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• I find history of physics  (almost) as interesting as physics itself. History 
involves ideas and people behind the ideas often not found in textbooks or 
published papers. The real physics is of course what experiments reveal to 
us. The human brain seeks to understand the phenomena and that is what 
theorists are trying. Theory is the subject of my talk.

• When does history of nuclear many body problem start? One of the 
greatest discoveries was the nuclear shell-model. Liquid drop was the 
picture theorists had in mind. Experiments showed nuclear spectra looking 
like atomic. So how can one explain the shell-model? Another problem: 
nuclear saturation. An explanation: N-N interaction repulsive at short 
distances, Jastrow. But how reconcile the strong interactions with a shell-
model. These were the problems some 60 years ago.



I first met Gerry at least 55 years ago but I never worked 
directly with him but interacted with him in various ways 
over the years. In 1959 he was  my opponent at my PHD 
defense in Uppsala.  Last time we met was, I believe, at 
Osnes’ retirement in Oslo (2008). He told me after my talk 
that I should have “spruced it up”.  I’ll try today. 
He was a good friend.



Gerry had many collaborators not only among his 
own students. He was always able to make others 
interested in problems he considered important.
That was one of his strengths.
Most of his publications were with co-authors. 
It is not possible to cover more than a small 
fraction of his work on many body physics in a 
short talk.



One of the great discoveries in Nuclear Theory was the 
Nuclear Shell Model. (Nobel 1963) 
How could it be understood knowing that the NN-forces 
are strong, consistent with Liquid drop models.
Another unsolved problem: Nuclear Saturation.

The stage was set for someone to come up with a 
many-body theory of nuclear structure.
Gerry Brown’s (and other’s) nuclear structure work was 
based on the Brueckner theory.
I will review this theory briefly.



Related to the shell-model is the optical model from 
the 50’s, which pictured nucleons moving in a mean 
field. It was successfully explained by Watson as a
multiple scattering problem with elementary    
scatterings being via T-matrices.

This idea was picked up by Brueckner. Maybe a nuclear 
many body theory for bound states could be built on 
the T-matrix, instead of a NN-potential interactions.



But the T-matrix is complex 

𝑇 = 𝑣 + 𝑣
1

𝑘2 − 𝑘′2 + 𝑖𝜂
𝑇~𝑒𝑖𝛿 sin 𝛿

It seemed to make sense to instead use the 
Reactance matrix (R-matrix) which implies a 
principal value integration

𝑅~ tan 𝛿
replacing the interaction potential with an 
“effective” interaction

𝑉(𝑘)~ tan 𝛿(𝑘)



This idea had some degree of success.
BUT, the R-matrix refers to a scattering problem
with boundary problems different from that of a bound 
state. It is fairly easy to show that putting two particles in 
a box, square or Harmonic oscillator (Busch) the binding 
energy is 

𝐵. 𝐸. ~𝛿
𝑛𝑜𝑡 ~ tan 𝛿

In the scattering problem one has a continuum set of 
states but in the bound state problem one has a discrete 
set of states. 



“Infinite” nuclear matter still implies a bound state 
problem. Summation over a discrete set of states no 
matter how dense is different from integration over a 
continuum. (de Witt, Watson, Newton,1956).
The difference between 𝛿 and tan 𝛿 is of course 
small for small 𝛿.With large scattering lengths and 
𝛿 = 𝜋/2 it does make a big difference.
The Busch formula expresses the binding energy of 
two nucleons in an oscillator well in terms of phase-
shifts.I recently showed that the SHIFT in energy in 
this case is also given by 𝛿. (Arxiv 2011)





The  𝛿 − (phase-shift) approximation of the 
effective interaction is good if medium effects 
can be neglected. 

This is true at low density AND for ‘weak’ 
interactions for example large angular 
momenta, 𝑙 ≅ 4 or larger.



What about medium, many body effects.  We deal 
with a fermion-system. The summation over 
intermediate states cannot include occupied states. So 
modified effective interaction:

𝐾 = 𝑣 +  𝑣
𝑄

𝑘2−𝑘′2
𝐾

This was the second Brueckner approximation.
Note that 𝐾 now is real. No integration over a pole.
No discrete-continuum controversy.
(Problem at fermi-surface. BCS.)



But Brueckner then realized that nucleons move in 
a mean field U(k),
consistent with the shell-model, 
so that energies would be not
𝑒 𝑘 = 𝑘2

but rather 

𝑒 𝑘 = 𝑘2 + 𝑈(𝑘)

Mean Field Correction



Result: Brueckner Reaction Matrix: 

𝐾 = 𝑣 +  𝑣
𝑄

𝑒 𝑘 −𝑒(𝑘′)
𝐾

Total energy (first order):

𝐸𝑇 =  𝑘
2 + 1

2
 𝐾

Mean field:
𝑈 𝑘 =  𝐾 Brueckner self-consistency.



What has been achieved?
The interaction 𝑣, with a strong short-ranged 
repulsion has been replaced by a ‘smooth’ 
effective interaction, the Reaction matrix 𝐾.

Two modifications of the T-matrix were made
1. Pauli-operator
2. Mean field.



The K-matrix sums ladder and mean-field propagations to 
all orders. Infinite nuclear matter calculations show 
saturation and binding energy remarkable well. 
Important physics is included in this first order in K 
approximation. Improved results can (in principle) be 
obtained by higher orders. 
It is a zero-width approximation. Spectral widths are 
included  Green’s function calculations but show little 
difference in calculated values.



Calculations by Brueckner and coworkers for infinite 
nuclear matter as well as finite nuclei were very 
promising.
Binding energies and saturation properties were 
remarkably well reproduced suggesting that 
important physics was included.
Other calculations were made also including higher 
order terms.



Typical Energy-diagrams included in first order                
K-matrix calculation

Finite
System

“Dispersion Correction”



Correlated pair



An important paper on nuclear matter was Brown 
Schappert and Wong in 1964. 
Gerry was also much interested in nuclear matter 
and compressibility in his work with Hans Bethe 
on supernova explosions.









From the energy diagrams the mean field and
effective interaction diagrams are obtained by 
first and second order functional derivatives

𝑈(𝑖) =
𝜕𝐸

𝜕𝑖
and   𝑉𝑒𝑓𝑓(𝑖, 𝑗) =

𝜕 𝐸

𝜕𝑖𝜕𝑗



Mean-field diagrams



Effective Interaction

First order       Core polarisation







Kuo-Brown interaction



Barrett and Kirson (N.P. A148 (1970)145) 
questioned the convergence. 
Anastasio et al (N.P. A271(1976) 109
showed the influence of the shell-model potential. 



Kuo-Brown paper





Dispersion correction, 3-body term

Wound-integral





“Exact results by Monte Carlo.



A many body problem is always a two-part problem:
1. Interactions between particles e.g. 2-,3- etc interaction 
potentials.
2. A many body theory.

The theory of nuclear forces has been a long-standing 
problem. (Machleidt).It is easy to construct potentials that 
fit NN phase-shifts e.g. by inverse scattering and separable 
potentials. But that is in general not enough. Off-shell 
scattering information is needed in the many-body system. 
This was emphasized already in the 1964 paper by G E 
Brown,Schappert and Wong.





It can however be argued that for low-energy nuclear 
problems the high energy component of the interaction 
should be irrelevant. The low and high energy 
components are separated in The Moszkowski-Scott 
separation method shown earlier.  The effect of high 
energy (short-ranged) correlations was contained as a 
correction: The ‘dispersion term’,  that is  proportional 
to the product of ‘correlation volume’ and the mean 
field. 
A comparison with 𝑉𝑙𝑜𝑤 𝑘 is of interest.



This is 𝑉𝑙𝑜𝑤 𝑘



𝑉𝑙𝑜𝑤 𝑘



It is to be expected that high-momentum cut-offs 
would not affect nuclear structure results.
Compare the cut-off in coordinate space in the 
separation method.
The near equivalence of 𝑉𝑙𝑜𝑤−𝑘 and the MS separation 
method was shown by J W Holt and Gerry Brown. 

A more fundamental approach is EFT originated by 
Weinberg. (Phys. Lett. 251B (1990) 288.) Not 
surprisingly, Gerry Brown was consulted.



Effect of momentum cut-off

Binding energies in singlet and triplet states will be shown below.
Separable potentials are calculated by inverse scattering using the experimental phase-
shifts and the Deuteron parameters as the only input.

Results of Brueckner calculations are presented as a function of the cut-off in momentum-space.

One finds that the diagonal elements in momentum-space of these potentials (Singlet-S will be shown)
are functions of the cut-off although fitted to the same input.

The potentials are of course in themselves meaning-less in the sense of physics as they are not observables.



Separable Potential as a function of cutoff



Potential energies as a function of cut-off

Triplet

Singlet

Total

No Mean field

“Dispersion correction”



Singlet and triplet NN-correlations

Triplet

Λ = 9.8



Cutoff Λ = 2Λ = 2

Singlet and triplet correlations

No correlation 
No wound
No repulsion



In 𝑉𝑙𝑜𝑤−𝑘 one seeks a minimal momentum
cut-off Λ. 

From the results above one would conclude that  
Λ > 3 𝑓𝑚−1 is necessary, otherwise the 
correlations, the dispersion term is lost.



END HISTORY



BEGIN FUTURE

EFT
DFT?
No Core
Skyrme non-local interaction 

Mass Formula

Predictive power! Not only reproduce known experimental data.

Microscopic models

Macroscopic model

Computers

Quantum Transport

High Density

Tensor component


