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cross-section. Modifications are then applied to ac-
Abstract count for nuclear medium effects, notably the Fermi

momentum of the struck alpha particle, the Pauli-
We present a knockout model for direct (n, c_) re- blocking effects, and the influence of the residual
actions in which the residual nucleus is left in a nucleus nuclear and Coulomb barrier on the emit-

continuum excited state. The interaction of the ted alpha particle. Such an approach is also the ba-
neutron with a preformed alpha particle inside the sis of most intranuclear cascade models of nuclear
nucleus is related to the free neutron-alpha scat- reactions. In this work, however, we concentrate on
tering cross-section, with modifications to account the first-step "direct" part of the cascade, which is
for nuclear medium effects, including Fermi motion, dominant for the energies we consider.
Pauli-blocking, and barrier penetration. Phase The influence of phase space restrictions in the
space restrictions for the four nucleons of the alpha- nucleus can be expressed using a Pauli-blocldng
particle after the knockout are imposed by a Pauli- function, as in Chadwick et al.'s analysis of
blocking function. We apply this model, along quasideuteron photoabsorption [5]. As in [5], it
with evaporation contributions, to analyze excita- is supposed that the (n, a) cross-section is propor-
tion functions of (n, a) reactions on 4STi, saV, S2Cr, tional to the available phase space, and Fermi-gas
SlFe, SSMn, and SgCo. Good agreement is obtained state densities are used. We require that the two
between our calculations and experimental men- protons and two neutrons of the preformed alpha-
surements. Values for the local Fermi energy in particle in the nucleus (with a preformation factor
the region from where knockout occurs indicate a Ca) after leaving the nucleus will all have energies
surface reaction, greater than the Fermi-energy CF. The direct com-

ponent of the a-particle emission cross-section can
I. The Model then be written as

Nucleon-alpha reactions provide important infoi aDO ¢_ free - ,
mation on nuclear reaction mechanisms and on

clustering in nuclei. There are a variety of compet- where ](einc) is the Pauli-blocking function that de-
ing mechanisms that contribute to the measured pends on ei_¢ (the energy of the incident neutron),
cross-sections: compound nucleus processes at low a fr_ is the free neutron-alpha cross-section, and- (,,o)
energies; and direct and preequilibrium processes ¢_ is the preforrnation f_ctor. Using a Fermi-gas
at higher energies. At higher energies, reactions momentum distribution for the alpha-part les,
to the continuum are dominated by the knockout
mechanism [1, 2], since the density of final states

increases more rapidly than those corresponding to f(einc) = p,,(e,,)F(e,_ + ei,c)T(ea + (inc)dea,pick-up process. J0
' Our model for (n, a) reactions has close similar- - (2)

- ities to quasi-free scattering models of nucleon and where e_ is the energy of the preformed alpha-
alpha particle emission [3, 4]. The interaction of the particle, relative to the bottom of the nuclear well,

' incident nucleon with the (preformed) alpha parti- pa(e_) is the alpha-particle state density, F(e,_ +
• de is feinted to the free nucleon-alpha scattering ei_) is the Pauli-blocking factor, and T(e,_ + eln_)
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Figure 1: The excitation function of the Figure2: Thesameas in Fig.lfor the 51V(n,e)48Sc
54Fe(n,a)51Cr reaction. V_reshow the calculated reaction.
contributions: ape, (dashed line); OWE (dotted

line); and a(n, an') (long-dashed line). The full Table 1: Values of eF, the nucleon Fermi-energy (in

calculation given by the solid line is o'(n,a)= MeV), for a preformation factor Ca = 0.30. The
aDC 4- aHF -- a(n, o_n'). References to the works low values of the Fermi energy indicate a nuclear
from which the experimental data are taken are surface reaction

given in the text. _tV _Mn _gCo 4_Ti _Cr _4Fe

is the transmission coefficient for the excited alpha- eF 9.0 7.0 6.0 4.0 8.0 4.5
particle to escape the nucleus (which we average for
a range of angular momenta). We assume that the
alpha-particle state density has a Fermi-gas model (n, a) cross-section was taken from l{ef. [8], and the
form, which is consistent with our use of a Pauli- transmission coefficients from the optical potential
blocking factor given by in tLef. [9]. We have taken the value of the pre-

formation factor as Ca = 0.30 in accordance with

F(E) = pP(4p, Z) l_efs.[6, 10, 11].
p(4p, E) ' (3) The calculations of the (n,a) cross-section enable

us to study the dependence of the results on the nu-
defined as the ratio of the four-particle Fermi-gas cleon Fermi energy eF. This parameter is obtained
state densities in which the Pauli blocking is in- by fitting the calculated excitation function to the
cluded (pP(4p, E)) and ignored (p(4p, E)) [5]. experimental data. We have analyzed excitation

functions of (n,cz) reactions ort S4Fe, slV, 5SMn,

Results 59Co,4s'Ii and S2Cr. As an example of our calcula-
tions, we show in Fig. 1 the S4Fe(n, a) reaction, in

We apply our model to anMyze (n, a) excitation Fig. 2 the sl V(n, a) reaction, and in Fig. 3 the S9Co
functions measured using activation techniques. To (n, e) reaction. Experimental measurements from

: the direct contributions calculated with the above R.efs. [12, 13] are compared with our model calcu-
model, we add a compound nucleus contribution l&tion. Our calculation of the (n,cz) cross-section
from the Hauser-Feshbach theory [6, 7]. If there is (solid line) is the sum of Hauser-Feshbach (dot-
sufficient energy for subsequent particle decay fol- ted line) and our direct component (dashed line),
lowing alpha emission, we isolate the (n, a) cross- subtrax:ting secondary alphas which follow primary
section by subtra_:ting such contributions. When neutron emission (long-dashed line). The calcula-
calculating ado with our model, the free elastic lions are seen to describe the measurements well.
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