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Introduction 

The level density (L-D) is a parameter that has 

importance in theoretical calculations like cross 

section, transition rates, and nuclear reactors and 

medical physics1-3. The cross-section in compound 

nucleus reactions and pre-equilibrium reactions also 

depend on the level density  4,5. Pre-equilibrium 

reactions mean the nuclear reaction that leads to the 

emission of particles before the completeness of 

energy distribution on all nucleon in the target 

nucleus, the age of this stage is about 10−18 sec6,7. 

Since  not all the nucleons are excited during the 

pre- equilibrium region as it is mentioned above, i.e. 

during the pre-equilibrium reactions some of the 

nuclei are excited ,therefore, the level density called 

partial level density PLD because it represents 

excitation of a part of nucleons8-10 . The first use of 

PLD in pre-equilibrium was by J.J.Griffin in 1966 

using Ericson's formula which is considered a crude 

formula10. After that many corrections were added 

to the Ericson's formula in order to make an 

enhancement to the theoretical results. The 

corrections are two-component formula, Williams's 
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correction, spin correction, surface correction and 

isospin correction10.   

In this paper a study was made on 𝐹𝑒26
56  to investigate 

the change in PLD with a change of parameter called 

exciton number n. for both Ericson’s one – 

component and two –component formulae in order to 

show, are these formulae affected by the exciton 

number which represent the increase in excited 

particles number?  

The reason behind choosing  𝐹𝑒26
56  nucleus is because 

the mass number of 𝐹𝑒26
56  is in intermediate values so 

that the pre-equilibrium reactions appear clearly in 

this region. 

 

Theory 

The first description of PLD in 1966 by J.J. Griffin 

using the Ericson’s formula or accurately called one-

component Ericson’s formula, because it doesn’t 

distinguishes the protons and the neutrons but 

consider all as a same type of the particles called 

nucleons the one –component Ericson’s formula is 10 

𝜔1 (𝑛. 𝐸) =  
𝑔𝑛 𝐸𝑛−1

𝑝!ℎ!(𝑛−1)
  ………………………… 1 

The symbols are p is the particle number, h is the hole 

number,n is the exciton number which is  n= p + h , 

E is the excitation energy and g is the single particle 

level density which is given by  

𝑔 =
𝐴

𝑑
  …………………………………………. 2 

In frame work of equidistant spacing model which is 

consider the spacing between the levels are equal.  

The parameter A is the mass number and d =

 13(𝑀𝑒𝑉)−1 

When the protons and the neutrons are considered as 

two types of particles or distinguishable particles the 

Ericson’s formula is modified to two components 

Ericson's formula10 

𝜔2 (𝑛.𝐸) = 
𝑔𝜋

𝑛𝜋  𝑔𝑣
𝑛𝑣𝐸𝑛−1

𝑃𝜋!ℎ𝜋! 𝑃𝑣 ! ℎ𝑣 !(𝑛−1)!
 …………………… 3 

The symbols 𝑝𝜋 is the proton particle , ℎ𝜋 proton 

holes ,𝑝 𝛾 neutron particle , ℎ𝑣neutron holes , 𝑛 𝜋 is 

the exciton number of proton  𝑛𝜋 =  𝑝𝜋 + ℎ 𝜋 , 𝑛𝑣 is 

the exciton number of neutrons  𝑛𝑣 = 𝑝𝑣 + ℎ𝑣 and 

the total 𝑛 = 𝑛𝜋 + 𝑛𝑣  

E is the excitation energy, 𝑔𝜋 is the single particle 

level density for protons and 𝑔 𝑣 is the single particle 

level density for neutrons 10  

𝑔𝜋 =
𝑍

𝐴
                   

                                   ……………………………4                

𝑔𝑣 =
𝑁

𝐴
 𝑔 

Results and Discussion 

In this section a comparison between the one – 

component and two - component theoretical curves 

of PLD with the exciton number. The results for the 

𝐹𝑒26
56  isotopes and the figures were plotted by Mat. 

Lap program. Fig. 1 shows a comparison between the 

one - component theoretical curve when n =3 with 

the experimental data 10. One can notice that the one- 

component theoretical curve starts from 1Mev and 

increases with increasing energy and the theoretical 

curve lies below the experimental curve10 because 

when the exciton number is taken n=3 the number of 

excited levels is low, therefore, the theoretical curve 

below the experimental one. 
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Figure 1. Comparison between one-component with n=3 and experimental curve for 𝑭𝒆𝟐𝟔
𝟓𝟔 . 

In Fig. 2 comparison was made between two-

component PLD theoretical curve for n=3 with the 

experimental data .The theoretical curve starts from 

1 MeV and increases with increasing energy and the 

theoretical curve lies below the experimental 

data10for the same reason in Fig. 1, so in case of two 

components the energy distributed on a number of 

particles is bigger than in case of one-component this 

decreases the number of excited state or PLD hence 

the theoretical curve is below the experimental curve. 

 
Figure 2. Comparison between two-component with n=3 and experimental curve. 

 Fig. 3 shows a comparison between one-component 

theoretical curve and the experimental data when 

n=5. It is noticed that the theoretical curve starts from 

1 MeV and increases with the energy and it is closer 

to the experimental curve than in case of n=3. 

   

https://doi.org/10.21123/bsj.2024.9267


 

Published Online First: July, 2024 

https://doi.org/10.21123/bsj.2024.9267  

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

 
Figure 3. Comparison between one-component with n=5 and experimental curve. 

 

But in Fig. 4 the comparison was made between two-

component theoretical curve and the experimental 

data when n=5. It is noticed there is no noticeable 

change between n = 3 and n = 5 because the values 

of theoretical energy levels stay less than the 

experimental values when n=5 for two reasons the 

first is the theoretical values of PLD stay less than 

the experimental values when n=5 and the second in 

case of two component the excitation energy 

distribute on the large number of protons and 

neutrons and this decreases the PLD. 

 
Figure 4. Comparison between one-component with n=5 and experimental curve. 

In Fig. 5 a comparison between one- component 

theoretical curve and the experimental data was 

made when n = 7. The theoretical curve starts from 

an excitation energy (E) equal to 1 MeV and 

increases rapidly with increasing (E). it lies below 

the experimental curve up to 5 MeV and between 5 

MeV and 6 MeV an agreement between the 

theoretical and the experimental curves then the 

theoretical curve becomes above experimental curve 

because the theoretical curve is dependent on the 

excitation energy and the increase in the energy led 

to increase the theoretical curve above the 

experimental curve. 
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Figure 5. Comparison between one-component with n=7 and experimental curve. 

 

In case of two-component theoretical curve at n = 7. 

In the Fig. 6 the theoretical curve lies below the 

experimental curve. It starts from 1 MeV and 

increases with increasing the energy (E) but stay 

below the experimental values because in case of two 

components the energy is distributed on a number of 

nucleons bigger than in case of one-component and 

this leads to excited level less than as in one 

component hence the PLD values are less than in 

one-component. 

 

 
                    Figure 6.  Comparison between two-component with n=7 and experimental curve. 

Fig. 7 shows the one-component theoretical curve 

when n = 9. The curve starts from 1MeV and 

increases with E and intersects with the experimental 

curve at E=4MeV then after that becomes above the 

experimental curve 10. 
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Figure 7. Comparison between one-component with n=9 and experimental curve. 

 

Fig. 8 shows the two-component curve. It starts from 

excitation energy (E) equal to 1MeV and increases 

with increasing (E) but it lies below the experimental 

data because in case of two components the energy 

distribute on a number of nucleons bigger than in 

case of one-component and this lead to excited level 

less than as in one component hence the PLD values 

are less than in one-component. 

 
                    Figure 8. Comparison between two-component with n=9 and experimental curve. 

Conclusion 

The theoretical curves of both one and two 

components increase rapidly with increasing the 

excitation energy where it is noticed they all start 

from 1 MeV and increase with increasing the energy 

on x-axis. However, the effect of increasing the value 

of the exciton number on the theoretical curves was 

noticed in case of one component where the 

theoretical curve intersects with the experimental 

curve at n=7 and n=9. In case of two-components 

there is no noticeable increase with increasing the 

exciton number because the energy distributed on 

two-types of particles results in decrease in the 

excitation of the  particles so this will decrease the 

level density in case of two components.  
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 صيغتي كثافة الحالات الجزئية ذات المركبة والمركبتين تونات علىياستاثير عدد الاك

  سهى علي نجم، علي داوود سلوم

 .كلية العلوم للبنات، جامعة بغداد، بغداد، العراق قسم الفيزياء،

 

 ةالخلاص

نموذج  طارالعملية في انتائج مع  لكثافة الحالات الجزئية لصيغة اركسون للمركبة والمركبتينالنظرية  بين النتائجمقارنة  عملنا في هذا البحث

حيث اخذ عدد الاكسايتونات  عدد الاكسايتونات لمركبة واحدة تزداد مع زيادة قيمة كثافة الحالات الجزئية  ان صيغةيلاحظ الفسح المتساوية. 

كثافة الحالات الجزئية للمركبتين . نفس عدد الاكسايتونات عوض في صيغة كثافة الحالات الجزئية بمركبتين ولكن الزيادة في قيم (9,7,5,3)

دة صغيرة جدا بحيث لا يمكن ملاحظتها لذلك يمكن القول ان الزيادة بعدد الاكسايتونات يؤثر على قيم كثافة الحالات الجزئية للمركبة الواح

ك لان الطاقة تتوزع على عدد اكبر من ولكن في حالة المركبتين فان قيم كثافة الحالات الجزئية لمركبة واحدة لا تتاثر بعدد الاكسايتونات وذل

ة الجسيمات في حالة المركبتين عما هو علية في حالة المركبة الواحدة وهذا يجعل كثافة الحالات اقل مما هي عليه في حالة المركبة الواحد

ري يقع اسفل المستوى العملي وعندما ( فان المنحني النظ3ولا يضهر تاثير عدد الاكسايتونات. في حالة المركبتين عندما عدد الاكسايتونات )

( فان المنحني النظري 7يقترب المنحني النظري من المنحني العملي وعندما عدد الاكسايتونات يساوي ) (5عدد الاكسايتونات يساوي )

العملي عند قيمة ( يتقاطع المنحني النظري مع 9( وعندما عدد الاكسايتونات يساوي )E= 5 MeVيتقاطع مع العملي عند قيمة الطاقة )

  (.E=4 MeVالطاقة )

  .مرحلة النواة قبل المركبة ،تفاعلات قبل التوازن ،التفاعل النووي ،حساب كثافة الحالات، كثافة الحالات النووية الكلمات المفتاحية:
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