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Why do we need
completeness? 

What is
complete? 

How do we determine
completeness? 

How far is it
complete? 

208Pb(p,p') via
isobaric analogresonances

(IAR)

particle spectroscopy

resolution  experiments
   (keV)
    3.0        208Pb(p,p') 
                    via IAR in 209Bi
    4.0        207Pb(d,p) with
                  -  polarized d
    3.0         - unpolarized d
   15          208Bi(d,3He)
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For Ex < 6.1 MeV in 208Pb,
 almost all negative parity states are identified.

For Ex < 5.9 MeV in 208Pb, 
almost all positive parity states are identified.

The transformation matrix is determined
 from the fit of all available experimental data.

The unitarity of the
 transformation matrix proves

 the subspace of shell model configurations
 to be complete

 within less than 5-10% 
for spins 0-, 1-, 2-, 4-, 6-, 7-, 8-.

example:

 fourteen
states

with spin 4-

comparison of excitation energies
 with the schematic shell model (SSM) 

207Pb(d,p)
Ed =

22.0 MeV

      f u t u r e:

(1) completing analysis of all data 
      for Ex < 6.1 MeV
(2) analysis of  states
     excited by the g7/2, d3/2 IAR 
     at 6.0 < Ex < 7.5 MeV
(3) identification of more positive parity states

angular distribution of 208Pb(p,p') 
via g9/2 IAR in 209Bi

for 3920 keV 6-

schematic 
shell model

analysis of an angular distribution
 208Pb(p,p') via IAR in 209Bi

on g9/2
IAR
Ep =
14.92
MeV

on d5/2
IAR
Ep =
16.50
MeV

schematic shell model 
for negative parity states

angular distribution of 208Pb(p,p') 
via g9/2 IAR in 209Bi

for states with g9/2 f7/2f7/2

states  Ψ  are described by  
model configurations  Φ 

model configurations  Φ  
are described by states  Ψ 

the Hamilton operator HH has the eigenvalues E  E 
                                                                          in the space of states Ψ

the Hamilton operator hh has the eigenvalues e 
                         in the space of configurationsΦ

the residual interaction is defined as vv  =  HH    -  hh

in a truncated space the 
transformation matrix T is 
only approximately unitary

if the deviation Δ from 
unitarity is small the 
residual interaction 
can be determined  

Δ

pure
configuration

g9/2 f5/2 
6-

fit with 
Legendre-

polynomials
 k=0,2,4,6

3920
 6-

4.0                                          4.5                                          5.0                                            5.5                                             6.0 MeV

transformation matrix

ΔEx > 6 keV
doublet
ΔEx < 6 keV 


