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Greetings to Prof. A. Arima

With inherent passion Prof. 
A. Arima has long been 
working effectively for 
academic research and 
organizations;

All of us are respecting 
and benefited from his 
great and beautiful 
achievements;

Rice (米-88) age is still 
very young;

Let’s meet again in his tea 
(茶-108) years！

Simplicity, Symmetry and Beauty



Exactly 20 years ago

At the centennial 

celebration of 

Peking University 

in 1998
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Clustering in unstable nuclei – a new area 

another kind of regulation & beauty 

W.Von Oerttzen et al., 

Phys. Report 432(06)43



Exotic regulation happens at high excitations 
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Clustering in the universe

Annu.Rev.
Astron.
Astrophysics
41(2003)57
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Clustering in hadrons

Shi-Lin Zhu, FB20, Fukuoka，August 20, 2012



Impact on the nuclear-astrophysics 

The famous 
Hoyle state



Clustering is featured by :

• non-linearity ;

• self-stabilization;

• Depending on some confinement & 
residue interaction. 

New simplicity, symmetry and beauty 
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Theory:    AMD, GCM(RGM), MO, GTCM, FMD,  

TCSM,  TCHO(DHO), …

Theoretical descriptions 



Possible chain states based  on α-cores 

W.Von Oerttzen et al., 

Z. Phys. A357(97)355.

Phys.Rep.432(06)43.

8Be(2α)
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Be 2  + n - 1.57 MeV

Li   + d - 1.47 MeV

7Li   + t - 2.37 MeV







→

→

→



12Be:  An exp. at RIBLL1@HIRFL, Lanzhou

Beam： 12Be，29.0MeV/u，~3000pps
Target：Carbon, 100 mg/cm2

DSSD：32 2mm-stip, 300μm ,   covering  00-120 Lab.
CsI(Tl)： 4 x 4， 2.5cm*2.5cm*3cm,
Detection focused on the most forward angles



Example of studies for 12Be 
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Latest AMD calculations for 14C
T. Baba and M. Kimura PRC94(2016)044303

T. Baba and M. Kimura PRC95(2017)064318

➢ Gogny D1S force to better 

describe Ex;

➢ Projected single particle wave 

function for valence neutrons to 

distinguish the π-bond or σ-bond 

states;

➢ core excitation included and the 

reduced decay-width deduced 

accordingly.   

Major improvements:



T. Baba and M. Kimura, PRC95(2017)064318

xC: triangle,  and π-bond or σ-bond linear-chain states  

most exotic one:   σ-bond linear-chain state



T. Baba and M. Kimura, PRC95(2017)064318

14C: triangle,  and π-bond or σ-bond linear-chain states  



T. Baba and M. Kimura, PRC95(2017)034318

Decay-selectivity for σ-LCS     



T. Baba and 

M. Kimura, 

PRC95(2017)

034318



Structural link in decay scheme — exp. 

Experimental 

probes



Previous experiments for 14C

D.L. Proce, M. 

Freer et al., 

PRC75(2007)

014305; 14C(14C, 
4He10Be)14C,

Ebeam=98.2 MeV

N. Soic, M. Freer et 

al.,  PRC68(2003)

014321; 7Li(9Be, 
4He10Be)2H,

Ebeam=70 MeV



Recently reported results

M. Freer et al.,  PRC90(2014)

054324; α(10Be, α)10Be,

Ex=13 to 24 MeV

A. Fritsch et al.,  

PRC93(2016)014321;  

α(10Be, α)10Be,

Ex=15.0 to 20.7 MeV

Possible 

observation 

of the 

triangle-like 

and π-bond 

linear-chain 

states, but 

not σ-bond 

states.



Recently reported results

H.Yamaguchi et al., PLB766(2017)11  



?



Latest AMD calculations for 16C



The positive-parity energy 

levels up to J π = 8+.





➢ Projectile and target in favor of cluster formation 

➢ Large Q-value reaction in order to excite high-

lying states in 14C and to have a good selection of 

the states in 10Be fragment; 

Basic considerations for our experimentation 



9 9 4 14

4 10 *

Be + Be  He + C                           Q=17.25 MeV

                                      He + Be      Q=5.239 MeV

     

→

9 9 10 8

4 4

Be + Be  Be + Be                5.148 MeV 

                                       He + He 

Q→ =

selected reaction                                                          :  

contamination  in Q-value:  

10Be

α

α

14C

10Be

8Be

α α
can be removed via kinematics analysis   

(5 AMeV beam; 185 ug/cm2 target)



Detector Segmen-

tation

Thickne

ss

(μm)

Coverin

g angle

(degree)

Purpose

Telescop

e U0&D0

U0&D0

are 

symme-

trical

13-33

10Be&alpha from 

14C

Alpha（14C）

DSSD

16 x 16 64 ΔE

DSSD

32x32 500 E

SSD 1500 E(4He)

Telescop

e 

U1&D1

U0&D0

are 

symme-

trical

48-72

Alpha（14C）

DSSD

16*16 60 ΔE

SSD 1500 E

Telescop

e

U2&D2

symmetric

al

97-121 Alpha(14C)

DSSD 16 20 ΔE

SSD 1500 E

Beam 9Be 45MeV ~7enA

Target 9Be 0.9um

Experiment setup at CIAE



Obtained Q-value spectra



Comparison of IM spectra for various 10Be states

States selectively 

decaying into ～6 

MeV states in 10Be*  

22.5(3)

23.1(3)

24.7(3)

Predictions:

22.16   MeV

22.93    MeV

24.30   MeV







T. Baba and M. Kimura, PRC95(2017)064318

14C: triangle,  and π-bond or σ-bond linear-chain states  

PKU

？



14C:  band-head of the  π-bond linear-chain state  



A state at 14.1(1) 

MeV is clearly 

identified, being 

consistent with the 

predicted band-head 

of the molecular 

rotational band

characterized by the 

π-bond linear chain 

configuration.



T. Baba and M. Kimura, PRC95(2017)064318

14C: triangle,  and π-bond or σ-bond linear-chain states  

PKU



16C： Latest RIBLL1 experiment

Secondary

Target：CD2

T1 T2

60MeV/u  100-400enA 18O8+

WedgeSSC SFC
Primary

Target：9Be

3PPAC

25MeV/u 16C 105pps

Degrader

Setup
dE

Primary Beam Intensity:

➢ 2018/04/02 – 2018/04/06:  < 30*3.51enA = 105enA

➢ 2018/04/06 – 2018/04/09:      (30~50)*3.51enA ≈ (100~180)enA

➢ 2018/04/09 – 2018/04/14:      (50~120)*3.51enA ≈ (180~400)enA
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• 03
+ and 04

+ in  10Be ；
• 12Be systematics (6He+6He ?)；
• broad 03

+ state in 12C ; 
• chain states in 14C and 16C ；
• α condensation state in 16O, 24Mg…；
• molecular bands in 18-28O ；
• cluster + GR;
• 2n, 4n correlations;
• ……

Open problems for clustering
in light nuclei 



Z for most stable nuclei 

Future: high excitation could easily be achieved in 
medium mass region via fission 



Application of new technique — very thin DSSD 



α-α弹散事件



2017.11. Hokkaido U

2018.11. Sichuan U

Close theory & experiment cooperation 

2014.12. Nanjing U

2015.08. Hokkaido U & 

Osaka-RCNP

2015.08. 2016.07. PKU

2016.11. Yokohama



Typical experimental collaborators
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