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between a and A K. Sekiguchi et al., PRC89(*14)064007

e neutron beam from “Li(p,n)’Be
e detection of recoil deuteron



Fusion reactions and superheavy elements

Inter-nucleus potential Two forces:
100 | P YR 1. Coulomb force
80 O+  Sm- Long range,

% 60 - repulsive

s 40 = 2. Nuclear force

— 20 7 Short range,

s 0 . attractive

5 -20 -

= —— Coulomb - 1

~ -40 —— Nuclear —
-60T | i Total 3 potential barrier due
‘805 10 15 70 to the compensation

r (fm)

between the two
(Coulomb barrier)



Fusion: compound nucleus formation

Evaporation
(Acn S 170)

P ) -
@ all Evaporation + FISSIOI’]
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P
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‘ (Acn R 220)
Superheavy elements




Heavy-ion fusion reactions and superheavy elements
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Heavy-ion fusion for SHE

CHART OF THE NUCLIDES
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island of stability around Z=114, N=184 Yuri Oganessian
W.D. Myers and W.J. Swiatecki (1966), A. Sobiczewski et al. (1966)

modern calculations: Z=114,120, or 126, N=184
e.g., H. Koura et al. (2005)
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Heavy-ion subbarrier fusion reactions in the SHE region

» Fusion of medium-heavy systems:

rtouch

109 | | N6, 154, -
0 \ O+ Sm—_
60 —

_Vb

% i \
s 40r .
= 20+ -
R -
L s E
%) 20 —— Coulomb -
a -40r — Nuclear ]
-60 — Total -
-80 ' | ' | . ]

S strong absottion 15 20

r (fm)

» Fusion of heavy and super-heavy systems

154Sm
160

Compound nucleus:
automatically formed
once touched

(strong absorption)

Large probability of re-separation (due to the strong Coulomb repulsion)
[This happens for Z,*Z, > 1600 ~ 1800.]
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typical time-scale (sec.)
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contact “
10-22
Quasi-fission
\

fusion o
10-20
evaporation ~ fission
1019 e .nz
~10-18 CN = compound nucleus

ER = evaporation residue



Heavy-ion subbarrier fusion reactions in the SHE region

» Fusion of medium-heavy systems:
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» Fusion of heavy and super-heavy systems

154Sm
160

Compound nucleus:
automatically formed
once touched

(strong absorption)

Large probability of re-separation (due to the strong Coulomb repulsion)
[This happens for Z,*Z, > 1600 ~ 1800.]
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formation of evaporation residues: typical values for

a Very rare process Ni+PDb reaction
a small uncertainty in each process l l
can be largely amplified

| '

challenges: how to reduce theoretical / \999999
Poy ~ 107

uncertainties and make a reliable
prediction
*/ Psuv m

CN




fission

. .
. \ A
formation ¢
([RFEDENE X [T RKELLD) evaporation
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Example 4Ca + 2Am > 0Zn+29Bi »>

18/Nh + 4n 278Nh + 1n
asymmetry large small
Capture large small

Survival small large
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- Cold fusion based on Hot fusion with “8Ca projectiles
\ 208Pb and 2°%Bj reactions
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Figure 3
Measured cross sections for cold and hot fusion reactions. The total evaporation residue (EVR) cross section
is the maximum value of the sum of neutron evaporation channels measured as a function of the beam energy.
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Langevin approach to Py

Fission barrier (Liquid Drop Model) touching point:
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Langevin approach to Py

Fission barrier (Liquid Drop Model) touching point:

outside the fission barrier
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Theory: Lagenvin approach

*ca+™Pu->""114

multi-dimensional extension of:

E =33 MeV ” d2q dV(q) dq
0.7 mdt—2 - dq B 7% + R(t)
0.6 |
05 1. y: friction coefficient
. o L Tewn R(t): random force
Fusion Box |-

g. =internuclear separation (z),
-deformation (9),
-asymmetry of the two

fragments (o)
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