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mass; ' and also the failure to observe A, peaks
in nondiffractive reactions. ' ' "

We have neglected the finite width of the p, and
the effect of Bose statistics for the final like-
charge pions. We have also neglected nondiffrac-
tive processes, such as the real part and energy
dependence of elastic scattering. These effects
would not change our basic conclusion, although
including the energy dependence would raise the
cross section and decrease the slope somewhat.
W'e have also neglected loop diagrams in which

the pm reform a m one or more times. These
diagrams would enforce two-particle unitarity,
making the total probability to find a w or pn at
the target equal to 1. They are currently under
investigation. Qther possibilities are that the
function E(z) is not monotonic, or that the basic
assumption of dominance of the intermediate state
by quasi-real ~+pa is incorrect.
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The pion-nucleon amplitudes are analyzed in terms of the conspiracy and strong- and weak-
cut Regge-pole models. The weak-cut model has serious difficulty, in that it predicts the
wrong sign of the helicity-flip amplitude. The strong-cut model appears to have the correct
form for the amplitudes, but has the wrong energy dependence for differential cross sections
and polarizations. The conspiracy model is found not to suffer from any serious difficulty.

INTRODUCTION

Recently a model-independent analysis was used to
determine the pion-nucleon amplitudes at 6-GeV/c
momentum. ' It is intended here to analyze these
data in terms of three models: (1) the conspiracy
model, which consists of the p plus the conspiring
p' trajectories, "(2) the strong-cut model, which
has the p plus a large absorptive cut, ' and, finally,

(3) the weak-cut model which has the p plus a small
absorptive cut. '

The strong-cut model uses a smooth residue of
the form 1/(t —Mz'), with no nonsense wrong-sig-
nature zeros, in order to integrate the absorptive
cut analytically. The conspiracy and weak-cut
models both use Veneziano-type residues of the
form 1/1 (o.), which give nonsense wrong-signature
zeros. ' Thus in the weak-cut model the absorp-
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tive cuts have to be integrated numerically.

FORMALISM

The t-channel isospin decomposition of the ampli-
tudes' is

where Fp„,
„

is the plain Regge-pole amplitude. The
factor A. is used to adjust the strength of the cut
contribution, and is believed to have a value of 1
to 2. Too large a ~ would cause overabsorption
in the smaller partial waves.

The cut term is calculated from the integral'
m'P- m'P =F'+F',
s-p - s'n = -W2F'.

cut P elFP P
=

32 2 dQ FP PFP ~- (7)

This normalization is chosen so that when the am-
plitudes are crossed over to the s channel by the
SU(3) crossing matrix one has relations which
satisfy

IA(s p -m'p) —A(s p - w p)) =&2A(m p -s'n) .

The difference in strong- and weak-cut models
comes from the form of the p amplitude used. This
double integral can be reduced by using the follow-
ing approximation for the elastic scattering ampli-
tude:

(2) F~ip = -5 ~i~(i+ p)s(lre (8)

From the optical theorem and experimental values
for or(m'p) and or(s p), it follows that ImF'(t =0)
must be negative.

The analysis will only consider s-channel helic-
ity amplitudes of isospin 1, which corresponds to
charge-exchange scattering. The amplitudes are
chosen to correspond to the following formulas'.

where p is the ratio of the real to the imaginary
part of the forward mN peak, and o~ is the mN total
cross section. The experimental values" used are
p =0, or = 25 mb, and G = 3.75 (GeV/c) '. More
complicated forms for F'„'„havebeen suggested, "
where the phase is a function of energy. However,
eleven parameters were required as opposed to
the four used here.

The cut integral is reduced to

=21m(F„F+),

tt d—, =-co«.(IF„I'-IF,I')

+sin8s Re(2F„F*,), (5)

F'„",'„=-(or/4s )(1 iP)eo—'

0 '~t'e" f.(2G(tt')"'&Fp p(t'), (8)

where n =
I
—p, '+ p, I

and l„(Z)= (-i)"Z„(iZ). The cut
is thus approximately constant in phase, and 180'
out of phase with the p amplitude.

STRONG- CUT MODEL

where 6I„is the laboratory proton recoil angle and
is given by

P cut
Fu j=Fvu+~uuFI v~ (8)

The incident laboratory pion has energy E and mo-
mentum I', and I is the proton mass.

Both cut models are similar in origin and calcu-
lation. They both add an absorptive term to the
s-channel helicity amplitudes as follows:

The strong-cut model is identical to the original
model of the Michigan group. 4 The structure of the
scattering amplitude is derived from the strong
interference between the pole term and the cut
term. The amplitudes are chosen to have no non-
sense wrong-signature zeros.

The s-channel helicity amplitudes are
&&-trap(t)F2 g n&(t )

8q42ms (t —~p') &0

Mpy, iv t e -'""&('~ —8
8q4ss(t —M') ~ Z,

TABLE I. Least y2 for conspiracy and Hegge pole-cut models.

Assumptions
g2 {total)
149 points

g2 (do/dI;)
84 points

g2 (polarization)
41 points

(amplitude)
24 points

Conspiracy
Strong cut
Weak cut

413
468

1375.

121
327
142

100
107
177

192
40

1056
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TABLE II. Parameter values obtained in least-X fit to data.

Assumptions pn pn

Conspiracy
Strong cut
Weak cut

-16.0 -204.0

214,6
1.37
1,25

1,52
0.19

41,8 -59.9
-21,2 77.0

where M~ is the mass of the p, and q is the center-
of-mass momentum. The p trajectory is chosen
to be

o.~(t) = nc+ n, t,
where etc =0.5 and o., =0.9 (GeV/'c) '. This cor-
responds to the exchange-degenerate trajectory
through the p and A mesons. ''

The amplitudes are substituted into E(1. (9) and
integrated analytically. The cut terms are

and

vr(1 —ip)A„
64mqv'2msG

x $+2 4d

or V t(1 —-ip)A,
64mq v'2ms G

100:
where

(14)

100

4 5.9 GeV/c
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FIG. 1. Conspiracy fit to der/dt for m p n'n, at
laboratory momenta 4.83, 5.85, 6.00, 10.00, 13.3, and
18.2 GeV/c.

FIG. 2. Polarization of m p n n at 5.9- and 11.2-
GeV/c momenta. Solid curve is conspiracy model,
dashed curve is strong-cut model, and dotted line is
weak-cut model.



CONSPIRACY AND REGGE CUTS IN PION-NUCLEON AMPLITUDES 80i

5- a ~

5 GeV/c

I~ ~W eased

i
/ ' '

Q ~ I ~ ~ ~ ~ ~ ~ ~

go
~P

ie-Eeofc/2(E/E )Rc

B= (1/M~e) + n, [ln(E /E, ) —-', ia ] .
The strong-cut model is left with four free pa-

rameters: two residue parameters y, y, and
two cut-strength parameters X,X, . The value

E, was fixed at 0.165 GeV'.

WEAK-CUT MODEL

z0
I

N
t2a!

-5-

.5
l
I

1.0
I

1.5
I
I

Both the weak-cut and conspiracy models are
parametrized in the t-channel amplitudes, which
are then crossed over to the s channel. The cross-
ing matrix is

5

—t [(G eV/c) aj
2m(1+ t/4qe)z/e

8q v'2ms

(d +S 4~

-.5-

I ~ ~ ~ ~ 'e e ~ ~ I
~ 0

(l5)

, z~, .(~ z) ~,(u+ t/4m
Bv'2wsq' l-t 4ma

(«)
where

s+nz —p, g —m —p.
2 2 2 2

2Ws
' 2m

FIG. 3. Polarization of n' p m n at 5- and 8-GeV/c
momenta. Solid curve is conspiracy model, dashed
curve is strong-cut model, and dotted curve is weak-
cut model.

The t-channel amplitudes are parametrized by
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FIG. 4. Helicity amplitudes at'6-QeV/c momentum. Data points are from Halzen and Michael, Ref. 1. Solid curve
is conspiracy model, dashed curve is strong-cut model, and dotted curve is weak-cut model.
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where )~e(1 —e " ) )/sin(wo. ~) is the signature
factor and the trajectory is given by

n~=0. 5+at, a=0.9 (GeV/c) '.
The amplitudes are chosen to have nonsense
wrong-signature zeros.

The t-channel amplitudes [E(ls. (17) and (18)]are
crossed over to the s channel by E(ls. (15) and (16).
This then constitutes the plain p contribution to
E(l. (6). The cut term is thus integrated numeri-
cally and added to +„„to form the weak-cut mod-
el. The weak-cut model is left with two residue
parameters P~, P~/ and two cut-strength parameters
X++ 7 X+ ~

CONSPIRACY MODEL

The conspiracy model assumes that in addition
to the p trajectory there exists a conspiring p'
which has the same quantum numbers but is ex-
change-degenerate with the m-B trajectory. This
trajectory is given by

[(GeY/c) I

FIG. 5. R-parameter predictions based on helicity
amplitudes. Points are from Halzen and Michael, H,ef.
1. Solid curve is conspiracy model, dashed curve
is strong-cut model, and dotted line is weak-cut model.

n& =-0.02+at, a=0.9 (GeV/c) '.
Thus the t-channel amplitudes become

A'=A'+A. ',
p p

B=Bp+Bp, ,

(21)

(22)

4

3"
42

.1-

.3
/

, 2

Imf,

~ ~

-.2
3 j'
4 '/s
0

I s s

1.0

-.2-
4

3 ~ ~ 0

4 s s

0
s s I s s s s

1.0

.4
ReF„

.2
t

Ref,

0 ~ ~~O~~~

-.2

.3 .I
0

I s s s s

.5 I.O
, 4

0
s s s I s s s

.5 1,0

[ ( G e Y/c) s]

FIG. 6. The p contribution to the s-channel amplitude. Solid curve is conspiracy model, dashed curve is strong-
cut model, and dotted line is weak-cut model,
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FIG. 7. The cut and conspiracy contribution to the s-channel amplitudes. Solid curve is conspiracy model, dashed
curve is strong-cut model, and dotted line is weak-cut model.

where the p' amplitudes are given by

A', = ' ~ (as}"v'
I'(n, )

pf $;(as)"I' '
ap, l'(o.p, )

(23)

(24)

The factor t in Eq. (23} is a requirement of the
conspiracy model. " Thus the conspiracy model
is left with four free residue parameters p~, p~t,

P~, and P t, . Unlike the cut models, the conspir-
ing term changes phase with t, such that there is
a constant phase difference of 47' between the p
and p' terms.

RESULTS

The three models were used to fit simulta-
neously m P charge-exchange differential cross
sections, polarizations, and helicity amplitudes.
It was found that if the amplitudes were fitted
separately, the resulting solutions gave unaccept-
able results for the differential cross sections and
polarizations. There were 84 differential cross-
section data points' used, varying in laboratory
momentum from 4.83 to 18.2 GeV/c and having t
values out to -3 (GeV/c)'. There were 41 polar-
ization points, "ranging in laboratory momentum
from 5 to 11.2 GeV/c and having t values out to
-2 (GeV/c)'. The 24 helicity amplitude points

come from Ref. i.
The resulting best X' values are given in Table

I, with the corresponding parameter values in
Table II. An additional solution was found for the
weak-cut model. This solution gave the correct
sign for the s -channel helicity-flip amplitude; how-
ever, the A. factor was approximately zero, which
corresponds to a plain Regge-pole and gives a zero
for polarization. This result is in agreement with
the orginal amplitude analysis of Halzen and
Michael. '

Figure 1 shows the best fit of differential cross
sections for the conspiracy model. The weak-cut
model gave very similiar results, but the strong-
cut model did poorly (see Table I), especially
around the dip at t = -0.6 (GeV/c)' and at larger
t values.

The polarization results for all three models are
given in Figs. 2 and 3. It should be noted that the
strong-cut model has a zero around t = -0.3, which
the other two models do not show.

Figure 4 shows the fits to amplitudes at 6 GeV/c.
The data points are from Halzen and Michael. ' Al-
though the data are available only out to t = -0.6
(GeV/c)', they clearly indicate serious difficulty
for the weak-cut model. As mentioned earlier,
there is another solution for the weak-cut model,
but this corresponds to a simple p model which
gives zero for the polarization. On the basis of
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the amplitudes, the predictions for the 8 measure-
ment are made (see Fig. 5). The points correspond
to predictions made by Halzen and Michael. '

Figures 6 and 7 show the contributions to the s
channel for the p alone (Fig. 5) and for the cut
terms (Fig. 7).

We have examined the helicity amplitudes of iso-
spin one for pion-nucleon scattering in terms of
three models, each having four free parameters.

By looking at the helicity y.mplitudes (Fig. 4), we
find that there is serious difficulty for the weak-
cut model. Although the strong-cut model appears
to have the approximate form for the amplitudes,
it has the wrong polarization structure and energy
dependence for differential cross sections. The
conspiracy appears to have no serious difficulty
for any of the experimental quantities.
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It is shown that a lower bound on the decay rate E+ —m+e+e- can be obtained by calculation
of the absorptive part of the amplitude to which only the connected three-pion intermediate
state contributes significantly. Some remarks on pole-model calculations are also included.

I. INTRODUCTION

A great deal of effort has been expended on the
search for neutral currents in weak interactions;
even if such currents are not present in the basic
weak Hamiltonian, forbidden processes such as
v+P- v+P should appear at some point because of
higher-order weak-interaction effects. This has
led to an impressive number of experimental
searches for either neutral currents or higher-or-
der weak-interaction effects, with as of yet no
evidence for the existence of either, other than
double P decay and the K~ -Kz mass difference

(both due presumably to higher-order weak inter-
actions).

Some processes, forbidden to order |"~ (the
weak-interaction decay constant equal to 10 '/M„',
where M„is the nucleon mass), are allowed by a
combination of weak and electromagnetic interac-
tions. The prime example is K~ - p,

'
p, proceeding

by way of an intermediate two-photon state. De-
spite an intensive search, ' this rare decay mode
has not been s'een; moreover one obtains a lower
bound on the decay rate by making use of unitar-
ity, ' the known decay rate for Kl, -yy, and the eas-
ily calculated matrix element for yy- p.

'
p. , This


