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Abstract  

  This paper studies the form of the energy spectrum using a statistical 

methods study the spectra and to fond expressions for energy loss .This paper   

study of the spectrum of energy loss of abeam of particles penetrate through of 

small thickness of different atoms Al, W, Au, Ag, Br and Be and study the 

different spectrum of the energy loss and the loss of these energies. 

The energy loss of the spectrum was studied for multi atoms of Al,  , W,Au, 

Ag,Br and Be depending on equation (1)  to estimate energy loss for the 

limited thickness and comparing difference spectrum with difference of 

atomic numbers .  

 

 طيف خسارة الطاقة
سناركاصد حسن   

 قسم الفيزياء ،كلية العلوم ، الجامعة المستنصرية

 
 الخلاصة

لدراسة الطيف ومن ثم أيجاد يدرس هذا البحث شكل طيف خسارة الطاقة بأستخدام طرق أحصائية    
لذرات صيغة معينة لخسارة الطاقة ، تمت هذه الدراسة لحزمة من الجسيمات النافذة خلال سمك صغير 

الطيف الناتج من خسارة الطاقة لطاقات ودراسة أختلاف    , Be   Al, W, Au, Ag, Brمختلفة من 
(  لايجاد فقدان الطاقة ضمن سمك محدد لذرات متعددة  ومقارنة 1مختلفة . تم الاعتماد على معادلة )

 طيف خسارة الطاقة بأختلاف الاعداد الذرية .
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Introduction 

The collide particles are tabulated accoding to their out come, like  the 

nature of  excitation of the atom of the  target at the   level jth . by using  a thin 

of the  beam that  interacts  with ransoms atoms  of the target . and to discuss 

the energy loss as result of excitation of the target  , and to extend the out 

come to involve other process like multiple scattering and the energy loss 

accompanied by changing exchange [1].assume )(),( 2 EdtEP    the probability 

distribution in energy loss  E  when it passing through thickness layer  2t  , so 

the main equation can be found with thickness 1t  and 2t [1,2].  

 

 

 

 

 

 

 

 

 

 

Fig(1) shows the  loss of energy while passing through  the  thickness  of the layer ( 1t  and 2t ) 

Assume te energy loss of beam particles passing through the first layer 

is 1E .  The loss energy will be 1EE   in the second layer , when the E is 

the total energy loss . 

As the collision events, which produce  two probabilities that define the 

probability of the joint and  Because 1E  is  arbitrary and  the outcome of the 

probabilities will be [2],  

),(),()(),( 2111

0

121 tEEPtEPEdttEP

E

 


     ---- (1) 

The convolution resulting will suggest going application of Fourier 

space [1] 
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




 ),(
2

1
),( 21 tkPdketEP Eik


                          ---- (2) 

And  






  ),()(
2

1
),( 21 tEPeEdtkP Eik


                      --- (3) 

Then equation (1 ) reduce to  

),(),(),( 2121 tkPtkPttkP                                 --- (4) 

by the exponential solution we get  

)(

2
2),(

kCt
etkP                                                   --- (5) 

Where )(kC  is  arbitrary function. 

This function )(kC  is determined by in individual events. 

Resulting from passing through. These events determined by cross sections j  

of  energy loss jT . If the thickness of the layer 2t  is very small, the events of 

the probability can be ignored .the spectrum of the loss of energy passing   

through the layer  2t  is shown by [2] 

)()(1),( 2 j

j

j

j

j TEPEPtEP 












                          --- (6) 

Due to Lambert & Beer’s law  

















20

1

01

nfor

nforNt

nforNt

pn 



                                      --- (7) 

The j-event probability is jj NtP 2    

The right side of equation (6) indicates zero  energy (probability of  

nothing happing ) and the other side express the collection of collision of 

energy loss of one collision and energy loss .  

By applying Fourier space from of Dirac function we can  write 

equation (6) as , 

)1(1),( 22
jikT

j

j eNttkP


                                           --- (8) 

This equation can by compared with equation (5)  for  small thickness - 2t  , 
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)(1),( 22 kCttkP                                                             --- (9) 

So We can identify the function )(kC  as 

)()( kNkC                                                                   --- (10) 

And by  transporting  the cross section 





j

ikT

j
jek )1()(                                                          --- (11) 

In regard to  equations (2),(5) and (10) we can get  









)(

1
2

2

1
),(

kNtEik
dketEP




                                                --- (12) 

It is form of a Bothe-Landau equation that deals with a massed events 

particle penetration [4]. The continuous single-event spectrum, equation (11) 

could be written as 




 )1)(()(
ikT

eTdk                                                             --- (13) 

 For the combination of components ,....3,2,1l  , by replacement  





jl

ikT

jl
jlekN )1()(                                                         --- (14) 

Can be given,  Nl  denotes of l atoms per volume and 





jl

ikT

jll
jlek )1()(                                                         --- (15) 

, the variable jl  denotes the states of the  atom ( type l ) . 

By Multiplication of equation (14) by the  power of the energy  loss and then 

to integrated E   given [5] 

  


 EikkNtn
eEdkeEdE )()(

2

1 )(2


                               --- (16) 

the order of integrations can be  rearranged  and using of  

EikEik Eeie
k

 



                                     --- (16) 

And to replace by nE  n

k
i )(



  and by doing   partial integration this gives [5,6]  

:  
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0

)(

2
2)(),())((









 




k

kNtnn e
k

itEPEEd
                         --- (17) 

   By butting  n = 0 the right-hand side of equation  (13). This expresses 

minimize to 1  

  That means the probability  ),( 2tEP   is normalized to 1 for all 2t . It is clear 

that, the particles number  should be  conserved for  penetration of 

particles[7]. 

  By butting n=1 the equation (13) after the differentiation and doing the limit 

when 0k , putting ( 2 ) as the mean-square fluctuation to the ( E  ) referring  

to equation (17), so the mean loss in energy  


j

jjTxN 22                       --- (18) 

At the same time taking n = 2, the equation (18 ) the energy loss straggling 

will be recovered for the mean-square fluctuation ( 2 ).higher probability 

distribution  can be  derive (Symon, 1948) and the equation (12) can be 

reformed, 









)()(

1
2

2

1
),(

kNtEEik
dketEP




                    --- (19) 

Where 




 )1)(()(1

ikT
eikTTdk                            --- (20) 

 

Approximation by Diffusion 

   The relationship between Gaussian approximations and the loss of the 

energy and Bothe-Landau formula (12) is illustrate by Equation (18), which  

expect that increase the energy loss when the thickness of the target increase 

.so the Fourier integral of the same values k  received  amount of fraction thats 

lead to [9] 

 












 


NxW

NxSE

NxW
tEP

2
exp

2

1
),(

2

1


                   --- (21) 

With standard deviation NxW , Gaussian located on the mean loss of 

energy NxS  . the method sketch is named diffusion of approximation . The 
accuracy can be expected in higher-order limit . the finite term show by 
Lindhard an Nielsen when the value above ν = 2,this leads to the probality 
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density ),( 1tkP  will be negative value for certain duration of E  in respect to 

cross section [10] 

)(2
2

1
)( 2 kWkikSk                                            --- (22) 

With  


 )

2

1
1)(()(2 22 ikTeTkikTTdk                                 --- (23) 

Where )(2 k correction term that leads to suitable approximation. 

 

The spectrum of energy loss integral 

By analytical solution Lindhard and Nielsen showed [7] 

)()(
2/3

Tde
T

C
Td T      for        T0                           --- (24) 

α and C are constants. By  replacement 2T by 2/3T and maxT  was replaced by an 

exponential  eeeeeeeeeee and the parameter is chosen to be maxT , both eqn (13) 

and (14) leads to transport of the cross section [12] 

 )(2)(   ikCk                                                  --- (25) 

the integration of  gamma function, this integration gives to [11,12] 















 2

2/31 )(exp),( SNE
EE

NC
tEP t

t 
                                   --- (26) 

S is stopping cross section  





0

)(



 CTTdS                                                                  --- (27) 

Replacing to  (26) and  (1)  [12] 

  EEE 
2

122                                                      --- (28) 
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Figure (1) shows the relation between probability and energy loss for particles for 

different atomic numbers at thickness 2 4t   with energy range 0.1 20E   
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 (b) 
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(d) 
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(f) 
Figure (2) shows the relation between probability and energy loss for particles fo  

atomic numbers (a) A=74, (b) A=79 (c) A= 4 (d) A=13 , (e) A=35 , (f) A=47 at thickness 

2 2,4,6,8t   with energy range 0.1 100E  . 

 

The energy loss spectra in equation (1) depends on thickness  of the layer , in 

the figure (2) 1E   for the moderate layer thickness of the target , and this 

energy loss is similar to the label of pertinent spectrum on the abscissa of the 

graph . 
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Discussion  

The Convolution equation (1) extends to involve the loss of energy spectrum, 

which depends totally on the energy. Increase in the layer thickness causes 

decrees in the speed of projectile to the degree that assumption is not 

maintained. Because the analytical expressions of the energy loss spectrum 

cannot be easily obtained so the numerical  expressions can be describe in 

equation (1).the whole energy loss spectra must be to small to meet 

justification of the neglect of changing collision cross section of energy beam . 

i.e. the equation (12) is restricted  for  the thin and moderate of layer thickness 

of the targets . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



JOURNAL OF COLLEGE OF EDUCATION ······ 2017·····  NO1 
 

 

118 

Reference 

[1] Yang Q., O’Connor D.J. andWang Z.G. ,Empirical formulae for energy 

loss straggling of ions in matter. Nucl Instrum Methods B 61, 149(1991). 

[2] Wang N.P. and Pitarke J.M,Nonlinear energy-loss straggling of protons 
and antiprotons in an electron gas. Phys Rev A 57, 4053–4056. (1998). 

[3] Tofterup A.L. Relativistic binary-encounter and stopping theory: general 

expressions. J Phys B 16, 2997–3003(1983). 

[4] Sigmund P. and Schinner A. Barkas effect, shell correction, screening and 

correlation in collisional energy-loss straggling of an ion beam. Europ Phys J 

D 201–209 Sternheimer R.M. (2002). 

 [5] Sigmund P. Stopping of heavy ions, vol. 204 of Springer Tracts of 

Modern Physics. Springer, Berlin(2004). 

[6] Pitarke J.M., Ritchie R.H. and Echenique P.M. Quadratic response theory 

of the energy-loss of charged-particles in an electron-gas. Phys Rev B 52, 

13883–13902(1995). 

[7] Lindhard J. and Sørensen A.H.On the relativistic theory of stopping of 

heavy ions. Phys Rev A 53, 2443–2456(1996). 

 [8] ICRU Stopping of ions heavier than helium, vol. 73 of ICRU Report. 

Oxford University Press, Oxford (2005). 

 [9] Cohen S.M. Simple and accurate sum rules for highly relativistic systems. 

J Chem Phys 122, 104105(2005). 

[10] Cohen S.M. Aspects of relativistic sum rules. Adv Quantum Chem46, 

241–265(2004). 

[11] Besenbacher F. Stopping power og straggling for H og He ioner i gas 

targets. Master’s thesis, Aarhus University(1977). 

[12] Besenbacher F., Andersen H.H., Hvelplund P. and Knudsen H. 

Straggling in energy loss of swift hydrogen and helium ions in gases. Mat Fys 

Medd Dan Vid Selsk 40 no. 9, 1–42(1981). 

 

 

 


