
IntroductionPhoton dispersion propertiesTransfer equationConclusionElectromagnetic Processes In Strongly MagnetizedPlasmaMichael ChistyakovYaroslavl State University, Division of Theoretical PhysicsMay 28, 2008International Seminar �Quarks-2008� , Sergiev Posad, Moscow Region,May 23-29, 2008In collaboration with Dmitry RumyantsevD. A. Rumyantsev, M. V. Chistyakov, JETP 101 (2005) 635D. A. Rumyantsev, M. V. Chistyakov, hep-ph/0609192M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...



IntroductionPhoton dispersion propertiesTransfer equationConclusionOutline1 Introduction2 Photon dispersion properties3 Transfer equationDifusion coe�cientScattering coe�cientAbsorption coe�cient4 ConclusionM. Chistyakov, D. Rumyantsev Electromagnetic Processes ...



IntroductionPhoton dispersion propertiesTransfer equationConclusionIntroduction Critical value of magnetic �eld
Be =

m2
e

e
' 4.41 · 1013 G.Magnetars: SGR, AXP.

B ∼ 1014 ÷ 1015 G.Strongly magnetized plasma
√

eB � me, T, µ

c = ~ = k = 1M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...
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γ(q′)

γ(q′′)

γ(q)
+

e(p)

γ(q) γ(q′)

e(p)

γ(q′′)

+

(

photons
permutations

)

M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...



IntroductionPhoton dispersion propertiesTransfer equationConclusionIntoduction The main goalTo demonstrate that the self-consistent accounting of strongmagnetic �eld and dense plasma in�uence is nessesary for thecorrect description of radiation transfer.
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Pµν(q)ε

(λ)
ν (q) = P(λ)(q)ε(λ)

µ (q).Dispersion equations
q2 − Pλ(q) = 0.Renormalization

ε(λ)
µ → ε(λ)

µ

√
Z2, Z−1

λ = 1 − ∂P(λ)(q)

∂ω2
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ε(1)
µ =

(ϕq)µ√
q2
⊥

, ε(2)
µ =

(ϕ̃q)µ√
q2
‖

, ε(3)
µ =

q2
‖(Λq)µ − q2

⊥(Λ̃q)µ√
−q2q2

‖q
2
⊥

ε
(3)
µ - unphysical mode!Polarisation vectors in the case µ 6= 0

ε(1)
µ (q) ' d1ε

(1)
µ + id2ε

(3)
µ , ε(3)

µ (q) ' d3ε
(1)
µ + id4ε

(3)
µ ,

ε(2)
µ (q) ' (ϕ̃q)µ√

q2
‖

.

ϕαβ = Fαβ/B, ϕ̃αβ = 1

2
εαβµνϕµν , (aϕb) = aαϕαβbβ , (ab)‖ = (aΛ̃b) = (aϕ̃ϕ̃b),

(ab)⊥ = (aΛb) = (aϕϕb).M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...
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γ1e

± → γ1e
±, γ1e

± → γ2e
±, γ1 → γ1γ2,

γ1 → γ2γ2, γ1γ2 → γ1, γ1γ1 → γ2;mode 2 (ordinary photon)
γ2e

± → γ2e
±, γ2e

± → γ1e
±, γ2 → γ1γ1,

γ2γ2 → γ1, γ2γ1 → γ1.M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...
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σ1→1 =

3

4
σT

(
Be

B

)2 ω2

m2
,

σ1→2 =
1

4
σT

(
Be

B

)2 ω2

m2
,

σ2→1 =
3

4
σT

(
Be

B

)2 (ω − ωpl)
2

m2
u2 Θ(ω − ωpl),

σ2→2 = σT

{
(1 − u2) +

(
Be

B

)2 (ω − ωpl)
2

m2
u2

}
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1

r2

d

dr

(
r2D1

dn1

dr

)
+ K1(n̄ − n1) + S12(n2 − n1) = 0,

1

r2

d

dr

(
r2D2

dn2

dr

)
+ K2(n̄ − n2) + S21(n1 − n2) = 0,

n̄ =
ω3

2π2
fω, fω = [exp (ω/T ) − 1]−1. M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...



IntroductionPhoton dispersion propertiesTransfer equationConclusion Difusion coe�cientScattering coe�cientAbsorption coe�cientTransfer Equation...Difusion, absorption and scattering coe�cients
Dλ =

∫
dΩ

4π
`λ(θ, r) cos2 θ,

Kλ =

∫
dΩ

4π

[
Wλ→λ

′
λ
′′ (θ, r) + Wλλ

′
→λ

′′ (θ, r)
]
,

Sλλ′ =

∫
dΩ

4π
Wλ→λ′(θ, r),

`λ =

[
2∑

λ′=1

Wλ→λ′ +
2∑

λ′,λ′′=1

(
Wλ→λ

′
λ
′′ + Wλλ

′
→λ

′′

)
]
−1M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...
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Wλ→λ

′ =
eB

16(2π)4ωλ

∫
| Mλ→λ

′ |2 ZλZλ
′ ×

×fE (1 − fE′) (1 + fω′)δ(ωλ(k) + E − ωλ
′ (k′) − E′)

dpz d3k
′

EE′ωλ
′
;
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IntroductionPhoton dispersion propertiesTransfer equationConclusion Difusion coe�cientScattering coe�cientAbsorption coe�cientTransfer Equation...photon scattering
Wλ→λ

′ =
eB

16(2π)4ωλ

∫
| Mλ→λ

′ |2 ZλZλ
′ ×

×fE (1 − fE′) (1 + fω′)δ(ωλ(k) + E − ωλ
′ (k′) − E′)

dpz d3k
′

EE′ωλ
′
;photon splitting

Wλ→λ
′
λ
′′ =

1 − (1/2)δλ′λ′′

32π2ω

∫
| Mλλ

′
λ
′′ |2 ZλZλ

′ Zλ
′′ ×

×(1 + fω′)(1 + fω′′)δ(ωλ(k) − ωλ
′ (k − k

′′

) − ωλ
′′ (k

′′

))
d3k

′′

ωλ
′ωλ

′′
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photon merging

Wλλ
′
→λ

′′ =
1

32π2ω

∫
| Mλλ

′
λ
′′ |2 ZλZλ

′Zλ
′′ ×

×fω′(1 + fω′′)δ(ωλ(k) + ωλ
′ (k′) − ωλ

′′ (k + k
′

))
d3k

′

ωλ
′ ωλ

′′
.
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IntroductionPhoton dispersion propertiesTransfer equationConclusionConclusionPhoton dispersion and radiative correction in stronglymagnetized plasma could essentialy in�uence on the radiationtrensfer process.In charge symmentric plasma (µ = 0) it is nessesary to takeinto account the processes of photon splitting and photonmerging.In strongly degenerate plasma the in�uence of the photomsplitting and photon merging processes on radiation transfer isnegligibly small.M. Chistyakov, D. Rumyantsev Electromagnetic Processes ...
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