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In the current work, the production of neutral Higgs boson (Hℓ
° ) and two charged Charginos 

(χ̃i
+, χ̃j

−) owing to electron-positron annihilation via different propagators for  the process 

e−(p1) + e+(p3) → χ̃i
+(p2) +  χ̃j

−(p4) + Hℓ
° (p5) were investigated and in the Minimal 

Supersymmetric Standard Model (MSSM), the cross sections for this interaction were 

estimated.  Five groups of 240 probabilities from Feynman diagrams are taken by different 

propagators. Group (I) when ho and Zo bosons are propagators, Group (II) when Zo and ho 

bosons are propagators, Group (III) when hoand ho (Lightest Higgs boson) bosons are 

propagators, Group (IV) Zo and Zo bosons are propagators and Group (V) χ̃o and Zoboson are 

propagators where i = j = 1,2 and ℓ = 1,2,3. 

The process's production cross-sections as a function of mass center energy were calculated, 

and the best cross-section was based on all considerations of the (MSSM) was determined, the 

process's mechanisms can be identified as: 

     𝑒−(𝑃1) + 𝑒+(𝑃3) → 𝑍𝑜(𝑃1 + 𝑃3) →  𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) in group IV 

    𝑒−(𝑃1) + 𝑒+(𝑃3) → 𝑍𝑜(𝑃1 + 𝑃3) →  ℎ𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) in group II. 

     𝑒−(𝑃1) + 𝑒+(𝑃3) → ℎ𝑜(𝑃1 + 𝑃3) →  ℎ𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  �̃�𝑗

−(𝑝4) in group III 

     𝑒−(𝑃1) + 𝑒+(𝑃3) → χ̃𝑜(𝑃1 + 𝑃3) →  𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) in group V 

     𝑒−(𝑃1) + 𝑒+(𝑃3) → ℎ𝑜(𝑃1 + 𝑃3) →  𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) in group I. 

At S interval (1600- 3500) Gev, the best value of σ is ( 7.3934 × 10−4 ) Pb in-group (IV). 

When masses of Charginos are m�̃�𝑗
− = 900 GeV, m�̃�𝑖

+ = 700GeV and mass of neutral Higgs 

boson is  m𝐻ℓ
°  = 140 GeV 
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1. INTRODUCTION 

The Supersymmetry Standard Model (SUSY) [1–7], 

suggests adding a new symmetry to particle physics' 

Standard Model (SM), as well as a symmetry between 

bosons and fermions, and anticipates the presence of 

potential partners for each Standard Model (SM) 

particle. This provides resolve for the hierarchy dilemma 

[7-12] and a nominee for dark matter in the form of the 

lightest supersymmetric particle (LSP), which will be 

static in the situation of conserved R-parity [13]. 

The SM's minimal supersymmetric extension 

(MSSM) [14, 15], The bino, the winos, and the Higgsino 

are the superpartners of the U(1)Y and SU(2)L gauge 

fields, as well as the Higgs field. The mass terms for the 

bino, wino, and Higgsino states are M1,M2, and, μ 

respectively. Since they do not carry color charge, they 

can only be produced through electroweak interactions 

or the decay of colored superpartners. Because 

electroweak processes have smaller cross sections, the 

masses of these objects are observationally less limited 

than the masses of colored SUSY particles. According to 

the mass spectrum. Through mixing of the superpartners, 

chargino (𝜒1,2
± ) and neutralino (𝜒1,2,3,4

0  ) mass eigenstates 

are created. These are known as electroweakinos, and the 

subscripts imply increasing electroweakino mass. If the 
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𝜒1,2,3,4
0  is stable, for example as the lightest 

supersymmetric particle (LSP) and R-parity conservation 

is postulated, it is a viable dark-matter candidate [16, 

17]. 

This paper calculates the cross sections (σ) as a 

function of center of mass energy a search for direct 

production of neutral Higgs boson and two charged 

charginos from electron-positron annihilation via 

different propagators for the process 𝑒−(𝑝1) + 𝑒+(𝑝3) →

𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) + Hℓ
° (𝑝5) 

1.1  The Cross-section Scattering 

 In physics, the significance of cross section is an 

indicator of the probability that a particular process will 

occur when a particular type of radiant excitation 

encounters a highly concentrated phenomenon. The 

Rutherford cross-section, for example, is an indicator of 

the chance of an alpha particle being diverted by a 

specific direction throughout an interaction with an 

atomic nucleus. σ (sigma) cross section and is measured 

in term of area, specifically barns. In some ways, it can 

be compared to the size of the object that the excitation 

must strike throughout order for the process to take 

place. 

We have learned a lot about nuclear and atomic physics 

through scattering experiments, such as the discovery of 

subatomic particles (such as quarks). Scattering 

phenomena, such as neutron, electron, and x-ray 

scattering, are used to investigate solid state systems in 

low energy physics. As a main overview, it is therefore 

essential in any advanced quantum mechanic’s course. 

If the radiation is thought to be made up of quanta, the 

quantity of incident particles hitting the target's surface 

per unit time per unit area is the flux, and the cross-

section measures the scattering rate per unit incident 

radiation flux. Calculating scattering cross-sections for 

long-wavelength electromagnetic radiation means 

dividing the power of the scattered wave by the intensity 

of the incident wave. A cross-section represents an area 

in dimensions, with its unit is barn, which has an area of 

10−28 m2. Instead of a true geometric cross-sectional 

area, a scattering cross-section can be interpreted as an 

effective area proportional to the probability of 

interaction between the radiation and the target. 

A differential cross section is the differential limit of a 

function of some final-state parameter, such as particle 

angle or energy. A total cross section or integrated total 

cross section is a cross section that has been integrated 

over all scattering angles. In a real scattering experiment, 

the different rates of scattering to different angles 

provide information about the scatterer. Detectors are 

positioned at various angles (𝜃, 𝜙). The standard form 

for an infinitely small solid angle is 𝑑𝛺 = 𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜙. 

The total solid angle (all probable scatterings) is ∫ 𝑑𝛺 =

4𝜋 the area of a unit radius sphere. 

The differential cross section, 𝑑𝜎/𝑑𝛺, is part of the 

total number of scattered particles which emerge in the 

solid angle 𝑑𝛺, so the rate of particle scattering to this 

detector is 𝑛𝑑𝜎/𝑑𝛺, with n defined above as the beam 

intensity. By integrating over all solid angles, we can 

obtain the total cross section from the differential. 

𝜎 =  ∫
𝑑𝜎

𝑑Ω
𝑑Ω =  ∫ 𝑑𝜑

2𝜋

0

∫ 𝑑𝜃𝑠𝑖𝑛𝜃
𝑑𝜎

𝑑Ω

𝜋

0

 

The cross section is sensitive to the energy of the 

incoming particles. 

1.2  Properties of Chargino: 

   Chargino are composed of Winos (𝑊+, 𝑊−) and 

Higgsinos (𝐻+, 𝐻−)[17,18]. In nature, neutralino dark 

matter is experimentally investigated indirect through the 

use of γ ray and neutrino telescopes or directly through 

the utilizing laboratory experiment like those of 

Cryogenic dark matter search (CDMS) [19, 20]. Heavier 

neutralinos usually disintegrate to lighter neutralinos via 

a neutral Z boson or a via charged W boson to a light 

chargino. [21]. It is created in pairs through s-channel 

𝛾/𝑍 exchange [22, 23]. The lightest neutralino   �̃�1
°  is 

heavier than the lightest chargino 𝜒1
±.  

The mean lifetime (𝜏�̃�1
±) of 𝜒1

± is expressed in the form 

of  ∆𝑚𝜒1̃
, which is customarily in the range of a 

nanosecond. Charginos have a lifetime ranging from 0.1 

to 10 ns [24]. The charginos disintegrate to the lightest 

neutralino 𝜒1
° , that is believed to be stable, and a two 

fermions (f) consisting of quarks and antiquarks or 

leptons and neutrinos [25]. The lightest chargino with a 

mass larger than 103.5 GeV [26].There are three 

variables or soft terms in the chargino mass matrix (𝑀2, 

𝜇 and tan 𝛽) and the neutralino mass matrix has four soft 

terms ( 𝑀1, 𝑀2, 𝜇 and tan 𝛽). 

1.3  Higgs boson: 

   The Standard Model (SM) of elementary particles 

describes strong and electroweak interactions between 
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quarks and leptons by exchanging force carriers, such as 

photons for electromagnetic interactions, W and Z 

bosons for weak interactions, and gluons for strong 

interactions. Quarks and leptons serve as the 

fundamental components of matter in the SM. The 

electroweak hypothesis unifies the electromagnetic and 

weak interactions. The SM's predictions have been 

amply verified because they are remarkably compatible 

with the majority of accurate measurements up to the 

energies now available, but it is still unclear how the W 

and Z gauge bosons pick up mass while the photon stays 

massless. It was postulated almost 50 years ago that the 

introduction of a scalar field may lead to spontaneous 

symmetry breaking in gauge theories. The W and Z 

masses are produced as a result of applying this method 

to the electroweak theory through a complex scalar 

doublet field, and the SM Higgs boson's existence is 

predicted (H).Through the Yukawa interaction, the scalar 

field also provides mass to the fundamental fermions 

[27, 28]. 

1.3.1  Properties of Higgs boson   

The Higgs boson has no spin, has zero electric and 

color charge and it is also its own antiparticle. 

1.4   Two-Higgs-doublet model 

     Following the breakthrough of the Standard Model 

(SM) Brout-Englert-Higgs boson at the Large Hadron 

Collider (LHC), the concern of whether there are more 

particles within experimental reach remains open. 

One straightforward possibility is that a second Higgs 

doublet has the same quantum numbers as the SM Higgs 

[29]. The Two-Higgs-Doublet Model (2HDM) is the 

most basic evolution of the Standard Model (SM), 

containing one extra scalar doublet with more physical 

neutral and charged Higgs fields. 

There are five physical scalar states with the second 

Higgs doublet, including the CP even neutral Higgs 

bosons h and H (where H is heavier than h), the CP odd 

pseudoscalar A,  and two charged Higgs bosons H±. The 

Higgs boson detected is measured to be CP even. Six 

physical parameters, including four Higgs masses 

𝑚ℎ, 𝑚𝐻 , 𝑚𝐴, 𝑎𝑛𝑑 𝑚𝐻±  the ratio of the two vacuum 

expectation values (tan 𝛽), and the mixing angle (𝛼) that 

diagonalizes the mass matrix of the neutral CP even 

Higgses, can be used to characterise such a model. The 

mass of the Higgs particle and its vacuum expectation 

value are the only two parameters used by the SM. 

𝑚𝐻±
2 = 𝜆4(𝑣1

2 + 𝑣2
2) 

𝑚𝐴 = 𝜆6(𝑣1
2 + 𝑣2

2) 

𝑚𝐻,h
2 =

1

2
[𝑎 + 𝐶 ± 𝐷] 

Were 

𝑎 = 4𝑣1
2(𝜆2 + 𝜆3) + 𝑣2

2𝜆5    ;   𝐵 = (4𝜆3 + 𝜆5)𝑣1𝑣2 ; 

𝐶 = 4𝑣2
2(𝜆2 + 𝜆3) + 𝑣1

2𝜆5    ;   𝐷 = √(𝐴 − 𝐶)2 + 4𝐵2 

λ : wavelength                         ;   𝑣 : velocity  

The Higgs potential that is composed of quadratic 

terms and quadratic interaction terms, governs the Higgs 

characteristics of the MSSM. Supersymmetric gauge 

couplings directly impact the strength of the interaction 

terms. The Higgs spectrum, an angle 𝛼 (which represents 

the degree of mixing of the original 𝑌 =  ±1 Higgs 

doublet states in the physical CP-even scalars), and the 

Higgs boson couplings are all determined by 𝑡𝑎𝑛 𝛽 and 

one Higgs mass (𝑚𝐴). 

2. Rules of Calculation Cross sections in (Pb): 

   Initial states have momenta p1, p3 and their masses 

m1, m3, while three-body final states have 

momenta p2, p4, p5 and their masses m2, m4, m5. 

p1 + p3 = p2 + p4 + p5                       (1) 

               s = σ + p5                                          (2) 

The cross section (σ) for the process e−(p1) + e+(p3) →

𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) + Hℓ
° (𝑝5) can be expressed in writing 

as  

σ = ∫ π2|M|2
dx dy dσ2

Λ(S, m1, m3)Λ(S, σ, m5)
    (𝟑) 

Where M is the matrix element, by using Feynman rules 

this allows us to write the M-matrix as well as the trace 

thermos needed to compute the square matrix (|𝑀|2), 

with the integration carried out by a straightforward 

approximation produced by an enhanced Weizsacker-

Williamson approach [30, 31]. Where:  

Λ(x, y, z) = [x4 + y4 + z4 − 2x2y2 − 2x2z2 − 2y2z2]1 2⁄   (4) 

Then, the integration limit and integration simplification 

which done by using the Mathematica application are. 

x± =
1

4S2
[(S2 + m1

2 − m3
2)(S2 − σ2 + m5

2)

± Λ(S, m1, m3)Λ(S, σ, m5)]            (𝟓) 
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y± =
1

4σ2
[(σ2 + m2

2 − m4
2)(S2 − σ2 + m5

2) ±

Λ(σ, m2, m4)Λ(S, σ, m5)]                                          (6) 

(m2 + m4)2 ≤ σ2 ≤ (S2 − m5
2)2                             (7) 

After calculating the cross sections, the results 

subsequently charted and reported in tables. We employ 

the vector-boson masses given by [32] in every one of 

the computations. 

2.1  Constants of the reaction.  

MW = 80 GeV 

MZ = 90 GeV 

2.2  New variables of the reaction.   

M𝐻ℓ
° , ℓ =  1,2,3 𝑤ℎ𝑒𝑟𝑒 (ℓ1 = 𝑀ℎ0), (ℓ2 = 𝑀𝐴0), (ℓ3 = 𝑀𝐻0) 

Mh0 = 125 GeV (mass of hopropagetor) 

MA0 = 135 GeV (mass of Aopropagetor) 

MH0 = 140 GeV (mass of Hopropagetor) 

mχ̃𝑗
− = (800 , 900)GeV , mχ̃𝑖

+ = (600 , 700) GeV  (i, j=1, 2) 

3. Classified the reaction 𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑) →

�̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) according to 

propagators. 

There are five groups from Feynman diagrams 

classified according to the propagators within (MSSM) 

models 

3.1  Group (I) via  𝐡𝐨 and 𝐙𝐨 propagators 

3.1.1 Feynman Diagram for Group (I) 

 

 

 

 

 

 

Fig. (1): Feynman diagrams for the process 𝒆−(𝒑𝟏) +

𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) via 𝒉𝐨 

and 𝐙𝐨 propagators,  

 

3.1.2 Matrix element and Probability of reaction 

for Group (I) 

There should be 48 possibilities from (1– 48) and the 

Matrix element is: 

𝑀(1−48) = (−𝑖(FL +𝛾5FL
’)𝑈𝑒−(𝑃1)�̅�𝑒+(𝑃3)(𝑖Gm(p-

q)µ)(σ2 − m𝑍
2)−1(S2 − mh

2)
−1

(𝑒
cos2 𝜃𝑤−sin2 𝜃𝑤

2 𝑠𝑖𝑛 𝜃𝑤 𝑐𝑜𝑠 𝜃𝑤
(P2 −

P1))𝑉�̃�𝑖
+(P2)U̅�̃�𝑗

−(P4) [33] 

Where: 

𝑔: The gauge coupling constants of SU(2)L 

𝑔 = 
𝑒

𝑆𝑖𝑛 𝜃𝑤
= 0.637132 

𝑚𝑒: the mass of electron 

MZ: the mass of Z boson   

MW = 80 GeV 

MZ = 90 GeV 

Mh0 = 125 GeV (mass of hopropagetor, The lightest 

neutral Higgs boson) 

MA0 = 135 GeV (mass of Aopropagetor) 

MH0 = 140 GeV (mass of Hopropagetor, The heaviest 

neutral Higgs boson) 

As,m𝐻ℓ
°  , ℓ = 1,2,3 as ℓ = (1= h0), (2=A0), (3=H0) 

mχ̃j
− = (800 , 900) GeV ,mχ̃𝑖

+ = (600 , 700) GeV (i, j=1, 2) 

FL = −𝑔(
𝑚𝑒𝐶𝑜𝑠𝛼

2MW 𝐶𝑜𝑠 𝛽
), FL

’= 𝑔(
𝑚𝑒𝐶𝑜𝑠𝛼

2MW 𝐶𝑜𝑠 𝛽
)[33] 

Gm=𝑖𝑔(
𝑆𝑖𝑛(𝛽−𝛼)

2 𝐶𝑜𝑠 𝜃𝑤
) 

 

3.1.3  Cross Section Calculations in (Pb)  for Group (I): 

    In this section we compute the cross sections as a 

function of center of mass energy for the Feynman 

diagram in fig. (1) using Feynman rules, equation (3), 

and the Mathematica software (1). the results shown in 

figs.2 (a-c) by varying the mass of charginos (mχ̃i
+ , mχ̃j

−) 

at different masses of neutral Higgs boson 

(Mh0,MA0,MH0)  

for the process e−(p1) + e+(p3) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) +

Hℓ
° (𝑝5) 

m(χ̃i
+ ، χ̃j

−  ) → m(600 ،800) → m11(Blue) 

m(χ̃i
+ ، χ̃j

−) → m(600 ،900) → m12  (Red) 

m(χ̃i
+ ، χ̃j

−  ) → m(700 ،800) → m21(Green) 

m(χ̃i
+ ، χ̃j

−  ) → m(700 ،900) → m22(Pink)      
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Fig. (2.a) 𝐦𝒉° = 𝟏𝟐𝟓 𝐆𝐞𝐕 Fig. (2.b) 𝐦𝑨° = 𝟏𝟑𝟓 𝐆𝐞𝐕 
 

 

Fig. (2.c) 𝐦𝑯° = 𝟏𝟒𝟎 𝐆𝐞𝐕 
 

Fig. (2):The cross sections for the process 𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) as a function of center of mass 

energy via 𝒉𝐨 𝐚𝐧𝐝 𝐙𝐨 bosons propagators by interchanging the mass of Charginos (𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−  ) at different mass of 

neutral Higgs boson ( 𝐌𝐡𝟎,𝐌𝐀𝟎,𝐌𝐇𝟎) 
 

3.1.4 Comparing Results and Discussion for Group (I): 
 

Table (1): Illustrates the comparison between the cross sections for the process 𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) →

𝒉𝒐(𝑷𝟏 + 𝑷𝟑) →  𝒁𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) via  𝒉𝐨 𝐚𝐧𝐝 𝐙𝐨 propagators by interchanging the 

masses of Charginos (𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−) at different mass of resultant neutral Higgs boson ( 𝐌𝐡𝟎 ,𝐌𝐀𝟎,𝐌𝐇𝟎) 

𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → 𝒉𝒐(𝑷𝟏 + 𝑷𝟑) →  𝒁𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) 

 

𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

− 

    i,j = 1,2 

𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝒉° =125 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑨°=135 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑯°=140 

Fig. (2.a) Fig. (2.b) Fig. (2.c) 

S(Gev) σ(Pb) S(Gev) σ(Pb) S(Gev) σ(Pb) 

m(χ̃i
+ ، χ̃j

−  )

→ m(600 ،800)

→ m11 

2361.4 5.7271

× 10−17 

2375.2 5.877 × 10−17 2372.7 5.9544

× 10−17 

m(χ̃i
+ ، χ̃j

−  )

→ m(600 ،900)

→ m12 

2517.1 6.7647

× 10−17 

2525.9 6.9440

× 10−17 

2529.6 7.0650

× 10−17 

m(χ̃i
+ ، χ̃j

−  )

→ m(700 ،800)

→ m21 

2513.3 7.7699

× 10−17 

2520.8 7.9642

× 10−17 

2532.1 8.1103

× 10−17 

m(χ̃i
+ ، χ̃j

−  )

→ m(700 ،900)

→ m22 

2597.4 8.5805

× 10−17 

2599.9 8.6577

× 10−17 

2597.4 8.6003

× 10−17 
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By investigation and by the Feynman rules, we computed 

the cross sections (σ) as a function of center of mass energy 

(S) for the process 𝑒−(𝑝1) + 𝑒+(𝑝3) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) +

Hℓ
° (𝑝5) via ℎo and Zo propagators. Figs.2 (a-c) show that, as 

S increase from 1600 to 4000, a maximum value for the 

cross-sections diverge at various values of Chargino mass 

(mχ̃i
+ , mχ̃j

−) and different value of neutral Higgs boson mass 

( Mh0 , MA0 , MH0). From table (1) the best value of σ is 

(8.6577 × 10−17) Pb when masses of Charginos are  mχ̃j
− =

900 GeV, mχ̃i
+ = 700 GeV  and  m𝐻ℓ

° = 135 GeV 

3.2   Group (II) via 𝒁𝒐 and 𝒉𝒐 are the propagators 

3.2.1 Feynman Diagram for Group (II)  

 

 
 

 

Fig. (3): Feynman diagram for the process 𝒆−(𝒑𝟏) +

𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) via 𝒁𝐨 and 𝒉𝒐  

3.2.2 Matrix element and probability of reaction 

for Group (II)  

There should be 48 possibilities from (49 – 96) and 

the Matrix element is: 

𝑀(49 −96) = 𝑈𝑒−(𝑃1)�̅�𝑒+(𝑃3) (𝑖Gm(p-q)µ) (σ2 − mh
2)−1(S2 −

mZ
2)−1(

−𝑔

2 𝑐𝑜𝑠 𝜃𝑤
𝛾𝛼  (

1

2
− 2Qisin2 𝜃𝑤 −

1

2
 𝛾5 )) 𝑉�̃�𝑖

+(P2)U̅�̃�𝑗
−(P4)  

(−𝑖Yɸ0Xj+ Xi- ) [33,35] 

Where: 

Gm= 𝑖𝑔(
𝑆𝑖𝑛(𝛽−𝛼)

2 𝐶𝑜𝑠 𝜃𝑤
) 

𝑔 : The gauge coupling constants of SU(2)L 

𝑔 = 
𝑒

𝑆𝑖𝑛 𝜃𝑤
 = 0.637132 [34,35]                       

Yɸ0Xj+ Xi- = 
g

√2
 (𝐾

𝑢𝜙°
∗ 𝑈𝑖1

∗ 𝑉𝑗2
∗ + 𝐾

𝑑𝜙°
∗ 𝑈𝑖2

∗ 𝑉𝑗1
∗ )  

𝐾
𝑢𝜙°
∗ = (𝑐𝑜𝑠 𝛼 , 𝑠𝑖𝑛 𝛼 , 𝑖 𝑐𝑜𝑠 𝛽° , 𝑖 𝑠𝑖𝑛 𝛽°),𝐾

𝑑𝜙°
∗ =

(− 𝑠𝑖𝑛 𝛼 , 𝑐𝑜𝑠 𝛼 , 𝑖 𝑠𝑖𝑛 𝛽° , −𝑖 𝑐𝑜𝑠 𝛽°)   

 U and V are unitary matrices 

As, β = 56.3, α = - 34.48  

Qi is a unitary matrix  

3.2.3 Cross Section Calculations in (Pb) for Group (II): 

The cross sections as a function of center of mass energy 

for the Feynman diagrams of fig. (3) were calculated and the 

results are given in fig.4 (a-c) by interchanging the mass of 

Charginos (mχ̃𝑖
+ , mχ̃j

−) and the mass of neutral Higgs boson 

( Mh0,MA0,MH0) 

 
 

 
 

                        Fig. (4.a) 𝐦𝒉° = 𝟏𝟐𝟓 𝐆𝐞𝐕 Fig. (4.b) 𝐦𝑨° = 𝟏𝟑𝟓 𝐆𝐞𝐕 

 

 

Fig. (4.c) 𝐦𝑯° = 𝟏𝟒𝟎 𝐆𝐞𝐕 
 

Fig.4 (a-c): The cross sections for the process 𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) as a function of 

center of mass energy via 𝒁𝐨 𝐚𝐧𝐝 𝒉𝒐 propagators by interchanging the mass of charginos 

(𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−) at different mass of neutral Higgs boson ( 𝐌𝐡𝟎,𝐌𝐀𝟎,𝐌𝐇𝟎) 
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3.2.4 Comparing Results and Discussion for Group (II): 

Table (2): Illustrates the comparison between the cross sections for the process  𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) →
𝒁𝐨(𝑷𝟏 + 𝑷𝟑) →  𝒉𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊

+(𝒑𝟐) + �̃�𝒋
−(𝒑𝟒) via  𝒁𝐨 𝐚𝐧𝐝 𝒉𝒐 propagators by interchanging the 

masses of Charginos (𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−) at different mass of resultant neutral Higgs boson ( 𝐌𝐡𝟎 ,𝐌𝐀𝟎,𝐌𝐇𝟎) 

𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → 𝒁𝒐(𝑷𝟏 + 𝑷𝟑) →  𝒉𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) 

 

𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

− 

i,j = 1,2 

𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝒉° =125 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑨°=135 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑯°=140 

Fig. (4.a) Fig. (4.b) Fig. (4.c) 

S(Gev) σ(Pb) S(Gev) σ(Pb) S(Gev) σ(Pb) 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،800)

→ m11 

2167.8 1.0348 × 10−5 2180.3 1.0651 × 10−5 2184.1 1.0827 × 10−5 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،900)

→ m12 

2315.6 1.1246 × 10−5 2325.6 1.1571 × 10−5 2331.9 1.1709 × 10−5 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،800)

→ m21 

2315.6 1.1954 × 10−5 2325.6 1.2249 × 10−5 2331.9 1.2395 × 10−5 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،900)

→ m22 

2463.4 1.3089 × 10−5 2470.9 1.3363 × 10−5 2477.2 1.3572 × 10−5 

 

      

By investigation and by the Feynman rules, we computed 

the cross sections (σ) as a function of center of mass energy 

(S) for the process 𝑒−(𝑝1) + 𝑒+(𝑝3) → 𝜒𝑖
+(𝑝2) +

 𝜒𝑗
−(𝑝4) + Hℓ

° (𝑝5) via 𝑍o and ℎ𝑜 propagators. Figs.4 (a-c) 

show that, as S increase from 1600 to 4000, a maximum 

value for the cross-sections is diverged at varies values of 

Chargino mass (mχ̃i
+ , mχ̃j

−) and different value of neutral 

Higgs boson mass( Mh0 , MA0 , MH0). From table (2) the 

ultimate value of σ is (1.3572 × 10−5) Pb when masses of 

Charginos are  mχ̃j
− = 900 GeV, mχ̃i

+ = 700 GeV  

and m𝐻ℓ
°  = 140 GeV 

3.3   Group (III) via 𝒉𝒐 and 𝒉𝒐are the propagators 

3.3.1 Feynman Diagram for Group (III)  

 

 
 

 

Fig. (5): Feynman diagram for the process 𝒆−(𝒑𝟏) +

𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) via 𝐡𝐨 and 𝐡𝐨   

3.3.2 Matrix element and Probability of reaction 

for Group (III) 

There should be 48 possibilities from (97 – 144) and 

the Matrix element is: 

𝑀(97−144) =

(−𝑖(  FL+FL
’  𝛾5)𝑈𝑒−(𝑃1)�̅�𝑒+(𝑃3) (

−3𝑔 mh
2

2𝑚𝑧 𝑐𝑜𝑠 𝜃𝑤
) (σ2 −

mh
2)

−1
(S2 − mh

2)
−1

(
−𝑔 mh

2

2𝑚𝑧 𝑐𝑜𝑠 𝜃𝑤
𝑔𝛼𝛽 )  𝑉�̃�𝑖

+(P2) U̅�̃�𝑗
−(P4)          

Where: 

FL = −𝑔(
𝑚𝑒𝐶𝑜𝑠𝛼

2MW 𝐶𝑜𝑠 𝛽
), FL

’
 = 𝑔(

𝑚𝑒𝐶𝑜𝑠𝛼

2MW 𝐶𝑜𝑠 𝛽
) 

gαβ is a (symmetric 4 x 4) metric tensor 

3.3.3 Calculation Cross Sections in (Pb) for Group 

(III): 

     The Cross sections as a function of center of mass 

energy for the Feynman diagrams of fig. (5) have been 

calculated and the results are shown in fig.6 (a-c) by 

interchanging the mass of (mχ̃𝑖
+ , mχ̃j

−) and the mass of 

neutral Higgs boson ( Mh0,MA0,MH0)  
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Fig. (6.a) 𝐦𝒉° = 𝟏𝟐𝟓 𝐆𝐞𝐕 Fig. (6.b) 𝐦𝑨° = 𝟏𝟑𝟓 𝐆𝐞𝐕 

 

                                       

 

 

 

 

 

 

 

Fig. (6.c) 𝐦𝑯° = 𝟏𝟒𝟎 𝐆𝐞𝐕 
 

Fig.6 (a-c): The cross sections for the process 𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) as a function of center of mass energy 

via  𝐡𝐨 𝐚𝐧𝐝 𝐡𝐨 propagators by interchanging the mass of (𝐦�̃�𝐢
+, 𝐦�̃�𝐣

−) and the mass of neutral Higgs boson  ( 𝐌𝐡𝟎 , 𝐌𝐀𝟎 , 𝐌𝐇𝟎) . 
 

3.3.4 Comparing Results and Discussion for Group (III):         

Table(3): Illustrates the comparison between the cross sections for the process 𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → 𝒉𝒐(𝑷𝟏 + 𝑷𝟑) →

 𝒉𝒐 (𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) via   𝒉𝒐 𝐚𝐧𝐝 𝒉𝒐 propagators by interchanging the masses of 

Charginos (𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−) at different mass of resultant neutral Higgs boson ( 𝐌𝐡𝟎,𝐌𝐀𝟎,𝐌𝐇𝟎) 

𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → 𝒉𝒐(𝑷𝟏 + 𝑷𝟑) →  𝒉𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) 

 

𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

− 

     i,j = 1,2  

𝐑𝐞𝐬𝐮𝐭𝐚𝐧𝐭 𝐦𝒉° =125 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑨°=135 𝐑𝐞𝐬𝐮𝐭𝐚𝐧𝐭 𝐦𝑯°=140 

Fig. (6.a) Fig. (6.b) Fig. (6.c) 

S(Gev) σ(Pb) S(Gev) σ(Pb) S(Gev) σ(Pb) 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،800)

→ m11 

2155.3 3.6834
× 10−8 

2165.2 3.7766 × 10−8 2171.4 3.8104 × 10−8 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،900)

→ m12 

2300.6 3.4724
× 10−8 

2311.8 3.5603 × 10−8 2316.8 3.5914 × 10−8 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،800)

→ m21 

2301.9 3.6702
× 10−8 

2313.0 3.7631 × 10−8 2315.5 3.8241 × 10−8 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،900)

→ m22 

2447.2 3.5383
× 10−8 

2457.2 3.6144 × 10−8 2463.4 3.6461 × 10−8 



   35                                 Investigation of production of neutral Higgs boson and two charged charginos .... 

Arab J. Nucl. Sci. Appl., Vol. 56, 5, (2023)   

 

 

By investigation and by the Feynman rules, we computed 

the cross sections (σ) as a function of center of mass energy 

(S) for the process 𝑒−(𝑝1) + 𝑒+(𝑝3) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) +

Hℓ
° (𝑝5) via ℎo and ℎ𝑜 propagators. Figs.6 (a-c) show that, at 

S increase from 1600 to 3500, the maximum value for the 

cross-sections diverge at various values of Chargino mass 

(mχ̃i
+ , mχ̃j

−) and different value of neutral Higgs boson 

mass( Mh0 , MA0 , MH0). From table (3) the best value of σ is 

(3.8241 × 10−8) Pb when masses of Charginos are  mχ̃j
− =

800 GeV, mχ̃i
+ = 700 GeV  and m𝐻ℓ

°  = 140 GeV 

3.4   Group (IV) 𝒁𝒐 and 𝒁𝒐are the propagators 

3.4.1 Feynman Diagram for Group (IV) 

 

 

 

 

Fig. (7): Feynman diagram for the process 𝒆−(𝒑𝟏) +

𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) via 𝐙𝐨 and 𝐙𝐨   

3.4.2 Matrix element and Probability of reaction 

for Group (IV) 

There should be 48 possibilities from (145 – 192) and 

the Matrix element is: 

𝑀(145−192) = (
−𝑔

2 𝑐𝑜𝑠 𝜃𝑤
𝛾𝛼  (

1

2
− 2Qi sin2 𝜃𝑤 −

1

2
 𝛾5 ))𝑈𝑒−(𝑃1)�̅�𝑒+(𝑃3) (𝑖𝑔(

𝑚𝑍𝐶𝑜𝑠(𝛽−𝛼)

𝐶𝑜𝑠 𝜃𝑤
)gµʋ)(σ2 − mZ

2)−1(S2 −

mZ
2)−1(𝑒

cos2 𝜃𝑤−sin2 𝜃𝑤

2 𝑠𝑖𝑛 𝜃𝑤 𝑐𝑜𝑠 𝜃𝑤
(P2 − P1))  𝑉�̃�𝑖

+(P2)U̅�̃�𝑗
−(P4) [35,36] 

Where: 

Qi is a unitary matrix , gµʋ is a (symmetric 4 x 4) metric tensor 

As, β = 56.3, α = - 34.48, 𝜃𝑤=28.7, e = 0.302822 

3.4.3 Cross Section Calculations in (Pb) for Group 

(IV): 

 The cross sections as a function of center of mass 

energy for the Feynman diagrams of fig. (7) have been 

calculated and the results are shown in fig.8 (a-c) by 

interchanging the mass of charginos (mχ̃i
+ , mχ̃j

−) and the 

mass of neutral Higgs boson ( Mh0,MA0,MH0) 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (8.a) 𝐦𝒉° = 𝟏𝟐𝟓 𝐆𝐞𝐕 Fig. (8.b) 𝐦𝑨° = 𝟏𝟑𝟓 𝐆𝐞𝐕 

 

                        

 

 

 

 

 

 

 

 

Fig. (8.c) 𝐦𝑯° = 𝟏𝟒𝟎 𝐆𝐞𝐕 

 

Fig.8 (a-c): The cross sections for the process 𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) as a function of 

center of mass energy via  𝐙𝐨 𝐚𝐧𝐝 𝐙𝐨 propagators by interchanging the mass of (𝐦�̃�𝒊
+ , 𝐦�̃�𝐣

−) and the 

mass of neutral Higgs boson  ( 𝐌𝐡𝟎 , 𝐌𝐀𝟎 , 𝐌𝐇𝟎). 
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3.4.4 Comparing Results and Discussion for Group (IV): 

Table(4): Illustrates the comparison between the cross sections for the process 𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → 𝒁𝒐(𝑷𝟏 +

𝑷𝟑) →  𝒁𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) via   𝐙𝐨 𝐚𝐧𝐝 𝐙𝐨 propagators by interchanging the masses of 

Charginos (𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−) at different mass of resultant neutral Higgs boson ( 𝐌𝐡𝟎,𝐌𝐀𝟎,𝐌𝐇𝟎) 

𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → 𝒁𝒐(𝑷𝟏 + 𝑷𝟑) →  𝒁𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) 

 

𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

− 

     i,j = 1,2 

𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝒉° =125 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑨°=135 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑯°=140 

Fig. (8.a) Fig. (8.b) Fig. (8.c) 

S(Gev) σ(Pb) S(Gev) σ(Pb) S(Gev) σ(Pb) 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،800)

→ m11 

2303.1 5.6681 × 10−4 2316.6 5.8589 × 10−4 2323.9 5.9607 × 10−4 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،900)

→ m12 

2465.7 5.8557 × 10−4 2478.0 5.9955 × 10−4 2480.4 6.0985 × 10−4 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،800)

→ m21 

2457.2 6.8206 × 10−4 2470.6 7.0339 × 10−4 2475.5 7.1179 × 10−4 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،900)

→ m22 

2596.6 7.1690 × 10−4 2600.2 7.3345 × 10−4 2600.2 7.3934 × 10−4 

 

By investigation and by the Feynman rules, we 

computed the cross sections (σ) as a function of center of 

mass energy (S) for the process 𝑒−(𝑝1) + 𝑒+(𝑝3) →

𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) + Hℓ
° (𝑝5) via 𝑍o and 𝑍𝑜 propagators. 

Figs.8 (a-c) show that, as S increases from 1600 to 3500, 

the maximum value for the cross-sections diverge at 

varies values of Chargino mass (mχ̃i
+ , mχ̃j

−) and different 

value of neutral Higgs boson mass( Mh0 , MA0 , MH0). 

From Table (4) the best value of σ is (7.3934 × 10−4) Pb 

when masses of Charginos are  mχ̃j
− = 900 GeV, mχ̃i

+ =

700 GeV  and m𝐻ℓ
°  = 140 GeV 

3.5   Group (V) via �̃�𝒐 and 𝒁𝒐are the propagators 

3.5.1 Feynman Diagram for Group (V)  

 

 

 

 

 

 

 

Fig. (9): Feynman diagram for the process 𝒆−(𝒑𝟏) +

𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) + �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) via �̃�𝒐 and 𝐙𝐨   

3.5.2 Matrix element and Probability of reaction 

for Group (V)  

There should be 48 possibilities from (193-240) and 

the Matrix element is: 

𝑀(193−240) =

(−𝑖 𝑒
1

2 𝑆𝑖𝑛 𝜃𝑤
 

𝑚𝑓

𝑚𝑤
 𝛾5)𝑈𝑒−(𝑃1)�̅�𝑒+(𝑃3) (

𝑖 𝑒

2 𝑆𝑖𝑛 𝜃𝑤𝐶𝑜𝑠 𝜃𝑤
 ((1 −

𝜀)P2 − (1 + 𝜀)P4)) (σ2 − mZ
2)−1(S2 − mχ̃𝑜

2 )
−1

 

 (𝑒
cos2 𝜃𝑤−sin2 𝜃𝑤

2 𝑠𝑖𝑛 𝜃𝑤 𝑐𝑜𝑠 𝜃𝑤
(P2 − P1)) 𝑉�̃�𝑖

+(P2)U̅�̃�𝑗
−(P4) [37,38]    

Where:  

mf, is mass of electron = 0.000511 Gev/C2 ,mw = 80 

Gev/C2                                                                                                                                 

εij = 1, because we use different masses of charginos, e = 

0.302822 

3.5.3 Cross Section Calculations in (Pb) for Group (V): 

The cross sections as a function of the center of mass 

energy for the Feynman diagrams of Fig. (9) have been 

calculated and the results are shown in Fig.10 (a-c) by 

interchanging the mass of charginos (mχ̃i
+ , mχ̃j

−) and the 

mass of neutral Higgs boson ( Mh0,MA0,MH0) 
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Fig. (10.a) 𝐦𝒉° = 𝟏𝟐𝟓 𝐆𝐞𝐕 Fig. (10.b) 𝐦𝑨° = 𝟏𝟑𝟓 𝐆𝐞𝐕 

 

 

 

 

 

 

 

 

 

 

 

Fig. (10.c) 𝐦𝑯° = 𝟏𝟒𝟎 𝐆𝐞𝐕 
 

Fig.10(a-c): The cross sections for the process 𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) as a function of center 

of mass energy via  �̃�𝒐 𝐚𝐧𝐝 𝐙𝐨 propagators by interchanging the mass of (𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−) and the mass of 

neutral Higgs boson  ( 𝐌𝐡𝟎 , 𝐌𝐀𝟎 , 𝐌𝐇𝟎). 
 

3.5.4 Comparing Results and Discussion for Group (V): 

Table(5): Illustrates the comparison between the cross sections for the process 𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → �̃�𝒐(𝑷𝟏 + 𝑷𝟑) →
 𝒁𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊

+(𝒑𝟐) + �̃�𝒋
−(𝒑𝟒) via �̃�𝒐 𝐚𝐧𝐝 𝐙𝐨 propagators by interchanging the masses of Charginos 

(𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

−) at different mass of resultant neutral Higgs boson ( 𝐌𝐡𝟎,𝐌𝐀𝟎,𝐌𝐇𝟎). 

𝒆−(𝑷𝟏) + 𝒆+(𝑷𝟑) → �̃�𝒐(𝑷𝟏 + 𝑷𝟑) →  𝒁𝒐(𝑷𝟐 + 𝑷𝟒) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) 

 

𝐦�̃�𝐢
+ , 𝐦�̃�𝐣

− 

     i,j = 1,2  

𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝒉° =125 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑨°=135 𝐑𝐞𝐬𝐮𝐥𝐭𝐚𝐧𝐭 𝐦𝑯°=140 

Fig. (10.a) Fig. (10.b) Fig. (10.c) 

S(Gev) σ(Pb) S(Gev) σ(Pb) S(Gev) σ(Pb) 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،800)

→ m11 

2299.9 3.6296
× 10−15 

2312.5 3.7490
× 10−15 

2322.5 3.8017
× 10−15 

m
(χ̃i

+ ، χ̃j
−  )

→ m(600 ،900)

→ m12 

2466.9 3.7348
× 10−15 

2475.6 3.8371
× 10−15 

2485.7 3.8918
× 10−15 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،800)

→ m21 

2453.1 4.3486
× 10−15 

2470.6 4.4712
× 10−15 

2475.6 4.5401
× 10−15 

m
(χ̃i

+ ، χ̃j
−  )

→ m(700 ،900)

→ m22 

2596.1 4.5590
× 10−15 

2598.6 4.6473
× 10−15 

2598.6 4.6842
× 10−15 
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By investigation and by the Feynman rules, we 

computed the cross sections (σ) as a function of center of 

mass energy (S) for the process 𝑒−(𝑝1) + 𝑒+(𝑝3) →

𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) + Hℓ
° (𝑝5) via χ̃𝑜 and 𝑍𝑜 propagators. 

Figs.10 (a-c) show that, as S increase from 1600 to 3500, 

a maximum value for the cross-sections is diverge at 

varies values of Chargino mass (mχ̃i
+ , mχ̃j

−) and different 

value of neutral Higgs boson mass( Mh0 , MA0 , MH0). 

From table (5) the best value of σ is (4.6842 × 10−15) 

Pb when masses of Charginos are  mχ̃j
− = 900 GeV, 

mχ̃i
+ = 700 GeV  and m𝐻ℓ

°  = 140 GeV 

4. RESULTS AND DISCUSSION 

Based on the investigation of the production of neutral 

Higgs boson and two charged charginos from electron – 

positron annihilation via different propagators for 

interaction 𝑒−(𝑝1) + 𝑒+(𝑝3) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) +

Hℓ
° (𝑝5)  we can study the cross-sections σ (Pb) as a 

function of center of mass energy S (GeV). We 

estimated the cross sections for this interaction in the 

Minimal Supersymmetric Standard Model (MSSM). 

We draw all Feynman diagrams probabilities for the 

reaction 𝑒−(𝑝1) + 𝑒+(𝑝3) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) +

Hℓ
° (𝑝5) arranged according to the propagators, we have 

180 probabilities of the reaction divided into five groups. 

Groupe (I) Production via  h0 and Z0propagators, 

  𝑒−(𝑃1) + 𝑒+(𝑃3) → h𝑜(𝑃1 + 𝑃3) →  𝑍𝑜(𝑃2 + 𝑃4) →

𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) 

Groupe (II) Production via  Z0 and h0propagators, 

  𝑒−(𝑃1) + 𝑒+(𝑃3) → Z𝑜(𝑃1 + 𝑃3) →  ℎ𝑜(𝑃2 + 𝑃4) →
𝜒𝑖

+(𝑝2) +  𝜒𝑗
−(𝑝4) 

Groupe (III) Production via  h0 and h0propagators, 

  𝑒−(𝑃1) + 𝑒+(𝑃3) → h𝑜(𝑃1 + 𝑃3) →  ℎ𝑜(𝑃2 + 𝑃4) →
𝜒𝑖

+(𝑝2) +  𝜒𝑗
−(𝑝4) 

Groupe (IV) Production via  Z0 and Z0propagators, 

  𝑒−(𝑃1) + 𝑒+(𝑃3) → Z𝑜(𝑃1 + 𝑃3) →  𝑍𝑜(𝑃2 + 𝑃4) →
𝜒𝑖

+(𝑝2) +  𝜒𝑗
−(𝑝4) 

Groupe (V) Production via  h0 and Z0propagators, 

  𝑒−(𝑃1) + 𝑒+(𝑃3) → χ̃o(𝑃1 + 𝑃3) →  𝑍𝑜(𝑃2 + 𝑃4) →
𝜒𝑖

+(𝑝2) +  𝜒𝑗
−(𝑝4) 

We calculated the cross – sections σ (Pb)  as a function 

of the center of mass energy S (GeV) at different values 

of  Chargino mass (mχ̃i
+ , mχ̃j

−) where, m(χ̃i
+ ، χ̃j

−  ) →

m(600 ،800), m(χ̃i
+ ، χ̃j

−) → m(600 ،900) , m(χ̃i
+ ، χ̃j

−  ) →

m(700 ،800)m(χ̃i
+ ، χ̃j

−  ) → m(700 ،900), and different values 

of neutral Higgs boson mass ( Mh0 = 125 𝐺𝑒𝑉 , MA0 =
135 𝐺𝑒𝑉, MH0 = 140 𝐺𝑒𝑉) for fives groups.  

And draw the cross—sections as a function of incident 

energy for all probabilities, there are 60 curves. 

 

By comparing the results of the peak values for cross- sections of all curves we found that: 
 

Table (6): The peak values of the cross sections of the interaction 𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑) → �̃�𝒊
+(𝒑𝟐) +  �̃�𝒋

−(𝒑𝟒) + 𝐇𝓵
° (𝒑𝟓) via 

different propagators, with different masses of Charginos (𝐦�̃�𝐢
+, 𝐦�̃�𝐣

−) and neutral Higgs boson mass 𝐌𝐇𝟎 at 

different values of incident energies for five groups. 
 

Group 

NO 

𝒆−(𝒑𝟏) + 𝒆+(𝒑𝟑)  →  
�̃�𝒊

+(𝒑𝟐) + �̃�𝒋
−(𝒑𝟒) + 𝐇𝓵

° (𝒑𝟓) 

Fig.

no. 

𝒎𝒉𝟎,𝑨𝟎,𝑯𝟎 

(GeV) 

𝐦�̃�𝐢
+𝐦�̃�𝒋

− 

(GeV/ C2) 

    S  

(GeV)   

σmax 

(Pb) 

      1st Production via  h0 and Z0   

𝑒−(𝑃1) + 𝑒+(𝑃3) → h𝑜(𝑃1 + 𝑃3) 

→  𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) 

2.b 𝒎𝐻𝟎 

=135𝐺𝑒𝑉 

700,900 2599.9 8.6577 × 10−17 

      

2nd 

Production via Z0and h0   

𝑒−(𝑃1) + 𝑒+(𝑃3) → 𝑍𝑜(𝑃1 + 𝑃3) 

→  ℎ𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) 

4.c 𝒎𝐻𝟎 

=140𝐺𝑒𝑉 

700,900 2477.2 1.3572 × 10−5 

      

3rd 

Production via h0 and h0   

𝑒−(𝑃1) + 𝑒+(𝑃3) → ℎ𝑜(𝑃1 + 𝑃3) 

→  ℎ𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) 

6.c 𝒎𝐻𝟎 

=140𝐺𝑒𝑉 

700,800 2315.5 3.8241 × 10−8 

      4th Production via Z0and  Z0   

𝑒−(𝑃1) + 𝑒+(𝑃3) → 𝑍𝑜(𝑃1 + 𝑃3) 

→  𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) 

8.c 𝒎𝐻𝟎 

=140𝐺𝑒𝑉 

700,900 2600.2 7.3934 × 10−4 

      5th Production via χ̃o and Z0 

𝑒−(𝑃1) + 𝑒+(𝑃3) → χ̃𝑜(𝑃1 + 𝑃3) 

→  𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) 

10.c 𝒎𝐻𝟎 

=140𝐺𝑒𝑉 

700,900 2598.6 4.6842 × 10−15 
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The dominant process  

Is Group (IV),  𝑒−(𝑃1) + 𝑒+(𝑃3) → Z𝑜(𝑃1 + 𝑃3) →

 𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) 

 in which S interval (1600- 3500) Gev, the best value of 

σ is ( 7.3934 × 10−4 ) Pb. When masses of Charginos 

are m�̃�𝑗
− = 900 GeV, m�̃�𝑖

+ = 700 GeV and mass of 

neutral Higgs boson is  m𝐻ℓ
°  = 140 GeV 

The competing process 

Is Group (II),  𝑒−(𝑃1) + 𝑒+(𝑃3) → Z𝑜(𝑃1 + 𝑃3) →

 ℎ𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) 

 in which S interval (1600- 4000) Gev, the best value of 

σ is ( 1.3572 × 10−5 ) Pb. When masses of Charginos 

are m�̃�𝑗
− = 900 GeV, m�̃�𝑖

+ = 700 GeV and mass of 

neutral Higgs boson is  m𝐻ℓ
°  = 140 GeV 

And the other processes  

Are Group (III),  𝑒−(𝑃1) + 𝑒+(𝑃3) → h𝑜(𝑃1 + 𝑃3) →

 ℎ𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) 

 in which S interval (1600- 3500) Gev, the best value of 

σ is ( 3.8241 × 10−8 ) Pb. When masses of Charginos 

are m�̃�𝑗
− = 800 GeV, m�̃�𝑖

+ = 700 GeV and mass of 

neutral Higgs boson is  m𝐻ℓ
°  = 140 GeV 

Group (V),  𝑒−(𝑃1) + 𝑒+(𝑃3) →  χ̃o(𝑃1 + 𝑃3) →

 𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) 

 in which S interval (1600- 3500) Gev, the best value of 

σ is (4.6842 × 10−15 ) Pb. When masses of Charginos 

are m�̃�𝑗
− = 900 GeV, m�̃�𝑖

+ = 700 GeV and mass of 

neutral Higgs boson is  m𝐻ℓ
°  = 140 GeV 

Group (I),  𝑒−(𝑃1) + 𝑒+(𝑃3) → ℎ𝑜(𝑃1 + 𝑃3) →

 𝑍𝑜(𝑃2 + 𝑃4) → 𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) 

 in which S interval (1600- 4000) Gev, the best value of 

σ is (8.6577 × 10−17 ) Pb. When masses of Charginos 

are m�̃�𝑗
− = 900 GeV, m�̃�𝑖

+ = 700 GeV and mass of 

neutral Higgs boson is  m𝐻ℓ
°  = 135 GeV 

5. CONCLUSION 

Identifying the scenario with the highest cross-

section for the reaction was successfully investigated. 

 𝑒−(𝑝1) + 𝑒+(𝑝3) → 𝜒𝑖
+(𝑝2) + 𝜒𝑗

−(𝑝4) + Hℓ
° (𝑝5).The 

cross-sections for this interaction in the Minimal 

Supersymmetric Model (MSSM) were calculated. Our 

results show that the best cross section increases to 

(7.3934 × 10−4 Pb) at (S= 2600.2 GeV) when masses of 

Charginos are m�̃�𝑗
− = 900 GeV, m�̃�𝑖

+ = 700 GeV  and 

mass of neutral Higgs boson is m𝐻ℓ
° = 140 GeV, via 𝑍0 

and 𝑍0  boson propagators exchange in Fig. (3.c) for the 

reaction Production via Z0and  Z0 

𝑒−(𝑃1) + 𝑒+(𝑃3) → 𝑍𝑜(𝑃1 + 𝑃3) →  𝑍𝑜(𝑃2 + 𝑃4) →

𝜒𝑖
+(𝑝2) +  𝜒𝑗

−(𝑝4) in group (IV) 
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