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Ïðîáëåìà ñîëíå÷íîãî ñîñòàâà

Ñòàíäàðòíàÿ ñîëíå÷íàÿ ìîäåëü

âõîä: τ�, M�, L�, R�, (Z/X )�, κ (ρ,T ,Xi ), ε (ρ,T ,Xi )

ôèò: Yini , Zini , αMLT

dP
dr = −GMρ

r2
, . ãèäðîñòàòèêà

dM
dr = 4πr2ρ, . íåïðåðûâíîñòü
dL
dr = 4πr2ρ (εnuc − εν) , . èñòî÷íèêè ýíåðãèè

dT
dr =

−
3κρL

64πr2σT 3 , ∇rad < ∇ad

∇ad · TP
dP
dr , ∇rad ≥ ∇ad

. ïåðåíîñ ýíåðãèè

P = ρT
µmH

. óðàâíåíèå ñîñòîÿíèÿ

âûõîä: T (r), P(r), ρ(r), M(r), L(r), Xi (r), Φν,i
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Ïðîáëåìà ñîëíå÷íîãî ñîñòàâà

Ôèçèêà Ñîëíöà â XXI âåêå

Ôèçèêà Ñîëíöà � áûñòðî ðàçâèâàþùàÿñÿ îáëàñòü:

Ñîëíå÷íûå íåéòðèíî

Íåðàâíîâåñíûå 3D ìîäåëè àòìîñôåðû → õèìñîñòàâ

AGSS09

Ôóíêöèÿ íåïðîçðà÷íîñòè: ðàñ÷¼òû è ýêñïåðèìåíò

Ãåëèîñåéñìîëîãèÿ: íîâûå äàííûå
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Ïðîáëåìà ñîëíå÷íîãî ñîñòàâà

Ãåëèîñåéñìîëîãèÿ

Ñïåêòð êîëåáàíèé Ñîëíöà ïîçâîëÿåò îïðåäåëèòü:

ïðîôèëü ñêîðîñòè çâóêà

ñîäåðæàíèå ãåëèÿ íà

ïîâåðõíîñòè

ãëóáèíó êîíâåêòèâíîé çîíû

ïðîôèëü ïëîòíîñòè

äèôôåðåíöèàëüíîå

âðàùåíèå

NB! L/M3 ∼ µ4/κ
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Ïðîáëåìà ñîëíå÷íîãî ñîñòàâà

Ïðîáëåìà ñîëíå÷íîãî ñîñòàâà

Ãåëèîñåéñìîëîãè÷åñêèé ïðîôèëü ñêîðîñòè çâóêà íå

ñîîòâåòñòâóåò âû÷èñëåíèÿì â Ñòàíäàðòíîé ñîëíå÷íîé ìîäåëè:
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Ïðîôèëü ìîùíîñòè

Íåäèôôóçèîííûé òåïëîîáìåí

Èçëó÷åíèå ÷àñòèö è ïîãëîùåíèå ýíåðãèè → èçìåíåíèå ε (m).

l (m) = ξ1

m∫
0

(
εnuc (m̄)− εν (m̄) +

∑
i

εi (m̄)

)
dm̄, l (1) = 1

∑
i

εi =
∑
i

ε̃i + ε̄ , ε̄ ≡
1∫

0

dm
∑
i

εi

Ýôôåêòû:∑
i ε̃i −→ èçìåíåíèå ôîðìû l (m)

ε̄ −→ èçìåíåíèå ñêîðîñòè ãîðåíèÿ εnuc − εν
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Ïðîôèëü ìîùíîñòè

Äâå ìîäåëè: ÷àñòü I

ïåðåõîä ê ìàññîâîé êîîðäèíàòå

p′ ∝ −m/r4, t ′ ∝ −κl/(r4t3) =⇒ l ∝ m t3 t ′/(κ p′)

κ ∝ ρα t−β , òàáëèöû OPAL, ñîñòàâ AGSS09
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äâå ìîäåëè: Ñòàíäàðòíàÿ è ¾èñïðàâëåííàÿ¿

δρ/ρ, δcs/cs , δµ/µ, δt/t, δr/r , δp
′/p′ � 1

δl

l
= 2·(3 + β)

δcs

cs
−(α + 1)

δρ

ρ
+(4 + β)

δµ

µ
+

cs

c′s

[(
δcs

cs

)′
+
1

2

(
δµ

µ

)′ ]
−
[

p

p′

(
δρ

ρ

)′
+ 2

p

p′

(
δcs

cs

)′ ]
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Ïðîôèëü ìîùíîñòè

Äâå ìîäåëè: ÷àñòü II

äâå ìîäåëè: Ñòàíäàðòíàÿ è ñ óâåëè÷åííîé

íåïðîçðà÷íîñòüþ (Villante 2015)

èçìåíåíèå l (m) òåïåðü òîëüêî â ÿäðå: δ̄l (m) = δ̄lÿä (m),

δ̄lÿä/lÿä � 1

κ ∝ mt3t ′/(lp′) =⇒

δ̄κ

κ
= 3

δ̄t

t
+
δ̄t ′

t ′
− δ̄p′

p′
−
(
δ̄l

l

)
ÿä

ãåëèîñåéñìîëîãèÿ: δcs = δ̄cs è δρ = δ̄ρ ⇒ δp′ = δ̄p′,

à òàêæå

δµ

µ
=
δ̄µ

µ
+

(
δµ

µ

)
ÿä

,
δ̄µ

µ
=

5 δYïîâ

8− 5Y
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Ïðîôèëü ìîùíîñòè

Ïðîôèëü ìîùíîñòè ñâåòîâîãî ïîòîêà

(δl)ε̃ = l ·

(
δ̄κ

κ
+ 2β

δcs
cs
− α δρ

ρ
+ β

δ̄µ

µ
+ (4 + β) ·

(
δµ

µ

)
ÿä

+

cs
2 c ′s

(
δµ

µ

)′
ÿä

+

(
δl − δ̄l

l

)
ÿä

)
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Ìîäåëü ôèçèêè ÷àñòèö

Ìîäåëü

Ðàññìîòðèì âåêòîðíîå ðàñøèðåíèå ÑÌ ñ êèíåòè÷åñêèì è

ìàññîâûì ñìåøèâàíèÿìè:

L0 = −1
4
F1µνF

µν
1 −

1

4
F2µνF

µν
2 −

δ

2
F1µνF

µν
2 ,

L1 = J ′µA
µ
1 + JµA

µ
2 ,

LMass = −1
2
M2

1A1µA
µ
1 −

1

2
M2

2A2µA
µ
2 −M1M2A1µA

µ
2 .

Ïîñëå äèàãîíàëèçàöèè ïîëó÷èì âçàèìîäåéñòâèå:

L1 =
1√

1− 2δε+ ε2

(
ε− δ√
1− δ2

Jµ +
1− εδ√
1− δ2

J ′µ

)
AµM+

1√
1− 2δε+ ε2

(
Jµ − εJ ′µ

)
Aµγ .
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Ìîäåëü ôèçèêè ÷àñòèö

Ðîæäåíèå ñêðûòûõ ôîòîíîâ

ãðàíèöà çîíû ëó÷èñòîãî ïåðåíîñà → M = 12 ýÂ

èçëó÷àåò ñôåðà

ìîùíîñòü:

lγ′ = 0.26 ·
(

δ

1.5 · 10−13

)2

M � mc → ìãíîâåííûé ðàñïàä íà ìèëëèçàðÿäû
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Ìîäåëü ôèçèêè ÷àñòèö

Çàõâàò ìàãíèòíûì ïîëåì

çàõâàò ïðè ωc ∼ êýÂ:

rL =

√
ω2
c −m2

c

εe′B
= 0.01

( ωc

êýÂ

)( B

7ÌÃñ

)−1 ( ε

2 · 10−14
)−1( α′

10−3α

)−1/2
çàêîí Ôåððàðî è ãåëèîñåéñìîëîãèÿ → êîíôàéíìåíò ïîëÿ

îãðàíè÷åíèå íà α′:

Mth =
ω′pl√
γc

=

√
4πα′ · 2nc
γcmc

'
√
1.5α′Tc , Mth � M ⇒ α′ � 0.7

(
M

Tc

)2

α′ � 10−4
(

Tc

êýÂ

)−2
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Ìîäåëü ôèçèêè ÷àñòèö

Ïîäîãðåâ ñîëíå÷íîé ïëàçìû

ìèëëèçàðÿäû + ýëåêòðîíû ÷åðåç ÑÔ: σ ∼ αα′δ2

ïåðåäà÷à ýíåðãèè: ∆ωc = ωc
me
· (ξT − ωc) · (1− cos θ)

ñå÷åíèå:

dσ =
δ2e2e ′2

8πω2c
·(1− x/2) dx

(x + ψ)2
, x = 1− cos θ, ψ = M2/(2ω2c )

ïîäîãðåâ:

Q = 2nenc

〈∫
∆ωc dσ

〉
=
δ2e2e ′2nenc

4πme
·
(

T

Tc
− 1

)
·K
(
4T 2

c

M2

)

K (a) ≡ 2

3ζ(3)

∞∫
0

dx
x2
(
ln ax2 − 1

)
ex + 1
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Ìîäåëü ôèçèêè ÷àñòèö

Èçìåíåíèå ìîùíîñòè ñâåòîâîãî ïîòîêà

δlc(r) = −
4πR3

�
L�

·
r∫

0

Q(x) x2 dx
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Tc = 4 êýÂ, α′ = 6.5 · 10−7, C = −0.05
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Ìîäåëü ôèçèêè ÷àñòèö

Ñïàñèáî çà âíèìàíèå!
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Äîïîëíèòåëüíî

Ïåðåìàñøòàáèðîâàíèå íåïðîçðà÷íîñòè

Àíàëîãèÿ ñ ðåøåíèåì ÷åðåç ò¼ìíóþ ìàòåðèþ: C = −0.26
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