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1. General Description of CHUCK3

The program CHUCK3 calculates nuclear reaction cross sections by numerically solving an appropriate

set of coupled equations. This treatment di�ers from that of the distorted wave Born approximation (DWBA)

program DWUCK4 which solves the scattering problem to �rst order only in the interaction potential. The

solution to the set of coupled equations, however, solves the problem to all orders in the interaction potential.

However, the program CHUCK3 can be run with a one way coupling from the initial state channels to the

�nal state channels (no back coupling) to give the same result as the the DWBA program DWUCK4. An

e�ort has been made in this program to keep the input data for CHUCK3 in a form as similar as feasible

to the DWBA code DWUCK4. It is recommended that refernce be made to the DWUCK4 instructions for

details (e.g. the form factor, non-locality correction, etc.) which are only sketched in this description.

The are necessary di�erences between the two programs in the mode of running the coupled channels

program. The principal one is that, since the coupled channels program is necessarily non-linear in the

interaction potentials, it is mandatory to include the exact coupling strengths and angular momentum

dependences explicitly in the input parameters instead of scaling the �nal output as is done in the DWBA

programs. Hence, the output of CHUCK3 will be absolutely normalized in terms of the model used to

describe the reaction.

The wave function for a channel c is expanded in a representation which couples the orbital angular

momentum of the relative motion lc to the intrinsic spin of the projectile sc to give jc. Then, jc is coupled to

the target spin Ic to give a total angular momentum J and projection M . The wave function for all channels

is
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The channel index c denotes the quantum numbers (lc; sc; jc; Ic) plus any other quantities needed to com-

pletely de�ne the channel. The function �c

Ic
is the intrinsic wave function for the target and Yc

lcjc
is the

coupling of the relative angular momentum and projectile intrinsic spin function. The �c J
jclc

(kc; rc) are the

radial wave functions for the relative motion in the channel c and is the generalization of the distorted radial

wave functions in DWUCK4. The coupled equations for the radial functions are
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The diagonal term Ucc is the usual distorting potential
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1



where 
c is the reduced mass for the channel c, Vcc may be an optical potential and Vc is a Coulomb potential.

The o� diagonal couplings Vcc0 are
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where J is the usual Jacobian of transformation to relative coordinates. It is convenient to expand the

matrix element in (4) into tensorial components
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where m = Mc � Mc0 � �c + �c0 and Gcc
0

lsj
can be obtained by inverting the above expression and can be

expressed as a sum of products of form factors flsj which can be calculated as an option in the program and

strengths Blsj which must be supplied as input.

The form factors flsj calculated in CHUCK3 assume the zero range approximation as in DWUCK4.

With this assumption the distorted waves and the form factors depend upon only a single coordinate rc00

which di�ers from rc or rc0 only by a scaling factor. The coupling matrix element is then
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where we use the notation k̂ =
pa
2k + 1.

The coupled equations for the channels are solved for the channel radial wave functions �J
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satisfying the boundary conditions �J
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(k; 0) = 0 at the origin and for large rc (where Vcc can be neglected),
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Here, F c

lc
(kcrc) is the Coulomb function regular at the origin and H+
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(kcrc) + iFlc (kcrc) is the

outgoing Coulomb wave, T J

cc1 is the outgoing wave amplitude and �c
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is the Coulomb phase shift. The label

c1 refers to the initial (or elastic) channel. If we de�ne the scattering amplitude as
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then the resulting cross section is
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2. Speci�c Cases of Reactions.

In CHUCK3 the o� diagonal terms which need to be calculated are of the form
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where Ic0 and Ic are the target spins,

sc0 and sc are the projectile spins,

lc0 and lc are their relative angular momentum,

~jc = ~lc + ~sc are the coupled angular momentum,
~J = ~jc + ~Ic is the total angular momentum and

T(j) is the tensor operator for the relative motion with coupling (ls)j.

Applying equations (5.4.1) and (7.1.5) of Edmonds [Angular Momentum in Quantum Mechanics, Prince-

ton Univ. Press 1957] we obtain
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The coe�cents Bj contain the nuclear structure information and for coherent processes the phasing is very

important. The reduced matrix elements in Bj satify the symmetry property




 0jc0 jjU (j)jj
jc

�
=



jcjjU (j)jj
0jc0

�
(�1)j+jc0�jc (2:3)

and the hermitean adjoint is de�ned as

U y(k q) = (�1)k+qU (k � q): (2:4)

Thus all of the spherical harmonics Y m

l
are assumed to carry a factor il with them. In particular for the

rotational model of the nucleus the wave functions should be de�ned as in Bohr and Mottleson [Nuclear

Structure Vol. II, W.A. Benjamin Inc., eq(4.39)].

a) ICODE = 0 Inelastic excitation using the strong coupling collective nuclear model.

The o�-diagonal interaction potential for this model is given by
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