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1.5-2.0 smaller than those previously measured
in the 10-30 GeV/c momentum band. '

To summarize our findings, we have measured
with excellent mass and t resolution the depen-
dence of the slope of the t distribution on mass
for neutron dissociation into the two-body pn
final state. At small t we observe a variation of
the slope parameter with the mass of the pm sys-
tem similar to that found at lower energies. Fine
structure is observed in the pm mass distribu-
tion, particularly at large t values. These gen-
eral features of the data have been interpreted
previously in terms of the dominance of low-
spin s -channel helicity-nonf lip production ampli-
tudes at small (pn ) mass, and the emergence of
higher-spin helicity-flip terms for larger mass
values. ' The pertinence of such arguments will
be discussed in the following Letter.

We thank J. P. DeBrion, C. Bromberg, D. Cha-
ncy, J. Keren, , R. Lipton, P. Muhlemann, D. Spel-
bring, and H. Scott for assistance in the running
of the experiment. We also acknowledge the ex-
cellent support of P. Koehler and the staff at the
Meson Detector Laboratory during the execution
of this experiment.
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'The properties of the neutral beam have been dis-
cussed previously by M. Longo et ai'. , University of
Michigan Report No. UM HE 74-18, 1974 (unpublished).

The neutron spectrum has an average momentum of
-200 GeV/c, with a peak value at -240 GeV/c.

A report describing the design and performance of
the target assembly is in preparation.

We believe that the main source of background is
from neutron dissociation into p«systems. We ex-
pect this background to be at a level of 10% for the
pg signal. It is worth noting that the signal-to-back-
ground ratio observed in Fig. 1(c) is essentially inde-
pendent of the dynamic variables to be presented in this
paper.

See the summary of J. Rushbrooke, in Proceedings
of the Third International Colloquium on Mgltiparticle
Dynamics, ZakoPane, Poland, 1972, edited by A. Bi-
alas, O. Czyzewski, and L. Michejda (Nuclear Energy
Information Center of the Polish Government Commis-
sioner, Warsaw, Poland, 1972).

See T. Ferbel, in Proceedings of the International
School of Subnuclear Physics, "Ettore Majorana, "
Erice, 1975, edited by A. Zichichi (Academic, New
York, to be published). The neutron momentum spec-
trum extracted from our Pb data is consistent with the
results given in Ref. 1.

E. Nagy et 4., in Proceedings of the Seventeenth
International Conference on High Energy Physics, Lon-
don, 1974 (unpublished). The relevant information from
the CERN intersecting storage ring is contained in the
report of A. Diddens which appears in the Proceedings
of the Seoenteenth International Conference on High En-
ergy I'hysics, London, England, l974, edited by J. R.
Smith (Rutherford High Energy Laboratory, Didcot,
Berkshire, England, 1975). For data at low energies
see J. Hanlon et a/. , Vanderbilt University Report No.
VAND-HEP 74(2), 1974 (unpublished).

'For a discussion of this class of models see G. Kane,
Acta Phys. Pol. B3, 845 (1972}.
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We have examined the decay angular distributions of (pn ) systems produced in the reac-
tion n+p —

(p& ) +p for neutron moments between 50 and 300 Gev/c. The production pro-
cess appears to be dominated by comparable contributions from both the pion-exchange
Deck mechanism and the proton-exchange Deck mechanism,

In an accompanying Letter' we presented the
main production features of the dissociation re-
action

n+P- (P 11)+P .

Here we turn our attention to the decay angular
distribution of the (pm ) system for M &1.55

GeV. The qualitative characteristics of the data
are displayed in Fig. 1 in a scatter plot of the
decay angular variables eos8 and y of the proton
in the Gottfried-Jackson (GJ) frame (t channel).
(The data are for 1.2 &M & 1.375 GeV and 0.02 &

—t & 0.2 Gev'. Because no asymmetry about y = 0
is observed, nor expected for unpolarized neu-
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cos8 &0.8 and for cos8 & —0.8, respectively. It
is tempting to conclude from these qualitative
features of the data that two separate production
mechanisms contribute to Reaction (1).

Processes such as Reaction (1) have been dis-
cussed in the past in the framework of Deck-like
models. ' In this paper we will a,iso compare our
data with the Deck production models indicated
by the Feynman graphs at the top of Fig. 2. The
square of a simple Deck-type matrix element for
the pion-exchange contribution to Reaction (1)
ca,n be written as

-I.O 0.0 1.0
cos8

FIG. 1. Scatter plot of the cos~ of the produced pro-
ton versus the P of the proton in the Gottfried-Jackson
frame of the P& system in Reaction (1j). The data are
for 1.2 &M&1.375 GeV and 0.02 &-t &0+0 GeV~.

trons, we have symmetrized the scatter plot
about @=0.) The gross structure of the scatter
plot, namely, the peaking near p = m for cos8 & 0,
and near @=0for cos8&0, and the corresponding
depletion of events outside of each y peak, is a
common feature of the data for M ~1.55 GeV that
does not depend strongly on the specific values
of the mass M of the (pw ) system or the square
of the four-momentum transferred to that system
(t).' Projections on the y axis of the data shown
in Fig. 1 are presented in Figs. 2(a) and 2(b) for

where n, =0.9(t, —p') is the pion Regge trajecto-
ry, p. is the pion mass, and t, and t are squares
of the four-momentum transfers; s,p and s, are
squares of the wP invariant masses as indicated
in Fig. 2(a), and u, is the square of the four-mo-
mentum transferred to the pion from the incident
neutron. The m p elastic differential cross sec-
tion is taken proportional to exp(8t). An analo-
gous expression can be written for the proton-
exchange Deck calculation [Fig. 2(b)], with the
substitution of np for & & where Q'p = 0 35+0 9Q,
is the proton Regge trajectory, and with the sub-
stitution of exp(10t) for exp(8t) to account for the
difference between mp and pp elastic scattering:

exp(4u, )[~(s,~ —t, )]' ~Mlp-
(o'p —2 )

(b)
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FIG. 2. Projected p distributions from data in Fig. 1
for (a) cos~&0.8 and (b) cos0& —0.8. The Deck dia-
grams expected to dominate in these regions of cos~
are shown above the data. The curves are calculations
of Deck contributions described in the text.

Expression (2) is dominant for cos0&0 while ex-
pression (8) is important for cosg &0. [We have
introduced a multiplicative form factor exp(4u, )
in expression (8) in order to diminish the contri-
bution from proton exchange for cos8&0. We
will show subsequently that, with this additional
form factor, expressions (2) and (8) provide a
surprisingly good understanding of the structure
in the data observed in Fig. 1.]

In the GJ frame, expressions (2) and (8) depend
on y through the terms 8,' and 8,', respectively.
This dependence, which is indicative of the vp

and PP off-shell elastic scattering, is an essen-
tial aspect of the Deck model, and consequently
the y distribution in the data is a clear indicator
of the contribution of Deck-like processes. The
curves superposed on the projected y distribu-
tions in Figs. 2(a) and 2(b) have been obtained by
using expression (2) for cosG & 0.8 and expression
(8) for cosO & —0.8, and normalizing each to the
data. The model curves are in good agreement
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Flo. 3. Contour plot of cos6 versus p of the proton

in the GJ frame calculated using equal amounts of Deck
expressions (2} and (3}.

with the data in the separate regions of cos8 and
imply the presence of both the pion-exchange as
well as the proton-exchange Deck contributions
to Reaction (1). [The shape of the pion-exchange
contribution for cos0 & —0.8 is similar to that for
cos8&0.8, and therefore cannot explain the data
in Fig. 2(b).]

In Fig. 3 we display the contours of equal cross
section in the (cos8, y) space obtained from an
addition of equal amounts of expressions (2) and
(3). It is clear that the main features of Fig. 1
are reproduced rather well by the superposition
of contributions from the two Deck diagrams.

We have not attempted in this note to compare
the M and t characteristics of the data with those
provided by expressions (2) and (3). In the past,
such comparisons have established that there is,
in fact„qualitative agreement. in t and M between
processes such as Reaction (1) and Reggeized
Deck models. ' Our preliminary studies also sup-
port this general conclusion4; in addition, we

find that the sort of detailed M-t correlation ob-
served for small M values' cannot be reproduced
using expressions (2) and (3).' More sophisticat-
ed Deck models involving rescattering correc-
tions (absorption) have recently been proposed
to account for the details of the M-t interdepen-
dence. '

The origin of the strong correlation between
the mass M of an inelastic system produced in
diffraction dissociation and the square of the
four-momentum transferred to that system has
been the object of extensive investigation. ' One
class of models suggested for understanding the
t-M interdependence in these highly peripheral
reactions is based on the assumption that s-chan-
nel helicity amplitudes for small masses (M a1.3
GeV) are dominantly helicity nonf lip. ' These
models would predict a steep differential cross
section for small t and a dip or sharp break near
—t -'0.2-0.3 if the helicity nonf lip system is pro-
duced peripherally (i.e. , near an impact param-
eter b 1 fm). The contributions from the helici-
ty-flip amplitudes are hypothesized to become
more important as the mass and spin of the dif-
fractively produced system increases, thus lead-
ing to a substantial broadening of the t distribu-
tions with increasing M values. A particularly
simple approach of this kind, ' one in which the
diffractive amplitudes are taken to be imaginary,
contains specific predictions for the t dependence
of the moments of the angular distributions which
will be discussed below.

In Table I we show preliminary results for the
normalized low-order moments (F& ) versus t
for fixed mass M (1.300-1.375 GeV) in the helic-
ity frame. (No background subtractions have
been made in the data; however, the moments in
the background sample are similar to those char-
acterizing the signal. See Fig. 1 of Ref. 1.) The
(I'») moment in the helicity frame consists of in-
terference terms proportional to a helicity-non-
flip amplitude and a helicity-flip amplitude. In

TABLE I. Low-order (F&„) in helicity frame for 1.300 &M&1.375 Gev.

(GeV') (I'gp)

0.02-0.05
0.05-0.08
0.08-0.12
0,12-0.20
0.20-0.40
0„40-0.60

-0.096+ 0.006
-0.081+ 0.008
-0.085+ 0.009
-0.044+ 0.010
-0.062 ~ 0.011
-0.123+ 0.014

0.015+ 0.005
0.026+ 0.007
0.030+ 0.008
0,065+ 0.009
0.130+ 0.009
0.102+ 0.012

-0.065+ 0.006
-0.079+ 0.008
-0.084+ 0.009
-0.112+ 0.009
-0.120+ 0.011
—0.067+ 0.015

0.017+ 0.005
0.042+ 0.007
0.051+ 0.007
0.068+ 0.008
0.026+ 0.011

-0.040+ 0.014

0.012+ 0.005
0.041+ 0.007
0.059+ 0.007
0.102+ 0.008
0.132+ 0.008
0.064+ 0.012
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terms of the simple s-channel peripheral model
discussed above, ' one therefore expects (F») in
the helicity frame to pass through zero at the t
value where the break is observed in the differ-
ential cross section. Although this prediction
may not be true in the general case when absorp-
tion corrections are important or when the phas-
es of the individual s-channel helicity amplitudes
differ, two specific models which we have ex-
amined' indicate that the zero in (F») near —t
-0.25 GeV' is preserved when such complica-
tions are taken into account. The observed ab-
sence of this predicted zero in (Y») implies that,
at the very least, the simple s-channel peripher-
al model cannot be the dominant production pro-
cess. (Similar behavior is observed for (F») for
all M &1.5 GeV. )

We conclude that the spin structure of diffrac-
tively produced, low-mass, Pm systems is in
essential agreement with predictions of Deck-
like models. It is questionable, however, wheth-
er the t-M correlation and the sharp break in the
differential cross section near —t -0.2-0.3 for
small values of M can result purely from elastic
rescattering between the final-state particles in
Reaction (l), as has been proposed by Tsarev. '

We thank E. L. Berger, G. Fox, and H. Miet-
tinen for helpful discussions.

*Research supported by the U. S. Energy Research and
Development Administration.
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The pion-exchange contributions to the two-photon amplitude are derived and gauge in-
variance of the complete amplitude is shown. A low-energy theorem for a general two-
photon process is derived and the pionic contribution to the magnetic susceptibility is
calculated. The contribution of this quantity to n-p two-photon radiative capture is shown
to be small.

The recent experiment' on two-photon decays
in thermal n-P capture has rekindled interest in
two-photon processes in nuclei. Although the

large rate found in this experiment is in disagree-
ment with a more recent experiment, ' theoretical
interest has centered on "exotic" contributions
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