
TALENT module Nb. 6 Coupled-
hannel 
al
ulations with 
luster models

1.

7
Li+

208
Pb within a two-body 
luster model. We wish to study the rea
tion

7
Li+

208
Pb

at Elab=33 MeV within the 
oupled-
hannels method, using a 
luster model of the

7
Li

nu
leus. We will 
onsider only the bound state of this nu
leus (3/2−) and the �rst

ex
ited state (Ex = 0.477 MeV; 1/2−). These states will be des
ribed assuming a α+t

luster model. The nu
lear part of the intera
tion between the 
lusters is parametrized

in terms of a Gaussian potential with V0 = −87.77 MeV and R0 = 2.52 fm (absolute

radius) and a spin-orbit part, also of Gaussian shape, with parameters Vso = 3.8 MeV and

Rso=2.52 fm. The α+208
Pb and t+208

Pb intera
tions are des
ribed in terms of standard

(volume) Woods-Saxon forms, with the following parameters (Rx = rxA
1/3
t ):

System V0 r0 a0 Wv ri ai rc
(MeV) (fm) (fm) (MeV) (fm) (fm) (fm)

α+208
Pb 35.0 1.547 0.570 9.0 1.547 0.57 1.547

t+208
Pb 161.24 1.20 0.720 18.06 1.40 0.84 1.30

Questions:

(a) Cal
ulate the elasti
 and inelasti
 s
attering angular distributions. Che
k the 
onver-

gen
e of the 
al
ulation with respe
t the the maximum integration radius (rmat
h)

and the maximum total angular momentum (jtmax).

(b) Compare the 
onverged 
al
ulation with the elasti
 and inelasti
 data reported in

the work of Rusek et al, Nu
lear Physi
s A 614 (1997) 112.

(
) Redu
e the maximum total angular momentum to jtmax=25 and re
al
ulate the

inelasti
 angular distribution. How would you interpret the observed os
illations?

(d) Using the information 
ontained in the fort.56 output �le, plot the rea
tion and

inelasti
 
ross se
tion as a fun
tion of the total angular momentum. Comment on

the results in 
onne
tion with the previous item.

2. CDCC 
al
ulation for deuteron s
attering. Consider the rea
tion d+58
Ni at Ed = 80MeV,

des
ribed in a three-body model (p+n+58
Ni). The proton-neutron intera
tion is des
ribed

with a simple Gaussian potential: V (r) = −72.15 exp[−(r/1.484)2] MeV.

(a) Find suitable potentials for the proton-

58
Ni and neutron-

58
Ni systems at the ap-

propriate energy per nu
leon (you may get them from http://www-nds.iaea.org/

RIPL-3/).

(b) With the help of the 
d
 
ode, build the fres
o input for this rea
tion. Consider

only the partial waves ℓ=0,2 for the deuteron 
ontinuum, and set to zero the spin

of the proton and the neutron. For ea
h partial wave, trun
ate the 
ontinuum at

a maximum energy of Erel=20 MeV and dis
retize it using initially 5 bins with the

same width (in k). Cal
ulate the elasti
 s
attering (relative to Rutherford) and the

(angle-integrated) breakup di�erential 
ross se
tion with respe
t to the ex
itation

energy (dσ/dEx). For the latter, you may use the 
ode sumxen installed in the

TALENT server.
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(
) In
rease progressively the maximum ex
itation energy and number of bins until you

get 
onverged (i.e. stable) results for both the elasti
 and dσ/dEx breakup 
ross

se
tions.

(d) Compare with the elasti
 data for this rea
tion (available at the TALENT website).

(e) Remove the 
ontinuum states, and perform a 
al
ulation in
luding only the ground

state of the deuteron. Compare the result with the data and the with full 
al
ulation.

(f) Repeat the 
al
ulation using the DWBA approximation (iter=1, iblo
k=0) and


ompare with the result of the previous item. What 
an we 
on
lude regarding the

in�uen
e of multi-step pro
esses in this rea
tion?

(g) Perform a new 
al
ulation at Ed = 21 MeV. Study the 
onvergen
e with respe
t the

the number of bins and the maximum ex
itation energy (for simpli
ity, use the same

proton and neutron potentials as in the previous 
ase).

(h) Obtain the breakup energy distribution (dσ/dEx) and 
ompare with the results at

Ed=80 MeV. Interpret the results.

(i) At this energy, 
ompare the full CC 
al
ulation with the DWBA solution. Interpret

the results.
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