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Nuclear shape parametrization

= Spheroid

Lengths in units of

Ry = 1.2249A'3 fm. \ol.
conservw? w, = (wy)?

hw) = 414713 MeV

h2 /M =~ 41.5 MeV-fm?
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Nuclear shape parametrization

Lengths in units of
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conservw? w, = (wy)?
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h2 /M =~ 41.5 MeV-fm?

= Spheroid

3(c—a)
(2c+a)

= Harmonic osclillator frequencies
2e

wL(e) — Wy (1 + %) ; wz(s) — Wy (1 — ?)
S. G. Nilsson 1955

= Quadrupolar deformatiorn: =

)
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V = M(wip® +
222)/2

N =n, + n, main
guantum number
n,=0,1,2,... N
(N +1)(N +2) nu-
cleons in a closed
shell (degeneracy).

E/ (hwo) = N +3/2 + e(n, — 2N/3)
= Ei/hwi = [E/(hwo)][1 — £2(1/3 + 2¢/27)]71/°
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Harmonic oscillator. Wave functions

— |nrmnz2> = Y ()P ()Y, (2)X(X)

n-=0,1,2,.. n,.=N—-—nmn, m=n, —2n,
" (p) = fN”::n Fe L (n) = 2o (n)
Laguerre and Hermite polynomial$,,(y) =

wnz(z) — \/%ane_%]_[nz(g) — \/%—z%z(ﬁ)
Dimension-less variables= p*/a? &= z/a,
a; =+\/h/(Mw,) a, =+/h/(Mw,)

Norm. ct.(N)")* = (nrﬁ?'m)! (Nn,)* = ﬁQiznz!

1M

ﬁ‘
ﬁ
D
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Doubly degenerate levelg;} in units of iw). Z/2 levels are
occupied.n levels below &n’ above Fermi energy contribute to
pairing,n = n’ = Qg,/2. Cutoff energyQ) ~ 1> A = 12/ Ahwy.
The gapA and Fermi energy are solutions of the BCS egs:

ki=2/2-n+1, ky=2/2+n, Z=~2j(3)h (%) Oceup.
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Nuclear inertiatensor B;;

The PES in a hyperspace of déf., 5,, ...., 5, gives the forces
acting on a nucleus.B;; } shows how the system reacts. The kinetic
enery Is determined by the shape change

n

1 d; dp;
e =5 2 Bu(d) dt di

1,J=1

By = 2n2 3 WIOH 05 GO 1) 95 1)

(E, + E,)3 (U + wyvy)* + B

v

summation over states ;. considered in pairing.
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For one deformation the inertia tensor becomes a scalar

Bgz2hQZW

B+ Ep it ue)

v

summation over states ;. considered in pairing.
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Potential function of defor mation

Assume:0H /0= = 0V /0e and no spin-orbit coupling
2V (n,&;€) = hwin + hw,&?

| dV
fiwy de

[fl( )1+ fa(€)&’]

where
fi = [e(e +6) +9]/[27 — 2(9 + 2¢)]*/3

fo = 2[e(2¢ + 3) — 9]/[27 — €2(9 + 2¢)]*/3
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Effective mass vs defor mation

wop, 2 D (| fin + f2£7| ) (ul fin + f267|v)

— g
(Ev + EL)°

= =3 (upv,, + uﬂvy)2

v

Matrix elements are calculated by performing some integnat
(nimm'| fr(e)n + fa(€)€2nnem) = Spym Ny NI Nyt Ny, - |

f /OOO dnn™ e LI () LI () / e o () Ho (€) +

— OO

o[ dmme Ly o) [ deee @ () H, ©)
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Analytical relationships

One diagonal contribution and two nondiagonal terms

9 ky (u,v,)?
Z5n}nr5m’m V:Zk [f1(2nr + ]m] + 1) + f2(nz + 1/2)]2 VEBV 5n’znz
%B _ 95 5 Z f_f(n +1)(n.+2) (14,0 + uuv,,)25
72 €2 — A n'n,Ym’'m 9 2z z (Ey + EM)S n.n,+2

VFEp

ﬁwg 9 f22 (ul//U,u + /UJ,LLIUI/)2
?Bs:a — Zénénr(sm’m Z ?(nz — 1)n, Ontn.—2
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Correction term in gener al

h? 1 8)\ 6’)\
Py =— A?
T 5 N

+ A6, — A) (

o, 20 0D ON DA | A 8A)

98, 95, 96,05, = 03, 07,

O\ O\
-2 (5 WMo /o80) + 7 (ot /o5

Ao = A) (G WI0H/05 1) + S 0ot /051) )|

Attn.: In “Funny Hills (M. Brack et al. Rev. Mod. Phys. 44 (1972) 320),” at the page 388, eq.
(IX.41b), there is a misprint which was not observed by some authors. In the 2nd term one
should write (e, — \)? instead of (¢, — ).
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Correctionterm. Var. A, Fr with ¢

212 1 |/ da\?
p_s b (A—) +

8 —~ Ep de
dA\ d\ dA
— )2 = IN(e. — \)——_—
(& =) (de) 280 )\)de de
d )\
—2A? dV/d
2 (V]dV /dz|v)
AN
—2A (€, — )de (v|dV/de|v >]
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Hydrodynamical formulae

For a spherical liquid drop

2 h?
© E R§ = 0.0048205 MeV
For a spheroid
81 9 4 2¢2

Bér (¢) = Birr(0)

27 — 2(9 + 2¢)]*4/3 (3 — 2¢)?
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cranking n
— cranking n+p
--- sphere(irr)

spheroid(irr)

shell corr. n
shell corr. n+p
pair corr.
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Cconclusions

W Analytical relationships for the cranking inertia of the Nilsson
model without spin-orbit coupling were obtained. They may be
used to test complex computer codes developed for realistic
two center shell models.
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Analytical relationships for the cranking inertia of the Nilsson
model without spin-orbit coupling were obtained. They may be
used to test complex computer codes developed for realistic
two center shell models.

This single center oscillator is not able to describe fission
processes reaching the scission configuration or ground states
with necked in or diamond shapes. When the deformation
parameter is increased the nucleus became longer without
developing a neck.
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Analytical relationships for the cranking inertia of the Nilsson
model without spin-orbit coupling were obtained. They may be
used to test complex computer codes developed for realistic
two center shell models.

This single center oscillator is not able to describe fission
processes reaching the scission configuration or ground states
with necked in or diamond shapes. When the deformation
parameter is increased the nucleus became longer without
developing a neck.

The cranking inertia is larger than the hydrodynamical one for
a spheroidal shape which is higher than that of a sphere.

The correction term P;; shoud not be ignored.
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