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Naming Elements 114 and 116 (2016):  
Nh (Nihonium)   Mc (Moscovium)   Ts (Tennessine)   Og (Oganesson)

Discovary of element 113 at RIKEN (2004，2012)
209Bi is a radionuclide. [(1.9±0.2)×1019 years] (2003)
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EAZ N

Symbol of 
element

mass number = Z + N

atomic number = 
number of protons number of neutrons

Nuclide

Z: isotope N: isotone
A: isobar
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stable nuclidesunstable nuclides 
= radionuclides

Radionuclide changes to the other nuclide 
spontaneously by radioactive decay.

nuclides

α decay β decay γ decay

自発核分裂

€ 

Z
AE→Z−2

A−4 $ E +2
4 He

€ 

Z
AE*→Z

AE +γ

€ 

Z
AE→Z+1

A # E  +e- + ν 

€ 

Z
AE→Z−1

A $ E  +e+ +ν

€ 

Z
AE +e-→Z−1

A $ E +ν
Isomeric Transitionα-ray

β-ray， γ-ray
γ-ray

conversion electron

neutron
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Release energy to transfer to more stable state.



Nuclide Chart
257 stable nuclides

核図表2014(JAEA)

unknown 
nuclides



Radioactive decay

€ 

−
dN
dt

= λN
N: number of radionuclides， λ: decay constant， t: time

decay speed : 

€ 

N = N0e
−λt

N0: N at t = 0

number of  decaying 
nuclides per unit time

probabilistic events
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€ 

N = N0e
−λtHalf Life

€ 

1
2
N0 = N0e

−λT1/ 2

€ 

T1/ 2 =
ln2
λ
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The time required for number of nuclides, N0, to decrease to N0 /2 : 
T1/2



Radioactivity
number of nuclides decaying per unit time
Unit: becquerel (Bq)，

number of nuclides decaying a second 
curie (Ci): radioactivity of 1 g of 226Ra

1 Ci  = 3.7×1010 Bq

A: radioactivity [Bq]， λ: decay constant[s-1]，
N: number of nuclides

€ 

A = λN = −dN /dt

€ 

A = A0e
−λt
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• radioactive materials (radionuclides，materials 
including radionuclide(s))
• radiation
• radioactivity (amout of radionuclides．not term 
showing materials)

radiation

radioactive 
material

Intensity: radioactivity
fluorescent lamp

light

illuminance
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radioniclide

(amount)

radiation

radiation



€ 

A = λN(Ex.) Radioactivity of potassium

39K : 93.3 %，40K : 0.012 %，41K : 6.7 %
T1/2 : 1.28×109 years

40K in 1 g of K,

€ 

0.693
1.28 ×109 × 365 × 24 × 3600
# 

$ 
% 

& 

' 
( ×

1
39.1

× 6.02 ×1023 × 0.012 ×10−2
# 

$ 
% 

& 

' 
( 

= 32 Bq
K concentration in a body = 0.35 %
if weight = 60 ， 6.7 kBq

32 Bq/gK
Specific radioactivity

-10-



Specific radioactivity
radioactivity per unit mass of element with its radioisotope

[ Bq / g ]

32P :

If 1 mg of P is irradiated,  60 MBq of 31P is produced.
→ 6×104 MBq/g

(a)  31P(n, γ)32P， T1/2 = 14 days

(b)  32S(n, p)32P， only 32P = without 31P [carrier-free]
60MBq =  1.0×1014 atoms = 5.2×10-9 g 

→ 1.2×1010 MBq/g

€ 

AS =
A
W

=
A

(A /λ) /NA ×M
=
λ × NA

M
constant not 
depending on time
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[ Bq / g ]

Radioactivity concentration
[ Bq / g，Bq / mL ]

40K in a human body
137Cs in a food
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Specific radioactivity
radioactivity per unit mass of element with its radioisotope

radioactivity per unit mass of material (sample) including 
radionuclide



Purity

chemical purity = 

amount of interested chemical 
species with radionuclide
total amount of a sample

radionuclidic
purity = total radioactivity in a sample

radiochemical
purity = 

radioactivity of radionuclide in a 
specific chemical form
total radioactivity of the 

radionuclide

(radiopurity)
32P，33P

PO43-, PO32-
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radioactivity of a interested 
radionuclide



Purity

chemical purity = 

amount of interested chemical 
species with radionuclide
total amount of a sample

radionuclidic
purity = total radioactivity in a sample

radiochemical
purity = 

radioactivity of radionuclide in a 
specific chemical form
total radioactivity of the 

radionuclide

(radiopurity)
32P，33P

PO43-, PO32-
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radioactivity of a interested 
radionuclide

Content of Target Element
Irrelevant radioactivity Ex. If the weight of Cu in a 1.00 g sample containing a small 

amount of Ni and Zn is 0.99 g, the chemical purity is 99%.



Purity

chemical purity = 

amount of interested chemical 
species with radionuclide
total amount of a sample

radionuclidic
purity = total radioactivity in a sample

radiochemical
purity = 

radioactivity of radionuclide in a 
specific chemical form
total radioactivity of the 

radionuclide

(radiopurity)
32P，33P

PO43-, PO32-
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radioactivity of a interested 
radionuclide

60Co: 100 Bq
137Cs:  10 Bq
131I:     90 Bq

Ex.

Total 200 Bq

Radionuclidic Purity of 60Co
50%



Purity

chemical purity = 

amount of interested chemical 
species with radionuclide
total amount of a sample

radionuclidic
purity = total radioactivity in a sample

radiochemical
purity = 

radioactivity of radionuclide in a 
specific chemical form
total radioactivity of the 

radionuclide

(radiopurity)
32P，33P

PO43-, PO32-

-16-

radioactivity of a interested 
radionuclide

Benzoic Acid[14C]
100 Bq

Toluene[14C]
40 Bq

Xylene[14C]
10 Bq

Toluene[3H]
50 Bq

Radiochemical Purity
of Benzoic Acid [14C]

Ex.

100
40 + 10 + 100 ×100

= 66.67%



Decay series
When decay products are radionuclides, decay
occurs continuously. The sequence of nuclides
that cause this series of decay is called decay
series.

€ 

9 0Sr 
28.7 y

β -

→  9 0Y 
64.1 h

β -

→  9 0Zr

€ 

99Mo 
66.0 h

β -

→  99mTc 
6.0 h

IT

→ 99gTc 
2.1x105  y

β -

→  99Ru

€ 

238U 
4.5x109  y

α

→  228Ra 
5.7 y

β -

→ 228Ac 
6.13 h

β -

→  ....... → 212Po 
0.3µs

α

→208Pb

€ 

28 Al 
2.3 m

β -

→ 28Si 
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parent daughter granddaughter



Radioactive Equilibrium
Decay rate of radionuclides in a decay series

€ 

ZP

AP EP 
λp

→ ZD

AD ED 
λD

→ ZG D

AG DE GD

t = 0;    

€ 

NP
0

€ 

ND
0

€ 

NGD
0

t;    

€ 

NP

€ 

ND

€ 

NGD

€ 

dNP

dt
= −λPNP

dND

dt
= −λDND +λPNP
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€ 

dNP

dt
= −λPNP

€ 

dND

dt
= λPNP − λDND

€ 

NP = NP
0e−λP t

€ 

ND =
λP

λD − λP
NP
0 e−λP t − e− λDt( ) + ND

0e−λD t

€ 

AP = AP
0e−λP t

€ 

AD =
λD

λD − λP
AP
0 e−λP t − e− λDt( ) + AD

0e−λDt

multiply λP or λD on both sides
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Radioactive 
Equilibrium



€ 

AP = AP
0e−λP t

€ 

AD =
λD

λD − λP
AP
0 e−λP t − e− λDt( ) + AD

0e−λDt

1) lP < lD

€ 

T1/ 2
P > T1/ 2

D[ ]

€ 

T1/ 2
P >>T1/ 2

D[ ]2) lP << lD

€ 

T1/ 2
P < T1/ 2

D[ ]3) lP > lD

€ 

AD
0 = 0where
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Radioactive 
Equilibrium



1) lP < lD

€ 

T1/ 2
P > T1/ 2

D[ ]

€ 

AP = AP
0e−λP t

€ 

AD =
λD

λD − λP
AP
0 e−λP t − e− λDt( )

After enough time，

€ 

e−λP t >>e−λDt

€ 

AD ≈
λD

λD − λP
AP
0e− λP t =

λD
λD − λP

AP

€ 

AD
AP

=
λD

λD − λP
transient equilibrium 

Radioactivity ratio of daughter to 
parent nuclides is equal.

€ 

99Mo 
66.0 h

β -

→  99mTc 
6.0 h

IT

→ 99gTc 
2.1x105  y

β -

→  99RuEx.)
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Transient 
Equilibrium

€ 

99Mo 
66.0 h

β -

→  99mTc 
6.0 h

IT

→ 99gTc 

€ 

AD
AP

=
λD

λD − λP

99mTc 99Mo

99Mo+99mTc

AD /AP

In the case of 99Mo → 99mTc, 

AD/AP  = 1.1
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€ 

AP = AP
0e−λP t

€ 

AD =
λD

λD − λP
AP
0 e−λP t − e− λDt( )

After enough time，

€ 

e−λP t >>e−λDt

€ 

AD ≈
λD

λD − λP
AP
0e− λP t =

λD
λD − λP

AP ≈
λD
λD

AP

€ 

AD = AP Radioactivity of parent and daughter 
nuclides are equal.

Ex.)

． And，

€ 

λD − λP ≈ λD

€ 

9 0Sr 
28.7 y

β -

→  9 0Y 
64.1 h

β -

→  9 0Zr

€ 

T1/ 2
P >>T1/ 2

D[ ]2) lP << lD
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secular equilibrium 



€ 

9 0Sr 
28.7 y

β -

→  9 0Y 
64.1 h

β -

→  9 0Zr

€ 

AD = AP
90Y

90Sr

90Sr+90Y

AD / AP
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Secular 
Equilibrium



€ 

AP = AP
0e−λP t

€ 

AD =
λD

λD − λP
AP
0 e−λP t − e− λDt( )

€ 

49Ca 
8.7 m

β -

→ 49Sc 
57.2 m

β -

→  48Ti 

€ 

T1/ 2
P < T1/ 2

D[ ]3) lP > lD

1

10

100

0 50 100 150 200

Ac
tiv

ity
 [B

q]

Time [min]

Radioactive equilibrium is 
not established.

49Sc
49Ca

49Ca+49Sc
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Milking

1000

10000

0 2 4 6 8 10

Ac
tiv

ity
 [B

q]

Time [days]

99Mo(66 h)→ 99mTc (6h)

Tc generator
important in 
nuclear medicine
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Using radioactive equilibrium, daughter 
nuclide that is produced from parent  
nuclide is extracted repeatedly.



Tc generator
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http://fri.fujifilm.co.jp/med/products/
diagnosis/brain/utk/

http://fri.fujifilm.co.jp/med/products/diagnosis/brain/utk/p
ack/pdf/fri_med_utk_attach.pdf
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Natural radionuclides
・Primordial radionuclides
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1 18

H 2 13 14 15 16 17 He
Li Be B C N O F Ne
Na Mg 3 4 5 6 7 8 9 10 11 12 Al Si P S Cl Ar
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
Cs Ba * Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Fr Ra ** Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og

* La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
** Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

 

・Secondary radionuclides
・Induced radionuclides



Primordial radionuclides

・Parents of decay series
238U(4.5×109 y)，235U(7.0×108 y)，232Th(1.4×1010 y)

・Independent
40K (1.3×109 y) 50V (1.4×1017 y) 87Rb (4.8×1010 y)
115In (4.4×1014 y) 123Te (1.2×1013 y) 138La (1.1×1011 y)
142Ce (>5×1015 y) 144Nd (2.3×1015 y) 147Sm (1.1×1011 y)
148Sm (7×1015 y) 152Gd (1.1×1014 y) 176Lu (3.8×1010 y)
174Hf (2.0×1015 y) 187Re (5×1010 y)， 186Os (2.0×1015 y)
190Pt (6.5×1011 y)

Nuclides that already existed when the solar system was
formed and that still exist due to its long half life.

Isotopic abundance > 10%
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・Short-lived nuclides belonging to decay series originated
in primordial radionuclides.

・Fission products of spontaneous fission

U series:  238U → 206Pb， mass number = 4n + 2
Th series: 232Th → 208Pb，mass number = 4n
Ac series: 235U → 207Pb， mass number = 4n + 3
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Secondary radionuclides



1.2m

234U � 24.1d 238U
� 2.5x105y234Pa� � 4.5x109y

230Th 234Th
� 8x104y

226Ra
� 1600y

3.05m 222Rn
5.0d 19.8m 218At� � 3.8d

210Po� 22y 214Po� � 2s 218Po
� 138d 210Bi� � 162µs 214Bi26.8m � 3.05m

206Pb 210Pb 19.8m 214Pb

U series
1.22d

228Th� 5.76y
232Th��

� 1.91y
228Ac� � 1.41x1010y

224Ra 228Ra

� 3.66d

220Rn

60.6m � 55.6s

212Po�� 10.6h
216Po

� 0.3µs
212Bi� � 0.15s

208Pb� � 60.6m
212Pb

3.05m
208Tl

Th series

25.6h 235U
22y 231Pa� � 7x108y

227Th� � 231Th
� 18.7d 227Ac 3.3x104y

223Ra
� 11.4d

219Rn
� 3.9s

36.1m 215Po
����

211Bi� � 1.8ms

207Pb� � 2.15m 211Pb
207Tl

Ac series
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Nuclides that are always produced in the upper
atmosphere mainly by nuclear reactions with cosmic rays
in nature.

Nuclear spallation reactions of N and O
3H (12.3 y)，7Be (53.3 d)，10Be (1.5×106 y)，
14C (5.7×103 y)

Nuclear spallation reactions of Ar
22Na (2.6 y)，32Si (172 y)，32P (14.3 d)，
35S (87.5 d)，36Cl (3.0×105 y)

-32-

Induced radionuclides



Nuclides that are always produced in the upper
atmosphere mainly by nuclear reactions with cosmic rays
in nature.

Nuclear spallation reactions of N and O
3H (12.3 y)，7Be (53.3 d)，10Be (1.5×106 y)，
14C (5.7×103 y)

Nuclear spallation reactions of Ar
22Na (2.6 y)，32Si (172 y)，32P (14.3 d)，
35S (87.5 d)，36Cl (3.0×105 y)
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Induced radionuclides

Stratosphere

Troposphere

Altitude: 15Km

Altitude: 9Km

14N + n → 14C + p

Cosmic Ray
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Artificial radionuclides
produced by nuclear reactions

- nuclear reactor - accelerator

carrier-
free

Irradiation energy is important.
yields
secondary products

fission，spallation

RI, 
radioactive 
medicines

18O + p → 18F + n
249Cf + 48Ca → 294118 + 3n
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(neutrons) (positive ions, electrons)

proton number

neutron number



N = nφσ t

€ 

A = nφσ (1− e−λt )

N / n = φσ t

Radioactivity induced by 
nuclear reaction N : number of reactions

A : induced radioactivity
n : number of target 
nuclides

φ : fluence rate
σ : reaction cross 
section

λ : decay constant
t : irradiation time

0

0.2

0.4

0.6

0.8

1

1.2

0 2 4 6 8 10 12

1 
- e

-λ
t

t / T1/2

(Ex.) 31P(n,γ)32P， T1/2 = 14 days
φ : 1013 cm-2s-1

σ : 0.17 b = 0.17×10-24 cm2

λ : 0.049 d-1 = 5.7×10-7 s-1

t : 14 d = 1.2×106 s

A =1.6×1010 Bq/g
N/n = 2.0 × 10-6 
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saturation factor

saturation factor
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Nuclear fission
235U + n → 236U → 131Sb + 103Nb + 2n + Q 

131I 
β-

mi mf mi > mf

Q = (mi - mf) × c2

〜 200 MeV

1 MeV = 3.8×10-17 kcal 

1 g of 235U = 2.5×1021 atoms

1.9×107 kcal

1 g of coal = 8.1 kcal
Crouch (1977)

asymmetric
fission

symmetric
fission

13790
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Fig. 3. A plane view of RIKEN GARIS. The shapes of pole pieces of the dipole magnets are shown in the figure. Envelop of reaction products as well as of
the primary beam is also shown.

B⇢ = 0.0227
m(v/v0)

q
(T m). (2)

Here q depends only on the velocity and atomic number (Z) of the ion, and does not depend on the initial ionic charge state
just after passing through the target. Therefore, the trajectory of an ion characterized by the radius ⇢ in Eq. (2) does not
depend on the initial charge state. Moreover, the mean charge state q is roughly proportional to the velocity of the ion in
some velocity region. According to the Bohr [23], the mean charge state q is given by the following equation

q = (v/v0)Z
1
3 (3)

for a velocity range 1 < v/v0 < Z
2
3 . @@If we combine this relation (3) and Eq. (2), we get the following equation as

B⇢ = 0.0227
m

Z
1
3

(T m). (4)

This equation shows the most characteristic feature of the gas-filled-type recoil separator. The trajectory of ions does not
depend even on the velocity or on the initial charge state of the ions. The ions are separated and collected only according to
their mass and atomic number. This is because the gas-filled-type separator could have large efficiency.

2.2.2. Ion-optical characteristics

The GARIS consists of four magnets in a D1-Q1-Q2-D2 configuration, where D denotes the dipole magnet and Q the
quadrupole magnet. The geometrical setup of the magnets is shown in Fig. 3. A shape of a pole piece of the D1 magnet is
shown in the figure. Typical beam envelops for both reaction products of interest and primary beam are also shown in the
figure. The primary beam is stopped at the tantalum plate set on the wall of the vacuum chamber of the D1 magnet. The
characteristics of each magnet are listed in Table 1. A total length of the central trajectory is 5.76 m. A second D-magnet
(D2) between Q2 and the focal plane was put for the purpose of background reduction. In the experiment, an incident beam
is stopped by a tantalum plate in the D1-magnet. A large number of light-charged particles are emitted there. Although the
B⇢ values of these light-charged particles are far different from the values of the reaction products of our interest, because
their source points are not the same as those of reaction products, they reach the focal plane by passing the Q-magnets.
These light-charged particles come into the focal plane detectors, and create a main background signal in our detection
system. This additional D-magnet sweeps such light-charged particles out from the focal point. Thus we could realize a low
background condition at the highest beam intensity with the D2 magnet.

The ion-optical characteristics of the system were studied by using computer code TRANSPORT [24]. The first-order
transfer matrix at the focal plane of the GARIS is listed in Table 2 where the effects of fringing fields of all magnets are taken
into account. Notations are followed by those used in the code. As is shown by the matrix, the system has double focusing
condition in horizontally ((x/✓) = 0) and vertically ((y/�) = 0). The horizontal magnification (x/x) is �0.76, the vertical
magnification (y/y) is �1.99, and the dispersion (x/�) is 0.97 in unit of cm/%.

An acceptance of the GARIS was measured using alpha ray from 241Am source whose intensity was calibrated separately.
The source was set at the target position of the separator. The alpha particles were detected at the focal plane by using a
semiconductor detector whose effective area was 60 mm ⇥ 60 mm. A helium gas was not filled in this measurement. The
measured valuewas 12.2msr. Horizontal angular acceptancewas±68mrad (±3.9�) and vertical acceptancewas±57mrad
(±3.3�). The ion-optical characteristics mentioned above are confirmed by the measurement.
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209Bi + 70Zn → 278Nh + n 
Element 113

Charge of ions 
become same by 
passing though gas.

trajectory in magnetic field:  Bρ = 0.0227×A×(v/v0)/q
radius mass number

independent 
on initial
charge state

various 
charge 
states

Gas-filled Recoil Ion Separator (GARIS)
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Superheavy research in Japan
Kosuke Morita
Superheavy Element Laboratory, RIKEN Nishina Center, RIKEN, Hirosawa 2-1, Wako-shi, Saitama 351-0198, Japan

a b s t r a c t

At RIKEN (The Institute of Physical and Chemical Research) in Japan, we have performed
experiments to study the productions and decays of the heaviest elements produced
by one-neutron emission channels of 208Pb and 209Bi based heavy-ion-induced fusion
reactions. A gas-filled-type recoil separator has been used for collecting evaporation
residues of the reactions separating them from high intensity beam particles. The reactions
studied were 208Pb(58Fe, n)265Hs, 208Pb(64Ni, n) 271Ds, 209Bi(64Ni, n)272Rg, 208Pb(70Zn, n)
277112, and 209Bi(70Zn, n)278113. In studies of the first four reactions we have provided
the independent confirmations of the productions and their decays of the isotopes,
265Hs, 271Ds, 272Rg, and 277112, as well as the decay properties of their decay daughters,
previously studied by Hofmann et al., a group of Gesellschaft für Schwerionenforschung
(GSI), Germany. In the last reaction, we observed two decay chains originated from the
isotope 278113, assigned firstly by generic correlation of the alpha decay chains connected
into the previously known decay of 266Bh and 262Db via previously unknown alpha decays
of 278113, 274Rg and 270Mt.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The discovery of a new element is one of the exciting topics both for nuclear physicists and nuclear chemists. 94 elements,
from Hydrogen (H, Z = 1) to Plutonium (Pu, Z = 94), are known to exist naturally. Among them, Technetium (Tc, Z = 43),
Promethium (Pm, Z = 61), Astatine (At, Z = 85), Neptunium (Np, Z = 93), and Pu were discovered by artificial synthesis
utilizing nuclear reaction before they were observed in nature. All the elements whose atomic numbers are greater than
94 have been discovered by artificial synthesis by using nuclear reactions. Nuclear synthesis of heavy elements beyond
Fermium (Fm, Z = 100) has been done by using heavy-ion-induced fusion-evaporation reactions. Extensive investigations
have performed, for example, by experimental group at Gesellschaft für Schwerionenforschung (GSI), Germany which have
reported the first productions of Bohrium (Bh, Z = 107) — 112th element by using 208Pb and 209Bi based ‘cold fusion’
reactions [1–3], and by experimental group at Flerov Laboratory of Nuclear Reactions (FLNR) of Joint Institute of Nuclear
Research (JINR), Russia which have reported the productions of 112th–116th, and 118th elements by using actinide based
48Ca-induced ‘hot fusion’ reactions [4,5]. The term, ‘cold fusion’ or ‘hot fusion’, is used according to the excitation energy
of the compound nucleus. When one uses the combinations of the stable targets, 208Pb, which has magic numbers both in
the proton shell (82) and in the neutron shell (126), or 209Bi, which has a magic number in the neutron shell (126), and
the counterparts beam nuclei, the excitation energies of the compound nuclei range between 12 MeV and 20 MeV at the
reaction energies corresponding to the Coulomb energies of the systems. The number of the evaporating neutron(s) in these
cases is one or two. Such reactions are called cold fusion reactions. When one uses, on the other hand, the combinations of
the actinide targets and the counterparts beam nuclei, the excitation energies of the compound nuclei range 35MeV and 50
MeV at the reaction energies around the Coulomb energies of the systems. The number of the evaporating neutrons is 3–5
in these cases. Such reactions are called hot fusion reactions.

E-mail address:morita@ribf.riken.jp.

0146-6410/$ – see front matter© 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.ppnp.2008.12.039
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the observation in the rather widely distributed decay
energies of the decay chains of odd–odd nuclei, for example,
starting from 272Rg,8) is a natural feature due to the decays to
the many excited states in their daughters, and due to the
possible summing effect of !-energy with a conversion
electron or "-ray energy, which is emitted simultaneously
with !-decay inside the detector.

Therefore, we could conclusively assign the sixth decay
to that of 258Lr. Consequently, we could unambiguously
assign the third decay chain to 278113 ! 274Rg !
270Mt ! 266Bh ! 262Db ! 258Lr ! 254Md.

The isotopes 254Md/254mMd are known to decay dom-
inantly by electron capture (EC) (b" ! 100%) with half-lives
T1=2 ¼ 10# 3min and 28# 8min, respectively.12) We did
not observe the corresponding event following the assigned
decay of 258Lr, because the energy deposit of X-rays (the
highest energy of characteristic X-rays of 254Fm is
142 keV)13) associated with the EC decay is smaller than
the energy threshold of the focal plane detector, i.e.,
800 keV. The isotope 254Fm, which is the daughter of
254Md, is known to decay dominantly by !-emission
(b! ¼ 99:94%) with a half-life T1=2 ¼ 3:240# 0:002 h.12)

The adopted decay energies and relative intensities
are 6:898# 0:003MeV (0.0066%), 7:050# 0:002MeV
(0.82%), 7:150# 0:002MeV (14.2%), and 7:192#
0:002MeV (84.9%).12) We observed two candidate events
corresponding to the decay of 254Fm. One (!7 1) was
observed 3.96 h after the decay of 258Lr with a decay energy
and a position in the detector of 7.26 (0.07)MeV and
5.2mm, respectively. The other (!7 2) was observed 6.42 h
after the decay of 258Lr with a decay energy and a position
of 7.18 (0.06)MeV and 5.1mm, respectively. Using the
counting rate of the decay event mentioned above, but for
a decay energy greater than 7MeV, i.e., 3:0$ 10%3 s%1, the
probabilities of an accidental coincidence between the
implantation of ER and the observed decays, !7 1 and
!7 2, were estimated to be 0.43 and 0.70, respectively. We
consider that one of these was the possible decay of 254Fm.

The decay daughter of 254Fm, 250Cf, is known to decay
dominantly by !-emission (b! ¼ 99:92%) with a half-life
T1=2 ¼ 13:08# 0:09 years.12) We have not yet observed the
corresponding event.

The observed decay chains are shown in Fig. 3 together
with the previous two. The total beam dose was 1:35$ 1020.
Combining all three events, the production cross section of
278113 was determined to be 22þ20

%13 fb (fb ¼ 10%39 cm2) with
a 1# error. The error includes only a statistical one. To
deduce the cross section, the values of the transmission of
the GARIS and the effective target thickness used were 0.8
and 450 !g/cm2, respectively.

In conclusion, the isotope of the 113th element, i.e.,
278113, was produced in the 209Bi(70Zn,n)278113 reaction and
was unambiguously identified by the firm connection to the
well-known daughter nuclides 266Bh, 262Db, and 258Lr.
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Fig. 3. (Color) Observed decay chain in the present work together with
previously observed chains.1,2)

Fig. 2. Decay time (T decay) distributions of the decay family originating
from 278113 are indicated. The logarithm of the decay times is taken as the
abscissa. Mean lifetimes $ determined from three decay chains are shown
together with the symbols of the nuclides. Curves in the graphs correspond
to single-exponential decay curves with $. Neutron numbers of the nuclides
are also indicated in the graphs.
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9 years，net 574 days
1.39×1020 ions were 
irradiated at the target.

209Bi + 70Zn → 278Nh + n 
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Irradiation Effects of Radiation
(1) Radiation trauma

lattice defect (metal，semiconductor)
(2) Ionization, Excitation, Radical production

dissociation and formation of chemical bond
oxidation-reduction，cross-link，polymerization

(3) Killing of organisms，Asexualization
sterilization，pest control，food irradiation，
radiotherapy

(4) Mutation
cereal → (e.g.) Reimei [rice]
fruit → (e.g.) Gold 20 century [pear]
flower → (e.g.) Kirari [carnation]

 

 

４．具体的データ  
 
表１ カーネーション「きらり」の特性（平成 20～21 年、笠間市安居）  

品種  
・系統  

切花  
長

(cm) 

切花  
重  
(g) 

分枝  
数  

(本) 

茎径

(mm) 
花径

(cm) 

花弁  
数  

(枚) 

花弁の  
地色 1）  

花弁の  
複色 1）  

開花

始め  
 (月 /日) 

採花  
本数  

(本 /株) 

きらり  77.9 46.7 10.4 4.6  5.7  35.2  
2D 

(淡黄) 
69D 

(極淡ピンク) 12/5 4.2 

常陸野  
ひよこ  82.0 53.7 10.8 5.1  5.6  36.7  1D 

(淡黄) 
N75D 

(濃ピンク) 12/17 3.7 

ﾗｲﾄｸﾘｰﾑ 
ｷｬﾝﾄﾞﾙ 87.8 50.6 18.1 4.6  5.0  21.7  2C 

(黄) 
NN155B 

(白) 1/13 4.0 

１）花色は RHS カラーチャートによる。  
注）調査 36 株、パイプハウスに定植 6/24、一次摘心 7/11～28、二次摘心 9/1～17。  
  採花本数データのみ別圃場：調査 18 株、定植 7/11、一次摘心 7/15、二次摘心 9/1・9/12、

開花日；「きらり」1/10、「常陸野ひよこ」1/3、「ﾗｲﾄｸﾘｰﾑｷｬﾝﾄﾞﾙ」12/26、調査終了 5/10。 
 
 
 
 

評価基準  良い  やや  
良い  普通  やや

劣る  劣る  

花色  10 1 4 0 0 
花の質  10 4 1 0 0 

茎葉の色  9 2 4 0 0 
ﾎﾞﾘｭｰﾑ感  13 2 0 0 0 
商品性  4 6 5 0 0 

 図１ カーネーション「きらり」  
の開花形態  

 
 
表３ カーネーション「きらり」の生産者評価(平成 22 年 5 月中旬) 

作り  
やすさ  

開花時期  切花

長  
花

色  
花の  
質  

花

数  
茎葉  
色  

ﾎﾞﾘｭ

ｰﾑ感  

病害

虫の

発生  

収量

性  
総合

評価  

導入  
希望  

有：無  一番花  二番花  

3.3  3.3  3.3  5.0  4.7  4.3  4.0  4.3  4.3  3.3  3.3  4.0  3:0 

注）生産者 3 名による評価。 作りやすさ･開花時期･切花長･花色･花の質･花数･茎葉色･ﾎﾞﾘｭｰ
ﾑ感･収量性･総合評価；1：極劣，2：劣，3：普通，4：良，5：極良。病害虫の発生は 1：
極めて多い，2：多い，3：普通，4：少ない，5：無しで判定した。全項目において「常陸
野ひよこ」の評価を 3 とし、比較した時の達観評価とする。  

 
 
５．試験課題名・試験期間・担当研究室  

１）生産現場開発型育種によるイチゴ、カーネーションの新品種育成・平成 16～平成
19 年度・生物工学研究所果樹・花き育種研究室  

２）新品種育成普及促進事業・平成 6 年度～・生物工学研究所果樹・花き育種研究室 
３）新品種育成普及促進事業・平成 18 年度～・園芸研究所花き研究室  

表２  カーネーション「きらり」の市場評価  
(平成21年、２市場、回答者15人) 

 

https://www.pref.ibaraki.jp/nourinsuisan/seikoken/hinsyu/documents/h27kirari2.pdf



http://www.radia-ind.co.jp/products/service01_05.htm#link

Reformulation and processing by radiaiton

- producton of fluorine resin(PTFE) particles [radiolysis]
- radial tire，heat resistance electric wire，foam plastic [cross-
linking]
- painting cement tile，laminate steel sheet，paper liner of 
adhesive label [radiation curing]

polymerization

cross-link

disintegration

graft polymerization
curing

polymermonomer

monomer



Prevention of melon fly

https://www.pref.okinawa.jp/mibae/index.html
(沖縄県病害虫防除技術センター)

radiation 
by γ-ray 

male

Okinawa

Kagoshima

normal

barren

[year]
month

bebining
eradication

bebining
eradication

bebining
eradication

bebining
eradication

bebining
eradication

Amami ilands

Okinawa ilands

Kume iland

Miyako ilands


