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Fn. 1. Feynman diagram for the Deck. effect,

the virtual scattering, strongly favors a kinematical

configuration in which particles 4 and 5 are emitted
parallel in the laboratory system. The preference of the
pm system to be parallel provides the enhancement in
the low-energy region, where the p and x have lower
relative velocity.

The difference between the kinematic enhancement in

KX~ Ap~

and the kinematic enhancement in

arises predominantly from the difference in the lower
vertex of Fig. 1, where one has the reactions

(1b)

where s4 ~ is the square of the invariant mass of par-
ticles 4+3 (the p and n., respectively); W is the total
energy in the over-all c.m. system, p~ is the magnitude
of the 3-momentum of particle 1 in the over-all c.m.
frame; t = (pq —p3)' is the (negative) 4-momentum
transfer between 6 and 3, lV is the square' of the four-
momentum of the virtual particle, and

y, t a +(m, m—,)'j[a +(m4+m, ) )
c (s') = (4)

4m 2(+2+m 2)2

is the spin-summed square of the vertex function for

K —+ p'+v, irtual E
divided by the square of the propagator, and SU3 has
been used in writing the pEE coupling constant in
terms of the pnm coupling constant f„For a. width
I"(p' —& ~+s ) of 100 MeV, one has f,'/4+=2. 0. The
quantity ~M2~' is related to the scattering of 2+3 —+

5+6 with all particles on the mass shell by

do. (2+3 ~ 5+6) 4m' p6

dQ ~5, 6 p3

respectively. The inelastic reaction (1b) falls off rapidly
with increasing energy:

o (EX +h.n.) s '—

where s is the As c.m. energy, while o(sX —+ xE) is
constant at high energy. ' This falloA in energy produces
a preference for small s, where reaction (2b) contains
a substantial nondi6ractive part. Furthermore, there
is some evidence' that the diffraction part itself is
less sharply peaked. In addition the s ' energy de-
pendence favors a kinematic configuration where the
x and h. are parallel, which is quite different from the
kinematic con6guration which produces the Deck effect.

In order to confirm these ideas, we have made
numerical calculations for reaction 1. The diGerential

' D. R. O. Morrison, in Proceedings of the Stony Brook Con-
ference on High-Energy Two-Body Collisions, 1966 (unpublished).

6 See Proceedings of the Thirteenth International Conference on
High-Energy Physics, Berkeley, 1966 (University of California
Press, Berkeley, 1967). M. Ferro-Luzzi, Rapporteur, presents the
energy dependence of the coefficients in a Legendre-polynomial
expansion of the diGerential cross section from 0.5 to 2.2 BeV/c
incident E lab momentum of reaction 2. The angular distribution
at 2.24 BeV/c is presented in G. W. London, R. R. Rau, N. P.
Samios, S. S. Yamamoto, M. Goldberg, S. Lichtman, M. Primer,
and J. Leitner, Phys. Rev. 143, 1034 (1966). A reasonably good
fit to their histogram may be obtained by taking 40'Po diffraction
scattering of the form Co/dt =s ' exp(5.5t), where t is in (BeV/c)'
and 60'P& of a second-order Legendre-polynomial expansion. The
histogram also is 6tted by assuming as little as 25%%u& diffraction
scattering with an exponent of 2.5$.

where s~6 is the square of the invariant mass of 5 and 6
Ls„=—(p,+p,)'j, and )p&] and )y&[ are the magni-
tudes of the 3-momenta of particles 6 and 3, respec-
tively, in the 5+6 c.m. system. In Eq. (3), the angular
integration over qsdcos8~dyq is to be performed in the
4+5 c.m. system, where the 3-momentum of particle
5 is q&. We have, for the purposes of numerical com-
putation, taken the numerator in C(b2) at LB=0, as
opposed to taking it on the mass shell, since for the
masses of E+E p the mass-shell values would yield a
negative contribution to the cross section. We have
also taken the mass-shell values for the scattering at
the lower vertex. This method of dealing with the dP

dependence at the vertices is used in conjunction with
the neglect of the propagator form factors of the
Ferrari-Selleri type. The ambiguities associated with
the off-mass-shell effects preclude the possibility' of
obtaining a reliable estimate of the absolute magnitude
of the contribution to the cross section of the Deck
effect.

In Fig. 2 we show the results of our calculation for
the pm. mass distribution for KÃ —+ pmA. at 3.52 BeV
c.m. energy corresponding to 6.0 BeV/c incident lab

' Our metric is such that p'= p„p„=—m' for a real particle of
mass m.

J. M. Shpiz, K. W. Lai, and M. S. Webster, Phys. Rev. 153,
1722 (1967), have shown that the shape of a mass distribution
similar to one considered here is insensitive to wide variations of
the 6' dependence of the matrix element while the total integrated
cross section can vary greatly for diferent choices of the cV
dependence.
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momentum. The vertex function for EÃ —+xA. has
been chosen to fit the observed angular distribution as
dlscusscd ln Rcf. 6. Fol coIQparlson we have shown thc
curve corresponding to Deck's original calculation'
for mE —+ ~g at 2.8 3CV c.m. energy. The curves show

Fro. 2. Curve e shows mass-squared distribution for pal- in
mÃ ~p~g at g =2.8 BeV using dg (~&~ zr3$ jdt =pe+, where t is
in (BeV/c)2 (original Deck eft'ect). Curve b shows mass-squared
distribution for pw in EE —+pmA at iV=3.52 BeV using for
do(EX —+ mA) jdt the fit discussed in Ref. 6, Both (a} and (b)
have been arbitrarily normalized to the same peak.

clearly that the kinematic enhancement in the E reac-
tion varies much more slowly over the low-energy
region of interest than does that from the x reaction.

From the above calculations, we conclude that a
more suitable reaction for searching for low-mass
resonances such as 'the Ag(1080) 1s K)V~Aps (not
s p —+ pprr), where the usual Deck-type background is
greatly reduced. In addition the possibility of inter-
ference between the kinematic background and the A~
enhancement' is also reduced in the KÃ reactions
since the competing kinematic configuration will, in

general, favor an angular distribution different from
that of the A~. Similar conclusions can also be drawn
for the E'*(1300) from the reaction e.p ~AX*(890)e..

We wish to express our gratitude to Dr. Ralph P.
Shutt for encouragement and support, and one of us
(IMS) thanks Dr. R. Ronald Rau for the hospitality
shown him at Brookhaven during the summer of j.961
when this investigation was undertaken. Thanks are
due also to Dr. R. M. Lea and Dr. N. P. Chang for
helpful discussions.

9 G. Goldhaber, Phys. Rev. Letters 19, 976 ('1967).
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Single- and Double-Pion Production by One-Pion Exchange
and a Comyarison with Experimental Data

between 1.0 and 20 GeV/cf
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Stgnford Iineor Accelerator Center, Stsanford University, Stgnford, Califonuu 94305
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A detailed comparison has been made between predictions of elementary one-pion exchange (OPE) and
existing experimental data. The Benecke-Burr {BD) parametrization was used to describe the vertex
functions. The BD parametrization has one free parameter E for each vertex. The momentum transfer (t)
distributions as measured between 1.6 and 10 GeV/c for the reactions pp —+ Z 6++

I 4=~(1236)j, pp —&

5~n, x+p —+ D~po, and m=p ~ np' were used to fit the parameters ggg, g~~, and Rp which describe
the EEm, d,Em-, and pm~ vertices. %ith the three-parameter fit an excellent description of the data is
achieved for (r

~
(1 GeV' at all energies, a result which independently oi any model demonstrates that the

energy dependence of these reactions is that of elementary OPE. From the g parameters, values for various
pionic rms radii were deduced: (r~~ 2)"2= 1.06%0.04 F, (rz& ')" =0.86~0.02 F, and (rp )'I =0.65&0.05 F.
The %Ex and AFm values agree with results from 7' and ep scattering. As a further consistency check, the
BD parametrization was used to describe the ($, $) pion nucleon phase shift bg3 in the neighborhood of the
h. A good Bt to the 833 data is found. The value of Aq~ agrees within 20% with that from

theist

to the t
distributions. The OPE predictions were calculated for the reactions x+p ~ px+x+m in absolute magnitude
and compared with available experimental results on e6'ective-mass and momentum-transfer distributions
at beam momenta between 2.1 and 20 GeV/c. En general, the shape of the distributions is quite well re-
produced. Bumps which are present in the p2m- mass distributions, and which may be taken as evidence for
the production of nucleon isobars, can be understood as rejections of the OPE process. The OPE contribu-
tions are substantial at all energies; they amount to ~40'Pz near threshold and increase to 90 jo at 20
GeV/c, in contrast to the naive expectation that at higher energies the exchange of particles with higher spin
will dominate.

I. INTRODUCTION

INCR the idea of the dominance of one-pion ex-
change (OPE) was developed a decade ago, ' nu-

merous OPE calculations have been carried out using

$%'ork supported by the U. S. Atomic Energy Commission
and the Bundesministerium fiir Wissenschaftliche Forschung,
Germany.

different techniques to calculate oQ-mass-shell correc-
tions for the vertex functions involved. For some reac-

~ On leave of absence from the Deutsches Elektronen Synchro-
tron (DESV),' C. Goebel, Phys, Rev. Letters 1, 337 (1958); G. F. Chew and
F. E. Low, Phys. Rev. 113, 1640 (1959); F. Salzmann and G.
Salzmann, ibid. 120, 599 (1960); S. D. DreH, Phys. Rev. Letters
5, 2N (1960);1Rev. Mod. Phys. BB, 458 (1961).


