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considered isotropic, and the neutron exit chan-

nels were assumed to dominate in the total width
Iy for compound-nucleus decay. The level
densities DJ'1 of both the compound and final
nucleus were determined from the statistical
model with parameters from Gilbert and Cam-
eron.’ The width I'; was determined from the
sum 2nFJ/DJ=Ef Tlfn oxer the neutron trans-
mission coefficients” 777" to the final states
f. Only allowed combinations of orbital angu-
lar momenta /, nucleon spin, and nuclear spins
were included in the sums. The alpha-particle
width was calculated from 27 FJO‘/D = TJO‘,
and optical-model determinations” were used
for the capture cross sections 0.

The calculated width in the upper part of
Fig. 2 was obtained by I'™! =ZJ[‘J—‘0J/Z)J0J,
which approximately represents the resultant
width observed from fluctuations. When con-
sideration is taken of the approximate nature
of the statistical model, the omission of charged-
particle exit channels, and the neglected cor-
rections® for large transmission coefficients
in the [ j/D;determination, the agreement
between measured and calculated widths could

be somewhat different.
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Quite recently a representation for the two-particle partial-wave (potential) scattering amplitudes,
both off and on the energy shell, was described in terms of a solution of a manifestly nonsingular in-
tegral equation.! Besides exhibiting desirable qualities with respect to unitarity and threshold behav-
ior in connection with the on-shell amplitudes, it was also pointed out! that certain features of this
representation suggest a separable approximation to the off-shell amplitudes which permits a sim-
plification of the Faddeev equations.? In the present note we first wish to establish the equivalence
of the results of reference 1 to those of a previous, apparently different, analysis.® This, we feel,

may make manifest the mathematical implications of this representation. Then using the methods of
reference 3 we will determine an explicit general form for the nonseparable part of the off-shell am-
plitude which should be useful in estimating the magnitude of this term. Some comments on off-shell
unitarity? are also made.

In order to include the equations employed by Lovelace,? it will be convenient to consider first the
integral equation

2 © 2
Ko, 0=V (0,028 [ dazvip, 0K, b), )

which is satisfied by the partial-wave amplitudes, K(p,*), of the K matrix.®® Equation (1) can be re-
duced to a Fredholm form by setting p =% in (1), multiplying this by 7(p,k)=V(p,k)/V(k,k),® and sub-
tracting the resultant expression from (1) to obtain

K(p,k)=T(p, K (k, k) + [“dq A(p,q)K (g, k), (2)
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with
A(p,q)=2/mMV(p,a)-(p, )V (k,q)](k*~¢*) 7.
The solution of the Fredholm equation (2) can be expressed as
K(p,k)=f(p,R)K(k,E), 3)

where f(p, k) satisfies (2) with an inhomogeneous term 7(p,k). If the expression (3) is inserted under
the integral sign in (1) and then p is set equal to k in the over-all expression, one obtains an explicit
form for K(k,k) in terms of f(p,k). Also, since (g—Fk)A(p,q)=0 for g =%, it is clear that the same
analysis holds with (k*-¢?)~! replaced by (¥*-¢®+i€)~!in Eq. (1), and so we have for the T matrix

T(p,k)=f(p,R)T(k, k), (4)
where again the on-shell amplitude, T(k,k), is expressed in terms of f(p, k).'» If2 we recognize that
the partial wave, a(p), of the scattered wave in momentum space is T(p,k)(k*~p°+i€)~!, then we re-
cover with Eq. (4) the formulation of reference 1.

Instead of following reference 1 in considering the complete off-shell amplitude, Tp(p,p’), which
satisfies

T, (0,00 =V(p,0)+2 [ a3 —V(p,0T, (0,0 )
k ’ - ’ mJo kz_qz+i€ ’ k ’ ’

we again perform a Fredholm reduction on (5) to obtain”

T, (p:p") = (b, )T (b, )+ [V(p,0)=7(p, R)V (R, )]+ [“dg Ap, )T (@,p").

It is clear then that with the aid of (4) we obtain

T,(0,p") =F (0, TR, R)F (D", k) + £ (p,0")~ (p, R)T(p" , R)IV (%, k), (6)

where f(p,p’) satisfies (2) with an inhomogeneous term V(p,p’)/V(k,k). The nonseparable term on
the right side of (6) can be reduced to a concise form if we note that the resolvent kernel, Rn(p,q),
corresponding to A(p,q), satisfies

®, (0, 0)=A(p,q)+ [ “dp’ Alp,p )R, (p",4)
=A(p,q)+ [“dp' ®, (p,p")A(p’,p).
One easily finds then that
T, (0,0")=f (B, )T (b, k) (D', F) + (GT) (R*=p )R, (b, 1"). (7
We note that
(#*=p*)®, (p,p") = (K*-p*)R, (p', 1),

and that ®(k,p) =0 for all p, which shows explicitly that the nonseparable term vanishes when either
p or p’ is equal to k and also explains the apparent lack of symmetry of this term. Finally, we re-
mark that the representation (7) is valid whether or not the interaction permits bound states, in con-
trast to the treatment of reference 1.

Since f and &, are real, it is easily shown that the amplitude given by (7) satisfies the off-shell
unitarity relation® for any approximation to f which satisfies f(k,#)=1 and for any (real) ®, in the
nonseparable term. In particular, if we neglect the nonseparable term, i.e., we take ® =0, then
we are still left with a unitary amplitude even off the energy shell.

The validity of the approximation of setting ®;, =0 in the nonseparable term is unknown at present.
However, in calculating f(p, %), ®p =0 is a fair approximation for typical potentials, and in the cal-
culation of the scattering amplitude ®p =0 is precisely equivalent to assuming a plane-wave trial func-
tion in the Schwinger variational expression for T(k,%).> Some separable approximations to ®j, even
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when the potential is not separable have been discussed elsewhere.®
We should like to thank Professor H. P. Noyes for several communications concerning these questions.
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We consider only the single-channel case for simplicity. The extension to the multichannel case is straight-
forward (see reference 3).

%We assume, of course, that the partial-wave amplitude, Vi(k, k), of the potential is nonzero. See references 1
and 3 for a discussion of the cases when this is violated.

"We have assumed that V(p,q)=V(g,p), which implies that Tp(p’',p)=Tp(p,p’). Reference 3 includes a complete
discussion of the unsymmetrical case.
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Neutrino experiments carried out at CERN!
and BNL? have indicated that the mass of the feet
intermediate vector boson, the W, must be
greater than 2 BeV. This lower limit is essen- BRASS
tially set by the low yield of high-energy neu- M°>'T°" ABSORBER
trinos available from present accelerators. vV
It appears, however, feasible to search for
the W produced in nucleon-nucleon interactions. )

This process can yield W’s of mass up to 3.3 PROTON ?3:;[::216
BeV with the proton energy available at the pEAM

Argonne zero-gradient synchrotron (ZGS).
Recent theoretical calculations?® indicate that
the cross section for W production is of the
order of 10~° of geometric. This cross sec-

BRASS
ABSORBER

FIG. 1. Layout of experimental apparatus. Numbers
1 through 9 indicate plastic scintillator counters.
Counters and the target are not to scale.

tion taken with a branching ratio of 3 to the BeV/c momentum (2 x 10°/pulse) was incident
channel W - u +v gives a flux of muons at large on a 3-in.-long uranium target. In this para-
momentum and angle (4-6 BeV/c at ~20° lab site extracted proton beam, about 3% of the
angle) which is significantly above the unavoid- circulating beam of the ZGS is spilled during
able background of muons from other processes. the 250-msec flat top. The beam spot, 1 cm
We have conducted an experiment to detect W in diameter, was continuously observed by a
production in nucleon-nucleon interactions which closed circuit TV-scintillator system. The
is sensitive to W masses in the range of 2 to incident proton intensity was calibrated by
3 BeV. We find no muon signal in excess of gold-foil activation and monitored throughout
that due to 7 and K decay. the run by a triple telescope located at 150°
The experimental apparatus used is shown production angle. A magnetic spectrometer
schematically in Fig. 1. A proton beam of 12.5- viewed the target at a lab angle of 20°. This
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