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Two Charginos (�̃�±) and neutralino (�̃�𝐨) produced in the Minimal Supersymmetric 

Standard Model (MSSM) via the process 𝒆−(𝒑𝟏) + 𝒆
+(𝒑𝟑) → �̃�𝒊

−(𝒑𝟐) + �̃�𝒋
+(𝒑𝟒) + �̃�𝓵

° (𝒑𝟓) 

and the cross sections for this interaction calculated by Feynman rules when 𝜸°  is the 

propagator, and  �̃�𝓵
𝟎 is a leg from (𝒆−) or from (𝒆+) where  𝒊, 𝒋 = 𝟏, 𝟐, 𝒂𝒏𝒅 𝓵 = 𝟏, 𝟐, 𝟑, 𝟒. 

There are (128) different possible situations. The cross-sections σ (pb) calculated and 

graphed as a function of S (GeV) (center of mass energy) based on (MSSM), The 

mechanisms of Feynman diagram can be detected as: 

      𝒆−(𝑷𝟏 − 𝑷𝟓) + 𝒆
+(𝑷𝟑) → 𝜸

𝟎(𝑷𝟐 + 𝑷𝟒) → 𝝌𝒊
−(𝐏𝟐) + 𝝌𝒋

+(𝐏𝟒) 

𝒆−(𝑷𝟏) + 𝒆
+(𝑷𝟑 − 𝒑𝟓) → 𝜸

𝟎(𝑷𝟐 +𝑷𝟒) → 𝝌𝒊
−(𝐏𝟐) + 𝝌𝒋

+(𝐏𝟒) 

At S interval (400- 2000) GeV, the best value of σ is ( 𝟏. 𝟏𝟖 ) Pb when �̃�𝓵
𝟎 is a leg from 

(𝒆−) and masses of Charginos are  𝐦�̃�𝒊
− = 𝟕𝟎𝟎 𝐆𝐞𝐕, 𝐦�̃�𝒋

+ = 𝟔𝟎𝟎𝐆𝐞𝐕 and  𝐦�̃�𝓵
𝟎 = 𝟑𝟎𝟎 𝐆𝐞𝐕   
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1. INTRODUCTION 

In the standard model (SM) the interactions between 

the fundamental particles at the weak scale are explained 

and the properties of elementary particles are described, 

Leptons and Quarks (fermions), and describe the mediator 

of the gauge field (bosons) [1]. Higgs mechanism 

generates both fermions and gauge bosons (𝑍,𝑊±, 𝑔𝑎 ) 

masses, while the photon leaving massless [2]. 

SM predicts a single neutral Higgs boson 𝐻°, which 

discovered in 2012 at LHC ( mH° = 125 GeV ). This 

discovery is a strong verification of the electroweak 

symmetry breaking mechanism in the SM [3, 4, and 5]. 

A large quantity of literature published in recent decades 

about a higher scale and new physics at higher scales 

proposed called beyond the Standard Model. 

In supersymmetric standard model (SUSY), the 

strong and the electroweak interactions described from 

Planck scale to the weak scale [6]. There is a 

supersymmetric companion for each SM particle. The 

particles have half-spin differences and collective into a 

super field [7]. 

In the minimal supersemmetric standard model 

(MSSM), every matter fields and the gauge fields in SM 

have their superpartner, and it includes two Higges 

doublet superfields: 𝐻1
° and 𝐻2

°which give masses to the 

isospin −
1

2
   and +

1

2
 particles respectively [6]. This 

differs in SM, where the Higgs Mechanism can generate 

both u (up) and d (down) type masses with just one 

Higgs doublet [1] 

The superpartner of electroweak bosons (gaugenos) 

associate to superpartners of Higgs bosons (Higgsinos) 

and form four neutralino  𝜒i
° and two charginos  𝜒i

±[8]. 

In supersymmetric theories, winos (�̃�±) and charged 

higgsinos (�̃�±), which are the superpartner of W boson 

(𝑊±) and charged higgs boson (𝐻±), combined to form 

two charginos [9].  𝜒i
± . They produced in pairs at s-

channel by 𝑍° and 𝛾°  [10, 11]  

 

Fig. (1): Feynman diagrams for chargino pair 

production via s-channel  
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The lifetime of charginos between 0.1 and 10 ns and 

the lightest chargino mass greater than103.5 GeV [12, 

13, 14].  

The mass of lightest chargino  𝜒1
± greater than the mass 

of lightest neutralino  𝜒1
°   and it decay to the lightest 

neutralino   𝜒1
°  and a pair of fermions (f) which are 

quarks and antiquarks or leptons and neutrinos [13] 

   𝜒1
± → 𝜒1

° + 𝑓𝑓 ˋ̅                                                 (1) 

The MSSM Lagrangian for the chargino masses defined 

as follows: 

ℒ = −
1

2
(𝜓𝑖

+𝜓𝑖
−)(

0 ℳ�̃�±
𝑇

ℳ�̃�± 0
)(𝜓𝑖

+

𝜓𝑖
−)               (2) 

The Weyl states 𝜓𝑖
+ = (𝑖𝜆+, 𝜓𝐻2

1 )  and 𝜓𝑖
− = (𝑖𝜆−, 𝜓𝐻1

2 ) 

used to obtain the mass eigenstates in Dirac notation 𝜒𝑖
± 

with the following relations: 

𝜒𝑖
± = (

�̃�𝑖
±

�̃�𝑖
∓)   , 𝜒𝑖

+ = 𝑉𝑖𝑗𝜓𝑗
+  , 𝜒𝑖

− = 𝑈𝑖𝑗𝜓𝑗
−            (3) 

The charginos mass matrix given below: 

ℳ�̃�± = (
𝑀𝑆𝑈(2) √2𝑚𝑊 cos𝛽

√2𝑚𝑊 sin𝛽 𝜇
)                (4) 

Where: 

 𝑚𝑊 : W-boson mass 

tan𝛽 = 𝑣2 𝑣1 ⁄ : The ratio of vacuum expectation values 

of two Higgs 

𝑀𝑆𝑈(2): Parameter of gaugino mass associated with 

SU(2) symmetry group 

μ: parameter of supersymmetric Higgs mass. 

With two unitary matrices U and V, the diagonalization 

of the charginos mass matrix ℳ�̃�±   performed [6] 

𝑑𝑖𝑎𝑔 (𝜒1
+, 𝜒2

+) = 𝑈∗ℳ�̃�±𝑉
−1                            (5) 

Neutralino is a hypothetical particle relating bosons to 

fermions There are four neutralino 𝜒1
° , 𝜒2

° , 𝜒3
° , 𝜒4

°   each is 

a mixture of neutral gauage boson (B̃o ,W̃o) bino and 

neutral Wino and two neutral higgsinos H̃1
oand H̃2

o [9] 

and there mass at the weak scale in the range (10-1000 

GeV) 

Through the Z boson, the heavier neutalino decays to a 

lighter neutralino, and through the W boson, it decays to 

a light chargino [15]. The lightest neutralino is the 

lightest supersymmetric particle (LSP) which is stable 

when R-parity conserved [16], and consider the basic of 

Weakly Interacting Massive Particles (WIMPs) which 

makes up the universe's cold dark matter 

The universe composed of 23% dark matter, which 

consist of 

- Baryonic dark matter: made up of baryons (i.e. protons 

and neutrons and combinations of these), such as black 

holes, neutron stars  

- Non- baryonic dark matter divided into three categories 

of nonbaryonic dark matter (Hot Dark Matter (HDM), 

Warm Dark Matter (WDM), and Cold Dark Matter 

(CDM)) 

The terms hot, warm and cold refer to particles speed 

rather than temperature. Axions and neutralinos are 

examples of cold dark matter that have classical 

velocities motion. Gravitinos are examples of Warm 

dark matter that have relativistically motion and 

neutrinos are examples of hot dark matter that 

ultrarelativistically motion. 

In nature, there are two ways to observe neutralino 

dark matter experimentally.  The 1st  directly by using 

detectors of semiconductor and through other 

experiments such as Cryogenic dark matter search 

(CDMS). The 2nd indirectly by using  𝛾 ray and neutrino 

telescopes [17,18] 

The MSSM Lagrangian for neutralino masses defined 

as follows: 

ℒ𝑚 = −
1

2
(𝜓0)𝑇 ℳ�̃�°  𝜓

0 + ℎ. 𝑐.                    (6) 

Where 

(𝜓0)𝑇 = (𝑖�̃�, 𝑖�̃�3, �̃�1
° , �̃�2

°)                             (7)

 

ℳ�̃�° =

(

 
 
 
 

𝑀1
 

0
 

−𝑀𝑍 cos 𝛽 sin 𝜃𝑊
 

0
 

𝑀2
 

𝑀𝑍 cos 𝛽 cos 𝜃𝑊
 

 
–𝑀𝑍 cos 𝛽 sin 𝜃𝑊

 
  𝑀𝑍 sin 𝛽 sin 𝜃𝑊

𝑀𝑍 cos 𝛽 cos 𝜃𝑊
 

−𝑀𝑍 sin 𝛽 cos 𝜃𝑊

0
 
−𝜇

   

𝑀𝑍 sin 𝛽 sin 𝜃𝑊
 

−𝑀𝑍 sin 𝛽 cos 𝜃𝑊
 
−𝜇
 
0

 

)

 
 
 
 

                                   (8) 
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The neutralino mass eigenstates are  𝜒𝑖
0 = 𝑁𝑖𝑗𝜓𝑗

0   

where N diagonalizing ℳ�̃�°  and the neutralino masses 

are 𝑚�̃�𝑖
0  𝜂𝑁𝑖 = 𝑁𝑖𝑚𝑁𝑗𝑛(𝑀�̃�°)𝑚𝑛 

If eigenvalue was positive (negative), 𝜂𝑁𝑖 = +1(−1), 

that leaves the mass 𝑚�̃�𝑖
0 positive  

There are three variables or soft terms ( 𝑀2, 𝜇  and tan𝛽) 

in chargino mass matrix and four variables or soft terms 

(𝑀1,𝑀2 ,𝜇 and tan𝛽) in neutralino mass matrix [19]. 

Where: 

𝑀1: The soft-breaking bino mass  

𝑀2: The soft-breaking wino mass 

𝑚�̃�1
± ≃ 𝑚�̃�2° ≃ 2𝑚�̃�1°                                           (9) 

𝑚�̃�2
± ≃ 𝑚�̃�3° ≃ 𝑚�̃�4° ≃ |𝜇|                                 (10) 

 The relation in grand unification theory GUT between 

𝑀1 and 𝑀2: 

𝑀1 =
5

3
tan 𝜃𝑤

2 𝑀2                                           (11) 

Where 𝜃𝑤is the Weinberg angle and cos𝜃𝑤 =
𝑀𝑤

𝑀𝑧
 

slepton is a Superpartner of a lepton that described 

by Supersymmetry in particle physics,. It has same 

flavour and electric charge alike leptons but have no 

spin. selectron �̃�ℎ is an example for superpartner of 

electron [20] 

 

2.Feynman Diagram and M-Matrix For The process : 

 

 

(a) 

Fig. 2 (a): Feynman diagrams for the process 𝐞−(𝐏𝟏) +

𝐞+(𝐏𝟑) → �̃�𝒊
−(𝐏𝟐) + �̃�𝒋

+(𝐏𝟒) + �̃�𝓵
𝟎(𝐏𝟓)  via  𝜸𝟎 

boson propagator when �̃�𝓵
𝐨 is a leg from 

electron. There are (1-64)   diagrams. 

 

 

(b) 

Fig. 2 (b): Feynman diagrams for the process 𝐞−(𝐏𝟏) +

𝐞+(𝐏𝟑) → �̃�𝒊
−(𝐏𝟐) + �̃�𝒋

+(𝐏𝟒) + �̃�𝓵
𝟎(𝐏𝟓)  via  𝜸𝟎 

boson propagator when �̃�𝓵
𝐨 is a leg from 

positron. There are (65-128)   diagrams. 

 

• For fig.  2 (a) there are 64 situations from (1 – 64) 

and the Matrix element is: 

𝑀(514−577) = 𝑖𝑈𝑒−(𝑃1) (𝑁 +

𝑁∗𝛾5) �̅��̃�0(𝑃5) 
1

(𝑃1−𝑃5)
2−𝑚𝑒

2  �̅�𝑒+(𝑃3) 𝑒(𝑠 −

𝑃5) 
1

𝜎2−𝑚𝛾
2  𝑒 �̅��̃�−(𝑃2) �̅��̃�+(𝑃4)                   (12) 

• For fig. 2 (b) there are 64 situations from (65 – 128) 

and the Matrix element is: 

𝑀(578−641) = −𝑖�̅�𝑒+(𝑃3) (𝑁 +

𝑁∗𝛾5) �̅��̃�0(𝑃5) 
1

(𝑃3−𝑃5)
2−𝑚𝑒

2  𝑈𝑒−(𝑃1) 𝑒(𝑠 −

𝑃5) 
1

𝜎2−𝑚𝛾
2  𝑒 �̅��̃�−(𝑃2) �̅��̃�+(𝑃4)                   (13) 

 

2.1. Calculations of Cross sections in (pb):  

Two charginos (χ̃i
−, χ̃j

+) and neutralino χ̃ℓ
°  with 

momenta p2, p4, p5 produced and their masses 

m2, m4, m5 and the initial states have momenta 

p1, p3and their masses  m1, m3 . 

p1 + p3 = p2 + p4 + p5                           (14) 

s = σ + p5                                                  (15) 

The cross section (σ) for the reaction e−(p1) +

e+(p3) → χ̃i
−(p2) + χ̃j

+(p4) + χ̃ℓ
° (p5)  calculated from 

this equation: 

σ = ∫π2|M|2
dx dy dσ2

Λ(S,m1, m3)Λ(S, σ,m5)
              (𝟏𝟔) 

Where M is the matrix element, by applying Feynman 

rules we can write the M-matrix for the Feynman 

diagram and the trace theorem used to calculate the 
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square matrix (|𝑀|2) and the function Λ defined as 

[21,22]  :  

Λ(x, y, z) = [x4 + y4 + z4 − 2x2y2 − 2x2z2 − 2y2z2]1 2⁄  (17) 

Then, by using Mathematica program the integration 

simplifying and the limit of integration are   

x± =
1

4S2
[(S2 +m1

2 −m3
2)(S2 − σ2 +m5

2) ±

Λ(S,m1, m3)Λ(S, σ,m5)]                                          (18) 

y± =
1

4σ2
[(σ2 +m2

2 −m4
2)(S2 − σ2 +m5

2) ±

Λ(σ,m2, m4)Λ(S, σ,m5)]                                         (19) 

(m2 +m4)
2 ≤ σ2 ≤ (S2 −m5

2)2                            (20) 

The cross sections calculated and the results graphed 

and tabled 

The values of charginos and neutralinos in our 

counting assumed to be: 

mχ̃(𝑖)
− = (600 , 700) GeV ,    mχ̃(𝑗)

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

mχ̃10 = 300 GeV,mχ̃20 = 600 GeV,mχ̃30 = 700 GeV,mχ̃40 = 800 GeV 

By applying Feynman rules and using equation (16) 

and Mathematica program, the cross sections for the 

Feynman diagram of fig. 2 (a) calculated and the results 

given in figs.3 (a-d) by interchanging the mass of 

charginos (mχ̃i
− , mχ̃j

+) at different mass of Neutralino 

m�̃�ℓ°
for the interaction e−(p1) + e

+(p3) → χ̃i
−(p2) +

χ̃j
+(p4) + χ̃ℓ

° (p5) 

m
(χ̃i
− ،  χ̃j

+)
→ m(600 ، 600) → m11( blue) 

m
(χ̃i
− ،  χ̃j

+)
→ m(700 ،700) → m22(red) 

m
(χ̃i
− ،  χ̃j

+)
→ m(600 ،700) → m12(green) 

m
(χ̃i
− ،  χ̃j

+)
→ m(700 ،600) → m21(pink) 

 
 

Fig. 3 (a) 𝐦�̃�𝟏
𝐨 = 𝟑𝟎𝟎 𝐆𝐞𝐕 

 

Fig. 3 (b) 𝐦�̃�𝟐
𝐨 = 𝟔𝟎𝟎 𝐆𝐞𝐕 

 

 

Fig. 3 (c) 𝐦�̃�𝟑
𝐨 = 𝟕𝟎𝟎 𝐆𝐞𝐕 

 

 
 

Fig. 3 (d)  𝐦�̃�𝟒
𝐨 = 𝟖𝟎𝟎 𝐆𝐞𝐕 

 

Fig. 3(a-d): The cross sections for the process 𝒆−(𝒑𝟏) +

𝒆+(𝒑𝟑) → �̃�𝒊
−(𝒑𝟐) + �̃�𝒋

+(𝒑𝟒) + �̃�𝓵
° (𝒑𝟓) as a 

function of (s) via 𝛄𝐨 propagator and  �̃�𝓵
𝐨 is a leg 

from electron by interchanging the mass of 

charginos (𝐦�̃�𝐢
− ,𝐦�̃�𝐣

+) at different mass of 

Neutralino 𝐦�̃�𝓵
°  

 



   5                                     Formation Charginos and Dark matter from electron- positron annihilation 

Arab J. Nucl. Sci. Appl., Vol. 56, 4, (2023)   

 

 

Table (1): cross section for the process  𝐞−(𝐏𝟏 − 𝐏𝟓) + 𝐞
+(𝐏𝟑) → 𝛄

𝐨(𝐏𝟐 + 𝐏𝟒) → 𝛘ı
−(𝐏𝟐) + 𝛘𝐣

+(𝐏𝟒) via  𝛄𝐨 propagator 

and  �̃�𝓵
𝐨 is a leg from electron by interchanging the mass of charginos (𝐦�̃�𝐢

− , 𝐦�̃�𝐣
+) at different mass of 

Neutralino 𝐦�̃�𝓵
°  

 

𝐞−(𝐏𝟏 − 𝐏𝟓) + 𝐞
+(𝐏𝟑) → 𝛄

𝐨(𝐏𝟐 + 𝐏𝟒) → 𝛘ı
−(𝐏𝟐) + 𝛘𝐣

+(𝐏𝟒) 

 
𝐦�̃�𝐢

−𝐦�̃�𝐣
+  

�̃�𝟏
𝟎=300 �̃�𝟐

𝟎=600 �̃�𝟑
𝟎=700 �̃�𝟒

𝟎=800 

Fig. 3 (a) Fig. 3 (b) Fig. 3 (c) Fig. 3 (d) 

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

600,600 960 0.3 1218 0.07 1304 0.05 1390 0.03 

700,700 1076 0.5 1336 0.10 1421 0.07 1507 0.05 

600,700 1126 1.04 1319 0.14 1381 0.09 1442 0.06 

700,600 1105 1.18 1298 0.15 1359 0.10 1418 0.07 

 

• For fig. 2 (b): 

The Cross section for the Feynman diagrams of fig. 2 (b) 

Calculated and the results are given in fig.4 (a-d) by 

interchanging the mass of charginos (mχ̃i
− ,mχ̃j

+) at 

different mass of Neutralino m�̃�ℓ°
 

 

Fig. 4 (a) 𝐦�̃�𝟏
𝐨 = 𝟑𝟎𝟎 𝐆𝐞𝐕 

 

 

Fig. 4 (b) 𝐦�̃�𝟐
𝐨 = 𝟔𝟎𝟎 𝐆𝐞𝐕 

 

 
 

Fig. 4 (c) 𝐦�̃�𝟑
𝐨 = 𝟕𝟎𝟎 𝐆𝐞𝐕 

 

 

Fig. 4 (d)  𝐦�̃�𝟒
𝐨 = 𝟖𝟎𝟎 𝐆𝐞𝐕 

 

Fig. 4 (a-d): The cross sections for the process 𝒆−(𝒑𝟏) +

𝒆+(𝒑𝟑) → �̃�𝒊
−(𝒑𝟐) + �̃�𝒋

+(𝒑𝟒) + �̃�𝓵
° (𝒑𝟓) as a function 

of (s) via 𝛄𝐨propagator and �̃�𝓵
𝐨 is a leg from positron 

by interchanging the mass of charginos (𝐦�̃�𝐢
−, 𝐦�̃�𝐣

+) 

at different mass of Neutralino 𝐦�̃�𝓵
°  
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Table (2): cross sections for the reaction 𝒆−(𝑷𝟏) + 𝒆
+(𝑷𝟑 − 𝒑𝟓) → 𝜸

𝟎(𝑷𝟐 + 𝑷𝟒) → 𝝌𝒊
−(𝐏𝟐) + 𝝌𝒋

+(𝐏𝟒) via 

𝛄𝐨propagator and �̃�𝓵
𝐨 is a leg from positron by interchanging the mass of charginos (𝐦�̃�𝐢

− , 𝐦�̃�𝐣
+) at 

various mass of Neutralino 𝐦�̃�𝓵
°  

𝒆−(𝑷𝟏) + 𝒆
+(𝑷𝟑 − 𝒑𝟓) → 𝜸

𝟎(𝑷𝟐 + 𝑷𝟒) → 𝝌𝒊
−(𝐏𝟐) + 𝝌𝒋

+(𝐏𝟒) 

 
𝐦�̃�𝐢

−𝐦�̃�𝐣
+  

�̃�𝟏
𝟎=300 �̃�𝟐

𝟎=600 �̃�𝟑
𝟎=700 �̃�𝟒

𝟎=800 

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

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

600,600 506 0.0015 800 0.005 900 0.005 714 0.006 

700,700 603 0.0019 1200 0.004 1100 0.004 1100 0.005 

600,700 860 0.005 736 0.006 735 0.007 732 0.007 

700,600 659 0.006 547 0.012 546 0.012 545 0.013 

 

Table (3): The highest values of (σ) for the reaction  𝐞−(𝐏𝟏) + 𝐞
+(𝐏𝟑) → �̃�𝒊

−(𝐏𝟐) + �̃�𝒋
+(𝐏𝟒) + �̃�𝓵

𝟎(𝐏𝟓) , with 

several masses of Charginos (𝐦�̃�𝐢
− , 𝐦�̃�𝐣

+) and Neutralino 𝐦�̃�𝓵
° . 

 

𝐞−(𝐏𝟏) + 𝐞
+(𝐏𝟑) → 𝛘𝐢

−(𝐏𝟐) + 𝛘𝐣
+(𝐏𝟒) + �̃�𝓵

𝟎(𝐏𝟓)  Fig. no. 𝒎�̃�𝓵
𝟎 𝐦�̃�𝐢

−𝐦�̃�𝐣
+ S(GeV) at max σ σ(Pb) 

 

via  𝜸𝟎 propagator and �̃�𝓵
𝟎 emitted from 𝐞− 

 

3 (a) 300𝐺𝑒𝑉 700,600 1105 1.18 

3 (b) 600𝐺𝑒𝑉 700,600 1298 0.15 

3 (c) 700𝐺𝑒𝑉 700,600 1359 0.10 

3 (d) 800𝐺𝑒𝑉 700,600 1418 0.07 

 

via  𝜸𝟎  propagator and �̃�𝓵
𝟎 emitted from 𝐞+ 

 

 

4 (a) 300𝐺𝑒𝑉 700,600 659 0.006 

4 (b) 600𝐺𝑒𝑉 700,600 547 0.012 

4 (c) 700𝐺𝑒𝑉 700,600 546 0.012 

4 (d) 800𝐺𝑒𝑉 700,600 545 0.013 

 

2.2 RESULTS AND DISSECTION 

After studding the Feynman rules and calculate (𝜎) as a 

function of (S) for the reaction 𝑒−(𝑝1) + 𝑒
+(𝑝3) →

𝜒𝑖
−(𝑝2) + 𝜒𝑗

+(𝑝4) + 𝜒ℓ
°(𝑝5)  via γo propagator  

- When   χ̃ℓ
o is a leg from  𝑒− .In figs.3 (a-d), the range 

of energy (s) from 400 to 2000 and there are various 

maximum values for (σ) at several values of Chargino 

mass (  mχ̃i
− ,mχ̃j

+) and several value of neutralino 

mass mχ̃ℓ
0  . From table (1), the best value of σ is 

(1.18) Pb when masses of Charginos are mχ̃i
− =

700 GeV, mχ̃j
+ = 600GeV  and  mχ̃ℓ

0 = 300 GeV  

- When   χ̃ℓ
o is a leg from  𝑒+ .In figs.4 (a-d), the range 

of energy (s) from 400 to 1200, and there are various 

maximum values for (σ) at several values of Chargino 

mass (  mχ̃i
− ,mχ̃j

+) and several value of neutralino 

mass mχ̃ℓ
0. From table (2), the best value of σ is (0.013) 

Pb when masses of Charginos are mχ̃i
− = 700 GeV, 

mχ̃j
+ = 600GeV  and  mχ̃ℓ

0 = 800 GeV  

In figs. (3, 4) we notice the increasing of (σ) when (s) 

increase but at fixed value of (s) we notice decreasing of 

(σ), the range of (s) from 400 to 2000 

The next table shows that the highest values of σ (Pb) 

for each mode and their energy S (GeV) at several values 

of Chargino mass (  mχ̃i
− ,mχ̃j

+) and several value of 

neutralino mass( mχ̃ℓ
0) to conclude the best value of 

cross-section for the reaction e−(P1) + e
+(P3) →

𝜒𝑖
−(P2) + 𝜒𝑗

+(P4) + χ̃ℓ
0(P5) 
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3. CONCLUSION 

The highest cross section (σ) for the 

reaction e−(P1) + e
+(P3) → 𝜒𝑖

−(P2) + 𝜒𝑗
+(P4) +

χ̃ℓ
0(P5) . identified from table (3) 

-The best cross section is (1.18 Pb) at (S= 1105 GeV) 

and masses of Charginos are m�̃�𝑖
− = 700 GeV, 

m�̃�𝑗
+ = 600GeV  and mass of Neutralino  mχ̃ℓ

0 =

300 GeV , via   γopropagator and χ̃ℓ
o is a leg from 

electron in Fig. 3 (a) for the reaction 𝑒−(𝑃1 − 𝑃5) +

𝑒+(𝑃3) → 𝛾
0(𝑃2 + 𝑃4) → 𝜒𝑖

−(P2) + 𝜒𝑗
+(P4)  
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