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Experimental Study of the Four-Proton Unbound Nucleus 18Mg

JIN Yu'>D NI Lei!, HUA Hui!, LI Zhihuan!, NIU Chenyang', WU Hongyi'

(1. School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China;
2. Institute of Materials, China Academy of Engineering Physics, Mianyang 621907, Sichuan, China)

Abstract: Experimental studies on the spontaneous nucleon emission have enabled the exploration of new isotopes beyond
the drip line, as well as revealing their unique structural and decay characteristics. Furthermore, such studies are of critical im-
portance for exploring the limits of nuclear stability and understanding the nucleon-nucleon interactions under extreme condi-
tions of isospin asymmetry. This paper introduces our experimental study on the four-proton decay of *Mg, a new magnesi-
um isotope beyond the proton drip line. Firstly the radioactive nuclear beamline and detector appratus are introduced, and the
results of the particle identification of beam particles and decay fragments are presented. Then the scintillating fiber array is
mainly introduced together with its data analysis method. With its performance of detection efficiency and position resolution,
this array has been proven by simulation to be very necessary for improving the energy resolution of the invariant mass spec-
trum. Finally, with the five-body coincidence measurement of *O +4p, the decay energy spectrum of '®Mg was constructed
using the invariant mass method. The experimental results can be relatively well described by the Gamow Shell Model,
demonstrating the significant impact of continuum coupling effect on the structure of nuclei beyond the drip line. The meas-
ured 2; excitation energy in '*Mg is higher than that in the traditional magic nucleus Mg, which suggests that a possible
demise of the N = 8 shell closure or some exotic nuclear structure effect may occur in this extremely proton-rich Mg isotope.
Key words: drip line; new isotope; four-proton decay; 18Mg; invariant mass method; N = 8 shell

Received date: 16 Nov. 2023; Revised date: 27 Feb. 2024

Foundation item: National Key Research and Development Program of China (2022YFA1602302, 2018YFA0404403); National Natural Science
Foundation of China (12035001)

1) E-mail: yuu@pku.edu.cn


https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1038/s41467-018-04024-y
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1016/j.physletb.2020.135748
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1103/PhysRevC.99.021301
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://doi.org/10.1016/j.nimb.2005.07.168
https://wikihost.nscl.msu.edu/S800Doc/doku.php
https://wikihost.nscl.msu.edu/S800Doc/doku.php
https://wikihost.nscl.msu.edu/S800Doc/doku.php
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
https://doi.org/10.1016/S0168-583X(02)01895-5
http://www.micronsemiconductor.co.uk/product/s4/
http://www.micronsemiconductor.co.uk/product/s4/
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-9002(98)00960-7
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://doi.org/10.1016/S0168-583X(02)02142-0
https://www.hamamatsu.com/eu/en/product/type/H12700A/index.html
https://www.hamamatsu.com/eu/en/product/type/H12700A/index.html
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.11804/NuclPhysRev.40.2022132
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1088/1674-1137/abddaf
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.014313
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.87.044315
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.94.044305
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRevC.105.034321
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.88.1109
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1103/PhysRev.81.412
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1016/j.physletb.2023.137740
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1088/0954-3899/36/1/013101
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1103/RevModPhys.77.427
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1016/j.ppnp.2007.01.022
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.100.064303
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
https://doi.org/10.1103/PhysRevC.103.044319
mailto:yuu@pku.edu.cn

	0 引言
	1 实验设置
	2 实验数据分析
	2.1 粒子鉴别
	2.1.1 次级束
	2.1.2 衰变产物

	2.2 闪烁光纤数据处理
	2.2.1 位置重建
	2.2.2 探测效率与位置分辨
	2.2.3 剩余核出射角


	3 $ ^{18}{\rm{Mg}} $结果与讨论
	3.1 不变质量谱
	3.2 Gamow壳模型计算
	3.3 $ N=8 $壳演化

	4 结论
	参考文献

