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Abstract: The analytical and numerical calculations for the problem of photoproduction of (lepton-anti lepton)- pairs in 
the electromagnetic field of light nuclei has been done. applying the obtained formulae for the energy distribution of the 

pair-production process to the cases of   ,ee , -pairs in ultra relativistic regions of incident photon energy.  and  
  .Comparing the results for the different cases of pair - production , we can show that the cross-sections for 

the   - pair due to the electric and magnetic fields of the target nucleus are larger than that for the ee  and   - 

pairs , and that the magnetic field of target nucleus is more effective than the electric field of the nucleus in the 
 ,ee , and   - pair production processes. We can also show that the values cross-sections of the processes 

due to the electric quadrupole and magnetic octupole of the target nucleus are larger than the values of the cross-
sections due to the electric charge distribution and the magnetic dipole moment of the target nucleus in the three cases 
of the pair-production processes. 
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1. Introduction 

The theoretical treatment of the process of the 
ee - pair photoproduction was firstly done in 1934 

by Nishina and others [1] and by Bethe and Heitler 
[2]. In 1936, Jaeget and Hulme [3] shows that the 
calculations of the cross-section of the pair production 
process give a good results at high energies of incident 

photon. Hubbell[4]gives a historical review for the 
ee - pair  production by photons from the prediction 

of the position e by Dirac in 1928 , to 2006. The 

cross-section data for ee - pair production by 

photons was given  by Hubbell and Seltzer
[5].The 

study of  and  - pair production are given in 

many works ,e.g. [6-10].In this work we shall 
examine the process of the photoproduction of 

 ,ee ,  and  -pairs in the field of light 

nuclei , having electric charge distribution, magnetic 
dipole moment , electric quadrupole moment , and 
magnetic octupole moment , showing the effect of 
these electric and magnetic properties of target nucleus 
on the cross-section of the pair – production processes 
at high energy regions of incident photons. 
 
2.Formulation of the Problem 

The Feynman diagrams for the problem of 
photoproduction of leptonic pairs in the 
electromagnetic field of nuclei are shown in fig.(1) 

  
 
Where the momentum transferred to the nucleus is 

  pkpq  . Ignoring the polarization of lepton 

and anti-lepton in the producing pair and also the 
polarization of the incident photon , we have the 
following formula for the differential cross-section of 

the process concerning the effects of the electric charge 
)(BHd , the magnetic dipole )2( Md , the electric 

quadrupole )4( Ed , and the magnetic octupole 

moments )8( Md of the target nucleus: 
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,,, QZe I  are the charge, the magnetic dipole 

moment , the electric quadrupole moment , and the 
magnetic octupole moment of the target nucleus. 

 ddd  sin  are the solid angles of the 

emitted lepton (anti-lepton) respectively. 
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are the magnetic dipole , electric quadrupole , and 
magnetic octupole coefficients of the nucleus with spin 

I. The functions ),(0  eF  and ),(0  mF  are 

given by the relations:  
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The integration of (1) with respect to the solid angle of 

the emitted lepton  ddd   sin , gives a 

general formula for the angular distribution of the 
process into the form: 

)()()()()( 842    MEMBHtot ddddd        (8) 

The integration of (8) with respect to the solid angle of 

emitted anti-lepton  ddd   sin , gives the 

following formulas for the energy distributions in the 

ultra relativistic case , where 
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The formulas (8 -13) represents the energy 

distribution cross-sections of the photon production of 
the (lepton-anti lepton)-pair in the field of nuclei 
having electric charge distribution , (dB) , magnetic 
dipole moment (2M) , electric quadrupole moment(4E) 
, and magnetic octupole moment (8M). 
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3.Results and Discussion  

The electric charge )(BHd , magnetic 

dipole )2( Md  , electric quadrupole )4( Ed , 

magnetic pctupole )8( Md , total 

electric )(Ed tot , and total magnetic )(Md tot  

cross sections for the different leptonic - pairs 

 ,ee  
,  production using formulas for the 

energy distribution are obtained for the nucleus 
11
5B and for different values of energies 

).10,15,1( GevGevGev  

The results are tabulated in the following table:

 
 
Table (1) Energy 

energy   pair    d(BH)          d(2M)           d(4E)            d(8M)          d(E)            d(M)

1000 ee 3.652171051 2.003181046 2.973991049 1.102471043 3.010511049 1.104471043

5000 ee 7.986741052 4.370081047 1.4870001048 1.439951041 1.48781048 1.439951041

10000 ee 4.140311052 2.263361047 2.973991048 1.173271040 2.974411048 1.173271040

1000  7.618821049 4.178841044 6.204071047 8.517811037 6.280251047 8.517811037

5000  1.666121049 9.116451045 3.102031046 1.120891034 3.10371046 1.120891034

10000  8.637131050 4.721621045 6.204071046 9.16061034 6.204931046 9.16061034

1000  1.270041047 6.966981043 1.034271045 3.581821033 1.046971045 3.581821033

5000  2.777381048 1.519911043 5.171371045 4.737421031 5.174141045 4.737421031

10000  1.439791048 7.871961044 1.034281044 3.879571030 1.034421044 3.879571030  
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        The energy distribution curves for the different 

leptonic pairs   ,,ee and for different 

values of 

energies )10000,5000,1000( Mev  , are 

shown in figures (2-7). From the table and figures we 
have the following results: 

1. For ee -pair: 
 Knowing that the rest mass of electron is: 

228 /51100.01010941.9 cMevgmme    

i) The cross-section )(BHd decreases with 

increasing energies: e.g. 
at energy 

511065217.3)(:1  BHdGev   , at 

521014031.4)(:10  BHdGev   

ii) The cross-section )2( Md decreases with 

increasing energies: e.g. 

at energy 
461000318.2)2(:1  MdGev  ,  at 

471026336.2)2(:10  MdGev   

iii) The cross-section )4( Ed  increasing with 

increasing energies: e.g. 

at energy
491097399.2)4(:1  EdGev  , 

at 
481097399.2)4(:10  EdGev   

iv) The cross-section )8( Md  increasing with 

increasing energies: e.g. 

at energy
431010247.1)8(:1  MdGev  , 

at 
401017327.1)8(:10  MdGev   

2. for  -pair: 

 Knowing that the rest mass of electron is: 
225 /65837.1051090032.1 cMevgmm  

  

i) The cross-section )(BHd decreases with 

increasing energies: e.g. 

Fig.4 Fig.5 

Fig.6 Fig.7 



Journal of American Science, 2012;8(5)                                                  http://www.americanscience.org 

 

http://www.americanscience.org           editor@americanscience.org 644

at 
491061882.7)(:1  BHdGev   , at 

501063713.8)(:10  BHdGev   

ii) The cross-section )2( Md decreases with 

increasing energies: e.g. 
at 

energy
441017884.4)2(:1  MdGev  , 

at 
451072162.4)2(:10  MdGev   

iii) The cross-section )4( Ed  increasing with 

increasing energies: e.g. 

at energy
471020407.6)4(:1  EdGev  , 

at 
461020407.6)4(:10  EdGev   

iv) The cross-section )8( Md  increasing with 

increasing energies: e.g. 

at 
371051781.8)8(:1  MdGev   , at 

34101606.9)8(:10  MdGev   

3. For  -pair: 
 Knowing that the rest mass of electron is: 

224 /99990.17761016779.3 cMevgmm  
  

i) The cross-section )(BHd decreases with 

increasing energies: e.g. 

at 
471027004.1)(:1  BHdGev   , at 

481043979.1)(:10  BHdGev   

ii) The cross-section )2( Md decreases with 

increasing energies: e.g. 
at 

energy
431096698.6)2(:1  MdGev  , 

at 
441087196.7)2(:10  MdGev   

iii) The cross-section )4( Ed  increasing with 

increasing energies: e.g. 

at energy
451003427.1)4(:1  EdGev  , 

at 
441003428.1)4(:10  EdGev   

iv) The cross-section )8( Md  increasing with 

increasing energies: e.g. 

at 
331058182.3)8(:1  MdGev   , at 

301087957.3)8(:10  MdGev   

From the above analysis , and from diagrams (2-7)we 
conclude that: 

(i) The cross-sections )(BHd and )2( Md are 

decreases with increasing energies for the 

  ,,ee -pairs , while the cross-section 

)4( Ed and )8( Md are increases with increasing 

energies for the   ,,ee -pairs. 

(ii) The values of the electric and magnetic cross-

sections )4(),2(),( EdMdBHd  and 

)8( Md for the )(  -pair production are larger 

than that for the )( ee -and )(  -pairs production 

, and the same values for )(   are larger than that 

for the )( ee -pair production. 

(iii) The cross- sections of the pair-production 

processes in the three cases   ,,ee , due 

to the electric quadrupole )4( Ed and the magnetic 

octupole )8( Md are more larger than the cross-

sections due to the electric charge distribution 

)(BHd and the magnetic dipole moment 

)2( Md of the target nucleus. 

For the total electric 

)4()()( EdBHdEd tot    and the total 

magnetic )8()2()( MdMdMd tot   cross-

sections we have also the following results [see the 
table]: 

 i- For the cross-section )(Ed tot , the cross-

section )4( Ed is more effective than the cross-

section )(BHd i.e. )4()( EdEd tot   or 

)()4( BHdEd   .[Fig.(4),(6)]. 

ii- For the cross-section )(Md tot , the cross-section 

)8( Md is more effective than the cross-section 

)2( Md i.e. )8()( MdMd tot   or 

)2()8( MdMd   . [Fig.(5),(7)]. 

iii- The total magnetic cross-section )(Md tot for the 

3-types of pair   ,,ee  is more effective 

than the total electric cross-section )(Ed tot .i.e. 

)()( EdMd tottot   . 

e.g.  for the  -pair production: at energy 

3345 1058182.3)(,1004697.1)(:1   MdEdGev tottot 

 at energy  
3044 1087957.3)(,1003442.1)(:10   MdEdGev tottot 

 iv- The values of )(Ed tot and )(Md tot for the 

 -pair are larger than that for the ee and -
  pair. 

e.g at energy :5Gev  
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484645 104878.1)(,101037.3)(,1017414.5)(   eeddd EEE   

413431 1043995.1)(,1012089.1)(,1073742.4)(   eeddd MMM 
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