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Abstract 
The main purpose of this work is to shed light on the possibility of producing 
huge amount of energy based on the construction matter-antimatter plasma 
in a molecular crystal. It is assumed that two beams of isothermal hydrogen 
and antihydrogen are injected into a palladium crystal leading to a plasma 
state composed of particles and antiparticles. The collapse of this state releas-
es a huge amount of energy which can be used as fuel for space shuttles. Thus, 
the novel system of isothermal pressure interaction enhances the energy power 
carried out by the quantum ion acoustic soliton (QIAS). In addition to the 
energy power released from the particle-antiparticle annihilation. The proba-
bility of merging the energy from these two cases is available at certain condi-
tion. The released energy may be a significant step in solving the energy scape 
of Tokomak to produce fusion energy. The study starting from the one-di- 
mensional quantum hydrodynamic model (in which the term of electron- 
positron and proton-antiproton for hydrogen-antihydrogen is included), a 
Korteweg de Vries equation (kdv) is derived, the QIAS energy experiences 
and the annihilation energy power are calculated. It is found that the total 
energy of QIAS and the energy resulting from hydrogen-antihydrogen annihi-
lation are important step towards the establishment of a cold fusion power 
station. 
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1. Introduction 

Antihydrogen, an atom composed of an antiproton orbited by a positron, was 
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created at CERN in 1995 [1]. Fundamental development of the physics of par-
ticle-antiparticle interaction at low energy was achieved by the ATHENA GROUP 
at CERN in 2006 [2]. It was proved for the first time that the collision of a pro-
ton with an antihydrogen leads to the formation of a bound state composed of a 
proton and an antiproton, (identified by the Authors as antiprotonic hydrogen 
and known also as protonium), in which both particles are rotating around each 
other. The binding energy of the antiprotonic hydrogen was calculated as Es = 
−0.75 keV and the lifetime is τ ~ 1.0 × 10−6 s. Formation of protonium ions was 
theoretically confirmed by Abdel-Raouf [3]. Cold fusion based on matter-anti- 
matter interaction was proposed and studied by Abdel-Raouf [4] [5] [6]. On the 
other hand, the last few years have shown a great deal of interest devoted mainly 
to the dynamics and applications of plasmas [7]. 

An interesting application will be announced in this article in which ion acous-
tic solitons (IAS) are formed in a compound plasma system of hydrogen and an-
tihydrogen. The study of analog of IAS, using a simplified hydrodynamic model 
was previously achieved [8]. Since that, there has been a renewed interest in plas-
mas, covering different plasma modes, instabilities, and other nonlinear effects 
[9] [10] [11]. The most important quantities in our study are phase velocity, am-
plitude, and width, and the existence conditions of IAS. Considerable attention 
will be paid to the possible role; these quantities may play in the energy carried 
by the IAS. Let us recall that the interacting solitons may split, fuse, and ex-
change energies during their collisions. Many investigations have been made of 
the soliton energy for different plasma situations [11]. 

The large-scale oscillations are termed “solitons” [12]. IAS are nonlinear and 
coherent plasma structures that qualitatively share many properties with the low- 
frequency fluctuations we have measured in the system of high energetic plasma 
of hydrogen-antihydrogen collision [13]. Solitons propagate in plasma near the 
ion acoustic speed, they are coherent and can be periodically excited. In a de-
parture with previous linear perturbation analyses of electron-positron collision, 
we propose that the generation of IAS may be the source of coherent low fre-
quency oscillations. Thus, IAS are coherent plasma oscillations born out of a bal-
ance between the nonlinearity of convection and wave dispersion. These waves 
have been studied extensively both experimentally and theoretically since the 
1960s in double plasma devices [14] [15] [16]. To interpret these trends, we note 
that previous studies have shown that similar types of coherent structures prop-
agating concurrently with ion acoustic solitons (IAS) energy. In the present work, 
we first review the relevant theory of IAS. We then interpret our proposed expe-
rimental measurements of hydrogen-antihydrogen collision through within the 
lines of this analytical theory to obtain the average value of the energy. On the 
other hand, in particle physics, annihilation is the process that occurs when a 
particle collides with its respective antiparticle to produce electromagnetic radia-
tion, such as an electron colliding with a positron to produce two photons. High 
energetic electron-positron collision (more than 209 GeV) may lead to the pro-
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duction of particle-antiparticle pairs of larger masses, which is the basic concept 
of the LEP collider [16] [17] at CERN composed of a circular collider the cir-
cumference of which is 27 km. The last decade has shown the establishment of 
the large hadron collider (LHC) based on high energetic proton-proton collisions 
occurring in a tunnel with 50-kilometer circumference [17] [18]. 

In our study, we will focus on the formation of electron-positron and proton- 
antiproton plasma prior the annihilation process when two thermalized beams 
of hydrogen and antihydrogen are injected in a palladium crystal, (see Appendix 
A). The released energy will be calculated and added to the fusion energy of 
these two fundamental atoms. Apart from this introduction, the content of this 
paper is distributed in other three sections. The next section deals with the ma-
thematical model employed for describing the plasma state. Section 3 is devoted 
to results and discussion of our calculation in addition to the anticipated hydro-
gen-antihydrogen fusion energy. In Section 4 we present the main conclusions 
drawn from our investigations. The paper ends with the complete list of refer-
ences mentioned in the text as well as two Appendices A and B, the first of which 
deals with the main features of palladium crystals. 

2. Mathematical Model 

Solitons are known to exist in a dynamic equilibrium with ion-acoustic turbu-
lence, which has been measured in the cathode plume [18]. The waveform for 
solitons can be derived from the σ fluid equations for ions and electrons and 
Poisson equations. In the ion frame of reference, the ion continuity for an α- 
particle is given by: 

( ) 0
n

n u
t x
α

α α
∂ ∂

+ =
∂ ∂

.                        (1) 

The equation of motion for α-particle is given by: 

( )1 0.
u u n

u M n Q M
t x x x
α α α

α α α α α α
ϕσ

∂ ∂ ∂ ∂
+ + + =

∂ ∂ ∂ ∂
            (2) 

where, eα = . For electron, p for positron, pr+ for proton, and pr− for antipro-
ton. 

Poisson equation is expressed as follow: 
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2.1. Linear Analysis 

The density nα , velocity uα  and potential φ  of our novel system are intro-
duced as: 

( )
0 1e ,i kx tn n n ω

α α αε −= +                       (4) 

( )
0 1e ,i kx tu u u ω

α α αε −= +  

( )
1 .ei kx tωφ εφ −=  

where, 0 0nα ≠  and 0 0uα ≠ , to obtain the density and velocity of α-particle 
which described in terms of the electrostatic potential 1φ  as: 

( )
2

0
1 120 2

,
Q M n k

n
ku M k

α α α
α

α α α

φ
ω ρ

=
− −

                   (5) 
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kQ M ku
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And the neutral condition for the initial densities which is taken in the form: 

0 0 00
.p pr epr

n n n n+ −+ = +                       (6) 

And the dispersion relation between ω and k which is given by: 

0 0 00 1.p pr pre

e p pr pr

n nnn
f f f f

+ −

+ −

ΛΛ
+ + + =                   (7) 

where, Λ pepr
m m+=  is the relative mass between a proton mass and electron 

mass, ( )2 2
0e ef kn kω= − −Λ , ( )2 2

0p p pf kn kω σ= − − Λ ,  

( )2
2

0pr pr pr
f kn kω σ+ + += − − Λ , and ( )2

2
0pr pr pr

f kn kω σ− − −= − − Λ  such as  
0ω ≠ , and 0k ≠ . 

2.2. Non-Linear Analysis 

In this section, stretching coordinates is introduced as: ( )
1
2 x vtξ ε= − , 

3
2vtτ ε= . 

The perturbations of density, velocity for article and electric potential are given 
by ( ) ( )1 20 2n n n nα α α αε ε= + + + , ( ) ( )1 20 2u u u uα α α αε ε= + + +  and  

( ) ( )1 22φ εφ ε φ= + + . The propose is obtained kdv equation. The continuity and 
momentum Poisson Equations (1)-(3) are treated by perturbed quantities for 

,n uα α , and φ  in terms of ε  and 2ε . The first perturbed density and velocity 
calculations can be expressed as follow: 

1 0 0 1,n nα α αη φ=                          (8) 

( )1 0 0 1.u v uα α αη φ= −                        (9) 

where, ( )2
0 0M Q v u Mα α α α α αη σ= − + . such that 0v u Mα α ασ≠ ±  and that 

0v uα≠>  Thus, the signs of 0αη , 1uα  and 1nα  are always similar to Qα . The 
neurtal condition of four densities 1 11

, ,p prpr
n n n+ −  and 1en  are given by:  

1 11 1p epr pr
n n n n+ −+ = + .                     (10) 

To obtain the kdv equation, the coefficient of 2φ ξ∂ ∂  must be vanished 
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which appears in Poisson equation. Thus, the coefficient of 2φ ξ∂ ∂  gives the 
equation 0 00 0

0p epr pr
h h h h+ −− + − =  where, 0 0h nα α αη= , to find the phase ve-

locity we solve the expressed equation of  

( ) ( )
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0 0 0 0
2 2

00 0 0

0 0
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0
0
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n M Q n M Q
v u Mv u M
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− − −
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+
− +− +

− − =
− +− +

         (11) 

which is transformed into the algebraic equation of degree six where  

0pr pr pr
v u M σ+ + +≠ ± , 

0pr pr pr
u M σ− − −± , 0p p pu M σ± , and 0e e eu M σ± . 

Then, the solution of Poisson’s equation can be expressed as: 
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The solution of kdv is given by for 1φ , 1uα  and 1nα  are expressed as follow: 

( )2
1 0 sech ,Yφ φ γ=  

( ) ( )2
1 0 0 0 sech ,u v u Yα α αη φ γ= −                  (13) 

( )2
1 0 0 0 sech .n n Yα α αη φ γ=  

where, 0 3v Bφ = , 4v Aγ =  and Y vξ τ= − . Thus. The energy of the plas-
ma is given by: 

( )rest 2
Total Plasma0

1 1; d
2 2

Y
E E Y Y n u Q nα α α αα αλ φ= = +∑ ∑∫         (14) 

where, 0 1n n nα α αε≈ + , 0 1u u uα α αε≈ +  and 1φ εφ≈ . The total plasma energy 
of zero and first order perturbations calculated by 

( ) ( )2 2
Plasma energy 0 0 1 0 0 0 1 1

1; 2
2

E Y n u n u n u u Q nα α α α α α α α ααλ φ≈ + + +∑ .   (15) 

3. Renormalization of Plasma Energy Calculation 

Applying to our example injected proton, antiproton, electron, and positron in-
side the cavity of palladium crystal. The ion Bohm acoustic velocity  

1000 m ss e pC u u= = = , the density of one mole of electron, positron, proton 
and anti-proton are 23 36.6022 10 me p pr pr

n n n n+ −
−= = = = × , The temperature 

ratio of electron, positron and proton respectively 1e pσ σ= =  and 0prσ + = , 
in case of free space, the plasma frequency of antiproton = 4.04 × 106 rad/s and 
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in case of palladium crystal where, 013.7ε ε= , 58.2 10 rad sprω − = × . Y vξ τ= −  
will be expressed in renormalized coordinate as ( ) ( )1pr s prY C x v v tω ω= − +  

where, s
D

pr

C
λ

ω
= , 1D prτ ω= . 

4. Results and Discussion 

Our objectives in this section are twofold: first to discuss the solution of the dis-
persion relation (8) deduced in Section 2, and second to discuss the solution of 
the kdv Equation (11) derived in the same section. The models of protons-anti- 
protons-electrons-positrons are studied for unit charge e = 1 and relative mass 

1836Λ = . The unperturbed densities are set to be  

0 00 0
1e ppr pr

n n n n− += = = = , whilest the unperturbed velocities are chosen to be 

0
0

pr
u + = , and 0 0 1e pu u= = , 0

pr
σ + = , and 1p eσ σ= = . 

4.1. Results of Linear Analysis 

With respect to the analysis of the dispersion relation (8) for electrons, protons, 
positrons and anti-protons plasma, the wave number k is rewritten in terms of ω 
to obtain the algebraic equation of an eight degree in k. In our solution, we select 
the positive root that indicates the existence of ion-acoustic waves in the system 
and the possibility of existing soliton waves. The wave number is plotted against 
frequency to describe the behavior of the dispersion relation. In Figure 1, the 
dispersion relation has only one positive root at ω = 43.8k, which is independent 
of the parameters 

0pr
u − , 

pr
σ −  and Λ. In this regard, the linear dispersion rela-

tion is plotted linearly by k against ω. Over ω domain from zero to 30,000 as 
shown in Figure 1. Hence, the reciprocal of the slope is the phase velocity and is 
equal to 43.8485. 

4.2. Results of Nonlinear Analyses 

In the present section we display the calculations of the potential and kinetic 
energies for nonlinear analyses. In Figure 2, the potential 1φ  (14) are plotted 
against the stretched coordinate Y for certain values of the plasma parameters 
and for the following choices of the unperturbed velocity of antiproton,  
 

 
Figure 1. Relation between the wave number k for 0 00 0

1e ppr pr
n n n n− += = = = ,  

0 0 1e pu u= = , 0.09
pr

u − = , 0
pr

u + = , 0
pr

σ + = , and 1p eσ σ= =  for k against ω. 
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respectively 0.09
pr

u − = , 0.009, and 0.0009. The figures show that the potential 
is attractive and symmetric about Y = 0, i.e., Support the possible existence dif-
ferent bound states between the interacting particles. Also, its range is con-
tracted as the unperturbed velocity of antiproton decelerates at low relative ve-
locities.  

In Figure 3, the kinetic energy of the plasma corresponding to the zero and 
first order perturbations are sketched versus the stretched coordinate Y at the  
 

 

Figure 2. Schematic diagrams for the potential energy calculated using the following pa-
rameters 0 00 0

1e ppr pr
n n n n− += = = = , 0 0 1e pu u= = , 0

pr
u + = , 0

pr
σ + = , 1p eσ σ= = , at 

the three different values of 
pr

u − . 

 

 

Figure 3. (a)-(c) schematic diagrams for the kinetic energy of our novel system for 

0 00 0
1e ppr pr

n n n n− += = = = , 0 0 1e pu u= = , 0
pr

u + = , 0
pr

σ + = , 1p eσ σ= = , at different 

values of the antiproton velocities, 
pr

u − . 
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same parameters used for calculating the potential energy presented in Figure 2. 
Obviously, the kinetic energy of the plasma increases when the particles are close 
to each other. 

5. Total Energy Released from Plasma (By Renormalized  
Our System) 

The ion Debye radius and time of plasma period in case of free space and in pal-
ladium crystal respectively 

0

43.289 10D m
ε

λ −= × , 
0

73.289 10 s
ε

τ −= × ,  
31.2175 10 mD ε

λ −= × , and 61.2175 10 s
ε

τ −= × . KE (J/mole) are calculate at  
0Dλ = , 0t = , ( )( )0,0KE  and at 

0
,D Dε ε

λ λ  and 
0

,
ε ε

τ τ  ( )( ),DKE tλ . The 
energy calculates at free space and in palladium crystal where 0 0,13.7ε ε ε= . The 
energy calculations at our macroscopic study are similar. 
 

pr
n −  (m/s) v pr

σ −  KE(0, 0) 
(J/mole) 

KE(λD, t) 
(J/mole) 

900 39:46549227711354 1487.2 1.15723 × 1020 408:496 

90 4:0426747900049795 14.872 8.3114 × 106 4:62805 

9 1:076316038977318 0.14872 37.3136 10:1747 

0.9 1:001193627473321 1.487 × 10−3 0:610901 0:574815 

0.09 1:0000524390091419 1.4872 × 10−5 0:54891 0:548721 

 
In our novel system we could evaluate the plasma energy released of electron, 

positron, proton and antiproton annihilation in case of free space and in the 
cavity of palladium crystal. The results show that the time of existing plasma be-
fore annihilation around 13.7 time the free space. The amount of energy in case 
of macroscopic study of the plasma energy is the same in case of free space and 
palladium crystal. By, changing the velocity of antiproton up to the ion Bohm 
acoustic wave we could control the amount of energy released from the system. 
At high speed, the energy of the plasma is very high and within time scale 0.11 s 
the amount of energy decay very fast. At very low velocity the energy very low 
but the system is more stable.  

6. Total Energy Released from the Proposed Annihilates  
Mechanism 

As we know the electron-positron pair annihilates into two gamma photons the 
total energy of which is 1.022 MeV. Also, the protonium annihilation yields 
energy of the order of 2 × 0.938, i.e. 1.876 GeV. Thus, it is anticipated that the 
yield of the hydrogen-antihydrogen system is 1886.22 MeV (=3.02205748 × 10−13 
Joule). Which means that we have 3.02205748 × 10−13 × 6.02214 × 1023 = 
18.1992532386 × 1010 Joule/mole = 1.882 × 1016 Joule/kg. Comparing this result 
with yields of chemical reaction, nuclear fission and nuclear fusion which are of 
the order of 1 × 107, 8 × 1012, 1 × 1014 Joule/kg, respectively, we not that our sug-
gested experiment is superior. 
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7. Conclusion 

The one-dimensional hydrodynamic model of linear and nonlinear analyses in 
the term of electron-positron and proton-antiproton are studied. The linear ana-
lyses show a positive root that indicates ion-acoustic waves in the system and the 
possibility of existing soliton waves. Also, we obtain the calculations of the non-
linear analysis of the deformed kdv equation and the energy released of the formed 
plasma. The results show that the lifetime of formed plasma increases inside the 
palladium crystal 13.7 times concerning the free space. We have the same energy 
of formed plasma in the case of free space and palladium crystal. The renorma-
lized example study assumes that when the velocity of the antiproton is around 
the ion-acoustic wave the released energy of the plasma could be reached to 
1.15723 ×1020 J/mole. On the other hand, if the velocity of the anti-proton de-
creases, the total energy of the plasma system decreases. This result supports very 
much the conclusion that we suggested model for obtaining huge amount of 
energy by constructing a plasma state between thermalized hydrogen and anti-
hydrogen in molecular crystals with approximate velocity less than the velocity 
of ion acoustic wave of the system. This energy could find interesting application 
in cold fusion and building up engines for space shuttles. 
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Appendix A 

In this Appendix we present a brief account on the properties of palladium crys-
tals. The palladium could absorb more than 900 times its own volume of hydro-
gen and antihydrogen. It expands and becomes harder, stronger, and less ductile 
in the process. Palladium is a metal in group VIII of the periodic table with atomic 
number 46, an atomic weight of 106.4, and a density of 12 Mg/m3. Its melting 
point is 1552 C, and it boils at 3980 C. The electronic configuration of is (Kr) 
(4d10) (5s0). Its atomic radius is 0.137 nm. At room temperature, Palladium has 
a face-centered cubic crystal structure with a = 0.388 nm. The linear coefficient 
of thermal expansion is 12.29 m/m/K and the thermal conductivity is 0.718 
W/cm/K. 

Appendix B 

In the Appendix, we present closed forms of the final analyses of the terms A₁, 
B₁ and C₁ appeared in Section 2. 
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