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A theory of partial fusion is used to calculate the competition between escape (breakup) and absorption
(compound-nucleus production) following a deuteron-induced transfer of one neutron to a heavy nucleus at
energies above the neutron escape threshold

Tnz Proola:
» Arises when there is a simultaneous absorption of one

part of a composite system and the need for quantum-
mechanical scattering amplitudes for another part.

» A theoretical model of few-body dynamics needs to be
able to distinguish complete and no fusion from
incomplete fusion. We need, after absorption of one
fragment, to follow still the evolution of remaining
part(s), in order to see whether it escapes (yielding
incomplete fusion) or fuses with the target (yielding
complete fusion). When it may escape, we want to
predict its angular scattering amplitudes.

EXAMPICS
« Using fission probabilities from 239Pu(d,pf), for
example, does not give correct (n,f) cross sections if it
was assumed [1] that all (d,p) transfer reactions lead to
compound nucleus formation. We find that the results

can differ by up to 40% even at 2 MeV of equivalent
neutron energy:
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Theories Proposed to Predict both Outcomes:

Theory Used:

Caloylzriions:
Normal (d,p) formalism:
Top = <WOAr,) O(r) 1 V1 dy(r ) WH(R) >
where ¢(r,): neutron final state in real potential.
dy(r) YH(R): incoming deuteron wave function
V = transfer interaction (post or prior)

Now:
Neutron is in a complex potential V(r,)-iW(r,)
The -iW(r,) describes the loss of flux to CN resonances,
= spreading into CN resonances
= fusion cross section = reaction cross section

So make ‘proton bin’ £(r,,; k) from averaging the proton outgoing waves

And solve inhomogeneous eqn with source term:
[Ho-Enl Wi(ra; k) = <€0(rg; k) 1 VI dy(r) WH(R)>

The CN production cross section is
aCN(kp) =< "pn(rn; kp) | w(rn) | q’n(rn; kp) >

—— CNcross section
—— Breakup escape

Cross section (mb)

0

2 [ 2
Continuum n-target energy (MeV) Lvalue

CN production cross sections Breakup compared with CN production

-~ Britt PRC 175, 1525 (1968): o(d,pf)/o(d,p)
——- Back NPA 165, 449 (1971): o{d.pf)lo(d.p)

Fraction of CN production

2 =
Continuum n-target energy (MeV)

E [ 1
Continuum n-target energy (MeV)

CN production fraction Corrected Fission Probabilities



