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The existence of a J= 1, T = 1 resonance in w71

scattering now seems to be very probable, though
there are still rather large uncertainties in its
position and width. ' From a theoretical point of
view, one may believe this resonance to be due
to the existence of an unstable vector meson, '
called p, or one may say the resonance is dy-
namical. ' If the p meson has an infinite bare
mass, there is essentially no difference in the
results of these two points of view. '&' The princi-
pal distinction between the two philosophies comes
from the fact that if the p meson is really a new

particle, its mass and coupling constant must be
thought of as new independent parameters which
can be chosen to be anything, while if the p is a
dynamical resonance, the mass and coupling con-
stant are determined by other parameters already
in the theory.

Within the "dynamical" philosophy, attempts have
been made to calculate the mass and coupling con-
stant of the p meson. '" These have not been en-
tirely successful; furthermore, the most complete
and careful attempt to do this, ' based on the Man-
delstam representation, involves the solution of a
very complicated set of coupled integral equations
on a computing machine, and is therefore not very
transparent. One qualitative feature which has
been emphasized by Chew and Mandelstam, ' how-
ever, is that the existence of the resonance seems
to follow from the operation of a "bootstrap mech-
anism, " in which the strong force between two pi-
ons in a I' state, which is needed to produce the

resonance, is provided by the exchange of a. pair
of resonating pions.

In this way, the basic underlying source of the
pion-pion interaction (which could, for example,
be the XP' interaction or a force produced by the
exchange of a strongly interacting S-wave pion
pair) does not seem to play a large quantitative
roke in the final results, but merely provides the
spark which sets the bootstrap off. One would,
therefore, expect to be able to obtain the p mes-
on.'s properties as the result of a seU-consistent
calculation with no parameters.

It is our purpose here to apply the bootstrap
mechanism in a very simple-minded and trivial
calculation, which yields quantitative values for
the p mass and coupling constant. The approxima-
tion is the following: a p meson, of mass mp and
coupled to the pion with a coupling constant ppzz,
is exchanged between two pions as shown in Fig. 1.

FIG. 1. The one p-meson exchange diagram.
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The force thereby produced in the J= 1, T = 1
channel is attractive and dePends on mp and Pp7Tp.
If m and y ~~ are adjusted properly, this force
may be made to produce a resonance at m& with
coupling constant yp&z. Thus we obtain two rela-
tions between m& and ypz~ from which both may
be determined.

In practice, the calculation is most easily car-
ried out using the determinantal method. ~ One
computes the determinantal function for the J=1,
T =1 channel from the. equation'
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where s is the total c.m. energy squared,

i5
ImD = -(single )»

and (sin5s~ ), is calculated from the graph of Fig.
1. Then we require

this based on the determinantal method lies in the
violation of crossing symmetry. One may hope,
however, in analogy to other more or less success-
ful calculations, ' that this lack is not of great quan-
titative importance; in any case, it may be of val-
ue to illustrate by a simple method what it is that
the complicated and more complete calculations
are supposed to do if they can ever be successfully
carried out.

In conclusion, it may be remarked that the "boot-
strap" mechanism may be responsible for the exis-
tence of many, if not all, other particles as well;
for example, the strange vector meson called M
by Gell-Mann, 9 with isotopic spin ~, may be a P-
wave resonance in K7T scattering. There may, in
addition, be an S-wave resonance or pseudoreso-
nance, corresponding to a K' meson like the K
but with opposite parity. In a complete calculation
of the bootstrap in the m7T system, all of these par-
ticles, or resonances, should of course be in-
cluded. For a more complete discussion of these
points, see reference 5.

I should like to thank M. Gell-Mann for several
comments and suggestions, and D. Sharp for the
numerical calculations.
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Equations (3) and (4) together fix mp and yppz.
The computation is explicit and straightforward,
and an approximate numerical evaluation of the
necessary two integrals yields

m = 950 Mev, y /4& = 2.8.
p p7T'IT

There are no parameters to be adjusted in obtain-
ing these results, other than the pion mass which
only provides a dimension. The numbers are in
fair agreement with the present experimental data, ~

which indicate something like

m =750 Mev, y /4w =1.
p P IT7f

The most serious deficiency of a calculation like

Alfred P. Sloan Foundation Fellow.
~J. A. Anderson, V. X. Bang, P. G. Burke, D. D.

Carmony, and N. Schmitz, Phys. Rev. Letters 6, 365
(1961); A. R. Erwin, R. March, W. D. Walker, and
E. West, Phys. Rev. Letters 6, 628 (1961); G. F. Chew
(private communication).

2J. J. Sakurai, Ann. Phys. 11, 1 (1960).
3G. F. Chew and S. Mandelstam, Phys. Rev. 119,

467 (1960), and University of California Radiation Lab-
oratory Report UCRL-9126 (unpublished).

4M. Gell-Mann and F. Zachariasen, California In-
stitute of Technology Synchrotron Laboratory Report
CTSL-26, 1961 (unpublished).

~M. Gell-Mann (unpublished).
6M. Baker and F. Zachariasen, Phys. Rev. 118,

1659 (1960).
~M. Baker, Ann. Phys. 4, 271 (1958).
The subtraction point so is chosen at the end of the

left-hand branch cut in IID, in order that the coupling
constant y z~ is correctly related to the discontinuity
due to the one p exchange contribution.

SM. Gell-Mann, California Institute of Technology
Synchrotron Laboratory Report CTSL-20, 1961 (un-
published).

113


