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The Dark Slde of the Sun

A plea for a next generation opacity Calquatlon
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g Heard about the .
s “Solar Abundance Problem”?

- -Asplund Grevesse & Sauval (2005 AGS 05)
Abundance analysrs on. 3D simulation of Solar

atmosphere S ~2/3 of the old CNO abunds

o Wrecked havoc on solar models VS sersmology'

Asplund ‘Grevesse, Sauva & Scott (2009,
- AGSS’09): NeW analys Dbetter srmulatlon and
atomic data -~3/4 of | Ic CNO abunds ;

 Caffau et al. (2011): 85-95% of ‘old abunds i

' '« Scott etal. (2015a b), Grevesse et aI (2015)
Mrnor Changes from AGSS Q95
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" Heard about the -
o "‘SolarAbundance Pr@blem”?

Villante et al. (2014)

AGSS'09 [ e B ey

& - S
: \ »_ e ’
Regher Trampedach « "+ =& Workshop on Astrophysical Opacities, ,-Aug.1st, 2017
= : & ¥ - " - 4 =




o Qkygeh!,

'I'IlrITIIII'I'II'I'I'I'IITIIHITII'I'I'I'II'I'IIII'I'IIII'I'II'I'I'I'IITI

| Holweger 2001

B
o
T “
(23]
=
L

=] Stefien et al. 2015

K
C e

Lambert 1968 @

H=—"
——— Asplund et al. 2008

| =" . Asplund et al. 2004

D}:ygéh abundancé |

Grevesse & Sauval 1998 |

lllllllll I 1 '} 1 L 1 '} I 4 I’} I 2 L L I’} i L'} ] L I’} t ] I} 1 I’ B I’} ] 1 '] I i 1 '] 1 L 1 ]

1980 1990 2000 2010
YEAR

2 ’ \ » e T : ' ' e 4 .
Regher Trampedach « '+ -r Workshop on Astrophysical Opacities, ,-Aug.1st, 2017 : “JE].}?[.\JUCI?




1.00

0.99

0.98

| Holweger 2001

| o b—pt—| Asplund et al. 2004
®
1 I 1

0.97

Normalized flux

=] Steffen et al. 2015

L
Ce

——— Asplund et al. 2008

0.96 2 & 3
- Allende Prieto et al. (2001) i 7
0.95 . ] : . . | . | \ | \ | =
6300.0 6300.1 6300.2 6300.3 6300.4 6300.5 'E
Wavelength (angstroms) 7
8.5 O -
| T N T R N R S ST I Y S T R N U T N T T T | T R N T L o 3 4 3 L

1970 1980 1990 2000 2010
YEAR

. 3 ; - » v j - ] . r \__J‘ L 1\.:,1 Ly .
Regher Trampedach « =+ - Workshop on'Astrophysical Opacities, ,-Aug.1st, 2017 : “JE].}?[.\JUCI?




Normalized flux

1.00

0.99

0.98

0.97

0.96 1
- Allende Prieto et al. (2001)

0.95

6300.0 6300.1 6300.2 6300.3

Wavelength (an

8.5

_ 2 -
3 L 2 -
> o 5 & &
- 2 8 &3 5
———F+—+—
_ ;._---.. —
Q ’J‘... T
l T
0.98 |- \ y 1
- (%] 0 . .
_ N 4 -+
0.96 - —1
| Caffau et al. (2017) 1
B mu=1. 00 +
I 1 1 i I I I | I I I T
6300.0 6300. 2 6300. 4 6300.

Wavelength (A)




2y 'S(_)__Iuti[(_')n_:'_ '-'I;n_,Cr_easf_'el Zor 'Qpaeity: -

1-"

= Then 'Balley et al. (2015) measured the epamty
of Fe at condltlens close (0] bottom of. sol.ar CZ

" ;’ ) : I - '] # i ' " . " z ¥ . ’ - ; S PJ'II&{.__-: l:-*
R , - NP S L, | - SCIENCE
Regher Trampedach « "+ -r Workshop on'Astrophysical Opacities, ,-Aug.1st, 2017 : LI L] N
Y " L ~ ! o . - & - i i L ! - 'l M5 u E



Solutlon Increase Z or Opamty
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X '-Seluti[c_)n:'_ '-'In,er_eas_el Z or 'Q_paeity: "
= Then Balley et aI (2015) measured the opaC|ty
- of Fe at condltlens close to bottom of-solar CZ

«And found Slgntflcantly h1gher opacnty than any
calcu atidhns to date! - | s

3 o Swﬂcmng out OoaCIty PrOJect (@P 05) Fe- S
absorotlon for the: meésured - +7% KROSS S

. $»

¢ Lets try to mlmlck Fe measurement |n OP @5
- and see What happensl = % S
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-+ Solution: Increase Z or Opacity -
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. Solution: '-I.n_cr_e'as_'e.ZI or Qpabity. '
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~..Which elements‘'make that change?
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_ Conclusrons S g
. AGSS 09 abundances give 15 20% too httle KROSS o

e I\/Ieasured Fe absorptron at condrtrons near those _
ot bottom of the Solar Conv zone adds ~7% KRoss :

o Increasrng@P 05 by 23% per closeol electron |
-‘shell,.and broadenrng by 2 3eV wrde Lorentzran
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