLv pv p p

&K80V SV 0

pv JUv

where

V =s V -8 V gf V -V
P, V ILI. V V P. P V

and where the K's are responsible for the ob-
served mass splittings among the nine vector
mesons and for the cu-y mixing in the vector-
mixing model; Kab is the diagonal matrix

~b ab + ab8

(4)

PVV nP pv nP pv

ab a b 0)
nP )Lt, v

where V ' is an SU(3)-singlet vector meson, and

V& and P are, respectively, vector and pseu-a

doscalar octets: a, b, c = &, ~ ~ ~, 8. In octet-bro-
ken SU(3) the D's have the general form'

abc abc ~3 abd +8c 1 /3 acd d8b

Diagonalizing (4) in terms of physical & and y,
we obtain

1~2)3 1 l)2)3,
v'Z

P

4 1

K

sin& cos8
ESC p+EK

CO

ab ab ~ ab8
(3)

with

cos(9 sing, 'rsc &„
CO

The vector fields are described by the general- K. = m '/m, ' (i = p, K*,e, qr),
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