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The motion of the alpha particlos ocoasionally enutted m fiswsi
studied  The ofleets of the shape and ounentation ob the fission
lagments on thus motion are considered 1t s shown thal. whie
the il kinetie cnergy of the alpha particle s not sensitive to the
shap s of the fission flagments, it 1s greatly mfluenced by the onenta-
tion of the fragmonts 1t 1s shown also that agreement hetwoen
the calewlated and the observed spectrum of the final kinctie energy
of the alpha particle 1s possible even when the alpha particle isassumed
1o he enutbed with little or no kmetie encrgy  This resultas important
heeause 1t 1s widely believed that expernnental data are consistent
only with lugh rutiel kimetie energy of the alpha particle,

1 INTRODUCTION

The mobon of the long-range alpha patticles occasionadly enulted m bisson has
beetn, and contines o he. studied extensively  Interest e tis subjeet stenis
from the Ll that muc remams 1o be Tearnd. aboub the configuration of flissionmyg
nuelor, and from the behef that the motion of the alpha particies contted m
Hission contams mportant clues Lo that conliguration The mmtal conditions
ol the motion ol the alpha partweles are determined by the configuration ol the
fissonmg nueler  Irom the iwtial conditions consistent with the obscrved
motion ol the alpha particles, therelore, one may infer possible conligurations
ol tissioning nueler  Thus the problen s essentrally an mverted one ol deter-
mining, not the motion ensumg from @ known set of imtial conditions but the
wuatand conditions from the observed motion.

The nuprit of the mutial conditions upon the motson ol the ajpha particles
1% sought. [rom (wo {eatures . the angular and cnergy distribubion of the alpba
particles  These features may be sumarized as follows. First, the angulm
distribation of the alpha particles has been observed, by Lracnkel (1967),
Rawbeek & Thomas (1968), Boneh and co-workers (1967) and Rajagoplan &
Thomas (1972), Lo be peaked at an angle (made by the trajectory of the alpha
partiele with that ol eithes of the magor fission Lragments) ol about 90° and 1o
have v lull-widtl-at-hat{-masimam (FWLM) of 20-30°  Second, the energy
distrbution of the alpha paticles has been obsetved 1o he peaked at about
16 MoV and to have o FWHM of about 13 MeV Ifrom these two featwes many
mjorences have heen made ol the mitial psameters appropate for a hssonmg
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nucleus. There has beon goneral agroement among thexe inferences  But there
has been disagreement. too. By far the most serious dispute has been about
the initial kinotic energy with wluch the alpha particle oxists following scission
Opmions on this question may be divided mnto two categories: thore are those,
o.g.. Ertel (1969), Fong (1969) and Vitta (1971), who believe that the alpha
purticles (and fission fragments) are produced with little nutial kinetic energy.
and there arc those, o.g.. Boneh and co-workers (1967). Rajagopalan & Thomas
(1972), and Nix & Swintocki (1965). who beheve that they are produced with
congiderably hugh kmetie energy

2 Tae EFFRCTS OF THE SAAYES AND ORIENTATION OF FRAGMINTS

Lu thus paper, we preseat results of computer caleulations performed with the
intention ol shedding more hght on, especially, the disputed jnitial kinetic energy
of the alpha particles emitted in fission  The caleulations take into account
the size, shape and ortentation of the fission fragmonts.  This represents a point.
of dopartute from wost of the previous calculations m which the fission frag-
ments have been regarded to be points, with mass and charge but without size.
shapes or ortentation in spaee The ealeulations reported i this papor were
performed fisst by deternunmg the eleetrostatic field due to the two major fission
fragments as v funcvion of the shape and orertation of cach fission [ragment,
and then by following the motion of the alpha particle m that field

For simplicity each of the two major fission fragments was assumed to
be an elhpsoid, with the major and semi-major axes ¢ and b (7 = 1, 2) as shown
m figuee T The electrostatie field E scen by the alpha particle at the position
v s (he superposition ol the eleetrostatic ticlds of the two major fission tragments,
and is of the lollowmg form.

Iy 1. A schomatic diagram showimy tho rolative positions, shupes and orientation ol tho
fisston fragments umnedwtely witer session.  The alpha partiels exists from thoe nock
of the fismonmg nuclous

E() = %

=1

[ qr—r) _ Q@  (3cosOi—1) )
dmey|r—r|®  dme, |r—r]®

whero r,, ¢ and @ = 2qi(@*—b*)/5 are the posiion, charge and olectric qua-
drupole moment of thoe :~th fission fragment, rospectively. 6; is the angle made
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by (r —r;) with the axis of the i-th fission fragment. In og (1), the second term
on the right-hand side represents the dopendence of the electrostatic field scen
by the wlpha particle upon the shapes of the fission fiagments. The cffect of
this depsndence of the electrostatic field on the shapes of the fission fragments
upon the motion of the alpha particle has heen studied by followmg the motion
of the alphs particle in the field E. Save for tho inclusion of the quadrupole
torms in oq. (1), the computer calculations wero porformed in much the same way
a8 hus beon doseribed in detail previously.

We have also studied the effect of the orentation of thoe fission fragments
atl seission. This was done by assuming that at scission the axis of the i-th
fission {ragment makes an angle ¢y with a reforence line drawn through the initial
position of the alpha particle (figuro 1) TFor case m computation, but without
any loss of generality, the reference lino was chosen so that tho fission fragments
made equal ungles with t—that 18, ¢ = ¢, —¢ The dependence of the clec-
trostatic field E; of the i-th fission {fragment on the orientation of the fragment
may bo obtained as follows. TFirst, the fission {ragment is placed with its centre
at the origm and oviented along the z-axis of the coordinate system relative to
which €; 18 to be given The coordmate system (with it the fission lragment)
is then rotated by angle ¢;, counterelockwise for + = 1 and clockwise for 7 =2
(figure 1). In the 1otated coordinate system the electrostatie field of the fission
fragment has terms identical to those m eq (1) The desmed result s oblamed
by transformmg this field back to the origmal (unotated) eoordinate systent.
But hofore the clectrostatic fiolds of the fission fagments are sueperposed to
givo the total fiold seen by the alpha particle, il is necessary to translate the
fission fragments through suitable displacements dy so that their centres Ite at
themr correct initial positions, and once more to transform the electrostatic fields
of the fission fragments accordingly. In this way, one obtains the electrostatic
fiold scon by tho alphw particle for vanous values of ¢, This process is straght-
forward (if todious)  Here there 1s need to write the final result only symbolically
as follows,

2
E(r) = _21 [T(do)R($)IE " (r"), - (2
where 7' and R represent translation and rotation by d; and ¢, respectively

3. REsuLTs

The 1nitial parametors needed in computations of the kind-reported hore
are  tho intial position r, (relative to the major fission fragments from which
the alpha particle oxists, the instant, £, (lollowing seission) at which this happens,
the initial kinetic energy K, of the alpha particlos and the mitial direction of
flight. of the alpha particle (which may be represented by the angle 6, between
the mitial veolocity of the alphe particle and the line joining the centres of the
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major fission fragments). The mfluence of these initial parameters upon the
distributions of the final kictie energy ¥ and the final direction of flight ¢ of
tho alpha particles has been studied before. Tn thus work wo have placed
omphasis on ospocially two other initial parameters : the mital shapes and orienta-
tion of the fission fragments The caleulations weie performed vsmg data for
Cf#2  Only the most probable fission mode, in which the masses aw and charges
q of the fission fragments are m the ratio my/m, = ¢,/ge = 1-1. was consdered.
The initial positions of the fission fragments were taken to be those shown in
figure 1 The numerical values of the major and semi-major axes a, and b were
obtained from the hquid-drop formula for the nuclear radms :

72 AR = 3 (@2-1b), ry = 1-2X 10-1m, - 3

where 4 s the mass numbor of the w-th fisson fragment. The mitial positions
of the fission fragments depend on the shapes of the fragments, wlueh may be
represented by the parnmeter 8; defined as follows.
g, — b
ag® +b*
The mitsal positions of the fission fragments, of course, also depond on the nitial
orientation ¢, of the fragments.  From assumod sets of 8, and ¢4, one may work
out the corresponding initial positions ol the fission {ragments.

@

Wo have studied the effects of the shapes S; and orientations ¢, on the dis-
tribution of the final direction of flight 6 of the alpha particle, coneluding that
the distribution of ¢ 18 not sensitive to variations m 8§ and ¢; However, our
main objective in this study was to determune the effect. of 8y and ¢ on the dis-
tribution of the final Junetic energy E of the alpha particle  Our calculations
have shown that the shapes S; of the fission fragments have Iittle effect on the
{inal kinetic encrgy ol the alpha partiele (figure 2). On tho othor hand, the
orientation of the fission fragmonts has great influence on this energy. Curves
(a), (b) and (c) in figure 2 show the (calculated) depondence of the final kinetic
energy of the alpha particle on the shapes of the fission fragments for three
difforent orientations of the fragments Curve (a) of figuro 2 shows that an
alpha particlo which merely “breaks” off from the fission fragments (that is,
£y =0) at a point on the line joining the centres of the fragments (that is,
By = Py = 0) cannol attain the observed average final kinetic encrgy of 15 MeV.
But curves (b) and (¢) of figure 2 show that it can if it breaks off from fission
fragments which are oriented in the form of a “V” g0 as to makoe angles ¢, and
¢, with a reference line drawn through the seission point (figure 1)  Nor do the
anglos @, and @, have to be large. Figure 2 shows that ¢; and ¢, may each be
only 0-1 radian (that is, about 6°), or less.

The dependence of the final kinotic energy of the alpha particle on the
orientation of the fission fragments is depicted in figure 3 for various shapes of
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fragments.  Once more we see only a weak mflucnce of the shape of the fisson
fragments on tho final kinetie energy of the alpha particle and a very strong
influence on this energy by the orrentation of the fragments Tigure 3 may be
used to estimato the effect of a distribution of the orientation ¢ of the fission
fragments on the distribution of the final knetic cuergy E of the ulpha particle
We have estimated that a spread m the orentation of the fragments of 2°, or
less, about, ¢ — 3° gives rise to a spectrum of the final kimetie energy & of the
alpli partiele consistent with what has been observed  Tlus estimiate sees
1o us to he both possible and plausible,

4. CoNgrUsiON

Several authors, ¢ o, Bonel co-workers (1967), and Rujagopalan & Thomas
(1972) have found 1t neeessary to assume that the alpha particle exsts with high-
mubial kmetie energy.  From this they have concluded that the statistical model
ol nuelear fission, which prediets low utial kinetie energy, does not provide a
correet. preture of the configuwration of fissoning nuclei  Our ealeulations. which
have beew performed assmmng hitle o no imtial kinetie energy, have shown,
however, that agreement, with expeniment 1s possible even at low mital kinetie
energies Thus, of cowrse. does not prove that the statistieal theory provides a
correet pretwee of fissionng raeler. But it mdietes that the theory eannot
be impugned merely because it prediets low mutaal kimetie energies of the fission
fragments
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