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THE SIGN OF THE UNNATURAL-PARITY CYLINDER*
Jaime Millan**

Department of Physics and Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720

August 17, 1976

~ ABSTRACT
We explain the sign differane betweeix the
natural-parity and the unnatural-parity cylinder by
- using a Reggeon-loop model proposed previoﬁsly by

Chew and Rosenzwelg.

It is an empirical fact that the pseudoscalar mesons 1, 0

. and n' display a deviation from "ideal" behavior strikingly different

from the deviaﬁon exhibited by the vector-tensor mesans p, w, ¢, and
Az, f, f'. Not only is the magnitude of the deviation‘much larger for
the pseudoscalars but the direction is opposite. For example, comparing
‘partic;,les of even charge conjugation, the I =0 f 1s less massive

than-the I =1 A, by &40 MeV while the I = v is more massive than

2
the I =0n by 400 MeV. A comparison of mixing angles reveals a
gimilar difference of magnitude and sign. In refs. 1 and 2 the vector-
tensor deviati'oh from ideal, both in masses (or Regge intercepts) and

in nmixing angles, was discussed through the topological expansion and

*Mis work was supported in part by the U. S. Energy Research and
Development Administration.
**Participating Guest, LBL, On leave from Departamento de Figlea,

Universidad del Valle, Call,.Colombia.
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related 10 the so-called "cylinder". It has been pointed out?®’? that -
the same general consideration should apply to umnatural-parity states,
‘but no explanation has been given of the opposite sign that 1s experi-
mentally required for the cylinder. The present note explains this ‘
sign difference through a Reggeoﬂ-loop model of the cylinder. The
same model can be used to estimate the magnitude of the unnatural parity
cylinder, but we shall defer the”question of magnitude to a subsequent
lengthier paper. The sign is a simple matter, at least near t = 0.
Positivity of totsl cross secﬂons implies that the even charge-

cdn,jixgaticm natural-parity cylinder 1s positive at ¢ = 0.2

In ‘the con~
text of a simple Reggeon-loop model with each link twisted as 'depicted
in Fig. 1, this positivity emerges from the symmetrical character of
the loop. Since both links of the loop correspond to the same twisted
{planar) reggeon, the broduct of propagators at t = 0, where t =ty
is positive. For the unnatprgl-parity cylinder, péri‘ty. congervation
At t = 0 requires an unsymmetrical loop, one link carrying natural
parity and thé other link unnatural pari'h)r.4 We now show that such an
unsymmetrical loop, built from leading planar trajéctories such as
shown in Fig; ‘2, will have a sign opposite to that of a symmetrieal loop.
We start from the general obsgfvation that, because planar dis-

continuities (of elastic amplitudes) are positive, the residues of the

poles in a planar Reggeon propagator are all positive. For eiample, a

familiar model for a planar propagator associated with a ti'a,jectory

is

ai(ti) , where the first physical particle occurs at J = Ny

S;(4) = exp(-tm(og(ty) = N TN, - ay(2,)) (1)
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The alternation in sign of the gamma function poles in formula
(1) is compensated by the oscillating exponential factor. Twisted
propagators, needed for the links of thé Reggeon loops that build the
cylinder through the _model of Fig. 1 or 2, =are obtained from corres-

ponding planar propagators by adding a factor. exp( +imi( ti):
P.
SNt) = exp(imy(t))S(t,) (2)

Such a factor makes negative the residues of all poles of odd -
J, ‘leaving positive the even-J poles. For example, corresponding to
the model planar propagator of formula (1), cne has the model twisted .

“propagator
. -
1 (ti) = (‘l) P(Ni - “i(ti)) (3)

For the planar and the cylinder loop at t = O one requires
tl and tz to be doth negative. What ‘sign may we expect for eagh
twisted propagator? The sign is likely to be controlled at negative
ti by the residue of the nearest particle-pole, i.e. that at '
ui(ti) = N,. The model of formula (3) exhibits this property. If
this first particle has odd J  the i’.wiste‘d propagafor i8 negative;
when the leading parf.;gle has even J, the twisted prqpaéator Is psitive.

Therefore, for an unsymmetrical '1oop such as shown in Fig. 2, where the

leading unnatural-parity particle (w) is even while the leading nat- -

ural-parity particle (p) is odd, the overall sign is negative.
The author wishes to thank Professor G. F. Chew foi- suggesting

this work and for his continucus help, guidance and encouragement. He
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