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Mass and Angle distribution of fragments
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Dissipative Phenomena
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Figure 12.18 Bifurcation into fusion and DIC in the system 8Ni + 112Sn with / = 0 and
incident energy 163 MeV in the centre-of- mass system. A mean frictional trajectory with an
incident energy equal to the dynamical barrier Bgyy is shown, illustrating the extra-push effect.



Fission process

with Lanegevin model (fluctuation) 236U
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Overview of Dynamical Process in reaction 365+238U

Dynamical calculation

Time-evolution of nuclear shape

\ in fission process

Two Items

1. Potential energy surface

’ "\ 2. Trajectory € described by
Equation of Motion

50,,«\

Trajectory on potential
energy surface

QF
@\}A‘MA"?“‘Q f

A 0.8

b 238
8+ U

' /\/ 0 . 4




Nuclear Shape

two-center parametrization (z, 0, 05)

(Maruhn and Greiner,
Z. Phys. 251(1972) 431)

q(z, 90, a)
oG
BR
B 3+0
3-20
R : Radial of compound nucleus
_3(a=b)
~ 2a+b (01=062 )
o = Al _Az
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Potential Energy

ool +1 208
VI(Q,£,T) =V (@) + 2I((q) )+VSH (9,T) - 114

VDM (CI) = Es (q) T Ec (q)
Vau (a.T)= Esohell (q)®(T)

(E=40MeV) -

Vq) (MeV)

T : nuclear temperature
E =aT® a: level density parameter
Toke and Swiatecki

Es : Generalized surface energy (finite range effect)
Ec: Coulomb repulsion for diffused surface
E%.n ; Shell correction energy at T=0

g (fm)

| - Moment of inertia for rigid body

,72] Fission barrier recovers
&(T) . Temperature dependent factor @(T)zexp{— e } at low excitation energy

d

E, =20 MeV



relaxation time from diabatic potential
to adiabatic potential T,

diabatic path '1‘
< (® DO &
m \
= 200 \
= Vadiab ¥ Vdiab Vadiab = Vdiab
)
-
b}
©
o adiabatic path
s @CDCDQO &
100 '

10 20

Rc:ontact R (fm)

V =Vaia(@f (&) + Vaaia(@ (1 = £ (D))
f(t) = exp (— t ) (Taai = 10721s)

Tadi

Valery Zagrebaev and Walter Greiner &

['Unified consideration of deep inelastic, quasi-fission and fusion—fission phenomenal &Y



System of coupled Langevin type Equations of Motion

R _pe araves: 7.0, 00, 0, BB [Fparametalg] e ne . e
ds MR£ Bl = [}2 Most uncertain parameters: G34 1 (2007); G34, 2265 (2007);
y = 7 K.Yy -nuclear viscosity and friction, G35 125103 (2008);
d—(;l _u[i d(pz ) & = % lcz), K% - nucleon trar:fe;rate PLC78 034610 (2008) etc.
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Multi-dimensional Langevin Equation

Newton equation

ordinary differential equation

T (m-1)” P; Friction Random force
ddt N 15 dissipation fluctuation
Pi -
dt __aq. _Ea(m 1)jkp Py — 7lj< )jk pk+glj J(t)
(R (1)) =0, <Ri (LR, (t2)> = 25,6(t, —t,) : white noise (M arkovian process)

> 094 =T7% Einstein relation
k

q;: deformation coordinate
two-center parametrization (Z, 0,
p:: momentum

Fluctuation-dissipation theorem

(nuclear shape)

05) (Maruhn and Greiner, Z. Phys. 251(1972) 431)

m;; : Hydrodynamical mass
y;i+ Wall and Window (one-body) dissipation

(inertia mass)
(friction )

£ =E =2{m?), pp, -V (@

E. . :intrinsic energy, E™:excitation energy



Results



Same initial condition, parameters,

different random number

8Kr+16%Er E,,=464MeV different random number
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Parameters

impact parameter b E_..
_ . mym; Incident energy
L =buvy (= m, +m2)

Vo

" ‘——;-I---

m;

Relaxation time  T_; Fact_iner | < 7DHF
- : ‘@ 1. h2L(L + 1
= 200 @ ®©O V(q, L, T) =Vipu(q) + Vsu(q,T) + ( )
> Vadiab # Vdiab "\ —_ Vadiab = Vdiab 23(q)

% adiabatic path th(L + 1)

: @QQ)OQ ® 27(6[) X [Fact_j_ner*]

100

1
10 Rcontact R (fm) 20

. . Moment of inertia
V.Zagrebaev, A.Karpov, Y.Aritomo, et al. : Phys. Part. Nuclei (2007) 38: 469.
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To set unknown parameters

136Xe+198Pt
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238J-target Mass and Angle distribution of fission fragment
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Summary

1. We calculated Mass and Angle distribution of fragments
using Langevin equation.

2. The dependence of
the relaxation time from diabatic potential to
adiabatic potential and
the moment of inertia
is discussed.

- Reliability of the model >
3. Transfer reaction using 254Es was discussed

.. and
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