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Abstract 

        The single-particle level densities for Th232

90 , at certain exciton number, are 

calculated in terms of Equidistant Space Model, ESM, and NON-ESM, of Fermi 

Gas Model. It is found that the single particle level density, g, has no longer a 

constant value and becomes an energy dependent on the contrary with NON-ESM. 

The finite depth of the nuclear well and pairing corrections are examined with 

behavior of the single level density for both models. The particle-hole state density 

has been calculated, by means of the energy dependence of excited particles and 

hole level densities, for one and two fermions systems and different exciton number 

in Th232

90 . The present results are compared between two models with and without 

the inclusion of the finite well depth correction. NON-ESM system has a major 

effect in the present calculations at high excitation energies.  
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Th232حسابات كثافة مستوي الجسيم المنفرد في 

بأستخدام انموذج المسافات المتساوية وغير 90
 المتساوية في انموذج فيرمي الغازي

 
 رشا صبيح احمد, زاهدة احمد دخيل, *مهدي هادي جاسم

 العراق ,بغداد ,بغداد , كمية العموم, جامعةالفيزياءقسم 
 

 الخلاصة
Th232مستوي الجسيم المنفرد في حسبت كثافات 

فجنو(  -في عدد معين منن اككسنايتونات كاكسايتونسجسنيمة 90
بدكلنة انمننوال المسننافات المتسنناوية وتيننر المتسنناوية فنني انمنوال فيرمنني الغننازي. وجنند بننان كثافننة مسننتوي الجسننيم 

مننوال المسننتويات تيننر المتسنناوية. ا تبننرت كتممننق قيمننة ثابتننة ولكننن تعتمنند عمننح ال اقننة فنني حالننة ان gالمنفننرد 
تصحيحات العمق المحدد لمبئرالننووي وتصنحيا اكزدوال منل سنموق كثافنة المسنتوي المنفنرد لكنج اكنمنواجين. تنم 

الفجنننو( باسنننت دام اعتمننناد  اقنننة الت نننيج لمجسنننيمات والفجنننوات لن نننام ون نننامين -حسننناث كثافنننة مسنننتوي الجسنننيمة
Th232ات فننني وكعنننداد م تمفنننة منننن اككسنننايتون

 . قورننننت النتنننائج الحالينننة بنننين انمنننواجينل منننل وبننندون اد نننا 90
تصنننحيا عمنننق البئنننر المحننندد. انمنننوال المسنننتويات تينننر المتسننناوية لنننح تنننعثير كبينننر فننني الحسنننابات الحالينننة عنننند 

 ال اقات العالية
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Introduction 

     The single particle level density g  is an 

important quantity that needed in calculating the 

state density
 

. The first model in calculating 

the state density is the exciton model which was 

formulated by Griffin [1]. The Griffin model 

was developed by several authors by adding 

multiple corrections to Griffin state density 

formula [2-5]. Some of these models suggested 

that the single-particle levels are equally spaced 

in energy [6] and the excitation energy will 

distributed among the particles above the Fermi 

energy and the holes below it, this model is 

called the equi-spacing model ESM. The models 

which do not distinguish between protons and 

neutrons particles are called the one component 

model [6], which divided the excions into 

particles and holes only. The real nucleus does 

not composed of one type of particles and holes 

but it consists of protons and neutrons particles 

and holes, the model which is deal with the 

nucleus as a system of protons and neutrons is 

called the two component model [7-9]. In 1985 

Kalbach [10] made a large deviation from the 

equispacing model (ESM), she started from the 

energy dependent single particle level density 

and assumed that the level spacing are not 

equally separated but these spacing are change 

with the single particle excitation energy NON-

ESM. What we have mentioned previously 

illustrates the importance of the single particle 

level density in calculating the state density, for 

this we will study the behavior of this parameter 

in equal spacing ESM and NON ESM Fermi gas 

model in details, and examine its effect on the 

behavior of the state density. 

 

The Energy Independent Single Particle 

Level Density for One and Two Component 

Systems 

    Generally, the single particle level density can 

be expressed as [11, 12]  

(1)               ),1,0(),0,1( hp EEg    

In ESM of Fermi gas model g=3A/2F. 

Where Ep, Eh are the single particle and single 

hole energy respectively, A is the mass number 

and F is the Fermi energy which was assumed to 

be 38 MeV.. 

In most practical calculations g was assumed to 

be g=A/13 or g=A/15 [4]. 

the formulae given above are refer to one 

fermions system, in case of two fermions system 

the value of g  will be changed to refer to 

protons and neutrons and it given as [4-11] 

gAZg )/(  or 13/Z   ,  gANg )/(  or 

N/13   or     2/ggg    

 
The Energy Dependent Single Particle Level 

Density 
      In order to take into account the energy 

dependent single particle level density, the 

average excitation energy for particles and holes 

are proposed to find the single particle level 

density in terms of the excitation energies for 

particles and holes [10] 
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where 12 F   is the hyper geometrical function. 

In case of infinite potential well (or if excitation 

energy less than Fermi energy
 

F) the single 

particle and hole excitation energy can be given 

as   / nEuu hp  , where n is the Exciton 

number. The hp uandu  can be defined in 

terms of the ratio for potential well correction 

function ( kk ff /
), which can identify the 

effective potential well for different Exciton 

configurations: 
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The ESM state density equation with energy 

independent single particle level density for one 

and two component systems are given 

respectively by [13, 14] 
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Entering the NON-ESM system the state density 

for one and two component systems becomes:  
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Results, Discussion and Conclusions 

     In the ESM model the single particle level 

density, g, is constant and does not depends on 

the excitation energy for particles and holes. It 

gives a constant value at all values of excitation 

energy and it just changed according to the mass 

number of the nuclei. By introducing the NON-

ESM model g is no longer constant and becomes 

energy dependent as shown in Figure 1. One can 

see the energy variation of the Fermi gas single 

particle and single hole level density for Th232

90 , 

for exciton number n=3 and without the finite 

well depth correction. The importance of the 

finite depth of the nuclear potential well and the 

paring correction on the behavior of the single 

particle level density is shown in Figure2, where 

the value of the ESM single particle level 

density is seen as a constant line in all excitation 

energy ranges, while for NON-ESM model the 

value of pg  will be always at values higher than 

the value of the ESM single particle level 

density, g . Where hg  is always lower 

than g and it reached saturation at energies 

higher than 70 MeV. 
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                             Figure 1- The single particle (or hole) level density in Th232

90  as a function of single particle (or hole)  

                                                 excitation energy in case of infinite potential well using equations (2) and (3). 
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                        Figure 2- The energy dependent single particle level density in Th232

90 , where the calculations using the finite  

                                         depth and the paring corrections. The dotted dashed line gives the value of g =3A/2F MeV-1only. 

 

The particle-hole state density has been obtained 

by means of the energy dependence of excited 

particles and holes level densities for one and 

two-component  systems and different exciton 

number in 
232

Th. The results are compared with 

the results of the state density for ESM system, 

with and without the inclusion of the finite well 

depth correction. In case of infinite potential 

well and for n=2, the state densities for one and 

two fermions systems reached a certain value of 

excitation energy, then it will droped down to 

zero, as seen in Figures 3,4. This behavior is due 

to the fact that the single particle and hole 

excitation energy reached to 38 MeV, which is 

the Fermi energy. So it is preferred to include 

the finite well depth correction which gives 

good results, especially at high excitation 

energy. The inclusion of the energy-dependent  

level density, which treats the system as 

particles with excitation energies higher than the 

Fermi energy and holes with excitation energies, 

does not exceed the Fermi energy. It is 

concluded that the results are obtained from 

NON-ESM is much better than those for ESM 

system, where the single hole energy does not 

reach zero at a certain value of excitation 

energy. Figures 5,6 illustrate a comparison 

between the results of the state density 

calculated for Th232

90  and Fe58

26  and for one and 

two-component  systems; in these figures, one 

can see the effect of the mass number on the 

value of the state density and the number of 

states for ESM and NON-ESM systems, which 

increased as the mass number increases

.  
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                         Figure 3- The state density for one fermion system as a function of excitation energy for1p1h and 2p2h   

                                          configurations in Th232

90
. The solid curves give the state density for NON-ESM system while the 

                                          dashed dotted curve is for ESM system. 
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                         Figure 4-  The state density for two fermions systems as a function of excitation energy for 1100 and 1111  

                                           configurations in Th232

90 . The solid curves give the state density for NON-ESM system while the  

                                           dashed dotted curve is for ESM system. 
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                        Figure 5- A comparison between the state densities for one fermion system as a function of excitation energy   

                                        for 1p1h configuration in Th232

90  and Fe58

26 . The solid curves give the state density for NON-ESM 

                                         system while the dashed dotted curve is for ESM system. 
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                        Figure 6- A comparison between the state densities for two fermion system as a function of excitation energy  

                                         in Th232

90  and Fe58

26 . The solid curves give the state density for NON-ESM system while the 

                                         dashed dotted curve is for ESM system. 
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