
Ïðîöåññû ñ ó÷àñòèåìôîòîíîâ â ñèëüíîçàìàãíè÷åííîéýëåêòðîí-ïîçèòðîííîéïëàçìåÄ.À. Ðóìÿíöåâ, Ì.Â. ×èñòÿêîâßðîñëàâñêèé ãîñ. óíèâåðñèòåò èì. Ï.Ã. Äåìèäîâà, ßðîñëàâëü

29 íîÿáðÿ 2007D. A. Rumyantsev, M. V. Chistyakov, JETP 101 (2005) 635D. A. Rumyantsev, M. V. Chistyakov, hep-ph/0609192Ä.À. Ðóìÿíöåâ, Ì.Â. ×èñòÿêîâ Ïðîöåññû ñ ó÷àñòèåì ôîòîíîâ â ñèëüíî çàìàãíè÷åííîé ýëåêòðîí-ïîçèòðîííîé ïëàçìå 29 íîÿáðÿ 2007



Ñîäåðæàíèå
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Ââåäåíèå
ÂâåäåíèåÊðèòè÷åñêîå çíà÷åíèå ìàãíèòíîãî ïîëÿ

Be =
m2

e

e
' 4.41 · 1013 Ãñ, c = ~ = k = 1.

Ìàãíèòàðû: SGR, AXP.
B ∼ 1014 ÷ 1015 Ãñ.Ñèëüíî çàìàãíè÷åííàÿ ïëàçìà:

√
eB � me, T, µÄ.À. Ðóìÿíöåâ, Ì.Â. ×èñòÿêîâ Ïðîöåññû ñ ó÷àñòèåì ôîòîíîâ â ñèëüíî çàìàãíè÷åííîé ýëåêòðîí-ïîçèòðîííîé ïëàçìå 29 íîÿáðÿ 2007



Ââåäåíèå
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ÂâåäåíèåÎñíîâíûå ïðîöåññû
• Ðàñùåïëåíèå è ñëèÿíèå ôîòîíà

γ(q′)

γ(q′′)

γ(q)
+

e(p)

γ(q) γ(q′)

e(p)

γ(q′′)

+

(

photons
permutations

)

• Êîìïòîíîâñêîå ðàññåÿíèåÏðîäåìîíñòðèðîâàòü, ÷òî ïîñëåäîâàòåëüíûé èñàìîñîãëàñîâàííûé ó÷åò âëèÿíèÿ ñèëüíîãî ìàãíèòíîãî ïîëÿè ïëîòíîé ïëàçìû íåîáõîäèì äëÿ êîððåêòíîãî îïèñàíèÿïåðåíîñà èçëó÷åíèÿ.Ä.À. Ðóìÿíöåâ, Ì.Â. ×èñòÿêîâ Ïðîöåññû ñ ó÷àñòèåì ôîòîíîâ â ñèëüíî çàìàãíè÷åííîé ýëåêòðîí-ïîçèòðîííîé ïëàçìå 29 íîÿáðÿ 2007



Äèñïåðñèîííûå ñâîéñòâà ôîòîíîâ...

Äèñïåðñèîííûå ñâîéñòâà ôîòîíîâ â çàìàãíè÷åííîé ïëàçìå

Îïðåäåëÿþòñÿ ñîáñòâåííûìè âåêòîðàìè è ñîáñòâåííûìèçíà÷åíèÿìè ïîëÿðèçàöèîííîãî îïåðàòîðà:
Pµνε

(λ)
ν = P (λ)ε(λ)

µ .Óðàâíåíèå äèñïåðñèè
q2 −Pλ = 0.Ïåðåíîðìèðîâêà

ε(λ)
µ → ε(λ)

µ

√
Z2, Z−1

λ = 1 − ∂P (λ)(q)

∂ω2
.
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Äèñïåðñèîííûå ñâîéñòâà ôîòîíîâ...Âåêòîðû ïîëÿðèçàöèè â ñëó÷àå µ = 0

ε(1)
µ =

(ϕq)µ√
q2
⊥

, ε(2)
µ =

(ϕ̃q)µ√
q2

‖

, ε(3)
µ =

q2
‖
(Λq)µ − q2

⊥
(Λ̃q)µ√

−q2q2
‖
q2
⊥

ε
(3)
µ - íå ôèçè÷åñêàÿ ìîäà!Âåêòîðû ïîëÿðèçàöèè â ñëó÷àå 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),
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Äèñïåðñèîííûå ñâîéñòâà ôîòîíîâ...
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Äèñïåðñèîííûå ñâîéñòâà ôîòîíîâ...

PSfrag
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Äèñïåðñèîííûå ñâîéñòâà ôîòîíîâ...PSfrag replacements
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2
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� = �=2 � = 2m� = 1:5m� = mq2k4m2
q2?4m2Ðèñ. 3: B = 200Be
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Äèñïåðñèîííûå ñâîéñòâà ôîòîíîâ...

Âîçìîæíûå êàíàëû
• ìîäà 1 (íåîáûêíîâåííûé ôîòîí)

γ1e
± → γ1e

±, γ1e
± → γ2e

±, γ1 → γ1γ2, γ1 → γ2γ2,
γ1γ2 → γ1, γ1γ1 → γ2;

• ìîäà 2 (îáûêíîâåííûé ôîòîí)
γ2e

± → γ2e
±, γ2e

± → γ1e
±, γ2 → γ1γ1, γ2γ2 → γ1,

γ2γ1 → γ1.
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Óðàâíåíèÿ ïåðåíîñà...Óðàâíåíèÿ ïåðåíîñà èçëó÷åíèÿ
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.
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Óðàâíåíèÿ ïåðåíîñà...

Êîýôôèöèåíòû äèôôóçèè, ïîãëîùåíèÿ, ðàññåÿíèÿ
Dλ =

∫
dΩ

4π
`λ(θ, r) cos2 θ,

Kλ =

∫
dΩ

4π

[
W

λ→λ
′
λ
′′(θ, r) + W

λλ
′→λ

′′(θ, r)
]
,
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∫
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4π
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′
λ
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′→λ
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)
]−1
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Óðàâíåíèÿ ïåðåíîñà...

• ðàññåÿíèå ôîòîíà

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
′
;

• ðàñùåïëåíèå ôîòîíà

Wλ→λ
′
λ
′′ =

1 − (1/2)δλ′λ′′

32π2ω

∫
| Mλλ

′
λ
′′ |2 ZλZλ

′Zλ
′′ ×
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′ (k− k

′′

) − ωλ
′′ (k

′′
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′′

ωλ
′ωλ

′′
,

• ñëèÿíèå ôîòîíîâ
Wλλ

′
→λ

′′ =
1

32π2ω

∫
| Mλλ

′
λ
′′ |2 ZλZλ

′Zλ
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′
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′

ωλ
′ωλ

′′
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Êîýôôèöèåíò äèôôóçèè ...PSfrag replacements
0.2 10.4 0.6 0.8

-10.2-10.6-10.8-10.4
-11log10 �D1R �

!2mÐèñ. 4: B = 100Be; 60Be, T = 1MeV ; 0.5MeV
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Êîýôôèöèåíò äèôôóçèè ...PSfrag replacements
0.2 10.4 0.6 0.8

-5
-6-5.5

-6.5
-5.25

-6.25-5.75
-6.75log10 �D1R �

!2mÐèñ. 5: B = 10Be, T = 0.05MeV
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Êîýôôèöèåíò äèôôóçèè ...
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m/TÐèñ. 6: B = 200Be, R = D0

1
/Dsplitting
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Êîýôôèöèåíò ðàññåÿíèÿ ...
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log10 (S12R)

ω
2mÐèñ. 7: B = 10Be, T = 0.05MeV
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Êîýôôèöèåíò äèôôóçèè ...
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3.0

W
W0

× 103

ω
2mÐèñ. 8: γ2 → γ1γ1, B = 200Be, µ = 1.5m; 2m, W0 =

(α/π)3 m ' 3.25 · 102cm−1.
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Êîýôôèöèåíò äèôôóçèè ...
0.0 0.5 1.0 1.5 2.0

2

4

6

8

10

12

14

0

W
W0

ω
2mÐèñ. 9: γ2e

± → γ1e
±, B = 200Be, µ = 1.5m; 2m, W0 =
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Çàêëþ÷åíèå
Çàêëþ÷åíèå

• Äèñïåðñèîííûå ñâîéñòâà ôîòîíà è ðàäèàöèîííûåïîïðàâêè â ñèëüíî çàìàãíè÷åííîé ïëàçìå ñóùåñòâåííîâëèÿþò íà ïðîöåññ ïåðåíîñà èçëó÷åíèÿ
• Â çàðÿäîâî ñèììåòðè÷íîé ïëàçìå (µ = 0) íåîáõîäèìîó÷èòûâàòü ïðîöåññû ðàñùåïëåíèÿ è ñëèÿíèÿ ôîòîíîâ

• Â ñèëüíî âûðîæäåííîé ïëàçìå âëèÿíèå ïðîöåññîâðàñùåïëåíèÿ è ñëèÿíèÿ ôîòîíîâ íå ñóùåñòâåííî
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