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Abstract:

In this study, the effective differential cross-section of the lepton
interactions € e”—uv. U, (i =e,,7) usually obtained in
very hot stars was calculated, taking into account the influence of
weak currents, and the effect of electromagnetic form factors of
neutrino on differential cross sections. The effects of neutrino
helicity and antineutrino helicity, and Polarizing effects of the
electron and positron on the effective cross-sections in the center
mass system were studied. The relationship of these cross-
sections with the energy of center mass system was indicated.

Keywords: hot stars, helicity, Generation of neutrinos and antineutrino
pairs.

Introduction:

Interactions e " —uv. O, (i =e,u,7) usually occur in

the hot star medium [1-3] and are generated by pairs of
neutrinos and antineutrinos. These pairs move freely in the
star medium because of their weak interactions with these
medium and when they leave they carry large energy into
outer space [4,5]. Because of their abundance, they
contribute to cooling the star that they have left. Therefore
the detection of these pairs is an early warning system to
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indicate the near collapse of the star and the phenomenon
of supernova.

The neutrino helicity plays an important role in the
production of neutron pairs [5] (vi17i); i=e, u, . For
example, the helicity was studied in references [6-8] and its
vibration mechanism was developed in reference [9,10].

In this paper, emphasis was placed on the importance of
neutrino helicity and the polarizing effects of electrons and
positrons in the study of scattering cross-section reactions

ee" >vv;i=e,u,rwhich occur in hot stellar

circles.
The importance of research and its aim:

The importance of this research is the role that such
lepton interactions play in cosmological studies. The aim of
this study is to study the effect of neutrino and
antineutrino-helicity on the effective differential cross-

section of lepton interactions e e" —uv, 0, (i =€, u,7)

taking into account the effects of the neutral current, the
charged current and the electromagnetic current in the
reaction Hamiltonian..

The effective differential cross-section of the
interaction: e e’ —ov o (i =e,u,7)

The reaction amplitude consists of three components
reflected by the Feynman diagrams shown in Figure (1):
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Figure (1): Feynman diagrams accompanying the
interactions

e (p)e’(p)—uk)o(k,), i=e, urz.

(a) and (b) represent weak influences and
(c) represents the electromagnetic effects

The three compounds make up the total amplitude
relationship:

M® =M, +M,, +M )

Without entering the details ,the total amplitude of
interaction:

e e’ —>u o, (i =e,u,7) canbe expressed by the
equation:

otal Ge —
M :T;(uu 7au5)[ue+7/ﬁ(cv +CA7/5)Ue,]

A

G g .
—ﬁ(uu C,,|u, )@, : u, ) (2)

2m
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4«/5 o

CV = (1_777)9\/ + 2 (fmu_nfglu) ;
q°Ge
Where: \/2_
4 o .
Ca :(1_77_)9A ;|C20|:2—|f2u =179,
q°Ge
Qe 1
= “+ )
Y 1-s/m2—il,/m, 1-t/m2—il, /m,
1
g, Jhe

= +
1-s/m?—il, /m, 1-t/m?—il, /m,

Ope » Oye express the coupling constants of weak
interactions expressed as :

1 ] 1
ng:—§+23'n29W O =3 for v, , v,

1 ] 1
g\,e:+5+23m29W ;gAe:+E for o,
q°=(p_+p,)’ =(k_+k,)* =S,
q”%=(p.—k.)*=(k,—p,)" =t
. g2 1
P=pP =P“*;Pr=(k +k )", a=—=—"

P =Py (k+k.) Az 137

éa zya(l—'_}/s) )

f f

mov

m
lU+m—“1E2U.HeregzL),f2L),glu,flu express the:
e

Dirac, anapole, magnetic and electric electromagnetic form
factors of neutrino. I',, ,I’, are the total widths of W and Z
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boson  respectively.U ., =u(p,,s,);u_=u(p_,s_)

ua,=u(k_,n);u,=u(k,,n,) indicate the Dirac spinors:
momentum and helicity for neutrino or antineutrino or

momentum and spin for electron or positron.We choose

the center mass system cam.s to calculate the matrix

2
total
element ‘M o

through the relationship:

2 *
‘M mta]‘ =M @ (M )" Substituting the result in the

general phrase of the effective cross-section in the center
mass system:

do B k

G “oarisp
effective differential cross-section :

do_total :GISEZ{

2

‘ ©@l1® We obtain the total

( do Jen 6472 4
+(1-7.5,)A-7.,)C, +1n.C,)*+
2m?

+ E,j CJ-CHIA+n.s_cosO)(Ll-n.s, cosO)+

2 2
e T ) 20529 2)[(1+5.s,)cos> 6+

E2
+ (1—575+)F5in2 0] }

e

Where: Q, =G,.s/4r2.a , \Js =2E__ ,
p_|=[p.[=p : [k [=]k.|=k

Results and discussion:
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Now to see the effect of helicity and spin on the effective
differential cross section, we suppose that the electron is

left-polarized €, and that means positron is right-
polarized e, . Note that the helicity of neutrino is left

v, and the helicity of antineutrino is right v; according to

experimental data. By applying this to the equation (3) we
find:

do_total _GEEZ

( dQ Jem = 64 12

m?
E 2

[2CC, +C,)*+2(C, —C,)* +—=%(C/ —-C )11 +cos H)*

We note here clearly the disappearance of the second
term of the differential cross-section relation (3) related to

the electrostatic form factors f, , g,  of neutrino, and the

survival of the Dirac and anapole coefficients, though not
visible in the differential cross-section, but present through

the coefficient C,, .

Let us look at the effect of two factors f,, , g, in the

differential cross-section by their effect on the constant
Cy, . We know that m.))m, , [}, ((m,, and I",{(m, [8].

Thus, we can write C,, and C aas follows:

29, 2 NY
= —+ +(f, + _—
1-S/m? 1-S/m} (h +6) G.S ;

w

Vv

_ 20 2
A 1-S/m? 1-S/m?
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The amount (f, + g,,) according to references [12,11]

is of the order [np] cm?2. It is very small compared to the
first term whatever the values of the mixing constant

Sin’é,,. We conclude that the neutrino helicity as an

experiential reality completely eliminates the role of
electromagnetic form factors of neutrino in the effective
differential cross-section, whether the electron and the
positron are polarized or not . It seems like the weak
interaction of neutrinos in the stellar medium in which the
pairs of neutrino and neutrinos form, Is the dominant
factor. This facilitates the release of neutrino pairs from the
hot star medium, which carries energy into the outer
medium. This speeds up the process of cooling the star

down to its death.Now let us look at the effect of the ratio
2

m

E_ez on the differential cross-section when E take its value
from the energy interval [89—94GeV] according to the
reference [13] .We write the relationship (3) as follows:

total
(ddQU Yer = 0, (L+C0SH)? Where:
0 64 7Z_2 V A Y] A E2 v A

After calculating: (C; —C2) , (C, -C,)* , (C, +C,)?

and substituting them in o, we find that they are of the
m?2
order [np] cm2 relative to E—Z . Thus, the effect of this term

can be neglected in the expression ¢, which is then

reduced to the following:

80



Communication Science & technology N°21. January COST —

G/E® G/ E2
0y=55 7L (€ +Cu) +(C, ~C)* 1= [C) +C]
. Therefore, the cross-section expression

O_total G E2 )
b : C;+C,)(@A+cosé
ecomes: (~=—)on == 5 (Cf +C2) (L+cos0)’

1%

We know that dQQ  =27sin 8 d6 . By integrating the last

equation, we get the total cross-section in the center mass
system:

Gtotal G S
167

linear proportion between the cross section of generation
neutrino pairs and the square of energy of center mass
system. Hence the importance of these neutrino pairs in
the cooling of the ultra-hot star medium by carrying energy
from the star to the outer sphere as we mentioned
earlier.Returning to equation (3) and conducting the
integration, we get neutrinos pairs (v, , vgz) being

—FZ(CZ+C2). This relationship shows the

generated in the total cross-section of the interaction

ee’ —>wvv, ;i =e,u,r whichis expressed as follows:
o™ = (—1";*’7+)a++(—1+’;’7+)a: *)
Where: o, = GEM +0'+EM +GLNT , o =c"

Assuming that: S ({ mvi , S m§ (This is possible in the

very hot stellar medium) we can write:

v GFE? . s, 2 — 2
o =g (1_7)[(1_5—)(1+S+)(g\/eigAe) +(1-5, )+ )(Gye FYpe) +

e — gie )] (5)
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2
o 78TE2 (- +)(1 $S,+ ez)(f1u+glu)2 ©
2
ot = s s )+ 205 5) ]<f20+gzu) @)
O_lNT —
GZEZ
; _S_§+)[(1—S,)(1+3+)(9w +0pe) +(A+5)A=5,)(9ye —Gpe) +
2m2g,, ; (f,, +9,,) , 2m; futy,
ge 1 g g 9 20, g, )+
8
Where:
glO —lforee” ->uu,, gl —0foree” 0,0,
Q, =£ © S =4E?
47ﬁ/§ a

If we return to the main equation (4) to know the effect
of neutrino helicity on it, it is enough to consider the

neutrino being left- handed v, and the antineutrino right-
handed vy, and that the spin of neutrino is linked linearly
with its momentum until the second term disappears
forever because (1+7 77,) =0, and equation (4) becomes:

- 1
oot (%) o, .If the helicity is equal 77; = +E the

second term loses a quarter of its value in this case. Now let
us study all the possibilities of the pairs (electron -
positron) due to their helicity effects: In the case of equal
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helicity of electron with a helicity of positron, we find for
pairs (€_ 5,€/ g) the following cross-sections:

G’m?
O-EM (eLR’ LR)_ g : (gvze_g/ie) 9)
T
o m
O-+EM (eLR’ LR)_ 12E * =(fy, + glu) (10)
o™ (eLR’ LR)_12E2( 20 gzu) (11
oM (o, 5.0 LR)—G me (282G, + 9p) + (67 + Sy B st @)
s

In the case of opposite electron and positron helicity, we
find the following cross-sections for the pairs

(eE,R’e;,L ):
GZEZ
o @l n Br) =5 —[20v £0,.)° + (gve 9re )] 13)
o mz

O-+EM (eLR’ RL)_ E2(2+E2)(flu+glu) (14)
INT G2E2 f,+95

o, (eLR’ RL)_ [2(gVe+gAe)+E2gVe]( 0 ) (15)

s
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2
EM /.- + a 2 2
o_ (eL,R’eR,L): 2(f2 +gz)

6m; = v

The upper sign goes back to the case (e, ,e;) and the
lower sign returns to the case (e;,e,). By comparing

cross sections for pairs (€, z,€, r) with cross-sections for

pairs (8 g,z )in the case of high energies which
prevail among the stars, we note that the result of the
situation S_S, =—1 accompanying the pairs (e _,€5 )
not equal to the result of the situation s s, =1

accompanying the pairs (€ 5,€ p) butis above it.

This study suggests that neutrinos propagate in medium
(material and electromagnetic fields) under the influence
of specific bonds that lead to a flip in their helicity as is the
case with flavor oscillation of neutrino stimulated by
electromagnetic fields and material currents. These
correlation s, however small, remain an interesting subject
that may change our current understanding of the helicity
of neutrinos in dense and hot media, and may cause the
failed simulation of the supernova to become a successful
one.
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