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(1) Effects of nuclear orientation on fusion and quasifission.
In-beam Fission Fragment measurement
> 30Gj 31p 34G 365 40Ar 40Ca 48Ca + 238
Evaporation Residue measurement
> 30Gj + 238 (263.264G(), 34S + 238 (267,268Hg)

(2) Existence of Deep-quasifission
(3) Influence of Q-value on Fusion

In-beam Fission Measurement =» JAEA Tandem Facility

Evapo. Resid. Measurement =» UNILAC at GSI



Fusion-fission and Quasi-fission
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Fission fragment measurement

at the JAEA tandem-booster facility
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Orientation effects on fragment mass distributions for 3°S + 238U
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Fragment mass distributions
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Fusion probability
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Measurement of evaporation residue (ER)

cross sections at GSI

30Gj + 238| = zagsg* Silicon strip detector \\

30Sj beams (1.0 puA) in 2006
34G 4 238y = 272Hg*
34S beams (2.0 — 2.5 pupA) in 2009
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ER cross-sections for 267.268Hs in the 34S + 238U reaction
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Fusion and ER cross sections

30Gj + 238 ?

34G + 238 .\1,.

Capture Cross Section
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- SHN can be produced at the sub-barrier energies ( 4n and 3n)



Production on New Isotopes

34365 + actinide reactions would produce new isotopes
in the missing region of chart of nucleus ( 18 nuclei ).
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Deformed shells at N=162, Z=108

New Isotopes located in the Missing
Region of Chart of nucleus
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Mass and TKE Distribution for fission of 4948Ca + 238U

48Cq + 238 =286 W 40Cq + 238 = 278Cn
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Influence of Q-value on Fusion
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The mass-asymmetric quasifission probabillity is determined by the
Incident energy measured from the conditional saddle point



Conditional Saddle Point Energy

80

60_,Is

V (MeV)

20

278Cn (49Ca+238)

N V4

'

286Cn (48Ca+238) # o

\

| Conditional Saddle Point

] "
-0.8 -

0.6 04

00

" ] " ] " ] " ] " ] " ]
-0.2 0.0 0.2 04 06 0.8

Energy
1 — 56 MeV
— 30 MeV
C=AL+ A



Conclusions

1. Super-heavy nucleus can be produced at the sub-barrier energy
(4n and 3n).

2. Mass-symmetric fission fragments in the 34S + 238U reaction includes
deep quasifission.

3. Incident energy measured from the conditional saddle point regulates
the mass-asymmetric quasifission probability.
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Fusion of 160 + 238U at sub-barrier energies
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Mass Distribution and TKE for fission of 4948Ca + 238U

48Cq + 238 =286

Q =-159.1 MeV
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Fusion and ER cross sections
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Fusion Probability

Fusion Probability at the Bass Barrier Energy
calculated by Langevin eguations

343 + 238 0.096
343 + 24Py 0.079
343 + 248Cm 0.057



Potential Energy for2/4Hs  (3°S + 238U )
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Fragment mass distributions for 31P + 238U — 29Mt (Z=107)
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Fragment mass distributions for 3¢S + 238U — 274Hs (Z=108)
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Fragment mass distributions for 4°Ar + 238U — 278Ds (Z=110)
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Fragment mass distributions for 4°Ca + 238U — 278Cn (Z=112)
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cross-section (mb)

Fission (capture)

cross-section (mb)

Evaporation residue

30Sj + 238 —; 268Sq (Z=106)
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Mass Asymmetry 1n Quasifission

330G + 233y — 268Sg 31Pp+ 233y — 269\t 369 + 233y — 274Hs
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Fission and ER cross-sections for Mg + 248Cm
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Measurement of ER cross-sections for 1O + 238U

at JAEA tandem facility
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Trajectory Calculation at sub-barrier energy
using Langevin Equation
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