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1935  Yukawa’s meson theory (2NF) 
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 One Pion Exchange Model 
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Where could we see 3NF effects ? 
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Three Nucleon Force (3NF) 

 2p-exchange 3NF :  
D-isobar excitations in the intermediate 

Prog. Theor. Phys. 17, 360 (1957) 

1957  Fujita and Miyazawa 3NF theory 
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Three Nucleon Force (3NF) 

3N Force models 

 Tucson-Melbourne (TM) 

 Urbana IX 

 Brazil 

 ChPT 
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Prog. Theor. Phys. 17, 360 (1957) 
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pd breakup reaction 

Rich phase space 

50-250 MeV/A (without KVI-CART measurements)  
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BINA (Big Instrument for Nuclear-polarization Analysis)  
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Intermediate energy: 100 - 200 MeV 

pd breakup reaction at KVI-CART 
 



16 | 22-06-2017 

10 
pd breakup cross section 
 
 

 

 

    

  

 

 

 

 



17 | 22-06-2017 

10 
pd breakup cross section 
 
 

 

 

    

  

 

 

 

 

𝜃1 

𝜃2 

φ 12 

φ =0 φ =±180 

φ =-90 

φ=90 

1 

2 
3 

4 
5 

6 
7 

8 

9 

10 

𝑝1 

𝑝2 



18 | 22-06-2017 

10 
pd breakup cross section 
 
 

 

 

    

  

 

 

 

 

𝜃1 

𝜃2 

φ 12 

φ =0 φ =±180 

φ =-90 

φ=90 

1 

2 
3 

4 
5 

6 
7 

8 

9 

10 

𝑝1 

𝑝2 



19 | 22-06-2017 

11 

cross section 



20 | 22-06-2017 8 
12 

Dalitz analysis of observed 
cross section 

𝑚𝑝𝑝 = (𝑝1 + 𝑝2)2 
2 

𝑚𝑝𝑛 = (𝑝1 + 𝑛)2 
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pd breakup Analyzing powers 
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Best 

Worst 

 Most data points around 0:  
 
2NF is sufficient and 3NF is 
small 

 
 Deviation extend on both 

side: 
 
The calculations overestimate 
or underestimate the data 
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 Some data points around 0:  
 
2NF is sufficient and 3NF is 
small 
 
 Some data off frome 
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Adding 3NF makes the 
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pd breakup reaction at 50-250 MeV/A 



33 | 22-06-2017 10 
17 

pd breakup reaction at 50-250 MeV/A 
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KVI-CART: 

 

 Rich data set of  pd breakup at 

intermediate energies 

 

   The first precise data set of pd 

breakup 
 

         𝐀𝐱  AND 𝐀𝒚  for 4π phase space  

 

pd breakup reaction at 50-250 MeV/A 

KVI-CART 
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