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Content:  
 
1. 3-parameter 

formula 
 

2. Selective Resonance 
Tunneling  
 

3. Bethe’s Solar Model 

Who participate 
the reaction ? 
 

How the reaction 
happen?  
 
What’s reaction 
probability ? 
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3 parameters for light nucleus 
fusion model (non-elastic scattering): 
 

R0: the radius of target nucleus 

Ur: the depth of nuclear potential well  

Ui: the imaginary part of nuclear potential well 

(describes the absorption of the well)  

C1, C2, wi 

R0 

Ur + iUi 
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1. 3-parameter formula for fusion 
cross-section of light nucleus 
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3-parameter formula was supported by hot fusion data: 
D+T, D+He3, D+D, T+T, T+ 3He, p+D, etc 

1. 3-parameter formula for fusion 
cross-section of light nucleus 
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•  describes resonance  
• p + 6Li, and d + 6Li resonance at E~0 

1. 3-parameter formula for fusion 
cross-section of light nucleus 
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d+T resonance at 95keV, d+ 

3He resonance at 375keV 
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Can we expect  
 

6Li  + p => 3He  + 4He   
 

At E~0 ?  
 
 

No! 

2. Selective Resonant Tunneling  
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• 𝜃2
  ≈

1

2𝜋
𝐸𝑥𝑝

𝑍𝑎𝑍𝑏𝑒2

2𝜀0

𝑚

𝐸
  is Gamow factor, that is an 

extreme large number (> 1030)at low Energy.  

s (E)=
p

k2q 2
-4wi

wr
2 + (wi +1/q

2 )2

2. Selective Resonant Tunneling  

At resonance  

𝑤𝑟 = 0 ,   
s (E)=

p

k2q 2
4

(-wi )

• Strong interaction             −𝑤𝑖~ 1 

• Weak interaction             −𝑤𝑖~10−30 

Only weak 
interaction 
will happen 

wi represent  
absorption 
of nuclear 

well 
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6Li  + p => 3He  + 4He   
𝑤𝑖~ 1, very heavy damping 

6Li  + p + e => 7Li  + neutrino   
𝑤𝑖 ≪  1, 𝑎𝑙𝑜𝑚𝑜𝑠𝑡 𝑛𝑜 𝑑𝑎𝑚𝑝𝑖𝑛𝑔 

Selective Resonant Tunneling  

Strong process Forbidden   

Weak process Selected 

2. Selective Resonant Tunneling  
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Next Questions: 
 
1. What’s the energy width of the resonance? 
Does the energy width go to zero at E~0?  
 
2. Imaginary potential well can’t describe weak 
interaction. How to calculate the probability? 
 
 

Method in Bethe’s Solar Energy model    
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3. Bethe’s Solar Energy Model 
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3. Bethe’s Solar Energy Model 

])[][][][(
2

00 rGSinrFCos
kr

A
i  

][
1

2rkSin
r

B
f 

][
1

1rkSin
kr

A
i 

)( 0
2 rr

f e
r

B 




𝑟 < 𝑟0 

𝑟 ≥ 𝑟0 

𝑟 < 𝑟0 

𝑟 ≥ 𝑟0 

𝐺0 

𝐹0 

6Li  + p  

6Li  + n (7Li *) 

𝑟 

𝑟 
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3. Bethe’s Solar Energy Model 
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At temperature T, average over Maxwell distribution, the 
reaction probability as below (in unit of 𝑚3/sec): 

Reaction cross section  from         to         is (in unit of 𝑚2):       i f
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3. Bethe’s Solar Energy Model 
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Resonance peak and resonance width: 
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3. Bethe’s Solar Energy Model 

We assume E0 = 50eV* And  T = 1300 k 

* In Lipinski’s patent , he claimed that he was able to detect the helium 
when a low energy (50eV) proton beam was injected into the lithium vapor.  
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It is a very broad way to proton 
tunneling !  
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3. Bethe’s Solar Energy Model 
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Reaction probability and Temperature dependence: 

It is heavily dependent on Temperature !  
 
This would have a positive feed-back effect as an 
exothermic process. 

With parameters of 6Li  and p, and assumed E0 = 50eV, the reaction probability as 
below: 

A is independent with T, and T in Kelvin 

15 

http://www.tsinghua.edu.cn/publish/newthu/index.html


3. Bethe’s Solar Energy Model 

The energy releasing 

6Li + p + e => 7Li* + neutrino + 6.468MeV 

7Li* => T + 4He + 4.001MeV 

The final reaction product may 7Li or T and 4He,  
The energy would be released by the kinetic of 
these particles. 

16 

http://www.tsinghua.edu.cn/publish/newthu/index.html


The END  
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