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{Introduction}

We describe the fission dynamics by the Langevin equation

dp; _ dvV(q) 12
dt dq,,;

Pj Pk — Z%‘j Mj_kl pr + Fi(t)

J,k
where V (q) is the collectlve potential and M(q) and v(q) are the
mass and friction tensors, respectively.

The random Langevin force F;(t) is given by:

Fi(t)= ZDW(*) G;(t) ,

where G(t) is a stochastic function. The diffusion D tensor is
related to friction through the Einstein relation

D(q)=~() T .

Here T corresponds to the nuclear temperature.



{Rayleigh expansion}

Lord Rayleigh theoretical studies of the stability of electrified
liquid drops # where based on the spherical harmonics expansion
of the surface-radius of deformed body:

R(0,9) = Ro([ax]) |1+ Z U Yau (0, ¢)
Ap

Nowadays, this classical Ansatz of Rayleigh is commonly applied
to the shape of deformed nuclei.

Frequently is also used its simplified version for axially symmetric
shapes:

R(6) = Ro([Bx]) |1+ ) BaPa(cosb)| .
A

aLord Rayleigh, The Theory of Sound, vol. 1I, MacMillan, New-York, 1896
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{How good is the Rayleigh’s expansion‘?}
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{Strange effects around scission}
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{Funny-Hills are still attractive!}
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aM. Brack, J. Damgaard, A.S. Jensen, H.C. Pauli, V.M. Strutinsky, C.Y. Wong, Rev.
Mod. Phys. 44, 320 (1972).




{Generalized TKS expansion}

Following the idea of Trentalange et al.? we expand the shape of
nucleus in a series of Legendre polynomials P,,:

Zsh

; > z —
P, (z) = Rg Z an P ( Z )
n=0

0

where p;(z) is the distance from the symmetry axis (z axis) to
the surface of the nucleus.

The condition for the tips at p?(z + z5,) = 0 gives:

oo o @)

n=2,4, n=3,5,

The mass-center and volume conservation conditions lead to:

1(11 2(11R 2R0
< = ——20 = ———= zZ0 — — —— .
sh 3a0 0 ga(z) 0 » 0 3a0

aS. Trentalange, S.E. Koonin, A.J. Sierk, Phys. Rev. C22, 1159 (1980).
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[Generalized TKS expansion}
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{Properties of the TKS expansion}

Spherical form of nucleus corresponds to a9 = —as = %,

2

Oblate shapes are obtained for a; < —3

and the prolate ones for —% < ag < 0.
When a; — 0 the nucleus becomes infinitely long.

2
3(10 *

Relative length of nucleus is: ¢ = zo/Rg =
The odd )\ deformations describe left-right asymmetry.

Redundant zeros of the p2(z) function in the interval
(—20 + zsp, 2o + zsh) make big problems (negative sign of g2!!).



{Funny with the Gaussian neck}

Funny-Hills shape definition reads:

s R2c? (1 — uz) (A + au + Buz) , for B> 0
ps(z) = 2 .2 2 3, 2
R%2c? (1 — u?) (A + au) exp (Bc*u?) for B <0,
where u = (2 — zsn) /20, 20 = cRo and zz, = —c®az/5.

Our new shape definition with the Gaussian neck:

72 (2) = cpig (1—u?) (1+ou— Be @),

c f(a,B)

with f(a, B) ensuring the volume conservation

f(a,B) =1 — 3BZ e % + V(a — i)Erf(a,)
4 a 2a

is free from the redundant zeros in the interval v € (—1,1).



{Funny with the Gaussian neck}
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[Example of the PES in (c, h)J
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2A. Dobrowolski et al. (Yukawa-folded potential plus LSD model)



{Nonaxial shapes}

A natural extension of the axially symmetric shapes is to assume
that the cross section perpendicular to the z-axis has the form of
an ellipse

wZ ,y2 B
A2(z) T Bz)

1 with 7p2(z) = 7 A(z) B(z) .

Let us introduce a nonaxial deformation parameter?®:
B2 . A2
A2 4+ B2

n

Finally the square of the distance from the surface point at (z, )
to the z-axis is given by:

Jiom?

+mncos(2¢) °

p2(z, ) = p2(2) 5

2In general the nonaxiality parameter 1 can depend on z but in the following we assume
that it is z-independent.



{Relation to 8 and ~ deformations}

In the pure ellipsoidal case (B = 0) the main half-axis are:

A= Ry//c G:Z)M = R(B,7)[1 — \[%B cos(y —w/3)] ,

1/4
B=Ry/Vc (11_—2) = R(B,7) [1 — \[%ﬂ cos(y +w/3)] ,

C=Rpc = R(B,7)[1+ \Eﬁ cos(7)] ;

where 8 and v are the quadrupole axial and nonaxial deformation
parameters and R(3,) is obtained from the volume conservation
condition.



{(c, n) to (8, 7) transformation}

(,a+,e)/(e-.q) =l

c/Rg



{Summary}

Spherical harmonics expansion of the nuclear surface fails at large

deformations.

Trentalange-Koonin-Sierk expansion of the square distance from
the symmetry axis to the surface into the Lagrange polynomial
series is much more efficient, but is difficult to handle.

Funny-Hills parameterization with two coordinates only, gives the
liquid drop barriers which do not exceed those obtained with 5
lowest 3 deformations.

Modified Funny-Hills parameterization (with the Gaussian neck)

describes very well the shapes of fission barriers and it is easy to
handle.

New nonaxial deformation ensuring that the z—=const cross sections

have an elliptic form is proposed.
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