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model of the interior structure of the Sun – the triumph of modern astrophysics

3D models of solar atmosphere and the downward revision by 25–35 % of the
solar abundances abundances of light elements such as C, N , O and Ne

advantages:

theoretical 3D line profiles agree perfectly with the observed profiles, including
their line shifts and asymmetries

disadvantages:

incorrect prediction of the depth of the convection zone,

the depth profiles of sound speed and density

and the helium abundance
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Solar system abundance

solar system overall abundance information: solar photospheric spectrum and
pristine meteorites

solar spectrum: results dependent on models of the solar atmosphere and the line
formation process; accuracy expected to be good at the 10% level at best

model–independent meteoritic abundances: can be measured to exquisite
accuracy but:

only a very small subsample of meteorites do not show effects of fractionation

elements like H, He, C, N , O and Ne are volatile and depleted in meteorites

Solution for the “solar model problem”, J. Molenda–Żakowicz, Journal Club, 28.X.2005 – p.3/18
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3D model of solar atmosphere

for late-type stars where the convection zone reaches up to the optical surface, 3D
modelling is necessary to capture the time-dependence and resulting atmospheric
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for late-type stars where the convection zone reaches up to the optical surface, 3D
modelling is necessary to capture the time-dependence and resulting atmospheric
inhomogeneities of granulation

3D models: simultaneous solving standard hydrodynamical equations for
conservation of mass, momentum and energy together with 3D radiative transfer
equation

both radiative and convective energy transport are self-consistently computed

no mixing length theory enters the modelling
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Solar element abundances

new solar abundances (table) are derived from 3D modelling for most elements up
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Solar element abundances

new solar abundances (table) are derived from 3D modelling for most elements up
to Calcium and for Fe

abundances of other elements are corrected for the recent results of calculation of
atomic data

new values of X = 0:7392, Y = 0:2486 and Z = 0:0122
present ratio Z=X = 0:0165 is lower than the old value, Z=X = 0:0275
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Solar element abundances

comparison of photospheric and meteoritic abundances as measured in C1 chondrites
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Low solar C, N , O and Ne abundances

the atomic and molecular-based abundances now finally agree
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Low solar C, N , O and Ne abundances

the atomic and molecular-based abundances now finally agree

low C and O abundances are in much better agreement with those measured in
the local interstellar medium

since C, N , O and Ne are important opacity contributors, the revised solar
abundances significantly alter the interior structure

the predicted sound speed in these new solar models are in much worse

agreement with helioseismology
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Sound–speed inside the Sun

relative sound–speed differences, Æ
=
 = (
� � 
model)=
model, between solar models

BP00, BP04, BP04+ and BP04+21% and helioseismological results from MDI data.
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Dencity inside the Sun

relative density differences, Æ�=� = (�� � �model)=�model, between solar models and

helioseismological results from MDI data.
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Low solar C, N , O and Ne abundances

only possible culprits (Aspund et al. 2005):
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Low solar C, N , O and Ne abundances

only possible culprits (Aspund et al. 2005):

new photospheric abundances

opacities: the necessary opacity increase near the bottom of the convection
zone is at least 10%

it is unlikely that the derived abundances are as far from the real values as
suggested by helioseismology studies

a great deal of fine–tuning would be necessary to simultaneously bring the C, N

and O abundances up by some 0.2 dex, if at all possible
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Solar Ne abundance

solar abundances of C, N and O can be measured accurately on the basis of their
absorption lines

NeNe OONeANe=AO = 0:15 Ne

Solution for the “solar model problem”, J. Molenda–Żakowicz, Journal Club, 28.X.2005 – p.11/18
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Solar Ne abundance

solar abundances of C, N and O can be measured accurately on the basis of their
absorption linesNe lacks detectable photospheric lines in cool stars like the Sun and the
abundance is much less certainNe measurements are generally made relative to a reference element such as O;
the downward revision of the solar O abundance required a commensurate
lowering of the Ne abundance

present ANe=AO = 0:15 but it has been pointed out that the solar model problem

could be solved if the solar Ne abundance is at least a factor of 2.5 times higher
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Ne abundances in nearby stars

Ne is not detected in the optical spectra of cool stars but emission lines of highly
ionized Ne are prominent features of their X-ray spectra

Ne=O O NeNe=O
Ne=O LX=LbolANe=AO = 0:41 Ne=O�
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Ne abundances in nearby stars

Ne is not detected in the optical spectra of cool stars but emission lines of highly
ionized Ne are prominent features of their X-ray spectraNe=O abundance ratio can be derived directly from the ratio of observed fluxes of
the hydrogen–like and helium–like ions of O and NeNe=O abundance ratios for a sample of 21 stars (table) that have been observed
by the Chandra X-ray Observatory using the High Energy Transmission Grating
Spectrometer

there is no trend in the Ne=O abundance ratio with LX=Lbol

the error-weighted mean ratio is ANe=AO = 0:41 (Ne=O ratios for Procyon, an F5

subgiant, and � Eri, a K2 dwarf, added because they have lower activity level than

the remaining stars)
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Ne abundance of late–type stars

A Chandra Medium Energy Grating X-ray spectrum of the M1 V star AU Mic.
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Ne abundance of late–type stars

derived Ne=O abundance ratios, ANe=AO , vs. the coronal activity index, LX=Lbol:
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Ne abundances in nearby stars vs: the Sun

derived ANe=AO is 2.7 times higher than the currently recommended solar value

NeANe=AO = 0:52C N O Fe� Ne
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Ne abundances in nearby stars vs: the Sun

derived ANe=AO is 2.7 times higher than the currently recommended solar value

it is consistent with the abundance inferred from helioseismology

solving the solar model problem by raising the Ne abundance alone would require
a minimum ratio ANe=AO = 0:52, 3.44 times larger than recommended

raising the C, N , O and Fe abundances upward within their estimated uncertainty
range of �12% would require an Ne abundance higher by only a factor of 2.5

adjusting the elements all together is not unreasonable because the recent

downward revisions are correlated
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Is this conclusion correct?

the coronal chemical compositions of the Sun and stars often appear different to
those thought to characterize the underlying photospheres

Ne=ONe=O ONe Ne=O
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Is this conclusion correct?

the coronal chemical compositions of the Sun and stars often appear different to
those thought to characterize the underlying photospheres

can we derive photospheric Ne=O with the use of coronal lines?

yes: the same Ne=O ratio in a wide variety of stars sampling a large range of
different coronal activity levels, i.e., there is no significant fractionation between O

and Ne in disk-integrated light from stellar coronae

conclusion: the results represent the true Ne=O abundance ratios
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X– and 
–ray observations of the Sun

no recent full-disk integrated light Ne=O measurements for the Sun; existing
studies based on observations of particular regions and structures of the solar
outer atmosphere

Ne=ONe=O
Ne=O 
 3He
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highest Ne=O ratios based on X–rays are 2–3 times the accepted solar value and
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X– and 
–ray observations of the Sun

no recent full-disk integrated light Ne=O measurements for the Sun; existing
studies based on observations of particular regions and structures of the solar
outer atmosphere

summary and bibliography of Ne=O estimates since 1974 (table)

highest Ne=O ratios based on X–rays are 2–3 times the accepted solar value and
were obtained for hotter active regions that are likely to dominate the solar full–disk
X–ray emission and are most directly compatible with derivations based on
full-disk integrated light X–ray spectra of other stars

high Ne=O ratios have also been seen in 
–ray observations of flares, 3He–rich

solar energetic particle events, and in the decay phase of long duration soft X–ray

events
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Final conclusions

the 
–ray measurements probe material that is irradiated by downwardflowing
accelerated particles and these particle beams penetrate through to the
chromosphere, which is probably more representative of the underlying
photospheric material than coronal regions

Ne=O
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Final conclusions

the 
–ray measurements probe material that is irradiated by downwardflowing
accelerated particles and these particle beams penetrate through to the
chromosphere, which is probably more representative of the underlying
photospheric material than coronal regions

the higher of the observed solar Ne=O abundance ratios are the ones
representative of the underlying solar composition

this scenario is in accordance with the observations ofNe=O in nearby stars and reconciles solar models with
helioseismology
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