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NIV JL—T (L. Meitner, O. Hahn, F. Strassmann)

2 O. Hahn, F. Strassmann (1938)
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o L. Meitner, O. Frisch (1939) +l.,,
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%%Z%k%@ji% (Transition State Method)
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Transition state method T~ —
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Key quantities 1n fission

= Fission rate
o Height of fission barrier

= Neutron emission
o Pre-scission neutrons . Y
o Scission neutrons o

0 Post-scission neutrons

o0

= Charged particle emission

= Gamma emission ‘.7‘ ‘_'
= Fragment mass distribution

= Fragment kinetic energy distribution




Mass & TKE distribution

Mass distribution is essentially determined by
shell correction energy

o At saddle ‘position & height fission barrier

o Fission valleys and ridges

o Fragments :magic number

TKE (total kinetic energy)

o Mainly Coulomb repulsion

0 Scission configuration
Nature of nuclear liquid (dissipation)

Dynamical treatment Is necessary
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o Macroscopic degree(s) of freedom interacting with
microscopic degrees of freedom in thermal motion

B (dissipation) < EIEA
¥ (fluctuation) =SB LN
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= Macroscopic degrees of freedom

= [RF1Z DR
(elongation, deformation, neck, mass asymmetry etc.)
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‘ Fission modes
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TKE systematics
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Extension to multi-dimension

Multi-dimensional Langevin equation

d

d N 170 ([ _ B

d_T g _Eﬁ_q.(m iP5 P+ 6yR 0
R©)=0, RWR L) 2486 -t) 25T

m;;(q) Hydrodynamical inertial mass
¥%(@)  Wall-and-Window (one-body) friction
V(g) Macro-microscopic potential

{q;} : collective parameters
(elongation, fragment deformation, neck parameter, mass asymmetry)
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TKE Yield [%]

3XITISUANVEE

elongation, fragment deformation, mass-asymmetry
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Fission modes
T. Asano et al, (J. Nucl. Radiochem. Sci. 5 (2004) 1)
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Superheavy Elements

How many elements can exist in nature?

0 Stablility against fission

Superheavy elements

o Shell-stabilized : No macroscopic fission barrier

Heavy-ion fusion reaction

o Hot fusion reaction
Actinide target + “8Ca projectile
E., = 30-40 MeV
o Cold fusion reaction
Pb, Bi target
E. = 10-15 MeV
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a Fusion hindrance

o Extra pushi& !
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Fusion hindrance (1R JTiRHEY)

1 . .
U=U, —Ema)éq2 Parabolic barrier

Formation probability

T )
2 K-B 28 5+5 \B

B: extra barrier height

K: extra kinetic energy (at contact)
a: level density parameter

[. reduced friction parameter

Strong friction

s \B

1 aB2 V(. w, [K .
P zerf{(K Bj [1_8 =l B =B e



Fusion hindrance

Extra energy is necessary for fusion
o Two-dimensional Langevin calculation

0 Z,XZ, > 1600

o Dissipation of
relative motion
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< 0.6

<

Tokuda, Wada (1999)
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Overview of Dynamical Process in reaction 3°S+238

(b)

Calculation by Aritomo
10




E =129.0MeV, E*=355 MeV |E._= 1540 MeV, E'=395 MeV

m] 178u

Cross—section (mb)
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FF and DQF FF and DQF
t > 50 x 102! sec t < 30 x 102! sec
-0.2 < § < 0.2 (peak 0) 0< d <0.4 (peak 0.2)
QF via mono-nucleus QF
t <30 x 102 sec t <10 x 102 sec
0.2 < § < 0.5 (peak 0.4) 0< d <0.2 (peak 0)

(1) Origin of the reaction process
_ _ (2) Building times
Calculation by Aritomo  (3) Deformation of fragments
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Hartree-Fock-Bogoliubov
Density functional
Relativistic mean field
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Toward a microscopic description of fission dynamics

-1865

Hamiltonian for fission dynamics

1 . .
| =7 zkl: Mii(@)dr i + Veon(q)

Dynamical variables: @ = (Q1, ne 7Qn)

characterizing a shape of the fissioning nucleus

B207 6227 6307 5407 e

What we need is

Collective mass parameters (inertia functions): -/\/lkl (q)
Collective potential : V(q)

Microscopic input: Skyrme energy-density functional

£ = 3 {Cllowalr + CilooFR)- a0+ 0F G- 53

t=0,1

+ Cf (proTe0 + CtT_ ??0) +CY (puV - Jio }

Time-odd components
no contribution for the ground state



Local QRPA method:
N.Hinohara et al., PRC82(2010)064313

Constrained HFB + local QRPA

V(Q)p Q/\/l/cz((])

Thouless-Valatin procedure extended to non-equilibrium points

v'The local QRPA eqs. on top of the constrained HFB state

(6(3)[Honrs. Q) ~216(5) =

(6 [ Honrs, ] - W2Q¥19(8) =

A.

(e(B)I[Q", ]|<;D( B)) =9y

The most collective K=0+ mode selected: ﬁ’g

[M 3 (6) ] Collective vibrational mass for 8 direction

_dg® d¢®  dQy . Py
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http://maru.bonyari.jp/texclip/texclip.php?s=\begin{align*}

\textcolor[rgb]{0.4,0.2,0.4}{\mathcal{M}_{\beta}(\beta)}

\end{align*}
http://maru.bonyari.jp/texclip/texclip.php?s=\begin{align*}

&\langle \phi(\beta)|[\hat{H}_{\mathrm{CHFB}},\hat{Q}^{\nu}]-\dfrac{\hat{P}_{\nu}}{i} |\phi(\beta)\rangle=0, \label{QRPA1} \\

&\langle \phi(\beta)|[\hat{H}_{\mathrm{CHFB}},\dfrac{\hat{P}_{\nu}}{i}]-\omega_{\nu}^{2}\hat{Q}^{\nu} |\phi(\beta)\rangle=0, \label{QRPA2}\\

&\langle \phi(\beta)|[\hat{Q}^{\mu},\dfrac{\hat{P}_{\nu}}{i}]|\phi(\beta)\rangle=\delta^{\mu}_{\nu}. 

\end{align*}
http://maru.bonyari.jp/texclip/texclip.php?s=\begin{align*}

\hat{P}_{\beta}

\end{align*}
http://maru.bonyari.jp/texclip/texclip.php?s=\begin{align*}

\mathcal{M}_{\beta}(\beta)=\dfrac{dq^{\beta}}{d\hat{Q}_{20}}\dfrac{dq^{\beta}}{d\hat{Q}_{20}},

\hspace{0.5cm}

\dfrac{d\hat{Q}_{20}}{dq^{\beta}}=\langle \phi(\beta)| [\hat{Q}_{20},\dfrac{\hat{P}_{\beta}}{i}]|\phi(\beta) \rangle

\end{align*}
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