Fission Research Program at JAEA

Katsuhisa Nishio

Advanced Science Research Center,
Japan Atomic Energy Agency,
Tokai, JAPAN

@ a®



JAEA tandem facility

Fission study for Heavy-element synthesis
- In-beam fission study

Nucleon-transfer induced Fission and Surrogate
Reactions

- Fission of neutron-rich nuclei

Fission cross section measurement at the J-PARC
- Campaign for 24TAm(n,f)



JAEA Tandem-booster facility

Development :

1982 . 20 MV Tandem accelerator in operation
1994 : Super-conducting Booster Liniac

2008 : ECR lon Source on the terminal

ECR lon Source

Research Field : (Ne, Ar, K,
Nuclear Physics @

Nuclear Chemistry
Atomic Physics
Solid state Physics
Medical Applications
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Supﬁr Conductlng Booster

Radioactive target materials
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Fusion-fission and Quasifission




Fission study for heavy-element synthesis

Heavier Element
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Effects of Nuclear Orientation on Fusion

Actinide nucleus has deformed shape

Polar collision Equatorial collision
- Low Coulomb Barrier - High Coulomb Barrier
- Distant configuration - Compact configuration



Fusion-fission and Quasi-fission
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In-Beam Fission Measurement




Orientation effects on fragment mass distributions in 3°S + 238U
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Fission Fragment Mass Distributions
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Dynamical calculation of nuclear shape

— Fluctuation dissipation model —

Langevin Equation

Potential Energy (MeV)

isp o Two center shell model
8 el ( 3 dimension )
O

Q
&
72
%%
‘63; QS b V. Zagreabev, J. Phys. G, 31, 825 (2005).
C&) 9/ 3 666 Y. Aritomo et al., Nucl.Phys. A753, 152 (2005).
CA W Y. Aritomo, Phys.Rev.C, 80, 064604 (2009).



Shape evpolution

Y. Aritomo et al., Phys. Rev. C 85, 044614 (2012).
3OSi + 238U
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Fusion probabillity
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Fusion and ER cross sections
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Nucleon-transfer Induced Fission and

Surrogate Reactions




Experimental Setup




Particle Identification and Surrogate Reaction
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Fission Probability of 240U
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Fission cross sections in surrogate reaction
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Yield (%)

Yield (%)

Fragment Mass distributions : E* < 20 MeV

. M

2

o N -h CD
T

150 200

100

Fragment Mass (u)

=50 100 150 200

Fragment Mass (u)



Prompt Fission Neutron Multiplicity in Fission

Fission Vacuum Chamber 12 Liquid Scintillators
(=127 mm, t =50 mm)

Neutron Detectors



Fission fragment mass/charge distributions

New Data for 38 Nuclei
- Mass and TKE distributions
- Neutron Multiplicity
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Neutron-induced Fission
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Neutron time-of-flight Measurement at MLF

Building dimension :
Width : 70m
Length : 146m
Height : 30m
Exp. Hall Height : 22m

Cooling systems
(Basement)

1

3GeV, 1MW
_¢ proton beam

23 neutron beam lines will be Installed
in experimental halls under present

design. /7
@ - I/>/ J-PARC MLF,

| Taken from HP
™~ of J-PARC

5th ASRC 2012 at Tokai



Setup to Measure Fission Cross Section

Neutron beam

Detector 1 Detector 2

NE213 AN
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Prompt Neutrons and Capture Gammas
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Future Idea at J-PARC
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Fission study for Heavy-element synthesis
Nucleon-transfer induced Fission

Fission cross section measurement at the J-PARC
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