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Introduction

• Evolution of elements

➢ In the astrophysical plasma, the nuclei undergo various nuclear reactions.

➢ Network calculations allow us to understand the process of nuclear abundance change.

➢ Since the environmental properties of plasma, the nuclear reaction in plasma is different from what 
we understand in free space.



• Screening effect

Introduction

➢ The electron screening effect gives a correction to the thermonuclear processes.

➢ To thermonuclear reaction occur, nuclei moves with high energy.

➢ The moving nuclei in plasma causes the distorted electric potential.
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➢ The Coulomb barrier of screened nuclei is decreased.



➢ The transverse permittivity can affect to the electromagnetic field.

• Electromagnetic fluctuation

➢ The fluctuations exist even in a homogeneous plasma maintaining the thermal equilibrium.

➢ Average magnetic field is zero: 𝐵 = 0, but squared average is not zero: 𝐵2 ≠ 0.

Introduction
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➢ The level of EM fluctuations can be evaluated by the fluctuation-dissipation theorem. 



• Linearize Vlasov equation

𝑓 = 𝑓0 + 𝛿𝑓

𝛿𝑓 ∝ 𝑒𝑖(𝑘∙ Ԧ𝑟−𝜔𝑡)

−𝑒න𝛿𝑓𝑑3𝑝 = 𝜌 = −∇ ⋅ 𝑃

• Dielectric permittivity 
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• Thermonuclear reaction rate

• Barrier penetration factor

Dielectric permittivity

𝜎𝑣 ∝ න𝐸𝑒−
𝐸
𝑇𝜎 𝐸 𝑑𝐸

= න𝑒−
𝐸
𝑇𝑃(𝐸)𝑆(𝐸)𝑑𝐸

𝑃 𝐸 = exp −2 2𝜇න
𝑅0

𝑅𝑐 𝑍1𝑍2𝑒
2

𝑟
− 𝐸𝑑𝑟 ≡ 𝑒−2𝜋𝜂

𝜇: reduced mass𝑅𝑐: turning point 𝑅0: nuclear radius

Maxwell 
Boltzmann

Tunneling
through
Coulomb
barrier

P
ro

b
ab

ili
ty

 (
ar

b
it

ra
ry

 u
n

it
)

Energy (arbitrary unit)

Gamow
peak

𝜎: cross section 𝑃: penetration factor 𝑆: astrophysical S-factor



• Longitudinal permittivity

Dynamical screening
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• Moving charge in the plasma 
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• Enhancement factor
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• Effective potential

Result : Dynamical screening effect

𝜒 ≡
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𝜆𝐷: Debye length

T = 1010K



• Enhancement factor

Result : Dynamical screening effect

Dashed : static screening
Solid : dynamic screening



• Various conditions
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𝑓𝑠(𝐸𝐺)

Γ =
𝑛𝑒
1/3

𝑍𝑒 2

𝑘𝐵𝑇 𝑇 = 1.25 × 107(K) 𝜌 = 1.6 × 102(g/cm3)

Γ ≿ 1 : non-ideal plasma

Γ ≪ 1 ∶ ideal plasma

plasma parameter

Reaction 𝑬𝒈/𝑻 𝒇𝒔(𝑬𝒈)

𝑝 − 𝑝 4.5689 1.0262

3He − 3He 16.5938 1.1078

3He − 4He 17.3375 1.1087

𝑝 − 7Be 13.8710 1.1187

𝑝 − 14N 20.5473 1.2242

𝑋𝑝: 0.7

𝑋𝛼: 0.3

Result : Dynamical screening effect



• Electromagnetic fluctuation
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• Electromagnetic spectrum
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• Transverse permittivity

휀𝑡 𝑘, 𝜔 = 1 +
𝜔𝑝,𝑒
2

𝜔

𝜔

2𝑘𝑣𝑇,𝑒
𝑍

𝜔 + 𝑖𝜂𝑒

2𝑘𝑣𝑇,𝑒
+
𝜔𝑝,𝑝
2

𝜔

𝜔

2𝑘𝑣𝑇,𝑝
𝑍

𝜔 + 𝑖𝜂𝑝

2𝑘𝑣𝑇,𝑝
+
𝜔 𝑝,4He
2

𝜔

𝜔

2𝑘𝑣𝑇, 4He
𝑍

𝜔 + 𝑖𝜂 4He

2𝑘𝑣𝑇 ,4He

Electromagnetic fluctuation

[1]

[1] Merav Opher and Reuven Opher , PRL 79 2628. October (1997)



• Electromagnetic spectrum

Result : Electromagnetic fluctuation



Γ =
𝑛𝑒
1/3

𝑍𝑒 2

𝑘𝐵𝑇

𝑋𝑝: 0.7 𝑋𝛼: 0.3

• Various conditions

Γ ≿ 1 : non-ideal plasma

Γ ≪ 1 ∶ ideal plasma

plasma parameter

Result : Electromagnetic fluctuation

𝑃𝑟𝑎𝑑 =
1

3
න𝑆 𝜔 𝑑𝜔 𝑃𝑡𝑜𝑡 = 𝑃𝑔𝑎𝑠 + 𝑃𝑟𝑎𝑑Pressure 

𝑃𝑟𝑎𝑑/𝑃𝑡𝑜𝑡



𝑇 = 1.56 × 107K

𝜌 = 1.48 × 102g/cm3

• Solar core condition

Result : Electromagnetic fluctuation

➢ Temperature

➢ Baryon density 



• Radiation pressure

𝑃𝑡𝑜𝑡 = 𝑃𝑔𝑎𝑠 + 𝑃𝑟𝑎𝑑 =

𝑖

𝑛𝑖𝑇𝑖 +
𝑎𝑇4

3

Ideal gas Radiation pressure
by blackbody spectrum

+𝛿𝑃

Additional pressure
by fluctuation

• Temperature

𝑃𝑐𝑜𝑟𝑒 → 𝑃𝑐𝑜𝑟𝑒 + 𝛿𝑃

𝑇𝑐𝑜𝑟𝑒 → 𝑇𝑐𝑜𝑟𝑒 + 𝛿𝑇

𝛿𝑇

𝑇𝑐𝑜𝑟𝑒
=
1

4

𝛿𝑃

𝑃𝑐𝑜𝑟𝑒
= 3.922 × 10−4

Result : Electromagnetic fluctuation

0.039% increase of the 
central temperature.
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• Core temperature and solar neutrino fluxes

𝜙𝑖 ∝ 𝑇𝑐𝑜𝑟𝑒
𝑚𝑖 𝑚𝑖 =

𝑑 𝑙𝑛𝜙

𝑑 𝑙𝑛𝑇

Δ𝜙𝑖

𝜙𝑖
= 𝑚𝑖

Δ𝑇𝑐𝑜𝑟𝑒
𝑇𝑐𝑜𝑟𝑒

= 𝑚𝑖 ቤ
𝛿𝑃

4𝑃𝑆𝑆𝑀 𝑐𝑜𝑟𝑒

𝜙𝑖

𝜙i : neutrino flux produced by a source i

𝑇𝑐𝑜𝑟𝑒 : core temperature of sun

Result : Electromagnetic fluctuation

𝑚𝑖 : corresponding exponent

Empirically, it is known that the neutrino fluxes obey the scaling law for small deviation of the central temperature. (Bahcall & Ulrich 1988)



Summary

• Summary

➢ We found the dielectric permittivity through the Vlasov equation.

➢ Using the longitudinal permittivity, we can determine the dynamical screening effect.

➢ As a result, we have obtained a 1% change in CNO neutrino fluxes

➢ We applied the screening effect to BBN conditions and solar core condition.

➢ Considering EM fluctuations, we can confirm the change of blackbody radiation. 

➢ For the condition of solar core in the SSM, we obtain 0.039% increase of the central temperature.



Thank you for your attention!  


