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Nucleus

Neutron n Proton p
(Electrically neutral)  (Positive charge)

Including nuclei that can be synthesized artificially

Uran | um235 There can be 6,000 different nuclei, including nuclei
that can be artificially synthesized.
235 U How many protons and neutrons can you pack?
Mass number A = Number of protons Z + Number of neutron N
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Periodic Table of the Elements
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1935 - Island of stability
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Shell structure in nuclear masses

Atomic number 100 UpHeavy—ion fusion reaction

to Atomic Number 100 (Currently reaching 118)
(MeV) is produced :>-

T T T T iy oy egag ey

1
- 1
o U

(Experimental value) - (Droplet model mass formula)
Microscopic energy correction

=0
20 40 60 100 120 Y Magic
Neutron Number
W.D.Myers and W.J. Swiatecki (1966).



Periodic Table of the Elements

Elements & Country of Discovery
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Synthesis of Element 113 in Japan

Eight years of experimentation and synthesis of three
nihonium nuclei

Transuranium

cloment Neutron

Kyushu University/RIKEN Mr. Morita



Pioneer of superheavy elements
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Nuclei in the superheavy element region that have

been synthesized so far.
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Heavy-ion fusion reaction

Nuclei heavier than the 100th element have been synthesized by fusion
reactions using heavy ion beamsThe nuclei heavier than the 100th element

have been synthesized by a nuclear fusion reaction using heavy ion beams.

The reaction requires nuclei to collide with each other at kinetic energies

higher than the Comlomb repulsive forceCoulomb repulsive force between nuclei.
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Description of the Coulomb barrier

- Coulomb repulsive force and attraction due to nuclear forces -

160 + 144Sm

If the Coulomb barrier is

If the Coulomb barrier is
exceeded, fusion will
automatically fusion will occur
(But in the case of a light
Nuclearforce | ragction system in the case
Total of light reactive systems)
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Fusion Probability

-Difference between spherical nuclei and deformed nuclei
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When nuclei are deformed,
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K. Nishio et al., Phys. Reuv. Lett., 93, 162701 (2004).



Cross section to synthesize superheavy elements

Compound nucleus
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Why is it so difficult to make superheavy elements?

-Phenomena that occur in heavy reaction systems-

Three Steps of Superheavy Element Synthesis

34 238 > 272 , 268 1
1>+ U 10811S" j0gf1S * 4N
(1) Coulomb Barrier (2) Fusion process (3) Neutron evaporation
Transcending Contact Compound and Fission Competition /"

6.6 X 1012 3.0 X 1011
Quasi- Fusion then figsion 1 atom
fission I ' (Over a period of three weeks)

- ,/0 e

6.3 % 1012 ~ 3 x10M

(1) Fusion is difficult in reactions between heavy nuclei.
(2) Insuperheavy elements, most of the compound nuclei are fissioned.

K. Nishio et al., Phys. Rev. C, 82, 024611 (2010).



Binding energy per nucleon

-Mass model and actual nuclei-
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The binding energies is large
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Q-value of a collapse
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Q-value of fission
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Nuclear fusion
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Practical experiment




Reactions learned in practice

Compound nucleus

Tandem acceleration nx 7N Residual nucleus
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Key Points of the Experiment

[ Experiments on fusion reactions ]

(1) The same experimental apparatus and detectors are used to synthesize superheavy
elements. The experimental approach is also the same. The experimental concept is also the
same.

- What equipment is needed?

(2) The experiment is conducted in an apparatus that is kept in an "ultra-high vacuum.
- Theinjection beam, the device that initiates the fusion reaction, and the device that
separates the nuclei produced, where the produced nuclei are detected, and everything else.

(3) Data acquisition uses state-of-the-art digital electronics.
- How does this differ from the conventional analog method?

(4) The method of data analysis is the same as in the superheavy element synthesis
experiment.
- How do we identify the nuclides of the nuclei produced?

(5) It takes a long time to make superheavy elements, so we make lighter isotopes of the
elements.
—>  Creates the astatine isotope (At) with atomic number 85 (not found naturally).



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	Shell structure in nuclear masses
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	Binding energy per nucleon�-Mass model and actual nuclei-
	Q-value of α collapse
	Q-value of fission
	Nuclear fusion
	スライド番号 21
	スライド番号 22
	スライド番号 23

