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A new function, the specified-projectile displacement function p.
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£), 1s introduced

\ i
to describg d\sp]chment cascades in polyatomic materials. This’?bnction describes
the specific collision events that produce displacements and hence adds new infor-

mation not previously available. Calculations of p,

for Mn0, A1,0, and Ta0

. (E)
are presented and discussed. Results sh'w that tne’ﬂgrameters that hgv the largest
effect on displacement collision events are tho PKA energy and the mass ratio of the
atom types in the material. It is furthe- shown that the microscopic nature of the
displacement events changes over the entire recoil energy range relevant to fusiou
neutron spectra and that these changes are different in materials whoSe mass ratia
ts near one than in those where it i1s far fram one.

1. INTRODUCTION

Polyatomic materials such as alloys, insu-
lators and ceramics play an important role in
many fusion reactor designs. The basic dis-
placement process in these materials is more
complicated and requires significantly more
paramcters for its description than is the
case for monatomic materials. Consequently,
the characteristics of displaccment cascades
produced in polyatrmic materials by energetic
particle irradiations are much less well under-

stood than those produced in monatomic materials.

In polyatomic materials the relative masaes of
the various atom tyres can have a strong in-
fluence on the aumbers and types of defects pro-
duced, and new defect species can occur - e.g.,
those arising froam disorcering replacements.
The description of displacement cascades in
polyatomic materials thus requires the use of
more complex funutions than needed in the aco-
atomic case.

In previous studies we have investiguted
s number of Lhe festures of displacement cas-
cades in poiyatomic materials [i~3]. The
approach used in these iovestigsticns was to
calculirte, as s function of the type and encrgy
o’ the PXA producing the caacede, the Jdawage
energy depisited iu the zaterial; the total
number of stovas of eacu species displaced; and
tbe net number of these Aisplaced atums which
vere nol subrequently recuptured in replacement
collisions. These polyatomic damige energies
anJd total aud net displacerment functions werer
evaluated for a number of diatomic motevials
and a fev triatomic materials, and the resulta
obtained provide much informatiun about the
general propertica of displacement casscades in
polyatomic materials. However, these three
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functions still fail to determine a number of
interesting internediate and final features of
a cascade'e development.

We have therefore defined and studied two
new functions characterizing displacement cas-
cades in polyatomic materials, which contain all
the infoimation of the total and net displace-
sent functions and much additional information
which is micsing from them. One of these new
functions, which we term the specified-pro-
jectile displacement function, will be described
herc. 1t characterizes displacement event: not
only by the type of the atom displaced but also
by the type of the atom that displaces it -
which, of course, is [requently not the same as
the type of the PKA which initiated the cascade.
The second function, which characterizes tte
precise nature of all replacement events, will
be discussed 1n s future paper.

2. The Specified-Projectile Displacement

Function

The specified-projectile displacement func-
tion Py (E) is defined as the average number of
type-k Jtoms vhich are displaced from their
siteoc by tLype-j atoms ir a displacement cascode
initiated by a PKA of type i and energy E. The
PKA itself is not counted by Py k(E). An integ-
rodifferential equation to dete}mine the apeci-
fied-projectile disjplacement function can be
derivead by the methods of Linhaid et al. [4-6]
and our previous studies [1-3]. Let

do, (E;Iz
dT

be the differential scattering cross scction for
a moving type-i atom with energy E to elasti-
cally tranrfer kinetic energy T to a type-j atom,
P, \T) the probability that the type-j atoam will
tﬁen be displaced, Ej the binding energy (t



loses in the displacement process, and A. (E-T)
the probability that the incident atom (tdee
with energy E-T after the collision) will be
trapped in the vacated type-j sjte. 1n addi-
tion, let M. . = 4M. M /(M. + M. )" be the kine-
matic energy transtet efficieﬁcy for the colli-
gion, 8.(E, the eiectronic stopping power of
the material per unit atom density for a type-i
atom of energy E, and fi the atonic fraction of
type-i atoms in the material. The equation for
the specified projectile displacement function
is then

dp. .. (E) E  do., (E,T)
1j6'E) j“‘uz ig
s, (E) dE i 2 ) d7 aT

- gb
x {pg(T) 18,8, + 2y (T = ED)] (1)

+ [1 - pz(T)Au(E -T)) pijk(E -T) - pijk(E)} ,

where the sum over £ is over all atom types in
the material. In the first bracket term 1in
the integral, pQ(T) gives the probability that
s displacement occurs; and the first term in
the bracket counts the resulting contribution
to p, iy if the incident and struck atoms are
of tﬁé proper typee, while the second term in
the bracket counts subsequent effects of the
displaced atom. The second bracket term takes
sccount of subsequent effects of the incident
particle itself provided it is not captured
in the current collision (probability
[1 -p (T)Aiz(E-T)]). Finally, the last term
in the”integral and the term on the left of
the equation arise from motion of the atom of
type i with electronic energy loss, but with
po atomic collision [2].

For sll the calculations discussed here,
l:nrf-zhreshold forms of Py and A‘g were assum-
ed; i.e.,

0, T<E
b, = y (2)
1, T > E§
cap
aoe | E )
i cap -
0, E > E{p

Here Ed is the average gssplacement threshold
for type-£ atoms, and Eigp is the average cap-
ture encrgy belosw which 3 type-i atom will be
trepped in a vacated type-£ site. | It was also
as:uaed n the calculations that E, = O and

ES® = EY (cf. {3]). In describing our results
fét divtomic material:r below we have used the

gotaticn AxBy(Eiip, EI;? E;;r. E;;p). with the

ca . . )
g2P expressed in eV, to characterize the mate-

ri3dl. 1ln conjunction with the above assumptions,

this format pro .des a complete description of
the material parameters used in a calculation.
The values of the p.. are actuallv quite insen-
sitive to the choicéJ&f the Ecgp for i# j; thus
even though particular choiceidof these latter
parameters were made in the calculations dis-
cussed in the next section, the results can be
considered to be essentially independent of
those choices.

3. RESULTS

Once 8 set of material parameters is chosen
Eq. (1) may be numerically integrated to deter-
mine the p., (E). Note that p..k(E) is not the
total numbdiof type-k atoms digplaced in the
cascade initiated by the PKA of type i and ener-
gy E, but oaly the subset of them which are dis-
placed upon being struc' by type-j atoms - hence
the name "specified-projectile'" displacement
function. A determination of how the number of
displacements per cascade for a given projectile
atom type j and displaced atom type k depends
on the properties of the material is clearly
needed for an understanding of displacement cas-
cades in polyatomic materials.

Using certain choices of the E ', we have
calculated the specified-projectileléisplacement
functions for the diatomic materials MgO, Al,O,,
and Ta0. It is convenient to describe the re-
sults obtained by introducing the displacing
atom fraction ijk(E)’ defined as

cap

For a cascade initiated by a PKA of type i and
energy E, Ri'k(E) i+ that fraction of the total
number of tyﬁe-k displaccments that was produced
by type-j atoms.

First consider the case Mg0(62,62,62,62),
wvhere the two atomic species occur in equal nun-
bers and have relatively similar masses, and
wvhere all the displacement thresholds and cap-
ture energics sre thce sawe. Values of the
Ri k(E) for this situation are shown in Figs. 1
ané 2. Note that the asymptotic values of the
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Figure 1. Values of the ratio R { for the
material MpO (62.62.6}.&2) as a
function of PRA energy.
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R are not equal to 0.5, and that they ere nct
Lﬁékuanc for Hp as for O PKA's. In addition, all
the R are great_r than any of the k with

i# Jxaﬁe to the penerally greater e(f}ékency of
energy transfer between equal-miss atoms (ct.
[2)}. Finally, Mg atoms in Mp-initiated cascades
are more effective in producing displecencnts
than are O atoms in O-initiated cascaden, prioa-
rily hecause the hcavier atoms dissipate less
kinetic encrgy through electronic excitation {2].
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Fig 6. Values of the raric R, for the
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functiorn of PKA energv.

Figs. 3 and 4 shov results obtained for the
case Al,0.(18,45,45,72), vith the choice of dis-
placemefit"thresholds based on the work of Pells
and Phillips [8). The masses of the two atom
types are again relatively similar, but now the
two species appear with different atomic frac-
tions and have quite different displaceanent
thresholds. R,_ .(E) 1s larger for A)_J. than
for Mgd primariiy because at :nergizs“néar the
threshold for an Al atom to displace aa O atom,
vhere R12 becomes nonze.o, the low thresheld
for Al maicl it more probable for an G stom to
displace an Al atom thaan another O atom. A
similar effect 1s seen for R 1 (E). As the PKA
energy increases thais un:quaf-lhreshold effect
becomes less important The stcichiometric
effect of the relatively preater number of O
atoms in the material displays itself i the
fect that, away from threshold, the Rka arc
all gi.eater than in the case ot Mg0.

Regults for the material TaG(60,60,60.60)
are shown in Figs. S and 6. Ir this case the
atomic fractions, displacement thresholds, and
Capture energies gre all the sams, but the Ta
mass is much greater than the O mass. The
dominant role of the high-mas: atom in the dis-
placement process is evident in tha figuves; one
sees that K. >> R, & at all enerpies, and at

high cnergtéllkllz QZ 122° Also note that the



displacement cf an atom by ancther atzm of the
same kind occurs more fregyuently tnan in the case
of MgD, where the lwi atomiC mIsSses are msre
nearly egual. A particularly striking exasple

of the heavy-atom dsminance can be seen 1p dis-
placement cascales with G PEA s; above 10”eV the
value of E’ll tecomes considerably greater than
that of R_ . | showing the enhanced efficiency of
getting efiergy intc mzving Ta atcms.

It is seen that for all the cases considered
the asymptotyc values of R (L) are not reached
until E > 107 eV. Thus unt1¥ rather large FKA
energies are reached the specific czllision events
wvhich produce displacements are changing. The
general energy dependence of K _ (E) 1s somewhat
similar tc trat observed for thd distribution of
displaced atom types [3].

‘. Conclusion

The specified-projectiie displacement func-
tion Py, (E) describes the specific collision
events ikat oroduce displacements. By zalcu-
lating values of this function fer several tvpes
of diatomic materials, we have found that the
two parareters that have the lavgest effect on
the displacement ccllision events are the PKA
energy and the masts ratio of the atom types ain
the material. It 1s of conseguence tc studies
of polyatomic materials for fusion reactor
applications that the microscopir nature of the
displacement events 1s charging over the entire
recoi1l energy range relevant tec fusion neutron
spectra, and that these changes are quite
different in materials where the nass rario 1ic
nedr one tban 1n tnose where 1t is far from ome.
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