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Abstract: The theoretical treatment of the process of the annihilation of (e~ — e*) - pair into (u™ —ut) - or (z7 —
7+ - pairs at high regions of energy can be studied in details. The Electroweak interaction in the processes can also be
studied obtaining analytical formulae for the cross-sections of the process in different cases. Applying the obtained
formulae for the case of high energy to obtain the energy distribution for the processes. The effect of polarization of the
particles on the process can be also studied, obtaining the formulae for the cross-sections in both weak (V + A) and
electromagnetic interactions. The comparison between the two types of interactions e.g. weak and electromagnetic, and
the interference between them is performed, showing that the study of particle polarization in the process is very
important and give us a result compatible with the Salam-Weinberg model of electroweak interactions and the
experimental studies.
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1. Introduction The spin correlation in the pair production

The study of pair-production processes was processes by electromagnetic field was studied also in
done firstly by Dirac in 1928 [1], in his famous paper: 2006 by Kruglov [10], and the(e™ — e*) pair by an
The quantum theory of the electron, part II. And electron in a magnetic field at different values of
subsequent cloud-chamber observations by Anderson energies from threshold (1.022 Mev) to 100 Gev was
[2], in which he observed the presence of positron. studied recently by Novac and others [11].

Bhabha [3] was the first one who study the
process of meunic (u~ — p*)-pair production due to 2 — Theory
the scattering of (e™ —e™) -pair in ultrarelativistic In Salam-Weinberg standard model of the unified
case. electroweak interactions [12,13], the processes:

The inverse processes, i.e. the (e~ —e™) -pair e"et - uut and e"et - 17Tt can be studied
creation due to the (u~ — u*)-scattering process was successfully. The model contains four fields: two
studied in details by Ginsburg [4]. charged boson fields (W~,W*%) , a neutral

In 1996, Buskulic and others [5] were studied the electromagnetic field 4 represented by a photon, and a

(7~ — 7%)-pair production due to the annihilation of neutral boson field (Z°).
(e™ — e™)-pair at very high energies (130, 136 Gev.), With these four fields associated four generators for
and in 1997, Bernreuther and others [6] studied the abelian symmetric group SU(2)®U (1). The generators
same process using the standard model of Salam- T,,T,,T3 are the generators of the group SU(2) and
Weinberg. the identity I is for the group U(1) [14].

The study of polarization in the pair production The Feynman diagrams of the processes:
processes was done in many works [7-9]. Haug [9], e +et
studied the linear polarization of the photon in the pair- > u ()
production process in details. +ut(h) )

are shown in fig. 1(a) and fig. 1(b).
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Where the intermediate state is a virtual photon
() represent the electromagnetic interaction (Fig. 1a),
or a neutral Z°-boson represent the weak interaction
(Fig.1b). According to Salam-Weinberg model, the
total scattering amplitude of the processes (1) as an
electroweak processes may be represented by the sum
of two amplitudes A, and A, where:

Ay = @@e®) [u, +vaVe-1[ 6] [Vrvpus] @
. .
2= 16cosl, [e+Ve (g
—ys) Ve-11GZ) [ vp (g
—¥s) uﬁ] 3)

The function (V,-) represent the annihilation of
e~ (with momentum P,-), and (#,+) represent the
annihilation of e*, with momentum (—P+), while the
function (V- ) represent the creation of
(u~andt™) with momentum P, , and (u,+)
represent the creation of ¢ (ut and tt) with
momentum (—P €+).

Also G, and Gy represent the Feynman
propagators for the virtual photon (y) and the vector
neutral boson (Z°) and they have the forms [14]:

QaQB
Yap — T
G, = T €))
Qan
Gap — Mzz
G, = W ()
q =P.- + P+ represent the momentum of the

intermediate state, M, is the mass of Z° (which is of
order 90 Gev).

The two factors g and g represent the coupling
factors in the SU(2)®U (1) model, where g represent
the coupling factor for the group SU(2) and ¢
represent the coupling factor for the group U(1).

The factors g and g are related to the factor e
(which is in fact represent the electron charge) by the

relations:
=_° =_° ‘= gt 6
g_sin@' g_COSQ)’ g_gan(ﬂ ()

Where the Weinberg mixing or coupling angle 6,, is
given in terms of the factors g and g by the relations:

sinQ,zL, cos@,zL 7
IQZ + g'2 gZ + g'2
Also from (6) and (7) we see that:
e
sing =—, cos §,
g ya
e Y
=—, tan@ =-— (8)
g g
The value of the angle 6,, is given by [14]:
sing, =0.224 + 0.015 9

Also we note the following:
(i) The two processes (1) can be written as a current-
current  neutral interactions: (¢ p(z } and

(e @ X
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(i) The weak interaction can take place into two
chanels:
the vector (V)-chanel and the axial vector (4)-chanel.
The coupling constants for the two chanels of
interactions are given by:
gy =1—4sitg, , gs4=1 (10)
(iit) Feynman and Gell-Mann [15], showed that the
charged weak leptonic current in the leptonic
interaction take the form (V — A), i.e the difference
between the vector (V) and the axial vector (A)
currents.
(iv) At very high energy E, >100 Gev , we have the
following formula for the total cross-section of the
proess: e"et - uut[141]:

(gh+1)°
16 sin*(26,)

2
1 gv

__4ma?
- "2 sinZ(26,,)

3E2

(11)

3 — The basic formulae for the cross-sections of the
processes (1):

The differential cross-section of the processes (1)
depends on the square of the amplitude i.e on the

quantity |Ay +AZ|2 , and if we take the interaction
term between the two amplitudes, we have the term:
(4,A," + A,"A,) which is known as the interference
term.
The theoretical treatment of the process e~ et —

u-ut shows that the cross-section of the
electromagnetic interaction between the particles is
inversely proportional to the square of the total energy
(E) of the pair (e~,e*). Moreover, the cross-section of
the weak interaction between the particles is directly
proportional to E2. Consequently, we can say that the
weak interaction becomes more effective with the
increasing total energy of the scattering particles. For
high energy values (E >10Gev), the effect of weak
interaction seems to be stronger than the effect of
electromagnetic one. If we take the polarization (or
helicities) of the interacting particles into
considerations, and if h.-, h.+; hy~, h+ are the
helicities of the particles e™, e®, ¢ (u™, 77), and
Y (u*, t) respectively, where:
hi=+1 (fore ,u",1t7)
hi==1 (fore*,u*,t%) (12)

We can calculate the scattering cross-section of the
processes of (I Jand (T X-polarized pairs produced
from the annihilation of the polarized (& P-pair. After
a long calculations, we finally obtain the following
relations for the total cross-section of the processes:
O =0 glect. T Oweak T Ointerf (13)
Where:
Oclect. =
a? f

22
96m m;Tg,

(1 =he= he) (1 =Ry Ry ) (14)
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O—weaéc =
§(2) £ = hem her) (1= R b JITECL -
n1fhe— l— +7y (15)
a
Ounters. =$1 (7= ) F(L=her hor) (L= he ket )[1
—N2fhe-he-] (16)

Where:
Ty=2% e T,=-t, T,=22 @7

e(—m€ l.e. eu—mu ) er = - ( )

E, is the energy of electron (positron) in the C.M.
system, and m, is the rest mass of the lepton (m, =
my ,me).

=1 1—1"‘"—1,/15(13 ) (18
f_ Tel_ Ee_Ee e\lte my ()

The factors & ,&,n,m, n, for the (V,A)-weak

interaction are given by:

§ =lgvl® +1gal%&n =lgvl* — 194
=gvda +9v'9a

Si=g9vtoy . $iMa=gatga (19)

4 — Study of (V+A) and (V-A) types of interactions in

the processes (1):

We consider now the two cases of the (V + A)-

interactions of the neutral weak currents: (¢ ¥ (i )

and (T X

(1) In the (V+A)-interaction (or cpupling) of

electronic (¢ Pand leptonic (£ £) currents:

gda=9gv 2

|2 15771

re. ==1
gv
From (19) we have:

§=29/", ¢n=0,
$1=2gv

$iMa =29y , m =1, n2=1

And noting that: gy = V2 G , where G is the Fermi

universal coupling constant

(G =141%x10"* erg.cm?) [14] then: & =4 G? ,

§1 =2 \/Z

And the relations (14),(15),(16) reduced to the

Em=2g,° ,

following relations at high energies where:
1 f 1
= [1-—=1, — =
f Teé’ m? Tefz Eez
a? 1
Oclect. = W‘[ (E_ez) (1 - he— he+) (1
—hi h+) (21)
4 G? 5
Oweak = W(Ee ) (1 - he- he"') (1 —he- h€+) ¢!
—he- he) (22)

V2aG
8

(1 —he- he+) (1= hp- R )1

—he- hr) (23)

(2) In the (V-A)-interaction (or coupling) of
electronic (¢ Pand leptonic (£ £) currents:

Ointerf. =

From (19) we have:
§=29,", ¢&n=0,
$1 =29y
m=-1, ny=—1 (24)
And if gy =V2G, then: § =4G?, & =2 /29
and the relations (14),(15),(16) reduced to the

following relations at high energies (where f =
f

2 2
my Ter

Em=-2g,",

&imy=—2gv ,

1
~E)

a2

1
Oclect. = % (ﬁ) (1 - he‘ he+) (1
e
—hy hp+) (25)

)

4 G? )
Oweak = ?(Ee ) (1 —he- he+) (1 —hy h[+) (1

+hp- h) (26)
V2aG
Ointerf. = 8 (1 = he- he+) (1 —hy hy )(1
+he ) @7)

5- Results and conclusion

From the relations (21)-(23) for (V+A) interaction
and the relations (25)-(27) for the (V-A) interaction in
the processes (1), we see the following results (at high
energies):

(1) The electromagnetic cross-section (Ggect.) in
the two cases of (V-A) and (V+A) are identical, i.e the
electromagnetic interaction not depends on the (vector)
V- or (axial vector) A- types of interactions.

(2) The weak and electroweak (interference)
cross-sections are proportional to (1 —h, h;) in the
(V+A)- coupling, and to (1 + h, h;) in the (V-A)-
coupling.

(3) At high energies, the electromagnetic cross-
section is inversely proportional to (EZ2), while the
cross-section of the weak interaction is directly
proportional to (E2), consequently, we see that the
weak interaction becomes mor effective with the
increasing total energy of the (e, e™)-pair. This is in
agreement with the experimental results for the
processes etet — uut [3].

(4) the electroweak (interference)-term i.e.
Ointerf. 18 not depends on the total energy of the
(e”, e*)-pair.

(5) The term (1 + h,- h,~) has a value if we
take: h,- =1 and h~ =1 ie. if we take h,- hy- =
1, wherease the term (1 — h,- h,~ ) disappears in this
case.

This means that the cross-sections 0yeq; and
Ointers. for (V-A) coupling hase a value, while for
(V+A) coupling these cross-sections are zero, i.e. the
possibility of occurring the processes (1) takes place
only for the (V-A) interaction, which is in agreement
with the experimental studies.

(6) If we take the values of ho-,ho+, hy~, hp+

da =_g|;/f0r_rgulgi‘(1£)hwe see that the terms (1 — h,- h,+),
9v
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(1 —h hy+), and (1 + h,- h,-) are equal the value
2, and consequently the cross-sections Ggject. , Oweak »
and Oyneerp, for the (V-A)-interaction can take the

following forms, for high energies:
2
a

=@(1)<> (z2m) * (5) @

32
uea = 2 B2 ®) = (2) 62 () 29)
Ointerf. — \/_aG ( )— (g) aG

Where s =E§ ie. 0, =0

(7) If we neglect the polarization of the particles, and
at high energies, we can get the following formulae for
the cross-sections of the processes (1):

401007 /1
DD:DD:.ZT (E) €1

O¢lect.

(30)

Dﬂfﬂﬂ
_oop? (02 +1)
E ﬁﬁ@m)(L—LQ

DU,UU,U.

_2552[ 02 (1)
-3 sin?(200 )|\

Where [, =1-— 4sin2Lﬂ

If we take sinzTu ~ (.25, then [15 = 0, and for very
high energies: [1 > [, the formulae (32), (33) takes
the forms:

. _oo? 1 (1)
TR sin*(C0 )| \D

(35)
From the relations (31), (34), (35) and the relations
(28)-(30) for the polarized particles, we see that:

1. The cross-section [ 1S inversely
proportional to [] or [12 | in the two cases, i.e. the
case of polarization and the case without studieng
the polarization of the particles, which is
inagreement with the experimental results for the

(32

(33)

39

Ooonoon. 20

electromagnetic interaction of the process
oto- -» oot
2. The cross-section [ is directly proportional

to ([J) if we take the polarization into account
(equation (29)), while it oppositely proportional
to (1) if we neglect this polarization (equation
(34)). The experimental results show that: there is
a large increasing in the cross-section with
increasing the energy in this process [~ —
U~0*. Thus we can see that, the study of
polarization gives us results compatible with the
experimental results.
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3. The interference term [l ;. between the
electromagnetic and weak interactions in the ease
of neglecting the polarization is vanishes
(equation (35)), which is not in agreement with
Salam-Weinberg theorem which confirm the
existence of interference (electroweak) term
between the two interactions, otherwise in the
case of taking polarization into account, the
interference term (U0 ... ) exist and
has a constant value (equation (30). Thus we
conclude that the study of particle polarization in
the processes (1) is very important and give us a
result compatible with Salam-Weinberg theorem
and the experimental studies.

Corresponding author

E.M.A. Hilal

Department of Mathematics Science Faculty for Girls —
King Abdulaziz University

ehilal@kau.edu.sa

References

1. Dirac P. (1928):, Proc. R. Soc. (London) A,
118:351.

2. Anderson C. (1933): Phys. Rev., 43:491.

3. Bhabha H. (1936): Proc. R. Soc. (London) A,

154: 195.

4. Ginsburg I. (1996): Nucl. Phys. B, Proc. Supp.,
51:186.

5. Buskulic D. ef al. (1996) Phys. Lett., 384:439.

6. Bernreuther W. et al(1997):;, Phys. Lett. B,
391:413.

7. Tseng H. and R. Pratt(1974):;, Phys. Rev.,
A9:752.

8. Caffo M. et al (1988): Phys. Rev. Lett.,
B207:516.

9. Haug E. (2006): J. Rad. Phys. And Chem.,
75:1130.

10. Kruglov S. (2006): J. Radiation Phys. And chem.,
75:732.

11. Novak O., R. Kholodov. and P. Fomin(2010): J.
Exp. And Theor. Phys., 110: 978.

12. Salam A. (1968), In: Elementary Particle Theory,
Stockholm, 367.

13. Weinberg S. (1969):., Phys. Rev., D 19:1277.

14. Greiner W. and B. Muller, (1994): Gauge Theory
of weak Interactions, Springer-Verlag, New York

15. Feynman R. and M. Gell-Mann(1958):., Phys.
Rev., 109:193.

editor(@americanscience.org




