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Why Lithium, Beryllium, Boron? 

How to study 9Be(n, g)10Be? 

Experiment 

Summary 

 

Outline 
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Lithium, Beryllium, Boron abundances 

Ref:Nuclear Physics of Stars (P7) Christian Iliadis 

Destruction temperatures: 
6Li:  2.0 MK 
7Li:  2.5 MK 
9Be: 3.5 MK 
10B: 5.3 MK 
11B: 5.0 MK 

Elisabeth Vangioni-Flam et. al, 2000 
x process: B2FH, 1957 

Production mechanism:  
In BBN & spallation by 

cosmic rays (u process): 

 6Li,7Li,9Be,10B,11B 
Stellar: 

 7Li 

Elisabeth Vangioni-Flam et. al, 2000 

Pascl Hanon et. al, 1999 

Projjwal Banerjee et. al, 2016  
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Why study Li, Be, B 

1. Lithium puzzles are not solved yet 

2. How to explain the Li-rich star 

3. Influence some other nuclei 

4. Influence the r-process nuclei 

5.10Be (t =2.3 Myr) /9Be ratio in the ESS  

 

E. T. Li PhD thesis 2012 
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Li-rich star 

submitted to Nature astronomy 
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Influence to other nuclei and stellar evolution 

MESA calculation  

50Msun, Z=0.014 
MESA: http://mesa.sourceforge.net/ 
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What we have done 

7Be(p, g)8B  PRL 77(1996)611 
6He(p, n)6Li PLB 527(2002)50 
8Li(n, g)9Li  PRC 71(2005)052801 
6He(p, g)7Li CPL 27(2010)052101 
6He(p, g)7Li EPJA 44(2010)1 
6Li(n, g)7Li  CPL 27(2010)052101 

Review:       SC 54(2011)1 
8Li(p, g)9Be PRC 87(2013)017601 
11B(p, g)12C PRC 90(2014)067601 
7Be(d, t)6Li CPC 42(2018)044001 

…… 
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What sites do we need to consider 
9Be(n, g)10Be reaction  

APJ 359(1990)267 

BBN 
Affect r-process 

Neutron rich environments  

Can produce 9Be 

NPA 704(2002)165c 
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9Be(n, g)10Be  experimental  data 

• Direct measurement: 

 Thermal neutron data ： 
  PR 71(1947)269  

 AMS method:(mb) 
  JPG35 (2008) 014018  

 

 
 

• Indirect method: 
 Spectroscopic factor 
 

JPG35 (2008) 014018  

PR 71(1947)269  
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Spectroscopic factor method 

DWBA calculation 

9Be(a, b)10Be angular distribution 

(a, b) = (d, p)、 (7Li, 6Li)、 (11B, 10B)、 (10Be, 9Be) 、 

(13C, 12C) … 

9Be(n, g)10Be excitation function , 

astrophysical S factor and reaction rates 

DWBAEXP
d

d

d

d























9Be13CSS

S9Be 

Advantages of (13C, 12C) ： 

1. Small error of S13C 

2. Simple neutron transfer 

mechanism 
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10Be neutron spectroscopic factor 

10Be neutron spectroscopic factor 
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Experimental setup 

13C:91mg/cm2 

12C:83mg/cm2 

9Be beam 

40MeV 

 

Faraday cup 

 

D3 

D2 

D1 

Q 

PSSD 

Chamber F450mm 

DE-E 

Monitor 

Slot 

Z. H. Li … et, al, PRC 87(2013)017601 
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Plot of E vs Px  

Two-dimensional scatter plot of kinetic 

energy (E) vs horizontal position (Px) 
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13C(9Be, 10Be)12C angular distribution 

S10Be=1.48±0.10  

DWBAEXP
d

d

d

d























9Be13CSS

S13C=0.81±0.04 

From 12C(13C, 12C)13C 

NPA 284(1977)114 
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S10Be=1.48±0.10 

10Be neutron spectroscopic factor 
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Summary and Future plan 

• Summary： 

a) Li, Be, B have a lot of problems, and our project, 

b) Measured the angular distribution of 13C(9Be, 10Be)12C reaction, 

c) Obtained the neutron spectroscopic factor of 10Be by DWBA. 

• Future plan： 

a) Calculate the reaction rates of 9Be(n, g)10Be, 

b) Calculate its influence in BBN and CCSN, 

c) Binary stars & Neutron merger? 

 
Natural Science Foundation of China 11505117 

Natural Science Foundation of Guangdong Province 2015A030310012 
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Thank you for your attention. 



18/17 E. T. Li  (SZU)    NARRS    Mar. 15th, 2018  

Advantages： 

1. Small error of S13C 

2. Simple neutron transfer mechanism 

  

0.87±0.19 

12C(13C, 12C)13C 
S13C=0.81±0.04 

 

NPA 284(1977)114 

PRC 69(2004)064313 

 
Why 13C(9Be, 10Be)12C？ 

 


