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Deeply	bound	pionic atom
• Binding	energy	and	width	of	pionic atom

• s-wave	pion-nucleus	potential
𝑈" 𝑟 = −

2𝜋
𝜇

𝜀* 𝑏,𝜌 𝑟 + 𝑏* 𝜌/ 𝑟 − 𝜌0 𝑟 + 𝜀1𝐵,𝜌1(𝑟)

3

Partial	restoration	of	
chiral	symmetry

𝜇 = 𝑚6𝑀 𝑚6+ 𝑀 ,	⁄ 𝜀* = 1 + 𝑚6 𝑀⁄ , 𝜀1 = 1 + 𝑚6 2𝑀⁄

𝜌/ 𝑟 :	neutron	density,		𝜌0 𝑟 :	proton	density,		𝜌 𝑟 = 𝜌/ 𝑟 + 𝜌0 𝑟

Gell-Mann-Oakes-Renner	 relation
Tomozawa-Weinberg	 relation

𝑞>𝑞 ?

𝑞>𝑞 ,
≈
𝑏*ABCC

𝑏*(𝜌)
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32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

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

GSI,	RIKEN

Density	dependence	
Need	to	study	isotope	/	isotone	dependence

Sn	isotope

𝑈" 𝑟 = −
2𝜋
𝜇 𝜀* 𝑏,𝜌 𝑟 + 𝑏* 𝜌/ 𝑟 − 𝜌0 𝑟 + 𝜀1𝐵,𝜌1(𝑟)
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Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m
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GSI,	RIKEN Sn	isotope

• Xe :	gas	target
- hard	to	use	at	GSI	or	RIKEN	

RCNP Xe isotope

Isotope	/	isotone	study N	=	82	:	
magic	number

RCNP	(Research	Center	for	Nuclear	Physics)
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• recoilless	condition
Beam	energy
• (d,3He)	~250	MeV/u
• (p,2He)	~330	MeV
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(p,2He)	@4.5°

(p,2He)	@0°

(d,3He)	@0°

Available	at	RCNP
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pionic atoms	with	(p,2He)
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RCNP	(Research	Center	for	Nuclear	Physics)

• AVF	cyclotron	+	ring	cyclotron
• The	two-arm	spectrometer	:	

Grand	Raiden	/	LAS	(Large	Acceptance	Spectrometer)

7

LASGrand	Raiden

Proton	energy	 :	
up	to	400	MeV



Pionic atom	at	RCNP	:	(p,2He)
• 1990s

• Bound	states	was	formed
• Energy	level	couldn’t	be	
determined
- resolution	 :	700	keV (FWHM)

8

N.	Matsuoka	et	al.,
Phys.	Lett.	B	359	(1995)	39.

π- binding	energy	 [MeV]

determination	of	
the	binding	energy
and	the	width

Improvement	of
the	resolution

Bound	region



(p,2He)	reaction	at	RCNP

• LAS	:
• resolution	700	keV (FWHM)
• acceptance	:	2.4	msr

• Beam	intensity	:	0.5~1	nA

• Grand	Raiden	
• resolution	~250	keV (FWHM)
• acceptance	:	0.04	msr

• Beam	intensity	:	~30	nA
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N.	Matsuoka	et	al.,
Phys.	Lett.	B	359	(1995)	39.

π-binding	energy	[MeV]

Previous	experiment

New	experiment LASGrand	Raiden



Experimental	setup
• Grand	Raiden Resolution	:		200~250	keV (FWHM)

- uncertainty	of	reaction	vertex
- beam	resolution	

• Intense	beam	:	
30	nA

10

2He

beam

Grand	Raiden
@4.5°

LAS

drift	chamber
&scintillator

target

beam	
dump



Schedule	/	Future	plan

• Test	experiment	– feasibility	study

• Pilot	experiment	
- target	:	124Sn

• Proposal	was	submitted

• Target	:	Xe
11

Phase	1

Phase	0	(2015	– 2016)

Phase	2



(a)�

(b)�

(c)�

Figure 5: Simulated raw spectra (left) and acceptance corrected and accidental back-
ground subtracted spectra (right) with different conditions of beam intensity and du-
ration of beamtime. See the text for details.
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Phase	1	experiment	– expected	spectrum
• Grand	Raiden	@4.5°
• 124Sn	target	

(30	mg/cm2)
• 350	MeV	proton	beam
• Beam	intensity	:	

30	nA,	10days
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Feasibility	study	
• Detection	of	2He	at	Grand	Raiden

- Observed	12C(p,2He)11B

• Test	for	intense	beam
• Background	measurement
• How	to	check	the	beam	stability	
• Optics	study
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beamline was more than 90%.

• The background of the measurement was studied. The trigger rate was about 10

kHz for a 30 nA proton beam on a 50 mg/cm2 target.

• There were two sources of background protons irrelevant to 2He production: one

is from the (p,p’) reaction and the other is the instrumental background. The

latter can be removed by measuring the RF timing, which is almost equivalent

to the time of flight between the target and the focal plane. The instrumental

background was about 4 times larger than the (p,p’) reaction with the GRAF

setup. Only the (p,p’) reaction contaminates the spectrum of 2He.

• The cross section of 120Sn(p,p’) reaction at the momentum region of pionic atom

measurement was evaluated to be 1.5 mb/sr/MeV.

• We investigated the 12C(p,2He)11B reaction, which can be used for a calibration

(Fig. 2). We observed about 350 events of the transition to the grand state of
11B in a 20-minutes measurement for a 30 nA proton beam on a 50 mg/cm2 CH2

target.

• We observed monochromatic pions due to the p(p,π+)d reaction with LAS at

61 degrees. This reaction will be used for an in-situ measurement of the beam

energy as described in Section 2.3.
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Figure 2: 11B excitation energy spectrum in the 12C(p,2He)11B reaction.
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excited	state

ground	state

12C(p,2He)11B



Summary
• (d,3He)	– GSI,	RIKEN
• (p,2He)	– RCNP	
• Possible	to	use	Gas	target
• high	precision	measurement

- Grand	Raiden	– high	resolution

• Test	experiment	at	RCNP
• Proposal	was	submitted
• Target	:	124Sn	 Xe isotopes	(future	plan)

14


