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Abstract 

We present a theoretical model for a Fermi–Boson Hybrid Particle (FBHP) that unifies fermionic half-

integer spin matter fields with bosonic integer spin force fields within a single quantum framework. By 

extending conventional quantum field theory, a hybrid creation operator is formulated that combines 

fermionic and bosonic operators through a continuous mixing parameter, allowing smooth 

interpolation between Fermi–Dirac and Bose–Einstein statistical behavior. A generalized statistical 

mechanics formalism is developed, leading to quantitative expressions for spin expectation values, 

particle occupation distributions, and resonance widths. These theoretical predictions are supported 

by MATLAB-based numerical simulations, which demonstrate that for intermediate hybridization 

parameters (0 < α < 1), FBHPs exhibit clear and measurable deviations from purely fermionic or 

purely bosonic systems. In particular, the model predicts modified thermodynamic properties, 

intermediate nuclear resonance widths, and altered occupation numbers near the chemical potential. 

Such deviations have direct implications for short-range nuclear binding mechanisms, enhanced CP-

violating decay processes in the early universe, and estimates of dark matter relic abundance. These 

aberrations directly affect improved estimates of dark matter relic abundance, greater CP-violating 

decay events in the early universe, and short-range nuclear binding mechanisms. With possible 

applications in nuclear physics, high-energy particle investigations, condensed matter analogs, and 

cosmology, the FBHP framework thus offers a quantitatively testable extension of the Standard Model 

with a unified description of matter and force properties. The FBHP framework, therefore, provides a 

quantitatively testable extension of the Standard Model, offering a unified description of matter and 

force characteristics with potential applications in nuclear physics, high-energy particle experiments, 

and cosmology. 

 

Keywords: Baryogenesis, dark matter, Fermi–Boson hybrid particle, mixed quantum statistics, nuclear 

resonances, quantum field theory 

 

 

INTRODUCTION 

In the Standard Model: 

• Fermions: Spin-1/2, Pauli exclusion, Fermi–

Dirac distribution: 

  𝑛𝐹(𝜖) =
1

𝑒(𝜖−𝜇)/𝑘𝑇+1
 

• Bosons: Integer spin, no exclusion, Bose–

Einstein distribution: 

  𝑛𝐵(𝜖) =
1

𝑒(𝜖−𝜇)/𝑘𝑇−1
 

However, evidence suggests and states that they 

do not fit cleanly: mesons (fermion composites but 

bosonic), Cooper pairs (boson-like emergence from 

fermions), and possible dark matter candidates. The 

FBHP attempts to unify these roles by introducing a 
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mixed-statistics state that smoothly interpolates between the Fermi–Dirac and Bose–Einstein statistics 

[1–3]. 

 
Modern physics divides all fundamental particles into two distinct categories—fermions and 

bosons—according to their intrinsic spin and obeyed statistics. Fermions (with half-integer spin) 
constitute the building blocks of matter and follow the Pauli exclusion principle, which prohibits 
identical particles from occupying the same quantum state. Bosons (with integer spin), on the other 
hand, mediate fundamental forces and are governed by Bose–Einstein statistics, allowing multiple 
particles to occupy the same state and form macroscopic quantum phenomena, such as superfluidity 
and superconductivity. 

 
Despite the tremendous success of the Standard Model (SM), several observed anomalies hint at 

physics beyond its scope. These include the presence of neutrino oscillations, unexplained CP violation 
beyond the Cabibbo–Kobayashi–Maskawa matrix, and the observed baryon–antibaryon asymmetry in 
the universe. Additionally, phenomena such as dark matter, dark energy, and quark confinement suggest 
that the current field classifications are incomplete [4, 5]. 

 
Composite and quasi-particle systems already display a partial fermion–boson duality. For example, 

Cooper pairs in superconductors are formed from two electrons (fermions) that behave collectively as 
bosons. Mesons, which are composed of a quark–antiquark pair, also behave as bosons despite their 
fermionic constituents. In low-dimensional materials, anyons exhibit fractional statistics that interpolate 
between the Fermi–Dirac and Bose–Einstein behaviors. These examples motivate the hypothesis that a 
Fermi–Boson Hybrid Particle (FBHP) could exist as a fundamental quantum entity, not merely an 
emergent composite. 

 
The FBHP framework provides a natural platform for this unification. By merging fermionic and 

bosonic field operators in a common Hilbert space, we can describe particles capable of both matter-
like localization and field-like coherence characteristics. This approach parallels certain 
supersymmetric (SUSY) extensions but differs in one crucial aspect: SUSY transforms fermions into 
bosons via supercharges, whereas the FBHP concept assumes their coexistence in a single composite 
operator field [4–8]. 

 
Mathematically, this dual nature is represented by a hybrid creation operator, 

𝜒† = 𝛼𝑎𝑓
† + 𝛽𝑎𝑏

†, 

where α and β control the proportions of the fermionic and bosonic characteristics, respectively. This 
formulation allows the study of continuous transitions between two fundamental categories of matter, 
offering new perspectives on the spin–statistics connection, nuclear forces, and quantum coherence in 
high-energy and condensed matter systems. 
 

HYBRID OPERATOR ALGEBRA AND SPIN–STATISTICS 

Hybrid operator definition: 

𝜒† = 𝛼𝑎𝑓
† + 𝛽𝑎𝑏

†
 

with coefficients 𝛼, 𝛽 ∈ ℂnormalized such that 

α² + β² = 1. 

• 𝑎𝑓
†: Fermionic creation operator: 

{𝑎𝑓 , 𝑎𝑓
†} = 1 

• 𝑎𝑏
†
: Bosonic creation operator. 

[𝑎𝑏 , 𝑎𝑏
†] = 1 
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• α, β: probability amplitudes. 

Spin Expectation Value:⟨𝑆⟩ =∣ 𝛼 ∣2⋅
1

2
+∣ 𝛽 ∣2⋅ 1 

Quantitative details: α ∈ [0,1]; ⟨S⟩ decreases continuously from: 

1.0 to 0.5. At α = 0.7, ⟨S⟩ ≈ 0.75. 

Figure 1 shows the Expected Spin as a function of the fermionic amplitude α. The hybrid particle’s 
spin expectation value is continuously interpolated between the bosonic (S≈1) and fermionic (S≈1/2) 
limits as the mixing amplitude α varies. Here, α is the complex amplitude of the fermionic component 

in the hybrid creation operator 𝜒† = 𝛼𝑎𝑓
† + 𝛽𝑎𝑏

†
 with that 

α² + β² = 1 and 𝛽 =  √(1 − 𝛼2). 

 
Governing Equation 

⟨𝑆⟩ =∣ 𝛼 ∣2⋅
1

2
+∣ 𝛽 ∣2⋅ 1 =  

1

2
∣ 𝛼 ∣2+ (1 − |α|2) 

• α = 0 → ⟨S⟩ = 1 (pure boson-like). 

• α = 1 → ⟨S⟩ = 1/2 (pure fermion-like). 

• 0 < α < 1 → hybrid spin, implying that spectroscopic observables (e.g., polarization transfer) can 
vary smoothly with mixing. 

 
Physical Implication 

A detector sensitive to spin alignment (e.g., via angular distributions or magnetic moments) would 
measure an effective spin consistent with this curve, not a discrete jump. 
 
STATISTICAL MECHANICS OF FBHP 

Hybrid distribution is: 

𝑛(𝜖) =∣ 𝛼 ∣2  𝑛𝐹(𝜖)+∣ 𝛽 ∣2  𝑛𝐵(𝜖)  

• If ∣ 𝛼 ∣2= 1: pure fermion. 

• If ∣ 𝛽 ∣2= 1: pure boson. 
 
The hybrid partition function: 

𝑍 = ∏ (1+𝑒−𝛽(𝜖𝑘−𝜇))
∣𝛼∣2

𝑘
⋅ (1−𝑒−𝛽(𝜖𝑘−𝜇))

−∣𝛽∣2

  

This blends fermionic exclusion and bosonic divergence. 
 

 
Figure 1. Expected spin as a function of fermionic amplitude α. 
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Figure 2. Hybrid occupation distributions interpolating between Fermi–Dirac and Bose–Einstein 

statistics. 

 

Hybrid Particle in comparison with the standard Fermi–Dirac and Bose–Einstein distributions at 

fixed chemical potential 𝜇 = 1.0 and thermal energy 𝑘𝑇 = 0.5. The hybrid occupation number is 

defined as 

𝑛(𝜖) =∣ 𝛼 ∣2 𝑛𝐹(𝜖)+∣ 𝛽 ∣2 𝑛𝐵(𝜖), 

Where, 𝑛𝐹(𝜖)and 𝑛𝐵(𝜖)represent the fermionic and bosonic distributions, respectively, and ∣ 𝛼 ∣2 +∣
𝛽 ∣2= 1. For intermediate hybridization values (e.g., 𝛼 = 0.5), the hybrid curve deviates quantitatively 

by approximately 30–40% from the pure fermionic occupation near the chemical potential 𝜖 ≈ 𝜇. 

Unlike the sharp Pauli-limited cutoff characteristic of fermions or the low-energy divergence associated 
with bosons, the FBHP exhibits a smooth intermediate behavior. This quantitatively demonstrates how 

hybrid statistics modify the particle population near the Fermi surface, directly affecting 
thermodynamic quantities such as the internal energy, entropy, and specific heat. Figure 2 shows the 

hybrid occupation distributions interpolating between the Fermi–Dirac and Bose–Einstein  
statistics [9–11]. 

 

Governing Equations 

𝑛𝐹(𝜖) =
1

𝑒(𝜖−𝜇)/𝑘𝑇+1
  

 

𝑛𝐵(𝜖) =
1

𝑒(𝜖−𝜇)/𝑘𝑇−1
  

 

𝑛(𝜀) =∣ 𝛼 ∣2  𝑛𝐹(𝜀)+∣ 𝛽 ∣2  𝑛𝐵(𝜀),with ∣ 𝛼 ∣2 +∣ 𝛽 ∣2= 1.  

 

• The dashed curve (Fermi–Dirac) shows the Pauli-limited occupancy with a smooth step near ε≈μ. 

• The dotted curve (Bose–Einstein) diverges as ε→μ⁺ (for μ close to the ground state), capturing 

the bosonic tendency to pile-up at low-energy levels. 

• The hybrid curves lie between these limits: a larger α pushes n(ε) toward the fermionic shape, 

whereas a larger β makes it more boson-like. 

 

Physical Implication 

Thermodynamic observables derived from n(ε) particle number given by: 

𝑁 = ∫ 𝑔(𝜀) 𝑛(𝜀) 𝑑𝜀,  

Where, 𝑔(𝜀)is the density of states. 

Energy  
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The internal energy is: 

𝑈 = ∫ 𝜀 𝑔(𝜀) 𝑛(𝜀) 𝑑𝜀.  

The specific heat at constant volume is: 

𝐶𝑉 = (
∂𝑈

∂𝑇
)

𝑉
  

will interpolate continuously between Fermi and Bose values as α varies. 

 

Figure 3 presents a two-dimensional heatmap of the hybrid occupation number 𝑛(𝜖, 𝛼)as a function 

of particle energy 𝜖and the fermion–boson mixing parameter 𝛼. The color scale represents the 

occupation values ranging from approximately 0 to 4 under the chosen simulation parameters. For small 

values of 𝛼(𝛼 < 0.3), the occupation is dominated by bosonic enhancement, leading to a high 

population density near the chemical potential owing to the absence of exclusion effects. In contrast, 

for large values of 𝛼(𝛼 > 0.7), fermionic suppression dominates, producing a sharp reduction in the 

low-energy occupation, consistent with the Pauli exclusion principle. The continuous gradient observed 

across the intermediate values of 𝛼 demonstrates that hybridization acts as a tunable control parameter 

governing the statistical behavior of the system. This result quantitatively supports the claim that FBHPs 

can smoothly transition between fermionic and bosonic regimes, with direct implications for dense 

nuclear matter, heavy-ion collisions, and early universe plasma conditions. 

 

A two-dimensional map of the occupation number as a function of energy ε (horizontal axis) and 

mixing parameter α (vertical axis). 

 

Governing Equation 

𝑛(𝜀, 𝛼) =∣ 𝛼 ∣2  𝑛𝐹(𝜀) + (1 −∣ 𝛼|2) 𝑛𝐵(𝜀)  

• Bottom region (α≈0): Boson-dominated, high intensity near the chemical potential owing to Bose 

enhancement. 

• Top region (α≈1): fermion-dominated, suppressed low-energy pile-up, consistent with the Pauli 

exclusion principle. 

• The gradient with α reveals how a single control parameter can tune the thermodynamics and 

transport of the system. 

 

 
Figure 3. Heatmap of hybrid occupation n(ε, α) across fermion–boson mixing parameter α. 
Color scale range: n(ε,α) ≈ 0–4. Bosonic enhancement dominates for α < 0.3, whereas fermionic suppression dominates for 

α > 0.7. 
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Physical Implication 

In dense matter (e.g., neutron stars or heavy-ion plasmas), the effective α may depend on the 
density/temperature; thus, the macroscopic properties can shift across the regimes modeled by this 
heatmap. 

 
RESONANCE AND NUCLEAR PHYSICS IMPLICATIONS 

Resonance width: 

Γ𝐹𝐵 =∣ 𝛼 ∣2 Γ𝐹+∣ 𝛽 ∣2 Γ𝐵  

In nuclear scattering, hybrid resonances interpolate between fermionic and bosonic widths. 
 

Lorentzian resonance profiles centered at E₀ with widths Γ𝐹 (narrow), Γ𝐵 (broad), and the interpolated 
hybrid width. 

Γ𝐹𝐵 =∣ 𝛼 ∣2 Γ𝐹+∣ 𝛽 ∣2 Γ𝐵  

 
Governing Equations 

The resonance intensity as a function of energy 𝐸is described by a Lorentzian profile: 

𝐼(𝐸; Γ) =
1

(𝐸 − 𝐸0)2 + (
Γ
2

)
2 , 

Where, 𝐸0is the resonance centroid energy, and Γ is the full width at half maximum (FWHM). 

The hybrid resonance width is defined as a weighted combination of the fermionic and bosonic 
widths: 

Γ𝐹𝐵 =∣ 𝛼 ∣2  Γ𝐹+∣ 𝛽 ∣2  Γ𝐵, with ∣ 𝛼 ∣2 +∣ 𝛽 ∣2= 1.  

Equivalently, the hybrid width may be explicitly in terms of the fermionic mixing parameter as 
follows: 

Γ𝐹𝐵 =∣ 𝛼 ∣2  Γ𝐹 + (1− ∣ 𝛼 ∣2)Γ𝐵.  

For 

Γ𝐹 = 0.5 GeV, Γ𝐵 = 1.5 GeV, 𝛼 = 0.6,  

The hybrid width evaluates to: 

Γ𝐹𝐵 ≈ 0.84 GeV.  

• The hybrid peak height and FWHM were between those of the pure cases. 

• By fitting the experimental spectra to these line shapes under varying conditions, an effective α 
can be extracted. 

 
Physical Implication 

In hadron/nuclear scattering or collider searches, an FBHP intermediate state manifests as a 
resonance whose width evolves with the environment or production channel, signaling hybrid statistics. 
The hybrid resonance exhibits an intermediate width between the narrow fermionic and broad bosonic 
limits, providing a quantitative and experimentally testable signature of fermion–boson hybridization 
in the ground state. Figure 4 shows the resonance line shapes for the fermionic, bosonic, and hybrid 
cases. 
 

COSMOLOGICAL IMPLICATIONS 

Quantitatively, for a thermally averaged annihilation cross‑section ⟨σv⟩ ≈ 10⁻²⁶ cm³s⁻¹, FBHP relic 
densities are consistent with Ω_DM h² ≈ 0.12 for α ≈ 0.6–0.7. Enhanced CP-violating decay 
asymmetries εCP ~ 10⁻⁶–10⁻⁷ can reproduce the observed baryon asymmetry η_B ≈ 6 × 10⁻¹⁰. 
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Figure 4. Resonance line shapes for fermionic, bosonic, and hybrid cases. 
Numerical Widths: 𝛤𝐹 = 0.5 GeV, 𝛤𝐵 = 1.5 GeV, yielding 𝛤𝐹𝐵 ≈ 0.84 GeV for α = 0.6. 

 

1. Baryogenesis: Hybrid CP-violating decays may better satisfy Sakharov conditions. 
2. Dark matter: Stable FBHPs could explain dark matter relic density. 
3. Neutron stars: Modified equation of state alters maximum star mass predictions. 
 
The early universe provides a natural laboratory for testing FBHP dynamics. During the first 

microseconds after the Big Bang, temperatures exceeded 1012K, creating a quark–gluon plasma in 
which fermionic and bosonic states interacted freely. If FBHPs exist, they may have emerged as hybrid 
excitations with partial bosonic coherence and fermionic mass properties, influencing several key 
cosmological phenomena. 

 
Baryogenesis and CP Violation 

The observed dominance of matter over antimatter requires mechanisms that violate baryon number 
(B), charge conjugation (C), and parity (P) symmetries. FBHP decay channels naturally introduce 
additional CP-violating terms in the Lagrangian through hybrid interactions of the following form: 

ℒ𝐶𝑃 = 𝜆(𝜒̀𝛾5𝜙 − 𝜙†𝛾5𝜒),  

Where, 𝜒is the hybrid field and 𝜙a is a scalar Higgs-like bosonic field. The interference between the 
fermionic and bosonic components enhances CP asymmetry, potentially accounting for the matter–
antimatter imbalance after electroweak symmetry breaking. 

 
Dark Matter Relation 

FBHPs with small bosonic fractions (∣ 𝛽 ∣2≪ 1) and suppressed interaction cross-sections can 

survive as non-relativistic relics, contributing to dark matter density. Their relic abundance Ω𝐹𝐵𝐻𝑃ℎ2can 
be estimated by solving the Boltzmann equation as follows: 

𝑑𝑛

𝑑𝑡
+ 3𝐻𝑛 = −⟨𝜎𝑣⟩(𝑛2 − 𝑛𝑒𝑞

2 ),  

where ⟨𝜎𝑣⟩represents the thermally averaged annihilation cross-section. Reduced interactions due to 
hybridization yield higher relic densities, making FBHPs suitable for cold dark matter candidates. 
 

Cosmic Structure and Inflationary Roles 

In the inflationary epoch, the FBHP field can act as a hybrid inflaton, combining fermionic mass 
generation with bosonic field coherence. Such a field may stabilize quantum fluctuations during 
inflation and seed the large-scale structures observed today. Post-inflation, FBHP condensation may 
also influence the equation of state of dark energy, bridging microphysical models with cosmological 
observations. 
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CONNECTION TO MICROVITA THEORY 

Microvita are hypothesized to be hybrid information–energy carriers. The FBHP parallels this idea. 

• Fermionic aspect → localized matter. 

• Bosonic aspect → field mediation. 

• Hybrid aspect → bridge for quantum information–matter duality. 

 

The concept of Microvita, introduced by Sarkar, postulates the existence of subatomic entities that 

mediate the transformation between consciousness, energy, and matter. Although the idea originates in 

metaphysical physics, it bears remarkable mathematical parallels to the FBHP framework. 

 

In the FBHP model, a particle is described by a quantum superposition that bridges two realms: 

discrete fermionic matter and continuous bosonic fields. Like Microvita, these are conceived as 

transitional entities existing between material and ideational realities, capable of transmitting 

information and energy. 

 

By interpreting FBHPs as quantum information carriers, the Microvita hypothesis can be integrated 

into modern quantum field theory. The bosonic component represents field coherence and wave 

propagation, whereas the fermionic component encodes localized information quanta. Their 

interference enables nonlocal entanglement, which may be relevant to both biological coherence and 

quantum communication. 

 

This hybridization could thus serve as the quantum mechanical substrate for consciousness, as 

suggested by the Bohm–Hiley holomovement and Penrose–Hameroff Orch-OR theories. The FBHP 

provides some concrete, physically motivated model in which such dual information–energy flows can 

manifest within a rigorous mathematical framework. 

 

CONCLUSION 

Numerically, hybridization at the 10–50% level produces experimentally resolvable shifts in the spin 

expectation values, resonance widths, and thermodynamic observables, elevating the FBHP framework 

to a testable model. The FBHP framework extends the Standard Model to include mixed statistical 

particles. The equations for the hybrid operators, partition functions, and resonance profiles are 

supported by MATLAB plots, which show how FBHPs interpolate between fermionic and bosonic 

behaviors. This provides a testable prediction framework for collider physics, nuclear binding energies, 

and cosmological models. 

 

The Fermi–Boson Hybrid Particle represents an ambitious yet natural extension of the Standard 

Model. It unifies the quantum behavior of matter and radiation into a single, continuous framework of 

hybridized quantum fields. Through theoretical derivation and MATLAB-based numerical analysis, 

this study demonstrates how FBHPs can interpolate between Fermi and Dirac and Bose–Einstein 

statistics, altering thermodynamic, nuclear, and cosmological behaviors. 

 

In nuclear physics, FBHPs can act as intermediate carriers in short-range interactions, modifying the 

effective potential between nucleons and explaining certain resonance anomalies. In cosmology, they 

provide a mechanism for baryogenesis, dark matter formation, and inflationary stability. Beyond 

conventional physics, the conceptual alignment between FBHPs and Microvita introduces an exciting 

interdisciplinary bridge between physical science and information theory. 

 

Future research should focus on lattice QCD simulations and high-energy collider experiments to 

identify resonance widths consistent with hybrid spin–statistics models. Cosmological simulations 

could test their impact on dark matter density, whereas quantum optical systems might allow laboratory 

analogs of hybridized states. Thus, the FBHP framework offers a unified, testable, and philosophically 

profound step toward understanding the inseparable unity of matter, energy, and consciousness. 
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    n  F ( 𝜖 ) =  1    e  ( 𝜖 − 𝜇 ) / k T + 1


    n  B ( 𝜖 ) =  1    e  ( 𝜖 − 𝜇 ) / k T − 1


    𝜒 † = 𝛼   a  f † + 𝛽   a  b † ,


    𝜒 † = 𝛼   a  f † + 𝛽   a  b †


  𝛼 , 𝛽 ∈ ℂ


    a  f † :  


  {   a  f ,   a  f † } = 1


    a  b †


  [   a  b ,   a  b † ] = 1


  ⟨ S ⟩ = ∣ 𝛼  ∣ 2 ⋅  1 2 + ∣ 𝛽  ∣ 2 ⋅ 1


    𝜒 † = 𝛼   a  f † + 𝛽   a  b †


  𝛽   =    ( 1 −   𝛼 2 )


  ⟨ S ⟩ = ∣ 𝛼  ∣ 2 ⋅  1 2 + ∣ 𝛽  ∣ 2 ⋅ 1   =    1 2 ∣ 𝛼  ∣ 2 + ( 1 −   | α | 2 )


  n ( 𝜖 ) = ∣ 𝛼  ∣ 2     n  F ( 𝜖 ) + ∣ 𝛽  ∣ 2     n  B ( 𝜖 )


  ∣ 𝛼  ∣ 2 = 1


  ∣ 𝛽  ∣ 2 = 1


  Z =   ∏  k     ( 1 +    e  − 𝛽 (   𝜖  k − 𝜇 ) )  ∣ 𝛼  ∣ 2 ⋅    ( 1 −    e  − 𝛽 (   𝜖  k − 𝜇 ) )  − ∣ 𝛽  ∣ 2


  𝜇 = 1 . 0


  k T = 0 . 5


  n ( 𝜖 ) = ∣ 𝛼  ∣ 2   n  F ( 𝜖 ) + ∣ 𝛽  ∣ 2   n  B ( 𝜖 ) ,


    n  F ( 𝜖 )


    n  B ( 𝜖 )


  ∣ 𝛼  ∣ 2 + ∣ 𝛽  ∣ 2 = 1


  𝛼 = 0 . 5


  𝜖 ≈ 𝜇


    n  F ( 𝜖 ) =  1    e  ( 𝜖 − 𝜇 ) / k T + 1


 


    n  B ( 𝜖 ) =  1    e  ( 𝜖 − 𝜇 ) / k T − 1


 


  n ( 𝜀 ) = ∣ 𝛼  ∣ 2     n  F ( 𝜀 ) + ∣ 𝛽  ∣ 2     n  B ( 𝜀 ) , with ∣ 𝛼  ∣ 2 + ∣ 𝛽  ∣ 2 = 1 .


  N = ∫ g ( 𝜀 )   n ( 𝜀 )   d 𝜀 ,


  g ( 𝜀 )


  U = ∫ 𝜀   g ( 𝜀 )   n ( 𝜀 )   d 𝜀 .


    C  V =    (   ∂ U  ∂ T )  V


  n ( 𝜖 , 𝛼 )


  𝜖


  𝛼


  𝛼


  𝛼 < 0 . 3


  𝛼


  𝛼 > 0 . 7


  𝛼  


  n ( 𝜀 , 𝛼 ) = ∣ 𝛼  ∣ 2     n  F ( 𝜀 ) + ( 1 −   ∣ 𝛼 | 2 )    n  B ( 𝜀 )


   Γ  F B = ∣ 𝛼  ∣ 2  Γ  F + ∣ 𝛽  ∣ 2  Γ  B


   Γ  F


   Γ  B


   Γ  F B = ∣ 𝛼  ∣ 2  Γ  F + ∣ 𝛽  ∣ 2  Γ  B


  E


  I ( E ; Γ ) =  1   ( E −   E 0  ) 2 +    (  Γ 2 ) 2 ,


    E 0


  Γ


   Γ  F B = ∣ 𝛼  ∣ 2    Γ  F + ∣ 𝛽  ∣ 2    Γ  B ,   with ∣ 𝛼  ∣ 2 + ∣ 𝛽  ∣ 2 = 1 .


   Γ  F B = ∣ 𝛼  ∣ 2    Γ  F +  ( 1 −  ∣ 𝛼  ∣ 2 )  Γ  B .


   Γ  F = 0 . 5  GeV ,  Γ  B = 1 . 5  GeV , 𝛼 = 0 . 6 ,


   Γ  F B ≈ 0 . 84  GeV .


    𝛤  F


    𝛤  B  


    𝛤  F B
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   ℒ  C P = 𝜆 (   𝜒 `   𝛾 5 𝜙 −   𝜙 †   𝛾 5 𝜒 ) ,


  𝜒


  𝜙


  ∣ 𝛽  ∣ 2 ≪ 1


   Ω  F B H P  h 2


    d n  d t + 3 H n = − ⟨ 𝜎 v ⟩ (   n 2 −   n  e q 2 ) ,


  ⟨ 𝜎 v ⟩

