
Journal of Kerbala University , Vol. 14 No.2 Scientific . 2016 
 

96 

 

Calculation of Cross Section for Reactions Induced Proton   

with Molybdenum to product Technetium Isotopes. 
 

 المولبيديوم معالبروتون المستحث  المقاطع العرضية لتفاعلات حساب

 تكنيتيومنظائر ال لإنتاج
 

1
*Hamza A. Mezher 

*
Department of Physics, College of Science, Kerbala University, Kerbala, Iraq 

1
Hamzaphy82@yahoo.com 

 

 

Abstract 
In this research was the study of Technetium products protons interactions of Molybdenum 

element with the importance of used medical and therapeutic. It has been calculated stopping 

power and evaluation yields for induced protons to produce Technetium from Molybdenum 

isotopes ( Mo92

42 ,  Mo94

42 ,  Mo95

42 , Mo96

42 , Mo97

42 , Mo98

42  and Mo100

42 ) in the energy range from 

threshold energy up to 65 MeV proton energy have been calculated, except for TcnpMo 96

43

96

42 ),(

reaction where the proton energy have 80 MeV. Complete energy range starting from threshold 

energy for each reaction have been analyzed statistically and the Recommended cross sections 

were reproduced in fine steps of incident proton energy in 0.01 MeV intervals with their 

corresponding errors. The stopping power according to Zeigler formula was used in order to 

obtain the cross sections and calculated yield for each reaction based on the complete spectrum of 

cross sections. 

Keywords: Cross sections; Stopping power; Technetium yields, induced proton, Molybdenum 

target element. 

 الملخص
 انطبيت و لأهًيت استخذاياتهًا انًىنيبذيُىو تزوَاث يع عُصزنبزيٍ تفاعلاث ا انتكُيتيىوفي هذا انبحث تى دراست َىاتح 

        يٍ َظائز انًىنيبذيُىو انًتىسطت لإَتاج انتكُيتيىو انًستحثت تزوَاثنبزَىاتح اتقييى حساب قذرة الايقاف و ونقذ تى انعلاخيت.

(Mo92

42, Mo98

42 ,  Mo97

42 , Mo95

42  , Mo94

42 Mo100

ياعذا  ,نطاقاث انبزوتىٌ  65MeV( بًذي طاقي يٍ طاقت انعتبت ان42ً

TcnpMo تفاعم 96

43

96

42 حيث تى تحهيم كايم نًذي انطاقت ابتذاءا يٍ طاقت انعتبت   80MeVحيث تصم طاقت انبزوتىٌ انً  ),(

نكم تفاعم نهحصىل عهً انًقاطع انعزضيت انًختارة وقذ تى يعاندتها احصائيا نحساب انًقاطع انعزضيت نفتزاث صغيزة يٍ 

نحساب قذرة الايقاف يع الاخطاء انًصاحبت نكم قزاءة. نقذ تى استخذاو صيغت سكهز  0.01MeVطاقت انبزوتىٌ انساقطت يقذارها 

 انُاتدت وبذنك تًكُا يٍ تقيى انُىاتح انًحسىبت نكم تفاعم بعذ انحصىل عهً طيف يتكايم نهًقاطع انعزضيت.

 

1. Introduction  
Nowadays, many different stable and radioactive isotopes, each with unique physical and 

chemical properties, play significant roles in technological applications of importance to our 

modern society and are substantial to scientific research. One of the most common applications is 

the use of the radioisotopes in medicine. Medical radioisotopes are used to label some special 

chemical compounds to form radiopharmaceuticals[1]. 

Medical radioisotopes have been used for decades for both diagnostic and therapeutic purposes. 

For diagnostic use, a radioactive isotope is attached to a bio-active molecule that allows the 

radiologist to map out disease or body function using radiation detectors located outside of the 

patient’s body. This powerful invasive technique enables physicians to look for numerous types of 

disease in a non-invasive manner.  [2]. 

The cross sections evaluation for calculated yields for induced proton on Molybdenum to 

produce Technetium, Molybdenum target elements are calculated according to the available 
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International Atomic Energy Agency (IAEA) libraries and other experimental published data. The 

stopping power depends on the type and energy of the incident particle and on the properties of the 

materials it passes. In passing through matter, fast charged particles ionize the atoms or molecules 

which they encounter. The yield for a target having any thickness can be defined as the ratio of the 

number of nuclei formed in the nuclear reaction to the number of particles incident on the target. 

Thick target yield is defined for a fixed macroscopic energy loss, Ein-Eout, in a thick target. Integral 

yield is defined for a finite energy loss down to the threshold of the reaction, Ein-Eth. The 

recommended cross sections discussed in the present work and the target stopping powers of 

Ziegler [3,4] and SRIM program (2003) were used to Evaluation the calculated yields for a target of 

significant thickness. The cross sections of calculated yields for induced proton on Molybdenum to 

produce Technetium published by different authors [17-36] in the energy range (1.48 – 80.00) 

MeV. Recommended values have been calculated, the cross sections were reproduced in fine steps 

of incident proton energy in 0.01 MeV intervals with the corresponding errors. In this study the 

stopping power have been calculated using SRIM program and Ziegler formulae [3,4] corpuscle to 

three regions based on the velocity of the incident proton (V). The calculated recommended cross 

sections for these reactions have been evaluated and a systematic behavior of calculated yields with 

proton energy and target numbers (Z) have been observed throughout the studied isotopes. This 

study concerns with the nuclear reactions used in the production of Technetium from induced 

protons on Molybdenum target element which are important in medical applications. Beside the 

general interest of basic nuclear physics, intermediate energy activation cross-section data are of 

increasing importance for a wide variety of applications. The remarkable applications are in the 

field of space and environmental sciences, medical sciences (radioisotope production, dosimetry 

application, radiation therapy etc.), We have used Molybdenum as target material for the production 

of medically important radioisotopes; such as production of Tc93

43 , Tc94

43 , Tc95

43  and Tcm99

43 . These 

isotopes can be produced commercially by nuclear reactors. But the facility is not available around 

the world and also expensive[5]. 

                              

2.    Theoretical part 
(2-1)  Stopping Power 
Incident protons with certain energy will lose all their energies in a definite distance in a medium 

before it stopped completely. This technique was first used by Ziegler to extract the summed 

correction terms in order to normalize stopping calculations for reactions, to extrapolate energies 

types[4]. The mechanism for the stopping power of ions penetrating condensed matter depends on 

the charge and velocity of the incident corpuscle and the nature of the matter, for that reason one 

can be compilation the energy loss of the charge corpuscle to three regions (high, intermediate and 

low energy). The behavior of ions in each region can be explained as the following [6]: 
 

(2-1-1) The high energy region 
This region can occurs when the velocity of the incident corpuscle (ϑ) is (ϑ≥2ϑ0Z1) where (Z1) is the 

atomic number of ion and (ϑ0) represents the Bohr velocity (ϑ0= 2.18×10
6
 m/s) and this is about the 

velocity of the conduction electrons in solid. Ions with velocity below (ϑ0) have adiabatic collisions 

with target electrons and hence small stopping power. The stopping power increases with 

decreasing ion-velocity [7]. 

The electronic stopping power (Se) is to prevail with Bethe (1933) equation applies in this 

region [8]: 
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Where N: is the atomic density of the medium [N=Na (ρ/A)]. 

           Na: is the Avogadro’s number (Na=6.022×10
23

mole
-1

). 

            ρ: is the density of matter. 
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           A: is the mass number.                                                                                     

        e,m: are the charge and mass of the electron respectively. 

    Z1, Z2: are the atomic numbers of ion and target respectively. 

            β: is the ratio between incident corpuscle velocity and the velocity of light  
c


   . 

            I: is the mean ionization and excitation potential. 

           K: is the coulomb constant
04

1


K = 8.99×10

9
Nm

2
C

-2
. 

 

(2-1-2)  The Intermediate Energy Region  
The intermediate energy region occurs when the velocity (ϑ) of the incident corpuscle is in the 

range (2ϑ0Z1>ϑ≥ϑ0Z1
2/3

); it includes the maximum stopping power. In this region the effect of 

effective charge is clear and that is because of loss its energy which is mean decrease of corpuscle 

velocity and charge Z1 decreased too, and that because of loss or acquire electrons and there will be 

elastic collision with the nuclei of atoms occur. Thus equation (1) was modified, and its express 

electronic stopping power as Bethe-Bloch (1933) [8]. 
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                                                                            … (2) 

 

Where L is the stopping atomic number and depends on the velocity of incident corpuscle and 

the medium of the target. 

L= L0 + Z1 L1 + Z1
2
 L2                                                                                             …(3) 

Where  L0 = ln(2wv
1/2

 / I ) – C/Z2                                                                             …(4) 

 C/Z2  is the shell correction. 

Z1 L1  is the Barkas effect correction from the polarization.  

Z1
2
 L2 is Bloch-correction to transform from quantum to classical form. 

   

(2-1-3) The Low energy region 
It occurs when the incident corpuscle velocity (ϑ) (ϑ<ϑ0Z1

2/3
) in this region, to calculate the cross 

section for electronic stopping on the Thomas-Fermi potential as a function of velocity. The 

equation for this region is given by [9,10]: 
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and a0 represents the Bohr radius,           
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In the scope of this work, the electronic stopping powers were programmed and using the empirical 

formulae given by Ziegler as flows  [4]: 
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3- Energy range (1000-100.000)×10
-3
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Where  E : is the proton energy in (MeV). 

            Ai: are the coefficients given by Ziegler [4,11]. 

             β: is the ratio between incident corpuscle velocity and the  
  

(2-2) Data Reduction and Analysis 
   Method Used to Obtain the Recommended Cross Sections is as the following: 

a. The sets of experimental cross sections data were collected for different authors and with 

different energy intervals. The cross sections with their corresponding errors for each value are 

re-arranged according to the energy interval 0.01 MeV for available different energy range for 

each author. 

b. The normalization for the statistical distribution of cross sections errors to the corresponding 

cross section values for each author has been done. 

c. The interpolation for the nearest data for each energy interval as a function of cross sections and 

their corresponding errors have been done using Matlab-7.0.  

d. The interpolated values were calculated to obtain the adopted cross section which is based on the 

weighted average calculation according to the following expressions [12]: 
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Where the standard deviation error is:[12] 
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Where σi: is the cross section value. 

         ∆ σi: is the corresponding error for each cross section value.  

                 

(2-3) Yield Calculations 
The Yield of calculated detected per incident particle, Y, for an ideal, thin, and uniform target and 

monoenergetic particles beam of incident energy Eb is given by [13]. 

          bb EEntY                                                                                    … (15) 

Where    n: is the number of target atoms per unit volume. 

         t: is the target thickness. 

         σ: is the reaction cross section. 

         ε: is the proton-detection efficiency. 

For target which is not infinitesimally thin, the beam loses energy as it passes through the target, 

and the Yield is then given by [14,15]. 
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In which (Ethr =Eb-ΔE) 

Where  Ethr : is the reaction threshold energy. 
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            ΔE  : is the energy loss of the beam in the target. 

  f   : is the number of target atoms in each target molecule. 

                      E
dx

dE
   : is the stopping power of the medium as a function of the beam energy.                    

If the target is sufficiently thick, and there exist one atom per each molecule (i.e., 1f ) and 

taking the efficiency   1E , then the resulting calculated yield is called the thick-target yield 

which is given by [16]: 
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   Since stopping power = 
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3. Results and Discussion 
      Table (1) present the international atomic energy Agency (IAEA) libraries (EXFOR) used in the 

present work for available measuring data collected to calculate yields of induced proton on 

Molybdenum to produce Technetium. The available data in the literature, taken from EXFOR 

library, concerning the measurement of the calculated yields of induced proton on Molybdenum to 

produce Technetium cross sections for the target Molybdenum mentioned in table-1were evaluated 

in the present work in order to calculate the Recommended cross sections using adopt.m program, 

which is written in the present work using Matlab-7.0. The Recommended evaluated cross sections 

are calculated (using adopt.m program) and plotted as a function of incident proton energy starting 

from threshold energy for each reaction. The results for each calculated yields for induced proton on 

Molybdenum to produce Technetium are discussed as follows: 

1- TcpMo 93

43

92

42 ),(   Reaction 

The cross sections data published by Arifov L.Ja.et al.(1980) [17] for this reaction have been 

plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold energy 1.48 up to 5.08 

MeV of the incident proton energy in order to obtain the adopted cross sections of this reaction. The 

results of Recommended cross sections and the experimental results for the authors mentioned 

above are shown in figures (1). 
 

Table(1):International libraries used for available measuring data collection for 

induced proton on Molybdenum isotopes. 

 

Reaction Target 

Element 

Reaction Target 

Element Product Library Product Library 

Tcnp 96

43)2,( EXFOR* Mo97

42  Tcp 93

43),(   EXFOR* 

 
Mo92

42  

Tcnp 98

43),(  EXFOR*  

Mo98

42  

Tcnp 93

43)2,(  EXFOR  

Mo94

42  

 
Tcp m99

43),(   EXFOR Tcnp 94

43),(  EXFOR 

Tcnp m99

43)2,(  EXFOR  

Mo100

42  

Tcp 95

43),(   EXFOR 

Tcnp 100

43),(  EXFOR* Tcnp 95

43),(  EXFOR Mo95

42  

Tcp 101

43),(   EXFOR* Tcnp 95

43)2,(  EXFOR  

Mo96

42  ……. ….... …… Tcnp 96

43),( EXFOR 

* only one author gives data. 
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2-  TcnpMo 93

43

94

42 )2,(  Reaction 

      The cross sections data published by Levkovskij V.N. (1991) [18], and Rosch F.,at al. (1993) 

[19],or this reaction have been plotted, interpolated, and recalculated in steps of 0.01 MeV from 

threshold energy 13.80 up to 29.50 MeV of the incident proton energy in order to obtain the 

Recommended cross sections of this reaction. The results of adopted cross sections and the 

experimental results for the authors mentioned above are shown in figures (2). 

3-  TcnpMo 94

43

94

42 ),(  Reaction 

     The cross sections data published by Flynn D.S. et al. (1979) [20], Skakun E.A.et al.(1987)[21], 

Levkovskij V.N. (1991) [18],and Skakun E.A.et al.(1992)[22] for this reaction have been plotted, 

interpolated, and recalculated in steps of 0.01 MeV from threshold energy 5.10 up to 18.30 MeV 

of the incident proton energy in order to obtain the adopted cross sections of this reaction. The 

results of Recommended cross sections and the experimental results for the authors mentioned 

above are shown in figures (3). 

4-  TcpMo 95

43

94

42 ),(   Reaction 

      The cross sections data published by Sautere T. et al.(1997) [23],and Sautere T. et al.(1997) [23]  

for this reaction have been plotted, interpolated, and recalculated in steps of 0.01 MeV from 

threshold energy 1.48 up to 2.52 MeV of the incident proton energy in order to obtain the 

Recommended cross sections of this reaction. The results of adopted cross sections and the 

experimental results for the authors mentioned above are shown in figures (4). 

5-  TcnpMo 95

43

95

42 ),(  Reaction 

      The cross sections data published by Flynn D.S. et al. (1979) [20], Trufanov A.M. et al.(1982) 

[24], Skakun E.A.et al.(1987)[21],Izumo M. et al.(1991)[25], Skakum E.A.et al.(1992) 

[22],Zhuravlev Yu.Yu.et al.(1994)[26],and Bitao H.et al.(1998)[27] for this reaction have been 

plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold energy 2.50 up to 

28.19 MeV of the incident proton energy in order to  

     obtain the Recommended cross sections of this reaction. The results of adopted cross sections 

and the experimental results for the authors mentioned above are shown in figures (5). 

6-  TcnpMo 95

43

96

42 )2,(  Reaction 

      The cross sections data published by Hogan J.J.(1972) [28],and Levkovskij V.N.(1991) [18], for 

this reaction have been plotted, interpolated, and recalculated in steps of 0.01 MeV from 

threshold energy 12.10 up to 65.00 MeV of the incident proton energy in order to obtain the 

Recommended cross sections of this reaction. The results of adopted cross sections and the 

experimental results for the authors mentioned above are shown in figures (6). 

7-  TcnpMo 96

43

96

42 ),(  Reaction 

      The cross sections data published by Hogan J.J.(1972) [28],Flynn D.S.et al.(1979)[20],Skakun 

E.A.et al.(1987)[21],Levkovskij V.N.(1991) [18],and Zhuravlev Yu.Yu.et al.(1994)[26] for this 

reaction have been plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold 

energy 3.82 up to 80.00 MeV of the incident proton energy in order to obtain the adopted cross 

sections of this reaction. The results of Recommended cross sections and the experimental 

results for the authors mentioned above are shown in figures (7). 

8-  TcnpMo 96

43

97

42 )2,(  Reaction 

      The cross sections data published by Levkovskij V.N.(1991) [18],for this reaction have been 

plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold energy 12.10 up to 

29.50  MeV of the incident proton energy in order to obtain the Recommended cross sections of 

this reaction. The results of adopted cross sections and the experimental results for the authors 

mentioned above are shown in figures (8). 
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9-  TcnpMo 98

43

98

42 ),(  Reaction 

      The cross sections data published by Trufanov A.M.et al.(1982) [24],for this reaction have been 

plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold energy 6.00 up to 

9.00  MeV of the incident proton energy in order to obtain the Recommended cross sections of 

this reaction. The results of adopted cross sections and the experimental results for the authors 

mentioned above are shown in figures (9). 

10-  TcpMo m99

43

98

42 ),(   Reaction 

      The cross sections data published by Sauter T.et al.(1997) [23],and Gyurky Gy.et 

al.(2014)[29],for this reaction have been plotted, interpolated, and recalculated in steps of 0.01 

MeV from threshold energy 1.48 up to 3.07  MeV of the incident proton energy in order to 

obtain the Recommended cross sections of this reaction. The results of adopted cross sections 

and the experimental results for the authors mentioned above are shown in figures (10). 

11-  TcnpMo m99

43

100

42 )2,(  Reaction 

      The cross sections data published by Levkovskij V.N.(1991) [18],Lagunas-Solar M.C.et 

al.(1996)[30],Scholten B.et al.(1999)[31],Takacs S.et al.(2003)[32],Gagnon 

K.(2011)[33],Manenti S.et al.(2014)[34],and Takacs S.et al.(2015)[35]for this reaction have been 

plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold energy 5.70 up to 

64.80  MeV of the incident proton energy in order to obtain the adopted cross sections of this 

reaction. The results of Recommended cross sections and the experimental results for the authors 

mentioned above are shown in figures (11). 

12-  TcnpMo 100

43

100

42 ),(  Reaction 

      The cross sections data published by Skakun E.A.et al.(1987) [21], for this reaction have been 

plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold energy 4.00 up to 

9.00  MeV of the incident proton energy in order to obtain the Recommended cross sections of 

this reaction. The results of adopted cross sections and the experimental results for the authors 

mentioned above are shown in figures (12). 

13-  TcpMo 101

43

100

42 ),(   Reaction 

      The cross sections data published by Daly P.J.et al.(1968) [36], for this reaction have been 

plotted, interpolated, and recalculated in steps of 0.01 MeV from threshold energy 8.09 up to 

19.90  MeV of the incident proton energy in order to obtain the adopted cross sections of this 

reaction. The results of Recommended cross sections and the experimental results for the authors 

mentioned above are shown in figures (13). 

When the widths of unstable states are small compared with their separation, the states are 

distinct and observable. And if the states are overlap and strongly mixed, these states do not have 

distinctly observable wave functions. Because of the instability of the compound nucleus, results 

in an uncertainty in the energy of these states. The energy uncertainty is given by the width of 

the resonance and lifetime of the state. Therefore, the resonance will have the character of the 

energy distribution of any decaying state of width, lifetime, and a maximum total cross section. 

In analyzing for induced proton on Molybdenum to produce Technetium in sections we note 

that the discrete nuclear states that are populated in ordinary decays have discrete separations, 

widths, and lifetimes. Thus if we were to calculate the cross sections at a given incident proton 

energy of a nuclear state, it is very unlikely that the overlap of the energy distributions of two 

different states could cause confusion as to the stationary state resulting from the decay. 

The stopping power of medium target elements for proton-particles has been calculated in the 

present work by using method Ziegler empirical formulae and Ziegler coefficients mentioned in 

table (2), as a theoretical calculation results. 
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For these calculations, the (stop. m) program has been written in Matlab-7.0 for this   

      purpose. 

The calculated yields for induced proton on Molybdenum to produce For these calculations, the 

(stop. m) program has been written in Matlab-7.0 for this purpose. 

The calculated yields for induced proton on Molybdenum to produce Technetium are very 

important quantity as well as the cross sections in analyzing problems of diagnosis, physical 

therapy, and medicine treatments as the following :  

Technetium-93,94,95,99m finds significant application in medical field. The production 

possibility in different energy region via different nuclear reactions are clarified in the following 

discussion : 

 Isotope,
 

Tc93

43 (2.75h), it is used in Auger electron therapy, also used in Tumor imaging 

application[37]. 

 Isotope,
 

Tc94

43 (4.88h) is ideal for purposes of diagnosing diseases in humans[37]. 

 Isotope,
 

Tc95

43 (20.0h), due to its comparatively longer half-life is also promising for tracking long 

processes, like, metabolic pathways for brain and heart, studies with proteins, anti bodies, 

etc[38]. 

  Isotope,
 

Tcm99

43 (6.02),is one of the most important medical radioisotopes is widely used in 

nuclear medicine is follows [2,39]: 

1- In a treatment for hyperthyroidism, certain types of cancer  

    such as thyroid and lymphoma, blood imbalances and pain relief for certain types of bone cancer. 

2- Used in eradicate and damage all tumor cells. 

3- To obtain imaging in Anger cameras (scintillation cameras), 

4- Technetium-99m is used to image the skeleton and heart muscle in particular, but also for brain, 

lungs, liver, spleen, kidney, gall bladder, bone marrow, salivary and lachrymal glands, heart 

blood pool, infection and numerous specialized medical studies. 

5- It is can also be used to calibrate particle detectors. 

     Therefore, the calculated yield for Molybdenum target ( Mo92

42 , Mo94

42 , Mo95

42 , Mo96

42 , Mo97

42 , Mo98

42  

and Mo100

42 ) were calculated in the present work using equation (15).  

The main aim of this study is to increase a calculated yields for induced proton on 

Molybdenum to produce Technetium by increasing the energy of proton beams which can interact 

with different targets. The stopping power and calculated yields of the for induced proton on 

Molybdenum to produce Technetium for Molybdenum target isotopes maintained above have been 

obtained. The results have been shown in figure (14) respectively for each target element. 

In all figures, the calculated yields of most of the for induced proton on Molybdenum to 

produce Technetium seem to depend strongly on the structure of the individual nucleus, the incident 

proton energy, and stopping power of the target element. 

Generally, the behavior of the stopping power decreases with increasing the yields which 

agrees with Ref. [11,12]. It is clear from the calculated results shown in these figures that for the 

calculated yield values for 20-100% abundance target element Mo92

42 , Mo94

42 , Mo96

42 , Mo98

42 and Mo100

42  

follow the trend in the asymmetry parameter of proton excess (N-Z)/A so that by increasing this 

Table (2): Coefficients for stopping of proton used in the Zeigler formula [4,14]. 
A-12 A-11 A-10 A-9 A-8 A-7 A-6 A-5 A-4 A-3 A-2 A-1 Target 

Element 

-0.0004659 0.01966 -0.3044 2.049 -5.052 54360 0.0005099 0.1159 1.20E+04 242.6 1.44 1.262 H 

-0.001148 0.05339 -0.9116 6.725 -17.85 2517 0.02141 0.005367 480.2 9545 7.248 6.425 Mo 

-0.001370 0.05446 -0.9297 6.848 -18.23 2474 0.02191 0.005283 388.6 9865 8.187 7.056 Tc 

For energy 1-10 KeV/amu use coefficients A-1. 

For energy 10-999KeV/amu use coefficients A-2 to A-5. 

For energies above 1000 KeV/amu use coefficients A-6 to A-12. 
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parameter the maximum calculated yields will be decrease as shown in table (3). This increment 

may be attributed to the fact that by decrease the number of neutrons the outer shells are populated 

by an excess calculated which increases the occurrence probability for induced proton on 

Molybdenum to produce Technetium. 
 

Table (3): The maximum calculated yield and the asymmetry parameter for the 20-100%  

abundance elements. 

 

 

 

 

 

 

 

 

 
 

For even-even elements with Z=N the asymmetry parameters are zero; i.e. the elements are 

symmetric (Z=A/2, N=A/2). The binding energy, the Q-values, and the calculated yields differ by 

much larger amounts among the medium elements than within any group.  

Hence, for even-Z and even-A target elements Mo96

42 , Mo98

42  and Mo100

42  for induced proton on 

Molybdenum to produce Technetium the maximum calculated yield were found to be a function of 

the target neutron number (N) and the asymmetry parameter (N-Z)/A, where the maximum 

calculated yield decrease with increasing (N) and increasing asymmetry parameter. 
   

4. Conclusions 

1- In the Search, we have measured the excitation functions for the production of 
Tc93

43 ,
Tc94

43 , 
Tc95

43 , 

Tc96

43 ,
Tc98

43 ,
Tcm99

43 ,
Tc100

43 and 
Tc101

43  radio-nuclides through the proton-induced activation on 

Molybdenum target element in the energy range 1.48-80.0MeV.  

2- Molybdenum is used as a target material for the production of medically important radioisotopes, 

such as 
Tcm99

43 , 
Tc95

43 ,
Tc94

43 and 
Tc93

43 . 

3-  Technetium-99m radioisotope is a most important medical radioisotope for diagnostic tests and 

in nuclear medicine.  

4- Medical use of this radioactive element in the field of imaging technologies 

       has increased and is expected to continue in the coming years. 

5- The calculated excitation function is in reasonable agreement with sets of experimental cross 

section measurements reported by EXFOR Library. 

 

 

 

 
 

 

 

 

 

 

 

 

 

Reactions 

Maximum neutron 

yield 

(atom*1.0E-9) 

Energy of  

Proton(MeV) 
(N-Z)/A 

TcnpMo 95

43

96

42 )2,(  11479.00 25 0.125 

TcnpMo 98

43

98

42 ),(  1397.80 9 0.142 

TcnpMo 100

43

100

42 ),(  1091.20 9 0.160  



Journal of Kerbala University , Vol. 14 No.2 Scientific . 2016 
 

105 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[17]. 
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Figure2:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[18]; Data 2:Ref.No.[19]. 
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Figure4:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[23]; Data 2:Ref.No.[23]. 

                                      

 

 

 

Figure3:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[20]; Data2:Ref.No.[21]; Data3:Ref.No.[18]; 

Data4:Ref.No.[22]. 
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Figure6:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[28]; Data 2:Ref.No.[18]. 

                                      

 

 

 

Figure5:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[20]; Data2:Ref.No.[24]; Data3:Ref.No.[21]; 

Data4:Ref.No.[25]; Data5:Ref.No.[22]; Data6:Ref.No.[26]; 

Data7:Ref.No.[27]. 
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Figure8:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[18]. 

                                      

 

 

Figure7:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[28]; Data2:Ref.No.[20]; Data3:Ref.No.[21]; 

Data4:Ref.No.[18]; Data5:Ref.No.[26]. 
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Figure10:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[23]; Data 2:Ref.No.[29]. 

                                      

 

 

 

Figure9:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[24]. 
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Figure11:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[18]; Data2:Ref.No.[30]; Data3:Ref.No.[31]; 

Data4:Ref.No.[32]; Data5:Ref.No.[33]; Data6:Ref.No.[34]; 

Data7:Ref.No.[35]. 

                                      

Figure12:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[21]. 
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Figure13:The recommended cross section of the target 

element (present work) compared with EXFOR Library. 

Data1:Ref.No.[36]. 
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Figure (14 ): Left side; the comparison between the calculated stopping power in the present work (pw)  of incident proton in 

Mo. Right side; the calculated yield as calculated in the present work compared with experimental results based on the 

adopted cross section of incident proton in Mo reaction. 
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Figure (15): To be continued (2/2). 
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Figure (15): To be continued (2/2). 
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 Figure (15): To be continued (2/2). 
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