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Outline 

•  Historical perspective 
•  The one-boson-exchange (OBE) model 

for the nuclear force 
•  Klaus Erkelenz’ improvements of the 

OBE model 
•  Beyond one boson exchange 
•  Conclusions 
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Klaus Erkelenz 1931-1973 



The one-boson-exchange (OBE) model 
for the nuclear force 

• Pick the mesons of lowest mass. 
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The one-boson-exchange (OBE) model 
for the nuclear force 

•  Pick the mesons of lowest mass. 
•  Guided by symmetries, write down appropriate 

Langrangians for meson-nucleon coupling 
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The one-boson-exchange (OBE) model 
for the nuclear force 

•  Pick the mesons of lowest mass. 
•  Guided by symmetries, write down appropriate 

Langrangians for meson-nucleon coupling 
•  Calculate the one-meson-exchange Feynman 

diagrams between two nucleons and sum them 
up to define the NN potential (“OBEP”). 
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Feynman diagram for NN scattering 
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OBEPs in the 1960’s 
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OBEPs in the 1960’s 

Typical for 1960’s OBEPs: 

Q/M expansion of the momentum-space amplitudes 

to allow analytic Fourier Transform to position space 

to produce a local NN potential, V(r).  

Why? Probably for pedagogical reasons?! 
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Nuclear Forces - Lecture 2      
Meson Theory (CNSSS13) 14 

The nuclear force: three ranges  

Short 
Inter- 
mediate Long range 

Tensor force 

Central force 

Spin-orbit force 

Taketani, Nakamura, Sasaki (1951): 3 ranges 
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Nuclear Forces - Lecture 2      
Meson Theory (CNSSS13) 15 

The nuclear force in the OBE picture  

Short 
Inter- 
mediate Long range 

Tensor force 

Central force 
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Problems with those r-space OBEPs 
of the 1960’s 

•  Expressions are only approximate. 
•  Definition of NN potential is handwoven. 
•  Reproduction of the NN data not very 

accurate. 
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Problems with those r-space OBEPs 
of the 1960’s 

•  Expressions are only approximate. 
•  Definition of NN potential is handwoven. 
•  Reproduction of the NN data not very 

accurate. 

Klaus Erkelenz’ achievements 

in a nutshell: 

He solved all three problems!!! 



   How did he do that? 

•  Stay in momentum space (no expansions, 
no approximations!). 

•  Start from the Bethe-Salpeter equation 
and properly define the NN potential. 
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How well is BS 
reproduced by 3D 

equations? 

•  In the ladder approximation, BS and 3D equations 
disagree. 

•  But, ladder BS does not have the correct one-body 
limit, while 3D eqs. do (Gross, 1983). 

•  However, BS with cross-ladders has right one-body 
limit. 

•  The Erkelenz eq. in ladder approximation reproduces 
closely the fourth order ladder plus cross-ladder BS 
result (Woloshyn & Jackson, 1973). 
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… and the reproduction of the  
NN data is excellent … 



Phase shift predictions of high precision by 
relativistic momentum-space OBEP 
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Director of the  
Institute: 
Konrad Bleuler 
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Director of the  
Institute: 
Konrad Bleuler 
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A “Classic”: 300+ citations. 
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A “Classic” 



The Bonn Potential after Klaus Erkelenz: 
Going beyond one-boson exchange 
(Karl Holinde & R.M.) 

•  Non-iterative contributions 
•  Role of meson-nucleon resonances 
•  The sigma “meson” versus 2π exchange 
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A field theoretic model for 2-pion exchange 
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σ



Other important non-iterative diagrams 
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This resulted in the so-called Bonn Full 
Model (1980’s) 

•  π + ω + 2π + π-ρ + … 
•  Excellent reproduction of NN data 
•  Proof of principles: meson theory pursued consistently 

works. 
•  Full Model good for the investigation of specific issues, like, 

charge-dependence, medium effects, … 
•  But: the model is complicated and energy dependent; not 

practical for standard nuclear structure calculations.. 
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The last chapter in meson theory:  
The 1990’s - Back to the beginnings 

•  High-precision potentials are developed. 
•  Among them: the “CD-Bonn potential”, a very 

accurate relativistic momentum-space OBEP. 
•  It’s based upon the concepts developed by Klaus 

Erkelenz. 
•  Thus, Klaus had pointed in the right direction long 

time ago 
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The last chapter in meson theory:  
The 1990’s - Back to the beginnings 

•  High-precision potentials are developed. 
•  Among them: the “CD-Bonn potential”, a very 

accurate relativistic momentum-space OBEP. 
•  It’s based upon the concepts developed by Klaus 

Erkelenz. 
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Conclusions 

•  Klaus Erkelenz has 
contributed substantially to 
the development of 
realistic and quantitative 
nuclear forces. 

•  Without him there would 
have never been a Bonn 
Potential. 

•  His impact is still 
noticeable after 40 years. 

•  But he was also a fun guy 
and great friend. 
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