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Nuclear fission thresholds are fairly well
known from the shape of cross-section curves
as a function of energy. The thresholds yield
directly the height of the saddle-point energy
above the nuclear ground state. What is not
so well known experimentally is the shape of
the nucleus at the saddle point. Some informa-
tion about this shape is known from (I) spontan-
eous fission lifetimes and the threshold behav-
ior of the fission cross sections, and (II) the
angular distribution of fission fragments. Both
cases listed under (I) measure the quantity

h(uf, where &uf = (C/B)' is the inverted oscil-
lator frequency at the top of the fission barri-
er. The position of the maximum does not en-
ter. Both measurements yield' 8(uf = 0.4-0.5

MeV for even-even fissioners above the includ-
ing uranium. Ca.se (II) is model dependent and

is based upon the variation in the statistical
distribution of levels with deformation. ' The
purpose of this note is to propose an experi-
ment which yields a measure of the saddle-
point configuration in an easily interpretable
manner.

To date, a.ll induced (as distinct from spon-
taneous) fission experiments consist of depos-
iting energy into a "compound nucleus, " and
then observing the decay through the fission
channel. We propose introducing a Coulomb
field which, ideally, distorts the "cold" nucle-
us up to a saddle point, after which the nucle-
us slides down the potential hill to scission.
If the distorting potential is introduced suffic-
iently slowly, the interpretation of the exper-
iments will involve only electrostatics and nu-
clear statics.

Consider a head-on collision between a pro-

jectile (1) and a target (2). Let the reduced
mass and center-of-mass energy be denoted
by rnid~ and E. Then the classical turning point
d (which we will choose to be outside the range
of nuclear forces) is given by

F~ = Z~Zme /d.

(This neglects the target distortion. ) For pre-
sent purposes, we calculate the electric polar-
ization energy for a target assuming pure quad-
rupole distortion only; that is, the target con-
tains only monopole and quadrupole moments.
(The projectile is assumed to be unpolarized. )
We will further consider only prolate, axially
symmetric distortions, with the target axis
perpendicular to the trajectory. (We ignore
the tendency of the Coulomb field to introduce
nonaxial symmetry or oblate deformation. ')
The electric polarization energy is given by

V = -2Z eq/d3I (2)

where Q is the expectation value of the oper-
ator qr'P, for the target. If we further assume
that the projectile moves very slowly (we pre-
sent below calculations which do not make this
assumption), then the condition for fission is
that Vq plus the target deformation energy e(Q)
have no maximum at closest approach. Since.
Vq is linear in Q, it follows that the position
of the inflection point in Vq+ e is determined
by &. The threshold occurs for

Zp
2d3 dQ inflection

or, taken together with (2), the "infinitely slow"
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threshold energy becomes

—[2Z 2Z 3e 5gI ]»3
th 1 2

Note that this requires no dynamical consid-
erations, such as knowledge of the mass par-
ameter B.

In order that the nucleus have sufficient time
actually to distort during the encounter, the
projectile must move slowly compared with
the characteristic collective vibrational time.
If this condition cannot be satisfied, fission
can still be effected by going to higher ener-
gies (smaller impact parameter), but then nu-
clear dynamics must be considered, since the
collective motion must acquire a finite momen-
tum before the encounter ends.

The characteristic collision "frequency" at
the turning point is

~ '= —V /V =3d/d=3Z Z e'/rnA d'.
c Q Q 1 2

Substitution from (3) yields

&d '= 6Z ee'/mA
c 2 y'

(5)

The ' slowness" parameter is cuz/(u„, where
&u~ is the characteristic p-vibrational frequen-
cy. (One might also consider using ~z/IIIf. )

We have performed dynamical calculations
to study the threshold energy for the fission
of »U"' as a function of projectile mass. For
this purpose we have introduced the following
simplified model, which can be refined as ex-
periment war rants.

All dynamics are treated classically, and
the projectile motion d(t) is calculated for a
pure Coulomb force. A cubic form for e(Q)
is assumed, with the corresponding mass para-
meter equal to a constant. This makes &dI/ =:IIIf.

If we make the identification

Q (9/20II)»2Z ep 2p
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collective motion in order to carry the system
over the barrier. This is measured by the
"maximum-deformation kinetic energy. " As
long as this is not large compared with the
pairing energy (-1 MeV), the process can be
expected to be essentially adiabatic. The break-
down is expected to occur well above the pair-
ing energy, but one interesting outcome of the
experiments will be to observe how the break-
down occurs. Note that, particularly for heavy
projectiles, the "closest approach, "

d, is fair-
ly comfortably outside the range of nuclear
forces.

These calculations are immediately reinter-
pretable for other values of S&v while main-
taining the remainder of the target parameters
fixed. Eth/Eth and the maximum-deforma-
tion kinetic energy are, in fact, only functions
of Ay(|III/I/)'. For example, if you wish to con-
sider I&a„=0.75 MeV (a mean between the ex-
perimental values of he@I/ and KIIIf), a projec-
tile mass 100 would correspond to 48 in Fig. 1.

We wish to distinguish the process discussed
here from usual Coulomb excitation. ' The lat-
ter is usually described in terms of excitation
of stationary states. The present process is
not easily described in these terms, although
it may be regarded as a (coherent) multiple
excitation. We are most interested in not pro-

116.8(d
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then we can immediately express

6e (51r)'

(8)
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where for the final numerical result we have
used ef ——height of fission barrier = 5.8 MeV,
Ao =7 F, bp =distance from equilibrium to
saddle = 1.

The results displayed in Fig. 1 assume' Ice
=1 MeV. Since Id&/&u~ is not small compared
with unity, some impulse is transferred to the
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FIG. 1. Threshold energy for the fission of 92U238

as a function of projectile mass.
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ducing high excitations.
The magnitude of the cross sections antici-

pated is large. Detailed calculations are in

progress, but we expect the differential fission
cross section for scattering of the projectile
into the backward direction to be the Coulomb
differential cross section times a factor which
involves the initial orientation of the target
(and varies from 0 at threshold to perhaps the
order of ~~0 or 1/100). The Coulomb cross sec-
tion is (d/4)'. We are in the range -1 mb/sr.
(This a.ssumes adiabaticity. )

Specifically, we propose experiments which
involve (1) even-even targets such as Th"2
and U"', (2) the heaviest projectiles available
at variable energies exceeding estimate (4);
(3) coincidence of fission with the scattering
of the projectile, particularly into the back-
ward direction; (4) observation of the fission
fragment angular distribution, which we expect
to peak at 90 in the center-of-mass frame;
(5) comparison of various fission characteris-
tics, such as mass distribution, kinetic ener-
gy, etc. , with other methods of inducing the
reaction; and (6) measurement of projectile
energy loss. Not all of these items are essen-
tial to a useful experiment.

We have learned' subsequent to the prepar-
ation of this note that an experiment on Coulomb
fission (Ar4O on U238) has been undertaken by
T. Sikkeland at the Lawrence Radiation Lab-
oratory, following a suggestion by A. Winther,
who has considered some of these questions.

Reference to Fig. 1 shows that a larger mass
projectile would be desirable.
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The fissile nuclei have static prolate deformations
and are softer to further p deformation than to y
deformation. The stiffness to y deformation undoubt-
edly increases as the nucleus deforms further. The
shape that a nucleus assumes as it moves to fission
would be that of a flattened cigar (y small but not
equal to zero). A quantitative statement of the flatten-
ing effect is model dependent, but we anticipate it to
be small for the considerations here.
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There is a great deal of theoretical' ~ and
experimental investigation about the statis-
tical nature of a single-mode laser field, and
the most-used model has been that of an am-
plitude-stabilized sine wave with a slowly vary-
ing random phase E, cos[&ut+ cp(t)] plus a sta-
tionary noise field ez(t) whose magnitude is
much less than Eo. We give in this Letter ex-
perimental evidence of the accuracy of this

model, pushing the field correlation measure-
ments two orders further than the ordinary
intensity fluctuations (or Hanbury Brown-Twiss
type) experiments until now performed. s 8

First, we shall make some remarks on an
experiment where we have superposed an am-
plitude-stable single-mode laser and a Gauss-
ian field and studied the photon correlations
in the superposed field. Then we shall apply


