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The experimental data on the nuclear level densities for many nuclei are 
derived, in the main, from the analysis of low-lying level and neutron resonance 
data. However, this information is limited to rather narrow ranges of excitation 
energy, and spin, and its extrapolation can lead to essential errors both in absolute 
value of the nuclear level density and its energy dependence, especially, in  
transition field from well-identified discrete states to continuum part of excitation 
spectrum. Obviously, it is necessary to attract other experimental methods of the 
nuclear level density determination with scope of more wide ranges of excitation 
energy and spin. Such method has been the study of the spectra of particles 
emitted in nuclear reactions. In  this case the type of reaction and the energy of 
incident particles should be chosen so that the contribution of nonequilibrium
processes was minimum. For the heavy nuclei these conditions are best satisfied 
with (p,n) reaction at proton energy up to 11 MeV. 

In the present work the differential neutron emission cross-sections for 
(p,n) reaction on nuclei of 208Pb and 209Bi in proton energy range of (8 - 11) MeV
have been measured and analyzed in the framework of statistical theory of nuclear 
reactions  to study the nuclear level densities near filled shells Z=82, N=126.



Experiment



Angle-integrated neutron 

emission spectra from 
208Pb(p,n)208Bi reaction. 
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Angle-integrated neutron emission 
spectra from 209Bi(p,n)209Po 

reaction. 

0 2 4 6 8 10
10

-3

10
-1

10
1

10
3

10
5

10
7

10
9

 

Ep=8.00 MeV

Ep=9.00 MeV

Ep=9.44 MeV

Ep=10.10 MeV

Ep=11.10 MeVd
σ

/d
E

n
  

[m
b

/M
e

V
]

                            Neutron energy (MeV)



Scheme of a compound 

nucleus reaction for specific 
example. 
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Data analysis
The method of nuclear level density determination from emission spectra is based 

on the fact that the nuclear level density is one of the most critical component of statistical 

model calculations.  The procedure of nuclear level density determination consisted in 

following:

The model parameters of the level density are adjusted such that the cross-

section calculated by means of Hauser-Feshbach formula fits the measured value in the 

energy range of well-known low-lying levels. It means that the total decay width of 

compound nucleus is determined.

Using, at first, the chosen model of the level density and, in next iterations, the 

absolute values of the level density, the differential cross-section for continuum part of 

spectrum is calculated and the absolute level density is determined in a wide range of 

excitation energy from the best fit with the spectra measured. 

ρ (U) = ρ (U)assumed · [(dσ /dEn)meas. / dσ /dEn)calc.]                     



Results: The extracted level densities for 
residual nuclei of 208Bi and 209Po excited in 

reactions studied are   presented in the 

next figs. The total uncertainties of the 

level densities are about 17 %.

Nuclear level density of 208Bi.

Experimental data: o - present work, * −−−−
our previous data (1997y), histogram -

low-lying levels data. The curves are 

calculated results: dashed - GSN, dash-

dotted - BSFG systematics.

0 1 2 3 4 5 6 7 8

10
0

10
1

10
2

10
3

10
4

10
5

10
6

 U, MeV

 

 

ρ
  

[1
/M

e
V

]



Nuclear level density of 209Po. 
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Experimental data: o - present work, * −−−−
our previous data (1997y), histogram -

low-lying levels data,   ∆∆∆∆ −−−− data of 
Grimes group. The curve is calculated 

result with GSN systematic.



Nuclear level density parameters

a) Parameters corresponding to the best fit spectra calculated and measured, 

b) Parameters recommended in systematics GSN, BSFG, 

c) BSFG calculations have been carried out with rigid body moment of inertia.
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Conclusions: 

1) The neutron emission spectra in (p,n) reaction on isotopes of 208Pb and 
209Bi have been measured in proton energy range of (8-11) MeV and 

analyzed in the framework of statistical model of nuclear reactions. 

2) The absolute nuclear level densities of 208Bi and 209Po, theirs energy 

dependences and model parameters are determined.

3) In energy dependence of the nuclear level densities of 208Bi and 209Po are 

displayed the structure connected with the shell unhomogeneity of a 

single-particle state spectra.

4)  The energy dependence and model parameters of nuclear level density 

of 208Bi and 209Po determined in the present work are quite close to 

recommended ones in the generalized superfluid model of nucleus


