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Shell inversion in N = 7 isotones 

• The shell evolution in neutron-rich nuclei is one 
of the most important topics.

• In N = 7 isotones, 10Li is the first unbound 
nucleus, followed by 11Be

• The orbit sequence in 10Li is still in debates

• 10Li is crucial to understand the Borromean 
nucleus 11Li
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Long debates on the shell inversion of 10Li

• One neutron knock out experiment
• 11Li/11Be-1n/1p on C-target at 280/460A 

MeV[1] 
• aୱ = −25 fm ~ 𝐸௫ < 50 keV

• 11Be on a beryllium target at 44 
MeV/nucleon[2]

• aୱ = −1.4 ±  1.0 fm(assuming a 
weaker background) or 

• aୱ = −7.0 ±  2.4 fm (assuming a 
stronger background) are ambiguous to 
clarify it.
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Debates on the shell inversion of 10Li

• One neutron transfer reaction： 1H(11Li, d),  2H(9Li, p) with inconsistent results. 

[1] A. Sanetullaev, et al., Phys. Lett. B 755, 481 (2016)
[2] H.B. Jeppesen, et al., Phys. Lett. B 642, 449 (2006)
[3] M. Cavallaro, et al., Phys. Rev. Lett. 118, 012701 (2017)
[4] J. Casal, et al., Phys. Lett. B 767, 307 (2017)
[5] A. M. Moro, et al., Phys. Lett. B 793, 13 (2019)

p (11Li,d) at 5.7 MeV/nucleon [1]
near-threshold:  NO s-wave
p-wave: Er =  0.62 MeV, Г = 0.33 MeV

2H(9Li, p) reaction at 2.36 MeV/nucleon at the 
REX-ISOLDE facility [2]large angle: 98~134°
c.m.s
near-threshold: s-wave, aୱ = 13-24 fm
p-wave: Er =  0.38 MeV, Г =0.22 MeV

2H(9Li, p) reaction at 11.1 MeV/u at TRIUMP 
[3] Small angle :6.5 ~ 16.5° c.m.s
near-threshold: NO obvious s-wave
p-wave: Er =  0.45 MeV, Г =0.68 MeV
s+p-wave: Er = 1.5 MeV, Г = 1.1MeV
d-wave, Er = 2.9 MeV, Г = 2.6 MeV

J.Casel et al- p (11Li,d ) calculation[4]    
Why no obvious s-wave: angular 
coverage
s-wave is quite important at lower 
energies.

A.M.Moro et al[5]
Different incident energy and 
angular scope
Predict :d-wave in higher excitation 
energy(> 4.5 MeV)

Experiment Theory
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Long debates on the shell inversion of 10Li

• Unambiguous/consistent:
• p-wave: Er = 0.38-0.5 MeV
• All the theoretical calculations support the 

shell inversion

• Ambiguous/inconsistent:
• Where is the s-wave resonance?

• Below or above the p-wave resonance state? 
• Crucial to clarify the shell inversion of 10Li

• Where is the d-wave resonance?
• Theoretical prediction: 𝐸௫ >  1.5~6 MeV
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11Be(d, 3He)10Li, one proton transfer reaction

• High selectivity
• 11Be g.s. :

• Beଵ଴ 𝑔. 𝑠. ⊗ 1𝑠ଵ/ଶ  ~80%

• Beଵ଴ 2ା ⊗ 1𝑑ହ/ଶ  ~ 20 %

• large probability to populate negative-parity 
(transfer 0𝑝ଷ/ଶ proton) 

• Small probability to populate positive-parity 
(transfer 0𝑠ଵ/ଶ proton)

• The angular distribution of DCS constrains the 
𝑙 value

• The excitation energy of s-wave state will 
clarify the shell inversion in 10Li
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Experiment set up

 AT-TPC filled with C3D8, 470 torr

 For 11Be + d : 
 AT-TPC : 

Light particle (p, d, t, 3He, 4He) 
 T0 telescope : 

Heavy ion (11Be, 10Be, 9Li…)

Beam

500𝜇𝑚 DSSD

1000𝜇𝑚 DSSD

24* GAGG
1.8*1.8 cm

16* GAGG
2.5*2.5 cm

11Be

[1] T. Shimoda, et al., Nucl. Instr. Meth. Phys. B 70 (1992).
[2] J. Bradt, et al.,  Nucl. Instrum. Methods Phys. Res. A 875, 65–79(2017)



9

Preliminary result

• Beam situation:
• 11Be, 26 MeV/u ~ 50%

• Other components: 
• 9Li, 12B
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Preliminary result

Particle identification of ATTPC
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Preliminary result

 PID of T0 telescope

 Using Δ𝐸 − 𝐸 method to identify particles

PID DSSD1 – DSSD2
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Preliminary result

 Excitation spectrum of 11Be(d, d)
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Preliminary result

 Kinematic curve of He

 Excitation spectrum of (d, 3He)
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Summary

• Motivation:
• Clarify the long-standing debate about shell inversion in 10Lig.s. via a highly selective 

11Be(d,3He) reaction for the first time.
• AT-TPC combined with downstream telescope could cover the detection of both light 

particle and heavy recoil ions, with thick effective target and high resolution.

• Current data analysis status:
• Preliminary excitation spectrum of 11Be(d, d) has been extracted and clearly seen the 

ground state.
• Preliminary excitation spectrum of 11Be(d, 3He) has been extracted and the peak structures 

around 0 MeV/4 MeV could be the s-wave/d-wave resonance state, but need further 
confirmation.

• Further calibration and analysis is undergoing.



Thanks for your listening!


