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Low-Energy
 

QCD: The
 

NN Interaction at Tree-Level
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Weinberg  Hypothesis
 

(~1979): 
•Nuclear

 
Physics ↔

 
EFT of Pions and Nucleons

•Symmetries
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underlying
 

fundamental theory
 

of QCD 

•Spontaneously
 

broken
 

chiral
 

symmetry

•Low
 

energy
 

theorems

•Order-by-Order
 

expansion
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with
 

LEC
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Influence of the nuclear medium?

Medium-Dependent
 

Scales?



Kohn-Sham
 

(~1960) : QM many-body
 

systems
 

� DFT of E[ρ]  

Kohn-Hohenberg
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Nuclei
 

:             E[ρp

 

,ρn

 

,τp

 

,τn

 

,κp

 

,κn

 

…]

E[ρ,τ]/ρ=τ
 

+½Eint
 

/ρ
 

~ τ
 

+ ½ρ(3aSE
 

+aTE
 

)/4 + …

2
23 2

F F
1 1 3~ k  ;  ~ k
3 2m 5

+ρ = Ψ Ψ τ = ∇Ψ
ρ

Theorems on the
 

Dynamics
 

of Interacting
 Quantum Many-Body

 
Systems:



Interactions
 

and Effective
 

Range Expansion
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Fieldtheoretical
 

Approach to a 
Hadronic Density

 
Functional

 Theory



Building
 

blocks
 

for
 

a covariant
 

nuclear
 

DFT…



ab initio Density
 

Dependent
 

Hadron
 

Field Theory: 
The

 
DDRH Lagrangian

• Covariance
 

of field
 

equations

• Thermodynamical
 

consistency

• Systematic
 

xpansion

• Density
 

Dependent
 

Vertices

• Static
 

Polarization
 

Self-Energies

• Nuclei and Hypernuclei
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The
 

Quantum-Field
 

Equations:

Full Quantal
 

Structure, Symmetries…:
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General QFT Nuclear DFT:
Choice

 
of Vacuum/Reference

 
State  ↔

 
g.s. |0>

Nuclear
 

Configuration
 

↔
 

Spontaneous
 

Symmetry
 

Breaking:

• Fixing  N≠Z Isospin Symmetry

• Mean-Field Translational Symmetry

• Deformation Rotational Symmetry
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The
 

DFT Classical
 

Field
 

Equations

QFT Realization
 

for
 

a Specific
 

Nuclear
 

Case:



Rearrangement
 

Contributions
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QFT Vertices DD Vertices:



Giessen DDRH-Theory: ab initio Approach to BB 
Interactions

 
and covariant

 
DFT…
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Choice
 

of Density
 

Dependence
 

–
 

DBHF Vertices
• Vertices: Lorentz scalars

 
retaining

 
internal

 
symmetries

• cancel
 

certain
 

classes
 

of diagrams

• DDRH choice: Vertices
 

to cancel
 

DBHF Self-Energies
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Density
 

Dependence
 

of the
 

Vertices
 (Averaged

 
over

 
the

 
Fermi

 
Sphere)

G2
m

 

(kF
 

) / g2
 

= z(kF
 

/m):

γ=(2/π)g2(M/m)2, x=kF
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Scales
 

for
 

In-Medium Vertices:

• Fermi-Momentum
 

vs. Meson Mass: x=kF
 

/m

• Nucleon
 

vs. Meson Mass:
 

γ~(M/m)2

z(x)~



Choice
 

of Density
 

Dependence
 „Hartree“ Vertices

• include
 

Exchange Effects
 

into
 

the
 

Vertices

• Vertices
 

to cancel
 

DBHF Self-Energies
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KF
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Isoscalar
 

Vertices Isovector Vertices

Nuclear Matter DBHF Vertices



The
 

EoS: DDRH Dirac-Brueckner
 

vs. Urbana V18+UIX 
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DDRH 
Results:

B(A) and 
Charge 
Radii
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 “Hartree“ 

Vertices



..why
 

using
 

a relativistic
 

Approach?



The
 

EoS: DDRH Dirac-Brueckner
 

vs. Urbana V18+UIX 
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Effective
 

Hartree
 

Vertices
 

from
 

V18+UIX (non-rel.)

• mV
 

=780MeV

• mS
 

=500MeV

• mP
 

=140MeV
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Beyond
 

the
 

Mean-Field:
Short-range

 
Correlations in Nuclear Matter

Momentum
 

Distribution   
n(p) = N(kF
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1/2+
 

Particle
 

and Hole Strength
 

Functions
 

in 14C

Hole strength
 function

Particle
 

strength
 function
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Beyond
 

the
 

Ground
 

State: Adding
 

Dynamics

Fermi-Liquid
 

Theory



Variational
 

Interactions



DDRH Landau-Migdal
 

Parameter in Infinite Nuclear Matter

F0

 

in Symmetric
 Nuclear Matter

F‘0
 

in Symmetric
 Nuclear Matter



Landau-Midgal
 

Parameters 
and Observables





Quasi-elastic
 

(e,e‘p) Scattering
 

on Nuclei





Longitudinal Response Function: 40Ca



Longitudinal Response Function: 48Ca



Transversal Response Function: 48Ca



The
 

ee‘p
 

Cross Section: 40Ca



Summary, Conclusions
 

and Outlook

• Low-energy
 

QCD and NN-interactions

• EFT in free
 

Space
 

and at the
 

Fermi-Momentum
 

Scale

• Relativistic
 

DFT 

• Applications: Nuclear
 

Matter, Nuclei, and Neutron Stars

• Dynamics: Fermi-Liquid
 

Theory
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