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Survey of α cluster resonance
in the Ne isotopes

1) α cluster resonance on 28Ne
search for the resonance just above the α emission threshold energy of 
10.1 MeV

for further description of cluster degree of freedom arise on n-rich nuclei

2) invariant mass measurement by detecting 24O + α

Using SAMURAI spectrometer
which enable us to measure 2 or more particles in coincidence

Large momentum acceptance : Rmax/Rmin = 3
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Physics motivation of
α cluster resonance

1) α cluster resonance
Ikeda Diagram

Successful description on A=4n nuclei
(~ 1970)

2) Threshold law
α cluster appears on threshold

Table of Isotopes (1998)

Z=0-28 Part 1 of 2

n1
1/2+

614.8 s

!-

H3
1/2+

12.33 y

!-

H4
2-

Li4
2-

H5

He5
3/2-

0.60 MeV

n

Li5
3/2-

1.5 MeV

p

Be5

H6

He6
0+

806.7 ms

!-

Be6
0+

92 keV

2p

He7
(3/2)-

160 keV

n

Be7
3/2-

53.29 d

EC

B7
(3/2-)

1.4 MeV

He8
0+

119.0 ms

!-n

Li8
2+

838 ms

!-2"

Be8
0+

6.8 eV

2"

B8
2+

770 ms

EC2"

C8
0+

230 keV

He9
(1/2-)

0.30 MeV

n

Li9
3/2-

178.3 ms

!-n

B9
3/2-

0.54 keV

2p"

C9
(3/2-)

126.5 ms

ECp,ECp2",...

He10
0+

0.3 MeV

n

Li10
1.2 MeV

n

Be10
0+

1.51E+6 y

!-

C10
0+

19.255 s

EC

N10

Li11
3/2-

8.5 ms

!-n,!-2n,...

Be11
1/2+

13.81 s
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230 ms
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2.572 s
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150 ms
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15.1 ms
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Ne32
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Na32
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13.2 ms
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120 ms

!-n
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33 ms
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172 y
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14.262 d
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298 ms
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98 ms
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Al39
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0.16 s
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11.5 s

!-
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3/2+

55.6 m

!-

Ar39
7/2-

269 y

!-

Ca39
3/2+

859.6 ms
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ECp

Si40
0+
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199 ms
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!-n
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3.3 s
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K43
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509 ms
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22.13 m
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63 y
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90 ms

EC"
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53 ms

ECp

Mn44

P45

S45
82 ms

!-n
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!-n

Ar45
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K45
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17.3 m
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7/2-

162.61 d
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*

Ti45
7/2-

184.8 m
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V45
7/2-

547 ms
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Cr45
50 ms

ECp

Mn45

Fe45

P46

S46
0+

Cl46
223 ms

!-n

Ar46
0+

8.4 s

!-

K46
(2-)

105 s

!-

Sc46
4+

83.79 d

!-
*

V46
0+

422.37 ms

EC *

Cr46
0+

0.26 s

EC

Mn46
41 ms

ECp

Fe46
0+

20 ms

ECp

S47

Cl47

!-n

Ar47
700 ms

!-n

K47
1/2+

17.50 s

!-

Ca47
7/2-

4.536 d

!-

Sc47
7/2-

3.3492 d

!-

V47
3/2-

32.6 m

EC

Cr47
3/2-

500 ms

EC

Mn47
100 ms

ECp

Fe47
27 ms

ECp

S48
0+

Cl48

Ar48
0+

K48
(2-)
6.8 s

!-n

Sc48
6+

43.67 h

!-

V48
4+

15.9735 d

EC

Cr48
0+

21.56 h

EC

Mn48
4+

158.1 ms

ECp,EC",...

Fe48
0+

44 ms

ECp

Co48

S49

Cl49

Ar49

K49
(3/2+)
1.26 s

!-n

Ca49
3/2-

8.718 m

Sc49
7/2-

57.2 m

!-

V49
7/2-

330 d

Cr49
5/2-

42.3 m

Mn49
5/2-

382 ms

EC

Fe49
(7/2-)
70 ms

ECp

Co49

Cl50

Ar50
0+

K50
(0-,1,2-)
472 ms

!-n

Ca50
0+

13.9 s

!-

Sc50
5+

102.5 s

!-
*

Mn50
0+

283.88 ms

EC *

Fe50
0+

150 ms

ECp

Co50
(6+)

44 ms

ECp

Ni50

Cl51

Ar51

K51
(1/2+,3/2+)

365 ms

!-n

Ca51
(3/2-)
10.0 s

!-n

Sc51
(7/2)-
12.4 s

!-

Ti51
3/2-

5.76 m

!-

Cr51
7/2-

27.702 d

EC

Mn51
5/2-

46.2 m

EC

Fe51
(5/2-)

305 ms

EC

Co51

Ni51

Ar52
0+

K52
105 ms

!-n

Ca52
0+

4.6 s

!-

Sc52
3+

8.2 s

!-

Ti52
0+

1.7 m

!-

V52
3+

3.743 m

!-

Mn52
6+

5.591 d

EC *

Fe52
0+

8.275 h

EC *

Co52
18 ms

EC

Ni52
0+

38 ms

ECp

Ar53

K53
(3/2+)
30 ms

!-n

Ca53
(3/2-,5/2-)

90 ms

!-n

Sc53

Ti53
(3/2)-
32.7 s

!-

V53
7/2-

1.61 m

!-

Mn53
7/2-

3.74E+6 y

EC

Fe53
7/2-

8.51 m

EC *

Co53
(7/2-)

240 ms

EC *

Ni53
(7/2-)
45 ms

ECp

K54
10 ms

!-n

Ca54
0+

Sc54

Ti54
0+

V54
3+

49.8 s

!-

Mn54
3+

312.3 d

EC,!-

Co54
0+

193.23 ms

EC *

Ni54
0+

EC

K55

Ca55

Sc55

Ti55

V55
(7/2-)
6.54 s

!-

Cr55
3/2-

3.497 m

!-

Fe55
3/2-

2.73 y

EC

Co55
7/2-

17.53 h

EC

Ni55
7/2-

212.1 ms

EC

Ca56
0+

Sc56

Ti56
0+

V56

Cr56
0+

5.94 m

!-

Mn56
3+

2.5785 h

!-

Co56
4+

77.27 d

EC

Ni56
0+

6.077 d

EC

Ca57

Sc57

Ti57

V57

Cr57
3/2-,5/2-,7/2-

21.1 s

!-

Mn57
5/2-

85.4 s

!-

Co57
7/2-

271.79 d

EC

Ni57
3/2-

35.60 h

Sc58

Ti58
0+

V58

Cr58
0+

7.0 s

!-

Mn58
0+

3.0 s

!-
*

Co58
2+

70.82 d

EC *

Sc59

Ti59

V59

Cr59
0.74 s

!-

Mn59
3/2-,5/2-

4.6 s

!-

Fe59
3/2-

44.503 d

!-

Ni59
3/2-

7.6E+4 y

EC

Ti60
0+

V60

Cr60
0+

0.57 s

!-

Mn60
0+

51 s

!-
*

Fe60
0+

1.5E+6 y

!-

Co60
5+

5.2714 y

*

Ti61

V61

Cr61

Mn61
(5/2-)
0.71 s

!-

Fe61
3/2-,5/2-
5.98 m

!-

Co61
7/2-

1.650 h

!-

V62

Cr62
0+

Mn62
(3+)

0.88 s

!-

Fe62
0+

68 s

!-

Co62
2+

1.50 m

!-
*

V63

Cr63

Mn63
0.25 s

!-

Fe63
(5/2)-
6.1 s

!-

Co63
(7/2)-
27.4 s

!-

Ni63
1/2-

100.1 y

!-

Cr64
0+

Mn64

Fe64
0+

2.0 s

!-

Co64
1+

0.30 s

!-

Cr65

Mn65

Fe65
0.4 s

!-

Co65
(7/2)-
1.20 s

!-

Ni65
5/2-

2.5172 h

!-

Mn66

Fe66
0+

Co66
(3+)

0.23 s

!-

Ni66
0+

54.6 h

!-

Mn67

Fe67

Co67
(7/2-)
0.42 s

!-

Ni67
(1/2-)
21 s

!-

Fe68
0+

0.10 s

!-

Co68
0.18 s

!-

Ni68
0+

19 s

!-

Fe69

Co69
0.27 s

!-

Ni69
11.4 s

!-

Co70

Ni70
0+

Co71

Ni71
1.86 s

!-

Co72

Ni72
0+

2.1 s

!-

Ni73
0.90 s

!-

Ni74
0+

1.1 s

!-

Ni75 Ni76
0+

Ni77 Ni78
0+

H1
1/2+

99.985

H2
1+

0.015

He3
1/2+

0.000137

He4
0+

99.999863

Li6
1+

7.5

Li7
3/2-

92.5

Be9
3/2-

100

B10
3+

19.9

B11
3/2-

80.1

C12
0+

98.90

C13
1/2-

1.10

N14
1+

99.634

N15
1/2-

0.366

O16
0+

99.762

O17
5/2+

0.038

O18
0+

0.200

F19
1/2+

100

Ne20
0+

90.48

Ne21
3/2+

0.27

Ne22
0+

9.25

Na23
3/2+

100

Mg24
0+

78.99

Mg25
5/2+

10.00

Mg26
0+

11.01

Al27
5/2+

100

Si28
0+

92.23

Si29
1/2+

4.67

Si30
0+

3.10

P31
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100

S32
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95.02

S33
3/2+

0.75

S34
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4.21

Cl35
3/2+

75.77
S36
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0.02

Ar36
0+

0.337
Cl37
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24.23

Ar38
0+

0.063

K39
3/2+

93.2581
Ar40

0+

99.600

K40
4-

1.277E+9 y

EC,!-
0.0117

Ca40
0+

96.941
K41
3/2+

6.7302

Ca42
0+

0.647

Ca43
7/2-

0.135

Ca44
0+

2.086

Sc45
7/2-

100
Ca46

0+

0.004

Ti46
0+

8.0

Ti47
5/2-

7.3

Ca48
0+

6E+18 y

!-,!-!-
0.187

Ti48
0+

73.8

Ti49
7/2-

5.5

Ti50
0+

5.4

V50
6+

1.4E+17 y

EC,!-
0.250

Cr50
0+

1.8E+17 y

ECEC
4.345

V51
7/2-

99.750

Cr52
0+

83.789

Cr53
3/2-

9.501

Cr54
0+

2.365

Fe54
0+

5.8
Mn55

5/2-

100

Fe56
0+

91.72

Fe57
1/2-

2.2

Fe58
0+

0.28

Ni58
0+

68.077
Co59

7/2-

100

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Ni64
0+

0.926
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8.9%
4.002602
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B
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0.033%
12.0107

2
4

4492t°
3642s°

+2+4-4

  7
N
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-228.7°

0

 11
Na

0.000187%
22.989770

2
8
1

97.80°
883°

+1

 12
Mg

0.00350%
24.3050

2
8
2

650°
1090°

+2

 13
Al

0.000277%
26.981538

2
8
3

660.32°
2519°

+3

 14
Si

0.00326%
28.0855

2
8
4

1414°
3265°

+2+4-4

 15
P

0.000034%
30.973761

2
8
5

44.15°
280.5°

721°
+3+5-3

 16
S

0.00168%
32.066

2
8
6

115.21°
444.60°

1041°
+4+6-2

 17
Cl

0.000017%
35.4527

2
8
7

-101.5°
-34.04°
143.8°

+1+5+7-1

 18
Ar

0.000329%
39.948

2
8
8

-189.35°
-185.85°
-122.28°

0

 19
K

0.0000123%
39.0983

2
8
8
1

63.38°
759°

+1

 20
Ca

0.000199%
40.078

2
8
8
2

842°
1484°

+2

 21
Sc

1.12#10 -7%
44.955910

2
8
9
2

1541°
2836°

+3

 22
Ti

7.8#10 -6%
47.867

2
8

10
2

1668°
3287°

+2+3+4

 23
V

9.6#10 -7%
50.9415

2
8

11
2

1910°
3407°

+2+3+4+5

 24
Cr

0.000044%
51.9961

2
8

13
1

1907°
2671°

+2+3+6

 25
Mn

0.000031%
54.938049

2
8

13
2

1246°
2061°

+2+3+4+7

 26
Fe

0.00294%
55.845

2
8

14
2

1538°
2861°

+2+3

 27
Co

7.3#10 -6%
58.933200

2
8

15
2

1495°
2927°

+2+3

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

  2   4
  6   8

 10
 12  14

 16

 18
 20

 22
 24

 26
 28

 30
 32

 34

 36

 38

 40

 42

 44
 46  48  50

Decay Q-value Range
Q(??)
Q(!$)>0
Q(!$)-SN>0
Q(!$)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

1

A=4n

α cluster conf.g.s.
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Survey of α cluster resonance in the Ne isotopes

α cluster resonance 
outer than A=4n

1) Cluster state in A=4n±1
11B
T. Kawabata et al. Phys. Rev. C 70, 034318 (2004), 
Phys. Lett. B 646, 6 (2007).

13C
Milin and Oertzen, Eur. Phys. J. A 14, 295 (2002).

2) n-rich region
in RIBF

A=4n

Table of Isotopes (1998)

Z=0-28 Part 1 of 2

n1
1/2+

614.8 s

!-

H3
1/2+

12.33 y

!-

H4
2-

Li4
2-

H5

He5
3/2-

0.60 MeV

n

Li5
3/2-

1.5 MeV

p

Be5

H6

He6
0+

806.7 ms

!-

Be6
0+

92 keV

2p

He7
(3/2)-

160 keV

n

Be7
3/2-

53.29 d

EC

B7
(3/2-)

1.4 MeV

He8
0+

119.0 ms

!-n

Li8
2+

838 ms

!-2"

Be8
0+

6.8 eV

2"

B8
2+

770 ms

EC2"

C8
0+

230 keV

He9
(1/2-)

0.30 MeV

n

Li9
3/2-

178.3 ms

!-n

B9
3/2-

0.54 keV

2p"

C9
(3/2-)

126.5 ms

ECp,ECp2",...

He10
0+

0.3 MeV

n

Li10
1.2 MeV

n

Be10
0+

1.51E+6 y

!-

C10
0+

19.255 s

EC

N10

Li11
3/2-

8.5 ms

!-n,!-2n,...

Be11
1/2+

13.81 s

!-"

C11
3/2-

20.39 m

EC

N11
1/2+

740 keV

p

Li12

Be12
0+

23.6 ms

!-

B12
1+

20.20 ms

!-3"

N12
1+

11.000 ms

EC3"

O12
0+

0.40 MeV

2p

Be13
(1/2,5/2)+
0.9 MeV

n

B13
3/2-

17.36 ms

!-n

N13
1/2-

9.965 m

EC

O13
(3/2-)

8.58 ms

ECp

Be14
0+

4.35 ms

!-n,!-2n,...

B14
2-

13.8 ms

!-

C14
0+

5730 y

!-

O14
0+

70.606 s

EC

F14
(2-)

p

B15
10.5 ms

!-

C15
1/2+

2.449 s

!-

O15
1/2-

122.24 s

EC

F15
(1/2+)

1.0 MeV

p

B16
(0-)

200 Ps

n

C16
0+

0.747 s

!-n

N16
2-

7.13 s

!-"

F16
0-

40 keV

p

Ne16
0+

122 keV

2p

B17
(3/2-)

5.08 ms

!-n

C17
193 ms

!-n

N17
1/2-

4.173 s

!-n

F17
5/2+

64.49 s

EC

Ne17
1/2-

109.2 ms

ECp,EC",...

B18

C18
0+

95 ms

!-n

N18
1-

624 ms

!-n,!-",...

F18
1+

109.77 m

EC

Ne18
0+

1672 ms

EC

Na18

B19

C19
46 ms

!-n

N19
(1/2-)

0.304 s

!-n

O19
5/2+

26.91 s

!-

Ne19
1/2+

17.22 s

EC

Na19

p

C20
0+

14 ms

!-n

N20
100 ms

!-n

O20
0+

13.51 s

!-

F20
2+

11.00 s

!-

Na20
2+

447.9 ms

EC"

Mg20
0+

95 ms

ECp

C21

N21
85 ms

!-n

O21
(1/2,3/2,5/2)+

3.42 s

!-

F21
5/2+

4.158 s

!-

Na21
3/2+

22.49 s

Mg21
(3/2,5/2)+

122 ms

ECp

Al21

C22
0+

N22
24 ms

!-n

O22
0+

2.25 s

!-

F22
4+,(3+)
4.23 s

!-

Na22
3+

2.6019 y

Mg22
0+

3.857 s

EC

Al22
70 ms

ECp

Si22
0+

6 ms

ECp

N23

O23
82 ms

!-n

F23
(3/2,5/2)+

2.23 s

!-

Ne23
5/2+

37.24 s

!-

Mg23
3/2+

11.317 s

EC

Al23
0.47 s

ECp

Si23

N24

O24
0+

61 ms

!-n

F24
(1,2,3)+
0.34 s

!-

Ne24
0+

3.38 m

!-

Na24
4+

14.9590 h

!-
*

Al24
4+

2.053 s

EC"
*

Si24
0+

102 ms

ECp

P24

O25

F25
59 ms

!-n

Ne25
(1/2,3/2)+

602 ms

!-

Na25
5/2+

59.1 s

!-

Al25
5/2+

7.183 s

EC

Si25
5/2+

220 ms

ECp

P25

O26

F26

Ne26
0+

197 ms

!-n

Na26
3+

1.072 s

!-

Al26
5+

7.4E+5 y

EC *

Si26
0+

2.234 s

EC

P26
(3+)

20 ms

ECp

S26

F27

Ne27
32 ms

!-n

Na27
5/2+

301 ms

!-n

Mg27
1/2+

9.458 m

!-

Si27
5/2+

4.16 s

EC

P27
1/2+

260 ms

ECp

S27
21 ms

ECp,EC2p,...

F28

Ne28
0+

17 ms

!-n

Na28
1+

30.5 ms

!-n

Mg28
0+

20.91 h

!-

Al28
3+

2.2414 m

!-

P28
3+

270.3 ms

ECp,EC",...

S28
0+

125 ms

ECp

Cl28

F29

Ne29
0.2 s

!-

Na29
3/2

44.9 ms

!-n

Mg29
3/2+

1.30 s

!-

Al29
5/2+

6.56 m

!-

P29
1/2+

4.140 s

EC

S29
5/2+

187 ms

ECp

Cl29

Ne30
0+

Na30
2+

48 ms

!-n,!-2n,...

Mg30
0+

335 ms

!-

Al30
3+

3.60 s

!-

P30
1+

2.498 m

EC

S30
0+

1.178 s

EC

Cl30

Ar30

Ne31

Na31
3/2+

17.0 ms

!-n,!-2n,...

Mg31
230 ms

!-n

Al31
(3/2,5/2)+

644 ms

!-

Si31
3/2+

157.3 m

!-

S31
1/2+

2.572 s

EC

Cl31
150 ms

ECp

Ar31
15.1 ms

ECp,EC2p,...

Ne32
0+

Na32
(3-,4-)

13.2 ms

!-n,!-2n,...

Mg32
0+

120 ms

!-n

Al32
1+

33 ms

!-

Si32
0+

172 y

!-

P32
1+

14.262 d

!-

Cl32
1+

298 ms

ECp,EC",...

Ar32
0+

98 ms

ECp

K32

Na33
8.2 ms

!-n,!-2n,...

Mg33
90 ms

!-n

Al33

Si33
6.18 s

!-

P33
1/2+

25.34 d

!-

Cl33
3/2+

2.511 s

EC

Ar33
1/2+

173.0 ms

ECp

K33

Na34
5.5 ms

!-2n

Mg34
0+

20 ms

!-n

Al34
60 ms

!-n

Si34
0+

2.77 s

!-

P34
1+

12.43 s

!-

Cl34
0+

1.5264 s

EC *

Ar34
0+

844.5 ms

EC

K34

Ca34
0+

Na35
1.5 ms

!-n

Mg35

Al35
150 ms

!-n

Si35
0.78 s

!-

P35
1/2+

47.3 s

!-

S35
3/2+

87.51 d

!-

Ar35
3/2+

1.775 s

EC

K35
3/2+

190 ms

ECp

Ca35
50 ms

EC2p

Mg36
0+

Al36

Si36
0+

0.45 s

!-n

P36
5.6 s

!-

Cl36
2+

3.01E+5 y

EC,!-

K36
2+

342 ms

ECp,EC",...

Ca36
0+

102 ms

ECp

Sc36

Mg37

Al37

Si37

P37
2.31 s

!-

S37
7/2-

5.05 m

!-

Ar37
3/2+

35.04 d

EC

K37
3/2+

1.226 s

EC

Ca37
3/2+

181.1 ms

ECp

Sc37

Al38

Si38
0+

P38
0.64 s

!-n

S38
0+

170.3 m

!-

Cl38
2-

37.24 m

!-
*

K38
3+

7.636 m

EC *

Ca38
0+

440 ms

EC

Sc38

Ti38
0+

Al39

Si39

P39
0.16 s

!-n

S39
(3/2,5/2,7/2)-

11.5 s

!-

Cl39
3/2+

55.6 m

!-

Ar39
7/2-

269 y

!-

Ca39
3/2+

859.6 ms

EC

Sc39
(7/2-)

Ti39
(3/2+)
26 ms

ECp

Si40
0+

P40
260 ms

!-n

S40
0+

8.8 s

!-

Cl40
2-

1.35 m

!-

Sc40
4-

182.3 ms

ECp,EC",...

Ti40
0+

50 ms

EC

V40

Si41

P41
120 ms

!-n

S41

Cl41
(1/2,3/2)+

38.4 s

!-

Ar41
7/2-

109.34 m

!-

Ca41
7/2-

1.03E+5 y

EC

Sc41
7/2-

596.3 ms

EC

Ti41
3/2+

80 ms

ECp

V41

Si42
0+

P42
110 ms

!-n

S42
0+

0.56 s

!-n

Cl42
6.8 s

!-

Ar42
0+

32.9 y

!-

K42
2-

12.360 h

!-

Sc42
0+

681.3 ms

EC *

Ti42
0+

199 ms

EC

V42

Cr42

P43
33 ms

!-n

S43
220 ms

!-n

Cl43
3.3 s

!-

Ar43
(3/2,5/2)
5.37 m

!-

K43
3/2+

22.3 h

!-

Sc43
7/2-

3.891 h

EC

Ti43
7/2-

509 ms

EC

V43
(7/2-)

800 ms

EC

Cr43
(3/2+)
21 ms

ECp,EC",...

P44

S44
0+

123 ms

!-n

Cl44
434 ms

!-n

Ar44
0+

11.87 m

!-

K44
2-

22.13 m

!-

Sc44
2+

3.927 h

EC *

Ti44
0+

63 y

EC

V44
(2+)

90 ms

EC"
*

Cr44
0+

53 ms

ECp

Mn44

P45

S45
82 ms

!-n

Cl45
400 ms

!-n

Ar45
21.48 s

!-

K45
3/2+

17.3 m

!-

Ca45
7/2-

162.61 d

!-

*

Ti45
7/2-

184.8 m

EC

V45
7/2-

547 ms

EC

Cr45
50 ms

ECp

Mn45

Fe45

P46

S46
0+

Cl46
223 ms

!-n

Ar46
0+

8.4 s

!-

K46
(2-)

105 s

!-

Sc46
4+

83.79 d

!-
*

V46
0+

422.37 ms

EC *

Cr46
0+

0.26 s

EC

Mn46
41 ms

ECp

Fe46
0+

20 ms

ECp

S47

Cl47

!-n

Ar47
700 ms

!-n

K47
1/2+

17.50 s

!-

Ca47
7/2-

4.536 d

!-

Sc47
7/2-

3.3492 d

!-

V47
3/2-

32.6 m

EC

Cr47
3/2-

500 ms

EC

Mn47
100 ms

ECp

Fe47
27 ms

ECp

S48
0+

Cl48

Ar48
0+

K48
(2-)
6.8 s

!-n

Sc48
6+

43.67 h

!-

V48
4+

15.9735 d

EC

Cr48
0+

21.56 h

EC

Mn48
4+

158.1 ms

ECp,EC",...

Fe48
0+

44 ms

ECp

Co48

S49

Cl49

Ar49

K49
(3/2+)
1.26 s

!-n

Ca49
3/2-

8.718 m

Sc49
7/2-

57.2 m

!-

V49
7/2-

330 d

Cr49
5/2-

42.3 m

Mn49
5/2-

382 ms

EC

Fe49
(7/2-)
70 ms

ECp

Co49

Cl50

Ar50
0+

K50
(0-,1,2-)
472 ms

!-n

Ca50
0+

13.9 s

!-

Sc50
5+

102.5 s

!-
*

Mn50
0+

283.88 ms

EC *

Fe50
0+

150 ms

ECp

Co50
(6+)

44 ms

ECp

Ni50

Cl51

Ar51

K51
(1/2+,3/2+)

365 ms

!-n

Ca51
(3/2-)
10.0 s

!-n

Sc51
(7/2)-
12.4 s

!-

Ti51
3/2-

5.76 m

!-

Cr51
7/2-

27.702 d

EC

Mn51
5/2-

46.2 m

EC

Fe51
(5/2-)

305 ms

EC

Co51

Ni51

Ar52
0+

K52
105 ms

!-n

Ca52
0+

4.6 s

!-

Sc52
3+

8.2 s

!-

Ti52
0+

1.7 m

!-

V52
3+

3.743 m

!-

Mn52
6+

5.591 d

EC *

Fe52
0+

8.275 h

EC *

Co52
18 ms

EC

Ni52
0+

38 ms

ECp

Ar53

K53
(3/2+)
30 ms

!-n

Ca53
(3/2-,5/2-)

90 ms

!-n

Sc53

Ti53
(3/2)-
32.7 s

!-

V53
7/2-

1.61 m

!-

Mn53
7/2-

3.74E+6 y

EC

Fe53
7/2-

8.51 m

EC *

Co53
(7/2-)

240 ms

EC *

Ni53
(7/2-)
45 ms

ECp

K54
10 ms

!-n

Ca54
0+

Sc54

Ti54
0+

V54
3+

49.8 s

!-

Mn54
3+

312.3 d

EC,!-

Co54
0+

193.23 ms

EC *

Ni54
0+

EC

K55

Ca55

Sc55

Ti55

V55
(7/2-)
6.54 s

!-

Cr55
3/2-

3.497 m

!-

Fe55
3/2-

2.73 y

EC

Co55
7/2-

17.53 h

EC

Ni55
7/2-

212.1 ms

EC

Ca56
0+

Sc56

Ti56
0+

V56

Cr56
0+

5.94 m

!-

Mn56
3+

2.5785 h

!-

Co56
4+

77.27 d

EC

Ni56
0+

6.077 d

EC

Ca57

Sc57

Ti57

V57

Cr57
3/2-,5/2-,7/2-

21.1 s

!-

Mn57
5/2-

85.4 s

!-

Co57
7/2-

271.79 d

EC

Ni57
3/2-

35.60 h

Sc58

Ti58
0+

V58

Cr58
0+

7.0 s

!-

Mn58
0+

3.0 s

!-
*

Co58
2+

70.82 d

EC *

Sc59

Ti59

V59

Cr59
0.74 s

!-

Mn59
3/2-,5/2-

4.6 s

!-

Fe59
3/2-

44.503 d

!-

Ni59
3/2-

7.6E+4 y

EC

Ti60
0+

V60

Cr60
0+

0.57 s

!-

Mn60
0+

51 s

!-
*

Fe60
0+

1.5E+6 y

!-

Co60
5+

5.2714 y

*

Ti61

V61

Cr61

Mn61
(5/2-)
0.71 s

!-

Fe61
3/2-,5/2-
5.98 m

!-

Co61
7/2-

1.650 h

!-

V62

Cr62
0+

Mn62
(3+)

0.88 s

!-

Fe62
0+

68 s

!-

Co62
2+

1.50 m

!-
*

V63

Cr63

Mn63
0.25 s

!-

Fe63
(5/2)-
6.1 s

!-

Co63
(7/2)-
27.4 s

!-

Ni63
1/2-

100.1 y

!-

Cr64
0+

Mn64

Fe64
0+

2.0 s

!-

Co64
1+

0.30 s

!-

Cr65

Mn65

Fe65
0.4 s

!-

Co65
(7/2)-
1.20 s

!-

Ni65
5/2-

2.5172 h

!-

Mn66

Fe66
0+

Co66
(3+)

0.23 s

!-

Ni66
0+

54.6 h

!-

Mn67

Fe67

Co67
(7/2-)
0.42 s

!-

Ni67
(1/2-)
21 s

!-

Fe68
0+

0.10 s

!-

Co68
0.18 s

!-

Ni68
0+

19 s

!-

Fe69

Co69
0.27 s

!-

Ni69
11.4 s

!-

Co70

Ni70
0+

Co71

Ni71
1.86 s

!-

Co72

Ni72
0+

2.1 s

!-

Ni73
0.90 s

!-

Ni74
0+

1.1 s

!-

Ni75 Ni76
0+

Ni77 Ni78
0+

H1
1/2+

99.985

H2
1+

0.015

He3
1/2+

0.000137

He4
0+

99.999863

Li6
1+

7.5

Li7
3/2-

92.5

Be9
3/2-

100

B10
3+

19.9

B11
3/2-

80.1

C12
0+

98.90

C13
1/2-

1.10

N14
1+

99.634

N15
1/2-

0.366

O16
0+

99.762

O17
5/2+

0.038

O18
0+

0.200

F19
1/2+

100

Ne20
0+

90.48

Ne21
3/2+

0.27

Ne22
0+

9.25

Na23
3/2+

100

Mg24
0+

78.99

Mg25
5/2+

10.00

Mg26
0+

11.01

Al27
5/2+

100

Si28
0+

92.23

Si29
1/2+

4.67

Si30
0+

3.10

P31
1/2+

100

S32
0+

95.02

S33
3/2+

0.75

S34
0+

4.21

Cl35
3/2+

75.77
S36

0+

0.02

Ar36
0+

0.337
Cl37
3/2+

24.23
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1

Experimentally, cluster states are 
successfully observed on nuclei 

outer than A=4n
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Sα tendency at Z = 8 ~ 14

1) α separation energy Sα tendency at Z = 8 ~ 14

2) Z=10 2 dips
~ Double magicity of 
Z=8, N=8 and N=16

Sα [MeV]

Neutron Number
Resonance states above α threshold on Ne 

isotope are expected in n-rich region, 
especially on 28Ne
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SAMURAI IWS 2011 28Ne

Possible 0+2 is expected but not fixed yet.

P.D. Stevenson, et. al., 
Phys. Lett. B545 (2002) 291.

Adopted level scheme 
in ENDSF for 28Ne

by P. Fallon



SAMURAI IWS 2011

Survey of α cluster resonance in the Ne isotopes

Experimental procedure

1) Invariant mass measurement
induced by nuclear break up by C target

28Ne + C → 24O       + α +      X

MINV2  = ( ΣEi )2 − ( Σpi )2

Ex = MINV − m0   ; Erel = MINV − Σmi

2) Ex > 10 MeV : 
nuclear excitation (by C target) selected

28Ne

24O＋α
28Ne* 10.1 MeV

c.f. Sn = 3.7 MeV

→



SAMURAI IWS 2011

Survey of α cluster resonance in the Ne isotopes

Experimental procedure

1)Invariant mass measurement
28Ne → 24O + α

(FDC2) (FDC2)

29Ne → 24O + α + n
(FDC22)   (NEBULA )

(30Ne → 24O + α + n + n)
(FDC22)   (NEBULA2)

MINV2  =Σ(Ei)2 − Σ(pi)2

Erel = MINV − Σmi

2) Every particle 24O, α,  n: no bound excited states
28Ne

250 A MeV

24O
α

Erel = 2.5 MeV
θαMax=2.5°

n
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Feasibility :
Yield Estimation

Yield estimation (preliminary)
Assumption : σ = 0.05 mb
Target : 200 mg/cm2      C  : NT=1.0×1022

Secondary beam intensity 28Ne: NI=1×104  from 48Ca 200 pnA

Angular coverage ?= 100 % for 24O + α

Expected total yield : Y(1days) ~= 400 for 24O + α

c.f.)
Secondary beam intensity 29Ne: NI=5×102

Expected total yield : Y(1days) ~= 6   for 24O + α + n
(ε1n =30% assumed）
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Readiness / 
Known difficulties to be solved

1) Readiness :
To be confirmed for feasibility 
including theoretical point of view

2) FDC1/2 response
Z=2 particle detection on the circumstance of Z=10 particles

25 times larger pulses w/ beam intensity

FDC2 : spatially separated 
2 set of HV ?

FDC1 : not separated  
give up determining α trajectory here ?
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Summary
Future perspective

1) α cluster resonance on 28Ne
search for the resonance at α threshold energy at Ex = 10.1 MeV

for further description of cluster degree of freedom arise on n-rich nuclei

2) invariant mass measurement by detecting 24O + α
Using SAMURAI spectrometer

which enable us to measure 2 or more particles in coincidence

3) Several experimental parameters should be tuned
4) 29-30Ne isotopes are also under consideration

neutrons can be also detected in coincidence with 24O+α


