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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 e e* , 4~ u*, -pairs in ultra relativistic regions of incident photon energy. and
7 " .Comparing the results for the different cases of pair - production , we can show that the cross-sections for
thez 7" - pair due to the electric and magnetic fields of the target nucleus are larger than that for the ee* and 4~ u* -
pairs , and that the magnetic field of target nucleus is more effective than the electric field of the nucleus in the
e e,y pu",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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L. Introduction many works .e.g. [6-10].In this work we shall
The theoretical treatment of the process of the examine the process of the photoproduction of
e e’ - pair photoproduction was firstly done in 1934 eet, u ut, and r7¢*-pairs in the field of light

by Nishina and others ! and by Bethe and Heitler
2l In 1936, Jaeget and Hulme ' shows that the
calculations of the cross-section of the pair production
process give a good results at high energies of incident

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
photon. Hubbell[4]gives a historical review for the on the cross-section of the pair — production processes

e"e’ - pair production by photons from the prediction at high energy regions of incident photons.
of the position e*by Dirac in 1928 , to 2006. The

cross-section data for e"e"- pair production by 2.Formulation of the Problem

The Feynman diagrams for the problem of
photoproduction ~ of  leptonic  pairs in the
study of 4~ u*and 777" - pair production are given in electromagnetic field of nuclei are shown in fig.(1)

photons was given by Hubbell and Seltzer". The

Fig.1
Where the momentum transferred to the nucleus is the process concerning the effects of the electric charge
qg=p_—k+ p, . lIgnoring the polarization of lepton do(BH), the magnetic dipole do(2M), the electric
and anti-lepton in the producing pair and also the quadrupole do(4E), and the magnetic octupole
polarization of the incident photon , we have the moments do(8M ) of the target nucleus:

following formula for the differential cross-section of
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o, (0,,0)=doy,(6,,0.)+dcy,(6,,0.) +do,(6,,0.)+doy,(6,,0.) (1)
Where: X F (6.0 )_p sAm 0. @ *4Ef)+p*zsAiI:26+ (q* —4E")
do g (9“9):?{14} Fy.(0,.0.)dQ da_ () osd ] FO.0) .
7 o (pisin' 6 +plsin' ) -— Ah OO G ragE 2y (©)
T 3) - *
d (9“0,):77(&] ()= F,, (6,,6.)dQ,dQ_ :
Caou a, el FM(Q’Q)ZZWZ[A*+A+ q J 2F (6. 9)[4(55 R
4 A A AA
do,;(0,,0 )= [ ] a,(I)F,,(0,,0_)dQ ,dQ_ )
_pisin’6, psi 7)
A0y (0,.0.) = n[ jag<1>Fom(9+,a>dQ+dQ, ®) SRR T +g)

F(.,0)=2p,p_sing sinf cosp , A, =E,—p,cost , A_=E —p cos)

Z’a’ \P,PdE,
:[ e J LPdE, w=E,+E_ istheenergyincident photon

2 3 >
4 @

The integration of (1) with respect to the solid angle of
Ze, p; ,Q, Q) are the charge, the magnetic dipole the emitted lepton dQ_ =sin@.d6 dg, gives a
moment , the electric quadrupole moment , and the

; general formula for the angular distribution of the
magnetic octupole moment of the target nucleus.

process into the form:

dQ. =sin@; dO. d¢ are the solid angles of the do,, (0)) =doy, (0,)+dos, (0,)+doy(0,) +do (0)  (8)

emitted lepton (anti-lepton) respectively. The integration of (8) with respect to the solid angle of

LH _ L a+her+y _ 2 U2+ emitted anti-leptondQ2, =sin&,d6, d ives the
40=5 - 40 180 127-1) ) 4725 I1-)QI-) P * 1d0.d¢, ¢

following formulas for the energy distributions in the

e . 2
are the magnetic dipole , electric quadrupole , and ultra relativistic case , where 2 E L E >mgc.

magnetic octupole coefficients of the nucleus with spin
I. The functions £, (0,,0 ) and F, (6,,0_ ) are

given by the relations:

do,(E.,E )=dog, (E.,E )+do, (E.,E )+do,;(E,,E )+dog, (E, E) ©)

Where

do gy (E,,E_ )=do(BH) = UE(Ef +E? +2E+E_j 2/ In 2E+E; -1 (10)
3 wmyc

2
oy, (E,,E_)=do(2M) = 477E(”’j a (1)(’”0"’} {a)z[m%}@h]zﬁ{ln 2E+2J(1 2B H (11
Ze wmc myc moc

do,p(E.,E.) = do(4E) = 877E( 0 j (1)( mocj (E,E )| 60% ~10E,E_+2(E? + E).

2 2 2
‘ E_(Zn2E+j+ﬂ(m 2EJ (12) n =2a] Z¢| €E. PG
E\ mgc*) E\ mgc’ d me’) o ’ hc 137
Q 112
dogy(E,.E) =do8M) = 8775[ j o } (EE )7(E4 +EN)+ The formulas (8 -13) represents the energy
distribution cross-sections of the photon production of
4 the (lepton-anti lepton)-pair in the field of nuclei
—(E,E ).(81 Ef +81E% +80 E.E )+ having electric charge distribution , (dB) , magnetic
9 dipole moment (2M) , electric quadrupole moment(4E)
3 3 , and magnetic octupole moment (8M).
+—(E2 +E’ )(E ( ZEz] E. ( ZEZD:I (13)
\ me ) E N\ mg
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3.Results and Discussion

ee",u ut ,T T production using formulas for the

The electric charge do(BH magnetic e )
& ( ). & energy distribution are obtained for the nucleus
dipoledo(2M electric quadrupole do(4E 11 . )
P @M) q P (4E), B and  for  different values of  energies
magnetic petupole do(8M), total
. . e, =(1Gev,5 Gevl ,10Gev).
electricdo,,,(E), and total magneticdo,,, (M) , ,
: ] ) ) The results are tabulated in the following table:
cross sections for the different leptonic - pairs
Table (1) Energy
energy pair  d(BH) d(2m) d(4E) d(sm) d(E) dm)
1000 ce 365217 10 5! 200318 10 ¥ 297399 10 ¥ 110247 10 % 301051 10 %  1.10447 10 *
5000 e e 798674 10 52 437008 10 47 1487000 10 48 143995 10 4! 14878 10 48 143995 10 4!
10000 e e 414031 10 %2 226336 10 % 297399 10 *® 117327 10 % 297441 10 48 1.17327 10 *°
1000 761882 10 49 417884 10 * 6.20407 10 47 851781 10 97 628025 10 47 851781 10 %7
5000 166612 10 * 9.11645 10 ¥ 3.10203 10 *° 1.12089 10 % 3.1037 10 48 1.12089 10 %
10000 863713 10 0 472162 10 % 6.20407 10 46 9.1606 10 3* 6.20493 10 6 9.1606 10 3¢
1000 127004 10 %7 696698 10 ** 103427 10 % 358182 10 ** 104697 10 *° 358182 10 %
5000 277738 10 48 151991 10 4% 517137 10 45 473742 10 3! 5.17414 10 4° 473742 10 31
10000 143979 10 *® 787196 10 * 103428 10 ** 387957 10 %° 103442 10 * 387957 10 °
Pair Production ¢ ¢ , PairProduction ¢ ¢ ,
1048
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1048
. 110 47 -
S N S 5 1048 .
48 g‘ §
8 10 =
= g 24 g
= — 5 -
48
& o é g 10 %% ‘é
y 4 1048 2 43
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2 10 1048
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Fig.2 Fig.3
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Fig.6 Fig.7
The energy distribution curves for the different at energy
leptonic pairse e’ , gy u* , 7z and for different = -d = —46
S H M, e, =1Gev:do(2M) =2.00318x10, at

values of

energies & = &, = (1000, 5000 ,10000 Mev), are

shown in figures (2-7). From the table and figures we
have the following results:
1. For e"e" -pair:

that the

Knowing rest mass of electron is:
m, =9.10941x107** gm = 0.51100Mev/ c*

i) The cross-section do(BH)decreases with
increasing energies: e.g.

at energy
¢, =1Gev:do(BH) =3.65217x10™" | at
&, =10Gev: do(BH) = 4.14031x 107>

ii) The cross-section do(2M ) decreases with

increasing energies: e.g.
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&, =10Gev: do(2M) = 2.26336x10™"

iii) The cross-section do(4FE)
increasing energies: e.g.

at energy £, =1Gev:do(4E) =2.97399 x 107%,
at &, =10Gev: do(4E) =2.97399x107

iv) The cross-section do(8M) increasing with

increasing with

increasing energies: e.g.

at energy £, = 1Gev: do(8M) =1.10247x107%,
at &, =10Gev:do(8M) =1.17327x107%

2. for p~ p” -pair:

that the rest mass of electron

m, =1.90032x107>° gm =105.65837Mev/c’
i) The do(BH) decreases

increasing energies: €.g.

Knowing is:

cross-section with

editor(@americanscience.org
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at &, =1Gev:do(BH)=7.61882x10"" | at
¢, =10Gev: do(BH) =8.63713x107°

ii) The cross-section do(2M ) decreases with
increasing energies: e.g.
at

energy £, =1Gev: do(2M) = 4.17884x107*,

at &, =10Gev:do(2M) =4.72162x107%
iti) The cross-section do(4F)

increasing energies: e.g.

at energy &, = 1Gev: do(4E) = 6.20407x107",

at £, =10Gev: do(4E) = 6.20407x107

iv) The cross-section do(8M)
increasing energies: e.g.

at &, =1Gev:do(8M)=8.51781x1077 | at
g, =10Gev:do(8M)=9.1606x107>"*

3. For ¢t ¢ " -pair:

Knowing that the rest mass of electron is:
m_=3.16779x107** gm =1776.99990Mev/ c*
i) The do(BH) decreases
increasing energies: e.g.

at &, =1Gev:do(BH)=1.27004x10"" , at
&, =10Gev: do(BH) =1.43979x10*

increasing with

increasing with

cross-section with

ii) The cross-section do(2M ) decreases with
increasing energies: e.g.
at

energy £, =1Gev: do(2M) = 6.96698x10™+,

at &, =10Gev: do(2M) =7.87196x10™*
iii) The cross-section do(4FE)
increasing energies: e.g.

at energy &, =1Gev: do(4E) =1.03427x107%,

at £, =10Gev: do(4E) =1.03428x107*
iv) The cross-section do(8M)

increasing energies: e.g.

at &, =1Gev:do(8M)=3.58182x10"" | at
&, =10Gev:do(8M) =3.87957x107°

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

(i) The cross-sections do(BH)and do(2M) are
with the

increasing with

increasing with

decreases increasing  energies  for
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eet , u ut,r c"-pairs , while the cross-section
do(4F)and do(8M) are increases with increasing
energies for the e”e" , y~u* , 777" -pairs.

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

sections do(BH),do(2M),do(4E) and
do(8M) for the (7 z")-pair production are larger
than that for the (e"e™) -and (u~ u™)-pairs production
, and the same values for (z~ ") are larger than that
for the (e"e™) -pair production.

(iii)) The cross- sections of the pair-production
processes in the three cases e e’ , u~u* , 777", due

to the electric quadrupole do(4FE) and the magnetic
octupole do(8M ) are more larger than the cross-

sections due to the electric charge distribution
do(BH)and the magnetic dipole moment
do(2M) of the target nucleus.

For the total electric
do,,(E)=do(BH)+do(4E) and the total

magnetic

do,,(M)=do(2M)+do(8M) cross-

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

i- For the cross-section do,,(E), the cross-
sectiondo(4E)is more effective than the cross-
do(BH)ie. do,,(E)~=do(4E)or
do(4E))) do(BH) [Fig.(4),(6)].

ii- For the cross-section do,,, (M), the cross-section

section

do(8M)is more effective than the cross-section
do(2M)i.e. do,,,(M)=do(8M)or
do(8M))) do(2M) . [Fig.(5).(7)].

iii- The total magnetic cross-section do,,, (M) for the

+

3-types of pair e"e*, u ut,r " is more effective

than the total electric cross-section do,,,(E).ie.
do_tot (M) >> do—tot (E) .

e.g. forthe 7 7" -pair production: at energy

¢,=1Gev.do, (E)=1.0469%10", do, (M)=3.5818%10°

at energy

&,=10Gev. do,,(E)=1.0344X10%, do, (M)=38795%107"

iv- The values of do,,(E)anddo,,(M) for the

77t -pair are larger than that for the e¢7¢* and -
u-p pair.
e.gatenergy £, = SGev:
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doy(77t)=5.17414x10" |, do,(u 1*)=3.1037x107% | doy(ee*) =1.4878x10™*
doy,(77t%)=4.73742x107" | doy, (") =1.12089x107*  do,, (e e) =1.43995x10™
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