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Plan of my talk

o .

® How to make a solar model
s Basic equations
s Evolution from the initial model to the present Sun
s Internal structure of the Sun

o Helioseismology (‘Measuring’ solar internal structure
via observed frequencies of Solar oscillations.)

o Solar 5-mininute oscillations

s Difference between the inferred structure (run of the
sound speed) and solar models

o -
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How to make a solar model

o .

Spherical symmetric and Hydrostatic equilibrium:

dP M. dM r
B _G ~p, F — 47Tr2p M, = 47T/ 7“2,0d7“
dr r2 dr 0

Energy transport: Radiation or Convection

dT o _3/43,0Frad (Rad.);or d_T — (d_T) d_P (Con_)

dr ~ 4acT3 dr dP ), 4 dr
. d(rF ds
Energy conservation: (r°F) = pen — pI'—
r2dr dt

Mass fraction X; of element i:
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Nuclear readions (7' > 107K)

-

pp-chain
p+p— *H+et +u,
p+2H — 3He+~
SHe +3 He — “He + 2p
or
SHe +* He — "Be + 7

_7Be+e_ — Li+ v,
Li+p— 2%He

or
Be+p — B+~

B — B%Be*+et + 1,
8Be* —s 2%He

CNO Cycle
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Black boxesfor a model builder

=

* Radiative opacity ~:

oo . —1dB,

B o dB,
R Jo ‘v

We depend on OPAL opacity
tables, which give «x as a func-
tion Of (IO7 T) for a given Chem- 0 50 100 150 200 250 300 350 400
ical composition of the gas. Photon Energy (<V)

oton Absorption (cm*/Fe Nucleus)

Ph

*Nuclear reaction rates: € = »  NoNj(0450)Qqp
a,b
oap = S(0) o f(EYE Y exp(—2wZ,Zye* | )
LWe use some tables which list formulas f(p, T') for (o,v). J
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Initial modelto the presentSun

=

Initial model: M = My = 1.99 x 1033g
® Xy and Xy, are homogeneous.
® T. < 107, No nuclear reaction; L > Ls. R > R

# The exact condition of the initial model is not important
for the structure of the present Sun.
1o}

Yo — # A few hundred models are
R W computed with sufficiently
NP [ \ small At from the initial
oo model to the present Sun.
¥ M e \ # The age of the present Sunis
| 4.6 x 10%yr.

J ! L
8 7 6 5 4 3 2
Surface temperature, 10°°K
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Inter nal structure of the Sun

Density distribution -
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Temperature distribution —

Temperature/(10° K)

(928
I
|

pe = 153 g/lcm?
T. = 1.57 x 10" K
Xe = 0.34, X5 = 0.74(init. 0.71)
- 71Ga(SNU) = 127
3TC1(SNU) = 7.25
B = 4.82 x 10%cm—2s~1
Brun et al.(1999)

-
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Velocity field on the surfaceof the Sun

Single Dopplergram Single Dopplergram Minus 45 Images Average

(30-MAR-96 19:54:00) (30-MAR-96 19:54:00)
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Fourier decomposition

A Y70, 6) exp(2imvpmt)
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A superposition of millions

of normal modes of os-

cillation (resonating sound
LWaves) of the Sun.
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Inversion; frequendes — c¢*(r) o< T'/m
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\— / \/ €+1 2dCT:7T(n+a) (w = 27v) J
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Differ encebetween Sunand Model

L

Sun — model (Brun et al.1999)
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Spherical symmetry
Hydrostatic relation

Couvidat, Turck-Chiéze, & Kosovichev (2003
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Seismicmodel

-

1% increase of S(0)pp
+
3.5% increase of
heavy-element
abundance

!

Seismic model
(Couvidat et al. 2003)

SSM
1Ga(SNU) : 127 —
STCI(SNU) : 7.25 —

’B(10%cm™2s71) : 4.82 —
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Seismic model
128
7.48
4.98

LSNO toal ®B flux: ¢(ve + v,ur) = (5.09 £0.4) x 10 cm—2s~! J
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