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Be isotopes: ideal testing ground for novel effects

ab-initio method

N = 8

Shell model Cluster model

Nilsson model
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Cluster structure in Be isotopes

8Be
9Be 10Be

Monte Carlo Shell Model (MCSM)
Otsuka, T., Abe, T., Yoshida, T. et al. Nat Commun 13, 2234 (2022).

Stable nuclei strong and central
mean field
Cluster structure appears near-
threshold at high excitation energies

Nuclei away from the stability weakened mean field
Cluster structure appears in the low-lying states
Valence neutron can stabilize 𝞪 clusters like a “glue”

Near threshold effect
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➢ Energy resolution ~ 700 keV
➢ Simultaneous measurement of (d,p) 

(d,t) and (d,d’) reactions 
➢ Open wide opportunities in the future 

with weak exotic beams

➢Cluster structure in 10Be g.s. has been confirmed by

cluster knockout reaction.

➢
10Be(d,d’)10Be

AT-TPC Filled with D2: 600 Torr
10Be beams @ 9.1 MeV/u

2000 pps

SOLARIS field: B=3 T

Cluster structure in 10Be  and dipole excitations

J. Chen, Y, Ayyard et al. Phys. Rev. Lett. 134, 012502 (2025).

P. J. Li et al.,Phys. Rev. Lett. 131, 212501 (2023)
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𝛼+𝛼+n+n 4-body
cluster structure



-- near-threshold resonance in 10Be

Deformed 8Be+2n

𝛼+𝛼+n+n
Within psd Y. Kanada-En’yo 

et al., Phys. Rev. 

C 95, 064319 

(2017)

❖ Just near S𝛼 Sn S2n

❖ New evidence for the 
threshold alignment 
effect

❖ 5%~10% of the isoscalar 

dipole energy-

weighted sum rule

❖ Enhanced α cluster
structure

❖ 𝛼+𝛼+n+n 4-body cluster
structure is essential to
describe the enhanced
dipole strength

By Simin Wang By Bo ZhouBy Cenxi YuanJ. Chen, Y, Ayyard et al. Phys. Rev. Lett. 134, 012502 (2025).

Experiment

Sn

S𝛼

S2n

Cluster structure in 10Be  and dipole excitations
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▪ Neutron loosely bound       Sn=0.504 MeV

▪ Larger radius                       R= 2.91 fm 

▪
10Be core + 1 valance n

▪ g.s. 1/2+

10Be + n (2s1/2)  (60% ∼ 80%))

K. T. Schmitt et al. Phys. Rev.Lett. 108, 192701 (2012).

T. Aumann et al. Phys. Rev. Lett. 84, 35 (2000).

C. R. Hoffman et al. Phys. Rev. C 89, 061305(R) (2014)

One-neutron halo nucleus 11Be

Theoretical consideration: vibration coupling, core excitation, 
cluster structures, pairing, etc
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• Breakdown of conventional magic number： N=8

• Isomeric state： 02
+        331(12) ns  

How the single-particle energies evolve from 11Be to 12Be?

Why does N=8 break down?

Is there a 0- state? Does the isomer have halo structure?

12Be low-lying states and breakdown of N=8

Beta~0.7: large
deformation

resonances?

isomer
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Knockout, transfer, charge-
exchange, inelastic, elastic, …



3N force Tensor Weak-binding

C. R. Hoffman et al. Phys. 
Rev. C 89, 061305(R) (2014)

T. Otsuka, et al., PRL 105, 032501 
(2010); Prog. Theo. Phys. 17(1957)3.

T. Otsuka et al., Phys. Rev. 
Lett. 95, 232502 (2005); J. 
Schiffer et al., Phys. Rev. 
Lett. 92 (2004) 162501

Shell evolution and new magicity in unstable nuclei

deformation

Tsunoda, Otsuka et al. Nature, 2020
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--One-nucleon transfer reactions

Tools to study the evolution of shells

Spin-parity, single-
particle strength

Single-particle energies
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• 5 MeV/u TRIUMF

• 2.8 MeV/u ISOLDE 

• 26.9 MeV/u RCNP isomer-tagging

E0 decay: e+e- pair creation   511keV γ ~83(2)%

Directly resolve the isomer 0+
2 state

Populate the low-lying resonances

ideal energy: 10MeV/u
good energy resolution ISS & HIE-ISOLDE 

140 keV 
apart

Moderate agree on the S of g.s., but a great deal of 
ambiguities in excited states

J. Chen et al. PLB 781 (2018) 412–416 J. G. Johansen et al. PRC 88 (2013) 044619 R. Kanungo et al.PLB 682 (2010) 391

Previous 11Be(d,p) experiments
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- Directly resolve the isomer 0+
2 state

ideal energy: 9.78 MeV/u

140-keV FWHM resolution 

ISOLDE Solenoidal Spectrometer at CERN 

11Be(d,p) measurement at ISS & HIE-ISOLDE @CERN

140 keV 

apart
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beam

target

Position sensitive detector

Magnetic field

angle➔position

Solenoidal Spectrometer



❑Clarify the long-existing experimental ambiguities

❑Mechanism of N=8 shell vanishing
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11Be(d,p) measurement at ISS & HIE-ISOLDE @CERN

J. Chen et al., submitted.
J. Chen et al., Phys. Lett. B 781 (2018) 412–416

Near-threshold 0-

3.182
0-

2-
2+,3- doublets

l = 2
2.11MeV
2+

l = 0
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0+

l = 1
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1-

l = 1
3.182 MeV
0-

l = 1
4.19 MeV (1-,2-)

l = 2
4.58 MeV 2+

(l = 0)
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(l = 2)
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0+
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1p1h
cross N=8

4.19

4.58
4.99

(0+)



Single-particle energies from the 11Be(d,p) measurement

8He core

Within psd, 4He core

x

y

θ

ϕ
r1

r2
12

p1

p2 Woods-Saxon
“universal”

Minnesota

10Be (deformed)

+ continuum coupling

10Be not well described;
1s1/2 too low; 0p1/2 too high

10Be not well described;
1s1/2 too low; 0p1/2 too high

10Be well described;
1s1/2 0p1/2 0d5/2 agree
with experiment

11Be(d,p)12Be spectroscopic factors
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-- Compared to N=7,8 isotone 13C, 14C

Single-particle energies from the 11Be(d,p) measurement
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Deformed Woods-Saxon potential with universal parameters

𝛽

1/2+

1/2-

3/2+
1/2-

1/2+
3/2-

1/2-
0p3/2

0p1/2

0d5/2

1s1/2

Reduced energy difference between Ωπ 
= 1/2+ and 1/2− orbits by over 4 MeV

➢ 1s1/2 component becomes increasingly dominant in the
Ωπ = 1/2+ orbital as its binding energy approaches zero.

➢ Significant to the formation of halo.

Dual mechanism - combining deformation
effects with threshold proximity – lead to the 
observed ∆s−p reduction.

I. Hamamoto, Phys. Rev. C 69, 041306(R) (2004)



-- dual mechanism – deformation & weak-binding

An overall picture of 12Be

➢Break down of N=8 magic number Low-lying states
➢ Large deformation Large deformation length for 21

+ state
➢Enhanced configuration mixing Small s-wave in the g.s.
➢1s1/2, 0p1/2 near threshold, 0d5/2 about 2 MeV above Similar to 11Be
➢0- near threshold 1p-1h Near-threshold effect
➢0+ isomer➔possible halo Analog to 11Li

Weak-binding deformation
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12Be(d,p)13Be @RCNP

▪ AT-TPC+ EN-course
▪ AT-TPC: large effective thickness
   filled with C3D9 gas, 480 Torr
▪ 18 MeV/u 12Be beam

➢ Isomer in the beam: determined by measuring 

the 511-keV γ-rays

Beam production:

➢
18O primary beam at 60A MeV, 100 pnA

➢ 3.5-mm-thick Be production target 

➢ 5-mm-thick Al degrader

➢
12Be beam intensity: 2000 pps

➢ Purity: ~90%

-- Study the resonances of 13Be

Jie Chen, 10 Dec 16/22



Ackowlegment
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1.5 hours

IMP, HIAF
（Huizhou）

SUSTech
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DREB2026 will be here!
Nov 1st -6th 2026
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∆sp~3 MeV

∆sp~ 0

11Be
12Be

13C 14C


	Slide 1: ﻿Unraveling the Structure of Be isotopes and  Disappearance of the N=8 Magic Number
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

