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一、研究背景
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• -delayed 2-neutron emission cases: 
11Li (4%), 17B (11%), 17C (7%), 30,31Na (1%), 32,33Na (10%)

•  -delayed 3,4-neutron emission cases: 11Li (3n), 17B (3n, 4n)

•2-proton emission cases: 

around 17Na, 18Mg and 22,23Si



Mechanism of two-proton radioactivity



 2p, 4p decay of 18Mg

二、研究内容



S800

实验设置

20Mg 

9Be (1mm)

20Mg

18Mg → 14O + 4p
14O

DSSD + CsI

fiber

24Mg

20Mg

束流：24Mg离子源 → CCF加速 → 打初级靶发生碎裂反应 → A1900分离得到次级束20Mg

反应：20Mg敲出两个中子得到目标核18Mg → 18Mg衰变为14O+4p

探测：[轻粒子] DSSD+CsI进行粒子鉴别，得到能量和动量方向

[剩余核] 闪烁光纤测量出射角度 → S800磁谱仪进行粒子鉴别，给出粒子能量

束流参数

纯度：~20%

流强：~8000 pps

trajectory

∆E

timing & trigger

OBJ - timing

XFP - timing





实验设置

铝板

DSSD
CsI

闪烁光纤

9Be (1mm)

20Mg Residue to S800

正面 背面
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Some collaborators



初步结果

State mean sigma
Excitation 

energy

g.s 0.727 0.17 0

1Ex 1.74 0.35 1.013

2Ex 3.11 0.68 2.383

3Ex 4.74 1.03 4.013

Mg19 invariant mass

20Mg → 19Mg + 1n

Mukha et al. PRC 85, 044325 (2012)

19N level scheme 

(from NNDC)



初步结果

State mean sigma

g.s 1.448 0.27

2+ 3.18 0.61

Previous experimental value:

Q2p (g.s.) = 1.466 MeV

Q2p (2+) = 3.156 MeV

Ne16 invariant mass

20Mg → 16Ne + α

Brown et al. PRL 113, 232501 (2014)
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 1n&2n decay of 34Al



35Al β-delayed neutron

C. Timis, et. al., J. Phys. G˙. Nucl.Part.Phys., 31, S1965 (2005).



1634Al -delayed neutron

S. Nummela et al., Phys. Rev. C. 044316(2001)

Time of flight spectrum of β-delayed neutron
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S. Nummela et al., Phys. Rev. C. 044316(2001)

34Al -delayed neutron
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Rep. Prog. Phys. 70, 1525 (2007).

Progress in Particle and Nuclear Physics 59, 432 (2007).

稳定线附近
传统壳结构

远离稳定线丰中子一侧
变化的壳结构

传统壳结构（理论）
变化的壳结构（理论）

原子核壳结构对核天体物理的影响

原子核壳结构和“壳演化” • 比Fe重元素，>50%通过r-过程

• 壳结构对太阳系元素丰度研究

具有重要影响

122Pd 123Pd 124Pd 125Pd 126Pd

122Ag 123Ag 124Ag 125Ag 126Ag

r-过程

β-

衰变

已证实在某些远离稳定线的轻质量
区，壳结构显著变化！

我们感兴趣的区域

 Shell evolution near N = 82 
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132Sn附近壳演化研究现状

46
128𝑃𝑑82

(2+)

(4+)
(6+)

(8+)

(0+)

2151

2076
1816

1311

0

5.8(8)𝛍s

r-process path
135Sn

134In

133Cd

132Ag126Ag

127Cd

128In

125Pd
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124Rh

121Ag 122Ag 123Ag 124Ag 125Ag120Ag

126Cd122Cd121Cd 125Cd124Cd123Cd

122In 125In124In123In 127In126In

119Pd 120Pd 121Pd 122Pd 123Pd 124Pd

118Rh 119Rh 120Rh 121Rh 122Rh 123Rh

117Ru 118Ru 119Ru 120Ru 121Ru 122Ru 123Ru

132Sn

129Ag127Ag 128Ag

130Cd129Cd128Cd

129In 131In130In

128Pd126Pd 127Pd

130Sn 131Sn 133Sn 134Sn

132In 133In

131Cd 132Cd

130Ag 131Ag

129Pd

125Rh 126Rh 127Rh

124Ru

A. Jungclaus et al., PRL 99, 132501(2007).
H. Watanabe et al., PRL 111, 152501(2013).
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• N=82 ‘shell quenching’ 预言

• 最新的实验数据证明，在130Cd82和
128Pd82，

N=82闭壳效应依然很强。

J. Dobaczewski et al., PRL 72, 981 (1994).
J. Dobaczewski et al., Phys. Scr. T56, 15 (1995).



Ag同位素中的质子轨道演化
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实验设置

238U

9Be

238U : 345 MeV/u, Intensity = 7 – 12 pnA，3mm 9Be target

BigRIPS
ZeroDegree



Pd

实验中得到的粒子鉴别图

本次实验中Pd母核的产额：

122Pd: 3.0 × 105

123Pd: 8.1 × 106

124Pd: 9.5 × 106

125Pd: 2.8 × 106

126Pd: 5.5 × 105
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123,125Pd衰变子核能级结构

123Ag 125Ag

Red: 新能级和跃迁
Black: 前人工作

7/2+ 1/2−

9/2+
1/2−
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• -delayed 2-neutron emission cases: 
11Li (4%), 17B (11%), 17C (7%), 30,31Na (1%), 32,33Na (10%)

•2-proton emission cases: 

around 17Na, 18Mg and 22,23Si

三、研究展望
2p and -delayed 2n decay



Toward more neutron-rich Ag isotope 
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谢谢大家!!


