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Abstract

A previously proposed Bethe-Salpeter model for wn P-wave
scattering containing a nucleon loop as force is improved in two
respects: First of all the connection between the electromagnetic
pion vertex and the pion propagator given by the Ward identity is
used to renormalize the propagator. Secondly the influence of

the nmw-channel via its strongly energy dependent coupling to the
n#n channel on the p-width 1is investigated. The results show that
the propagator corrections have very strong influence, and reason-
able assumptions on the wil¥ coupling constant lead to a p-width

of 200 MeV.



I. Introduction

In a previous paper I (1) we have studied a model for the p-meson,
which contained pion pairs and nucleon-antinucleon pairs as the
constituents of the p. Only an "off=diagonal"” coupling between
these two channels, given by nucleon exchange, has been taken

into account, and this is equivalent to treating the nucleon loop
as a force in the'ﬂn—channel. In order to reduce the strength of
the resulting attraction a cut-off in the nucleon loop is neces=-
sary, but then the solution of the Bethe-Salpeter equation (BSE)
in the wn~channel showed up a very large width similar to many
bootstrap calculations (2). We then proposed in I to include pion
propagator corrections due to self-energy effects, which is easy,
but also necessary in the Bethe~-Salpeter approach,_in order to
ensure two particle unitarity (3). We took the order of magnitude
of the propagator correction from perturbation theory with nucleon
loops, but since this leads to drastiec changes in the propagsator
for off-shell pions, a perturbation argument is not convineing.
Therefore we shell derive in this paper the pion propagator by

an application of Ward's identity (%) in the following way: Given
a model for the p-meson the electromagnetic vertex of the pion
with both pionsg off-shell can be calculated (5) from the diagrams
of Fig. 1. Since it turns out that the p-meson dominates the
vertex at k% = 0 (x = photon four momentum), which is equivalent
to Z1 << (Z1 = pion vertex renormalization constant), we expect
the pion electromagnetic vertex at k% = 0 to have a similar dew
cresse in the pion off-shell momenta as determined for the p-meson
vertex by the BSE. There the scale of variation is given by nucleon
masses, and therefore the Ward identity requires changes in the
pion propagator,compared to the unrenormalized one, in the same
scale. By inserting the propagator thus determined into the.BSE

for the mn-amplitude, we can find a selfconsistent model.

The resulting propagator modification is slightly smaller than
that derived from perturbation theory (1), and it would lead to s
large p-width of 500 MeV {after including the KK channel besides

the wmn-channel}., We therefore investigate, again with the BSE,
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the influence of the admixture of the rmw=channel in the p=wave func-

tion. This channel is especially important since the .in+nw transition
matrix element has, via the magnetic character of the spin coup-

¢ )

ling, an extra factor of= W = J_g, and an attractive force,
‘increasing with energy, will clearly make any resonance narrowver,
We shall derive the wrm » nw amplitude again from a nucleon loop
diagram, and calculate the p-width as a function of the not too
well known wNN-coupling constant. We shall find that values of
gimﬁ/hn within the presently discussed range lead to & reasonable
p=width.

In Section II we present the calculation for the wn>nmw-channel,
and in Section ITI we determine the renormalized propagator
A;(qz) selfconsistently., Section IV contains numerical results,

and we give a summary in Section V.

ITI, The nucleon loop contribution to mm + 7w

The diagram of Fig, 2 with two directions for the nucleon momenta

. . . . . *
gives the followling invariant amplitude for unr -+ 7w ):

boop 3wm5 ¥
M (B)e.) = FL92 4§44, ),

(ur)* 0

with gz/hﬂ = 1h,6, and

%) See Appendix and Fig., 2 for definitions of momenta etc.
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The two normalized amplitudes with helicity o = 1, spin 1,

I-spin = 1 are therefore
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where X is the cosine of the CMS scattering angle between k
and k3. In eq. (3) we neglected D-wave contributions in the last

integral, which is a very good approximation,

After the Wick rotation we have
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Eq. (3) has to be compared with our result for the mu amplitude

(1)
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The correction terms in (5) are given by
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We shall estimate the relative contribution of the 7w inter-
mediate state in the following way: The ratioc of the transition
amplitude MiSOP to the elastic scattering amplitude is approxi-
mately at the p-mass (including a total factor 2 for the two

helicity states and the two possible mw intermediate diagrams)

M beor G 2T MW
MMP ¢ S+aM-E-F 7 (7)

R =

rather independently of kf, i = 1.,.4,

Here p1, pg are the mean values of p? and pg in the integration
of eq. (5). Taking into account the correction terms in (5),

numerical calculations show that
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If E.uF < 8 and if the addjtional suppression of the nw state
due to the higher threshold is considered, we can treat the

nw-channel as a perturbation compared to the mw-channel, This
permits solving a modified one-channel BSE instead of a two-

channel BSE: If the #n-BSE reads in compact form
Lovp loopp 1 1 _
Mrnr = Mrr * erlf Aﬂ.("}d () Mz”' Y, (9)
we solve instead of (9)
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This simplification leads to a fictitious 7w + mw coupling,

which is very small however for R < 0,5,

Similarly we include the KK-channel, the relative strength of
which is determined by SU(3) alone, so that our final BSE will
be

M;r,, = Mrj”f'(é]: (4)&; () +7?2); (4)4;(1] +.5 A‘:(‘v)A;(z )) Myy -

(11)

Here we have assumed that the renormalized K- and w=propagators
are the same as the pion propagator. While tor the K this is



reasonable within SU(3) symmetry, for the @ it is not obvious
since the ® is in our picture a composite particle as the p

Tor which self-energy corrections have no clear meaning. Our
assumption is motivated by the fact that besides the w-pole
contribution we also have to consider uncorrelated KX states in
relative p~waves etec., which probably have a slower decrease in

momentum space than the w-propagator,

We now turn to a determination of the renormalized propagator

and to the discussion of the necessary cut-off.

I1I1, Vertex and Propagator corrections

Our model requires a reduction of the nucleon loop diagram
MiioP by a cut-off procedure, since the iteration of the un-
modified loop diverges badly (I). Since we want to separate
vertex and propagator effects more carefully as in I, we intro-
duce a (spin independent) vertex function for the wNﬁneoupling,

depending on all three momenta symmetrically:

4 4s
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The cut-off mass A is the most important parameter in our model,
and it will be determined by requiring the resonance to occour

at the correct positioni').

* ) Its relation to other BSE-calculations is discussed in I,
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In analogy to the pion propagator we assume that also the nucleon
propagators in the box diasgram are modified by self-energy

corrections., For simplicity we take these again as spin indepen-
xH)

(6

dent and determine them by lowest order perturbation theory

(see Fig. 3):
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The pion propagator Aﬂ(qe) will now be derived from the e.m., pion

vertex Fu(q,k),
[(o4) = 2B (a2 4 94)+ 4.G (3] 4,94) o)

2

where the form factor Gﬂ(qz,k ,*&) vanishes for equal pion masses,

ioEo for q - k = 0.
(&) = k2 m

Then Ward's identity gives us, at s = k = 0

#%) Actually we have cut-off the integral in {(13) at T M2 and

approximated it by the following simple pole term:
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The pion vertex function Fﬂ(qz,o,o) will be calculated within
our model from the assumption that the photon couples only to
pions and kaons, but not to nucleons *). Thus we get (5),
assuming the same vertex renormalization constant 21 for n and
K,
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Here q’2=- T +q =—32,and the vertex renormalization con-

stant Z1 is determined by

Zr(/“': oz") = 4. (17)

The vertex function Fﬂ(qg,0,0) is a smoothly decreasing function
for inereasing negative values of q2, and it can be very well

approximated by
— 4 -7
3 4

o +
f;(q,o,o) Z,
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* ) Before we have included the nucleon electromagnetic vertex,

wve cannot calculate the nucleon vertex renormalization constant
ZN' It has been checked however, that the last diagram in Fig, 1)
leads to a similar pion vertex function as the pion loop, because
of p-dominance, There are no cancellations between the pion and

nucleon contributions because of Z, » 0, Zy » 0.



From (15) we then obtain

/\(q)”{zf‘f —p7) - CM—Z’(( 1__}“% (19)

Unfortunately Z, is, in our model, not well determined, The inte-

2

gral for ¥ (q ,0,0) in (16) receives important contributions

from- q2 > 3 MZ, since it does not contain, as compared to the

loop(q[E 2 2 2 )

2
,ql sQ ,Q ,8 At large -q

BSE, the decrea31ng kernel M

however, A'(q } is given by

4
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Thus the determination of Z, by eq. (16), (17) and (19) is a
nonlinear problem which depends strongly on the asymptotic be-

havior of MlgOP(

.,s) for - k2 + w, With our parametrization
{12) for the 7HN vertex we obtain selfconsistency for Z, * 0.1,
The inclusion of the yNN coupling would decrease this value.

The following results, however, will be based on the assumption

Z, =0, S (21)

which allows for an asymptotic decreasing pion on-shell form
factor, and which follows from conformal invariance arguments (1)
Our results would not change drastically, if we set Z1 = 0,1,
Thus, with Z, = 0 and assumed values for C and n in eq, (15),
we solve eq. {(11) and vary th cut-off mass A in (12) until the
Tm p-wave phase §, satisfies § (mD)=§ . Then the solution of (11)
is inserted into eq. (16) in order to calculate F (q ,0,0), which
determines new values of C and n in eq. (19), Ve shall present

the results of this procedure in the next section,



IV, Numerical results

The iterative procedure outlined before converges extremely

2 and n depend very

"weakly on the input values, on A and on X = giﬂﬁ/hﬂ. We shall

rapidly, since the "output" values for C

use the values

Q
1

1095 GeV
‘ (22)

n = 2,

which were the result of the iteration with X = 12, for all )
values of A, In Fig. 3) we show how the width Pp of the p-meson
depends on X. If we ignore the self-energy contributions to the
pion propagator and set A = O, we obtain a width of Pp = 920 MeV,
We see from Fig, 3} that we need X > 10 in order to obtain a

value for Fp below 200 MeV, This coupling constant is considerably
larger than what one would expect from gw-dominance for the iSOEB)

scalar nucleon charge combined with the eolliding beam result

for the yw-coupling constant, which would give
A = &6 £ 05 | (23)

However, it should be kept in mind, that in addition to the
nfw-channel the 4 different KK # channels together contribute,
forgetting mass differences, as much as the ww state, and there
is also the np state whose influence depends on the nxo mixing
angle, We therefore consider X % 10 as a reasonable effective

coupling for the sum of vector-pseudoscalar meson contribution,

One attractive aspect of our model is that the nw intermediate

state is still not dominant in the wave function of the p-meson.

#) r 1is defined as in I,
P



A convenient way of expressing this is to consider the nw-con-
tribution in the second order iteration of (11), formally written

2 &» ! / L2 !
Moy« MOt (B4 6)+ RE WD, G ¢ SO WHRIMEP .,

Taking A = 12 we obtain for the ratio of Mii)

with R2 = 0

to the same quantity

(2}
e (2 1) A 42
(1)(21 0} (25}

which indicates that the mn-state is still dominant, On the other
hand the 7w admixture is so large that our simplification of the
two-channel problem, as given by (11), is no longer justified.
The fictitious nw » 7w amplitude will be small up to X & 8, so
that the results for the width Fp in Fig. 3) beyond that value
are subject to minor modifications in a correct two-channel cal-

culation,

Another number of interest is the additional attraction given by

the propagator correction terms as compared to the bare propagators

(Z1 = 1), Proceeding as before we obtain for the ratio of the
second order contribution with a fixed cut-off mass A2 = 3 M2

(2) (Z,- - 0)

M::,:( 2-1 ._./1//2,:- O)

1]

2.6 ; (26)

which indicates the strong influence of the self-energy contri-

butions in the p~-wave function.



Vv, Summary and Discussion

We have constructed a completely relativistic model which in=
corporates the coupling of the p-meson to 4 channels, namely mmw,
KE, tw and NN and which produces, with reasonable assumptions

" on gzNF/h"' a width Fp % 200 MeV., Since we have included self-
energy corrections into the meson and nucleon propagators, we
expect that we now can perform rather reelistic calculations for
electromagnetic form factors. Especially the vertex renormaliza-
tion constant Z1 can be taken equal zero, so that fofm factors
decreasing as some power for k2 + - are likely to emerge. This
is not possible within the bare propagator ladder approximation,
if the "potential" is smooth, since then the integral in (16} is

well convergent.

The relation of this approach to previous work

on mnescattering is not simple, In the bootstrap method the large

(2)

facts: First of a1l with cut-off masses in the GeV-range there

p-width obtained usually seems to be a consequence of two

are in the wn channel no really short range forces present, and
secondly the p coupling in the crossed channel has to be large

in order to provide enough attraction., These facts are no special
features of N/D-calculations, but persist also in the relativistic

(9)

The inclusion of the mw=-channel does

(9,10)

Schrédinger equation
not change the situation drastically as long as the mpw-
coupling is kept at its physical value, since the admixture of
the nw-state is not very large and one still needs the strong

attraction of p-exchange with a large coupling constant g In

our model the effective attraction is strongly enhanced b;ﬂ:he
propagator corrections, as indicated in eq. (26), and we can allow
for a corresponding weakening of the on-shell ni-potential by
lowering the cut-off mass A. A small p width can be obtained in
the relativistic Schrddinger equation (11), if the necessary cut-
off {p-exchange provides a singular potential) is chosen around

10 M, Although we are far from understanding our parameter A,

such high cut-off masses seem difficult to interprete as vertex

corrections alone within the BSE,



A very narrow resonance (r -~

p
35 MeV)} obtained by a second order calculation within the onmodel(12).

The reason for this is, that in first order the mm-amplitude is
small, and so is the absorptive part in second order. The reasl
part in second order however receives important contributions
from & n intermediate states, which are larger than the ladder-
type iterations of the first order, Whether the small width would

persist in higher order calculations, is not clear,

As stated in I, we do not think that our model ig fundamentslly
different fromn the Fermi-Yang model (13) for the vector mesons,
since the 7w and nw annihilation diagrams in the nucleon anti-

nucleon channel may be regarded as the short range part of meson

exchange in the nucleon t=channel,
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Appendix

List of Notation

M = nucleon mass

u = pion mass

A’(qz) = rehormalized pion propagator

s = pion isospin wave functions

Piu = nucleon loop momenta {see Fig, 2)
ep = w polarization four vector

ku = photon four momentum

s - W2 - k2

ki,u = pion (w) four momenta (see Fig, 2)

ge/h'ﬂ' = 1’-‘05
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Figure Captions

Fig.

Fig.,

Fig,

1:

2

3

Diagrams for the pion electromagnetic vertex,
Z1 is the pion (kaon) vertex renormalization constant,

ZN is the same for the nucleon.

Momenta for the baryon loop diagram, describing the
7mn + ww amplitude, The total four momentum is k, and
¢ denotes the ¢ polarization vector, The wlN coupling

is taken as a pure Y, vertex,

Results for the width of the p meson as a function of

A= gszﬁ/hn. Also indicated is the variation of the
cut-off mass AZ{(eq. 12) with A,
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