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ical curves have been smoothed by eye from the Monte
Carlo results.

6The word "event" refers to a single configuration of
the protons in Fig. 1(a) satisfying the condition 4 &1.
In consequence the quoted cross section for "All events"
of Table I is larger than the cross section 1.66+0 08 mb

found for the physical process pp ppw+w- at 16 GeV/
Co
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We show that in the reaction w-p w
—

w
—w+p at S.S GeV/c, the peaking in the w-w-

"scattering angular distribution" above 0.6-GeV c.m. energy inferred from the one-pion
exchange model can be interpreted as resulting from a background of competing process-
es. Similar background effects may be significant also in the reaction m+p x+z+n, and
conclusions from that reaction as to evidence for d waves in the I=2 amplitude below 1
QeV should be reserved pending a similar analysis.

The one-pion exchange model is widely used in
a variety of interactions to extract information
about wm and E& scattering. ' " In this Letter,
we consider the reaction

w-p —w-w-w+p,

in which there is good evidence for 6++ produc-
tion by one-pion exchange at a wide range of en-
ergies. It has been found in several experiments
that, after applying cuts on M(w+p) and -t(w+p) in
order to purify the sample, the ~ m scattering
angular distribution is isotropic for M(w w )
&0.6 GeV and becomes increasingly forward
peaked as M(w w ) increases. ~" This is gener-
ally taken as evidence for the rapid onset of d
waves or higher partial waves, although no struc
ture in the distribution of M(w w ) is evident.
We have results which suggest strongly that the
forward peaking observed is a direct result of
the background of competing processes.

We have fitted 7975 events of Reaction (1) at
3.9 Gev/c with a model ot resonance production
by one-particle exchange, using a maximum-
likelihood technique. " We find that an excellent
fit is obtained for a model in which there are the
11 processes listed in Table I adding incoherent-
ly. The only adjustable parameters of the fit
are the relative amounts of the various process-
es, and the best values for these parameters are
also listed in Table I. The diagrams considered
are shown in Fig. 1. The model assumes only s-
wave scattering at the w w vertex in Fig. 1(a).
This process, with and without 6++ production,
constitutes the "signal" of interest. The process-
es in Figs. 1(b)-1(d) are the major "noise" or
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Mass and Width
of Resonance

(GeV)

1.232, 0.12

0.779 0. 14

1.232, 0.12

1.26, 0.14

1.306, 0.081
0.77, 0 ' 14

1.079, 0.13
0.77, 0.14

1.45' 0. 21
1.232, 0, 12

0.77$ 0.14
1.232, 0.12

1.654, 0.109
1.269 0.14

comments

Variable width
Breit-Wigner
form

Variable width
Breit-Wigner
form. Diffrac-
tion at w p
vertex above
1.67 GeV.

Diffraction at
w+p vertex
above 1.67 GeV

Variable width
Breit-Wigner
form

Diffraction at
w-p vertex
above 1.67 GeV

Diffract, ion at
w p vertex
above 1.67 GeV

Variable width
Breit-Wigner
form

Relative
Amount (g)

15.6+0. 5

17.1+0.6

5.1+0.7

1.5+0. 5

0.3+0. 4

8.6+o. 5

3 ' 7+F 0

6.4+1.1

12.4+0. 7

8.o+o. 6

1.3+0.4

Table I. The 11 processes of our fit to the data cor-
responding to the four diagrams of Fig. 1. The pro-
cesses are assumed to add incoherently and the relative
amounts determined by the fit are shown. The errors
quoted are purely statistical. Comments indicate form
of Breit-Wigner used (no comment means fixed width
form). Diffraction at 7|P vertices is included in several
processes. A slope parameter 5 = S (Gev/c) 2 was
used. Results appear to be insensitive to this parame-
ter.
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FIG. 1. Diagrams for the four basic processes used
in the fit. Resonances produced at either vertex are
considered separately in model, adding incoherently to
the nonresonant background. For nonresonant vertices,
s-wave scattering is assumed with diffraction scatter-
ing at the 7Ip vertex above 1.67-6eV 7Ip c.m. energy.

backgr ound.
We have generated Monte Carlo events weight-

ed according to this model and applied the same
cuts to these and the actual measured data. In
Fig. 2 we show the resulting cos8(w w ) distribu-
tions in the ~ v c.m. system for several re-
gions of M(ii-w ). The Monte Carlo and the data
show strikingly similar forward peaking behav-
ior. Only for M(~ m ) &1.18 GeV do the data ap-
pear significantly more peaked than the Monte
Carlo.

In order to understand the effect, we have plot-
ted separately in Fig. 2 the angular distributions
for Monte Carlo events generated according to
the "signal" diagram in Fig. 1(a), in which the
two n -~ s are at the same vertex. The normaliza-
tion is chosen to accurately reflect the fraction
of "signal to noise" in each plot. We note that

FIG. 2. Plots of cos0(7I. 7I. ), where 0(n 7I ) is the
scattering angle in the 7I.-7I- c.m. system, for four
ranges of M(7t 7t ). The solid curve is the prediction
of the Monte Carlo events generated according to the
model. The dashed curve is the prediction of the Monte
Carlo events generated according to the "signal" pro-
cess Fig. 1(a), normalized with the signal-to-noise ra-
tio given by the Monte Carlo. The data and Monte Car-
lo on the plots contain the cuts 1.13 M(m+) 1.31 GeV
and -t(w+p) ~0.5 GeV/c) .

even for the lowest M(it w ) band the background
is more than twice the signal. The angular dis-
tributions for the signal are isotropic as one
would expect. Thus, it is the background which
accounts for the increasing forward peaking with
increasing M(ii w ) observed in the data. . This
can be easily explained since there is a definite
correlation between M(w w ) and cosH(w w )
when the m 's are produced peripherally from
different vertices: The more collinear the pions
with respect to the incident pion, the higher their
two-body c.m. energy.

While the cuts applied to the data purify the
sample somewhat, the background processes in
this particular reaction constitute a significant
fraction of the data. From Table I we see that
6++ production by ~ exchange contributes only
16 % to Reaction (1) at 3.9 GeV/c, with an addi-
tional 5% of nonresonant iT+P production. On the
other hand, the competing processes which pro-
duce the forward peaking constitute at least 37 /0.

We conclude that it is possible to explain the
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observed forward peaking in the 7t-n- scattering
angular distribution as arising from a background
of competing processes in which the two m 's are
produced peripherally at opposite vertices.

Biswas et al. ' have attempted to extract the
low-energy m-w phase shifts from Reaction (1)
by utilizing the interference with the Coulomb am-
plitude in the forward direction. Our results
show that this procedure is questionable unless
the background is carefully taken into account.

The I= 2 nn scattering angular distributions
have also been studied in the reaction

v+p —r+n+n, (2)

and the increasing forward peaking phenomenon
is observed here as well. "" While we do not
have data from Reaction (2) available to us for
analysis, we suggest that a similar effect may
occur. It is conceivable that there is a signifi-
cant peripheral process in this reaction in which
the two n+'s emerge from opposite vertices.
This cannot be m exchange, but may be diffrac-
tion dissociationso where p -m n or diffraction
production of N* states. The data show strong
N* production in the 1500- and 1680-MeV re-
gions suggestive of a mechanism causing orbital
exictation of the target nucleon. "" Such a back-
ground to the ~-exchange process would give an
increasing forward peaking with rising M(w+w+)

analogous to the reaction studied here. This pos-
sibility is somewhat reinforced by the fact that
the forward-peaking effect is not independent of
incident r+ momentum, as it should be if it re-
sulted from higher partial waves in the I=2 ~m

scattering amglitude. At Plab =1.6 GeV/c the for-
ward peaking disappears out beyond M(w+m+)

=0.85 GeV when a cut is made to include only
those events with low momentum transfer to the
neutron. " The same cut at higher momenta does
not remove the forward peaking. "~' This obser-
vation is also consistent with the expectation that
the ~-exchange diagram will be stronger relative
to the diffraction process at lower momenta
since its cross section goes as pl b

' while the
latter has a cross section which is presumably
constant with incident momentum. It may be,
however, that s-channel effects, which are ex-
pected to be important at 1.6 GeV/c, account for
the observed discrepancy.

We feel that, in general, it is a dangerous pro-
cedure to utilize the one-pion exchange model to
infer nn or Em scattering parameters from Reac-
tion (1) or its K analog unless one can show that
the pion-exchange process being studied domi-

nates or that other processes produce no signifi-
cant biases. The background to the m-exchange
process is perverse, giving the same increasing
forward peaking with increasing energy expected
with the onset of higher partial waves. With re-
spect to ~~ scattering in the I=2 state, we have
shown, at least for Reaction (1), that it is possi-
ble to find a reasonable model that fits the data
and requires only s-wave ~ m scattering up to
1 GeV. Until a similar analysis is carried out
for Reaction (2), we suggest that conclusions as
to higher partial waves in the I=2 ~m scattering
amplitude below 1 GeV be held in abeyance.

We are grateful to Professor David Cline for
helpful discussions and to the Goldhaber- Trilling
and Powell-Birge groups at Lawrence Radiation
Laboratory for loaning us the film used in this
study.
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We consider a model of the weak interactions with scalar intermediate bosons |"+ with

a negative metric in addition to the usual weak vector bosons g~. With this modification,
problems of divergence and high-energy behavior are greatly reduced. If the logarith-
mic weak and electromagnetic self-mass divergences are assumed to cancel each other,
the coupling constant g and the mass m& of the weak boson can be predicted.

Recently several authors'~' have proposed new

approaches to determine the Cabibbo angle through
the requirement that weak self-masses of ha-
drons be free of quadratic divergences. How

about the self-masses of leptons? The purpose
of this Letter is to consider a model of the weak
interaction with less divergences and to show a
few results from the model. Details and other
effects will be discussed elsewhere.

We assume the existence of charged scalar &*

bosons (mass mG) with a negative metric' in ad-
dition to the usual charged, weak, intermediate
vector bosons B+ (mass mB), and a fundamental

Lagrangian for the weak interaction of the form

=gZ +[B +(1/m )8 C]+H.c.,wk A. A. 8 A.

where J& is the weak current [e.g., ikey+(1 +y5)
x4'„+i% y&(1+y5)4'q for leptons] and g is a
coupling constant. For simplicity we will take

mg = mg in the following although a variation of
the C* mass keeps most of the following results
unchanged.

It is easily seen that the effect of C~ cancels
the k&k &/mB' term in the B~ propagator so that
the effective propagator of these bosons becomes
5+&/(k'+mB'). The effective Fermi interaction
becomes better-behaved at high energies as fol-
lows'.

g =g' fd4x' 4 +(x)Z (x-x')J (x'),
eff A. p.

The relation between the coupling constant g and

the Fermi coupling constant G (Gm ' =1P ') is

g'/m '= G/W2. (4)

and

for l =e or p,

wk
5m =0 for the neutrinos,

V

where A is a cutoff energy. Moreover, if the di-
vergences are assumed to cancel those of elec-
tromagnetic self-masses of leptons' 5mle-m

3e 2[16~2 I in(p2/~f2) ]-1

e.m. wk
6m = 5m

' '+5m =finite,

the coupling constant g can be predicted to be

g =38

From this relation and Eq. (4), the mass of B+
can also be determined:

=(3vt2 e2/G)»2=2PP~ .B p'

The weak self-masses of leptons come to have

only logarithmic divergences and are calculated
to be

wk g' A'

l 16 m/ ln + ~ ~ ~

8

where

(2' j P~+m

This mass being so large, a direct proof of this
model (p+P -B++m+, p, + p, -B+ p, + v&, etc )will.
not be completed until a p-P colliding-beam ma-
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