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Abstract: 

This paper focused on finding the cross-section area and mean free path of the irradiated 

mammalians cell for the Chinese hamster cells (V79). They were computed based on two models namely Linear 

Quadratic model (LQ) and Repairable Conditionally Repairable model (RCR). The energy influence on the 

cross-section area and mean free path was studied. The calculated mean free path by LQ model was higher than 

the value that obtained by RCR model. Furthermore, the mean free path value is reduced with increasing the 

linear energy transfer for both models. However, the cross-section area showed a different trend with 

augmenting the linear energy transfer. 
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Introduction: 

The cell inactivation was studied under the 

ionizing radiation through many methods such 

as inactivation cross section, survival curves, 

The Relative Biological Effectiveness (RBE) 

and dose rate survival requirement. Watt and 

his group paved to study the cross section 

under the radiation impact and radiation kinds, 

which were worked for obtained the general 

behavior of radiation impact on the target [1]. 

Neutron is a sole particle, have the properties 

such as no electric charge that means the 

electromagnetic wave does not impact on it. It 

has a relatively large mass, subject to 

radioactive decay. The cosmic rays are 

consider the main source for the free neutrons 

in the nature [2]. Neutrons are much more 

essential than any other radiation particles due 

to it is a neutral particle, does not have the 

capability for direct ionization of matter. The 

elastic collision consider the main mechanism 

of neutron by it interaction with the matter [2, 

3]. The radiation beam when the incident on 

the matter, some of these radiations capable 

absorbed totally, some of these might be 

scattered and some of these may pass straight 

through without any interaction at all. The 

ionization process impact, in the molecules of 

living cells attributed to the radiation. These 

ionization products were obtained from 

removing electrons from atoms, forming ions 

or charged atoms. The ions can be reacted with 

other atoms in the cell thereby generated the 

damage. The cross section can be defined as 

the probability that the specified event will 

occur per incident particle per target center per 

unit area. The Mean Free Path (MFP) can 

define the average distance between the 

collisions in the target. The MFP relies on the 

diameter of the target particle, number of target 

particles per unit volume and the energy [4, 5]. 

 Azooz and co-worker were obtained to the 

higher inactivation cross section of V79 from 

the incident proton when the mean free path is 
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range (2.0-5.0 nm) [6]. Azooz and Meerkhan 

2009, study the inactivation of V79 cells and 

CHO-K1 cells were irradiated with 
12

C ions, 

protons, 
3
He ions and neutrons, which 

observed the mean free path λ were growing 

and with decline inactivation cross section σ 

generally; this reduce was followed an 

exponential form in the inactivation of V79 

cells by 
12

C ions and CHO-K1 cells by 
3
He 

ions [7]. Furthermore, our study in 2010, 

founded the Cross Section and Mean Free Path 

to mammalians cell of Chinese hamster cells 

type V79. It was carried out by using two 

models (LQ, RCR). The upper value of (λ) 

when LET=11.0KeV/μm is (λLQ=16nm, 

λRCR=2.72nm), The lower value of (λ) when 

LET =30.5KeV/μm is (λLQ= 0.608nm, 

λRCR=0.3421nm) [8].The interaction cross 

section has investigated to become a good 

physical measure to study the size of the 

impact and to offer some idea about the 

physical mechanism in several fields of 

physics[6]. 

 

Table 1: - Survival curve factors for the inactivation of V79 cells with neutrons. 

σLQ 
(μm2) 

λLQ 

(nm) 

σRCR 
(μm2) 

λRCR 

(nm) 

αLQ 

(Gy
-1

) 

α RCR 

(Gy
-1

) 

LET 
(KeV/μm) 

E 
(MeV) 

6.2463 0.0478 12.3411 0.0242 0.7086 1.4 55.094 0.22 

11.8535 0.0252 54.8737 0.0054 1.446 6.694 51.234 0.34 

5.753 0.0519 11.2536 0.0265 0.7479 1.463 48.076 0.43 

8.8928 0.0336 10.0215 0.0298 1.3 1.465 42.754 0.583 

5.4319 0.055 7.9054 0.0378 0.8376 1.219 40.532 0.66 

4.6023 0.0649 5.0973 0.0586 0.8935 0.9896 32.193 1.0 

2.2346 0.1336 6.2135 0.048 0.6833 1.9 20.439 2.0 

0.3461 0.8625 0.7328 0.4074 0.2394 0.5069 9.0351 6.0 

Method: 

Survival curves data for Neutron’s irradiation 

of V79 cells were taken from literature. This 

was done for (8) eight survival curves ranging 

in energy between 0.22-6.0 MeV [9, 10]. The 

survival curves obtained were fitted to the 

linear quadratic equation and the Repairable 

Conditionally Repairable Model (RCR) were 

written in Equation 1 [4], and Equation 2 [11], 

respectively. 

 
2( )( ) e D DS D                               (1) 

( ) ( )( ) e bDeaD cDS D                    (2) 

Where S is called the surviving fraction, D 

represents dose in Gy unite, α  and β represents 

the contribution to cell destruction. Where a, b 

and c fitting parameters. Table 1 shows the 

neutron energies utilized in this study and the 

α-values which describe the initial Slopes the 

survival curve was utilized to compute the 

inactivation cross section which is defined by 

the Equation 3 [12, 13] 

1
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g cm

 
 



 
        (3) 

Where σ describes the Inactivation cross 

section, LET represent Linear Energy Transfer 

and ρ is the tissue density. 

Results and discussion:  

Figure (1-a) display the relation between the 

cross section and the neutrons energy, the 

relation was fluctuated at low energy below 1.0 

MeV, then σ reduced by an increase the 

E(MeV). Figure (1-b) demonstration the 

relative between the inactivation cross-section 

σ (μm
2
) and the mean free path λ (nm) for the 

Linear Quadratic model (LQ). The behavior 

was exponentially for that relation thereby the 

inactivation cross-section declines to an 

increase the mean free path. The neutrons at 

low λ are capable of create many free radicals 
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and it have huge ionization density. The 

maximum value of cross section is about 12 

µm
2
.the relation between the Linear Energy 

Transfer (LET) and the Neutrons Energy was 

exponentially curve shown in figure (1-c). 
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Figure (1): - explain (a) the relation between 

σ and the neutrons energy, (b) the relation 

between the σ-λ and (c) the relation between 

LET-E. 

 

While for the Repairable Conditionally 

Repairable Model (RCR), the σ have the 

highest value at 0.5 MeV then it reduced with 

increase the neutrons energy as shown in 

figure (2-a). The relation between σ-λ for RCR 

model followed the exponentially shape as 

shown in figure (2-b). Also, could be divided 

the region from the relation between the σ-E 

into four regions. At the energy range between 

(0.0-0.5) MeV the cross section increased but 

the σ was reduced at λ between (0-0.3) nm that 

can be attributed to the distant between two 

ionizations lower than the distant between 

DNA strands.  

The inactivation cross section and mean free 

path for the neutrons Energy were plotted 

against the linear energy transfer LET which 

included in this study as shown in figure (3). 

the σLQ model is growing linearally behavior 

up to 40 (KeV/µm) then followed fluctuated 

behavior between (40-55) KeV/µm as shown 

in figure (3a),also the σRCR is increasing semi-

linear shape up to 50 (KeV/µm) then increased 

to 51 after that decline near to 55 (KeV/µm) as 

shown in figure (3b).  
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Figure (2): - (a) demonstrate the relation 

between the cross section and E, (b) display 

the relation between the Cross section and 

mean free path for RCR model.  

The neutrons are capable to creation huge 

secondary particles due the collisions. The 

cross-section values relies on the ionization 

density on particle type. The highest value for 

σLQ is around 12 (µm
2
), but for the σRCR is 

about 55 (µm
2
). The σLQ value agree with 

Azooz and Meerkhan [7] and watt 1997 [1], 

however the σRCR value disagreement. While 

the λLQ and λRCR were reduced with increase 

the LET and cross section and followed the 

exponentially behavior as shown in figures (3a, 

3b).  
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 Figure (3):- demonstrate the relation 

between cross section and mean free path 

versus LET for the LQ and RCR models. 

 

Conclusions:  

       Inactivation cross section consider a best 

factor to study the impact of radiation and 

damage mechanisms due to ionizing radiations. 

Observed from this study σLQ and σRCR of V79 

cells irradiated by neutrons was increases 

nearly linearly at low LET and fluctuated at 

high LET and exponentially with Energy 

increasing λ and this decrease is due to indirect 

action. The exponential figure is refered to the 

contact of secondary radicals with DNA to 

produce DSB, which are the main lead to cell 

damage. This procedure is defined as an 

indirect action method. The higher value of (λ) 

when LET=9.0KeV/μm is (λLQ= 0.8625 nm, 

λRCR= 0.4074nm), the minor value of (λ) when 

LET =51.32KeV/μm is (λLQ= 0.0252nm, 

λRCR=0.0054nm). 
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