Disentangling the signature of planets
and neutron-capture enrichment using
UV/optical spectroscopy

Eu
Jorge Meléndez, o
Universidade de S3o Paulo e e
L3 e MOPd B2 "
oy & s | ce
L A Y

. Ramirez (Austin), J. Bean (Chicago), M. Bergemann (MPA), K. Lind (Cambridge),
B. Gustafsson (Uppsala), D. Yong, A. Karakas, M. Asplund, A. Alves Brito (Stromlo),
T. Monroe, M. Tucci Maia (IAG/USP), M. Castro, J.D. do Nascimento (UFRN)



How to achieve a precision of 0.01 dex
in elemental abundances?

Very high S/N: reduces errors in W,
High spectral resolution: reduces errors in W,
Careful selection of lines: reduces blends

Strictly differential approach: reduces
model errors



How to achieve a precision of 0.01 dex
in elemental abundances?

Very high S/N
High spectral resolution
Careful selection of lines

Strictly differential approach using stars similar
to the Sun (solar twins):

- “star-like” Sun (asteroids: Vesta, Ceres, ...)
- accuracy in T~ scale

- line-by-line cancel errors in gf-values

- weak dependence on model atmospheres



Magellan ultra high
precision study of
solar twins

- Magellan 6.5m Clay Telescope

& Mike spectrometer
- R = 65,000

- S/N = 450 per pixel
- coverage 340 — 1000 nm
- Solar spectrum: Vesta

- 3 nights of observations
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[Cr/Fe] dlstrlbutlon in11 solar twins

I I |
«:[Cr/Fe]::» = —0 Dll dex (cr— D 009 dex)
observational error (s.e.) = 0.012 dex
atmospheric parameters = 0.002 dex
total error = 0.012 dex

Star-to-star
scatter of

only
0.009 dex
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Sun’s 0.10
anomalies are

strongly % -
correlatedto £°”
the dust LE
condensation | __
temperature of ;
the elements! ="
Correlation is %ﬂ-ﬂe
highly significant
probability ~107 to

happen by chance ~0.06

It’s most likely to win
the lottery
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B o(volatiles) = 0.011 dex |
o(refractories) = 0.007 dex |

"~ 0.08 dex ~ 20%
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Meléndez, Asplund, Gustafsson, Yong 2009, ApJ Letters
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Beyond planet effects

High precision abundances in 18 Sco:

a solar twin rich in refractories and neutron-
capture elements
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UV Atlas of the Arcturus (and Solar) Spectrum 1150-3800 A, Hinkle et al. 2005
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UV Atlas of the Arcturus (and Solar) Spectrum 1150-3800 A, Hinkle et al. 2005
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18 Sco
(brightest solar

twin, V =5.5)

UVES+VLT oo
R =110 000 =
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Elements with _
Z <= 30:
trend with T, oo

Meléndez et al. 2013, in
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18 Sco

(brightest solar
twin, V =5.5)

Subtracting
AGB model

s—process fraction

Excellent
agreement
with s- and r-
process in the

solar system!

Meléndez et al. 2013, in
preparation
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n-capture
elements in
solar twins
of different
ages
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HIP 102152: Most “solar-like” abundance

pattern

8.2 Gyr

3% fewer metals
than Sun

HIP 102152 has a
solar abundance
pattern

Refractory elements
depleted compared
to other solar twins
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n-capture
elements in
HIP102152

age = 8.2 Gyr

Preliminary results
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Conclusions

 Abundances at the 0,01 dex level can give us
important information on planets and on the

chemical evolution of the neutron-capture elements
in solar type stars.

* Access to the UV region at high resolution (ideally

R 240 000 but R=20 000 is OK) is needed to
perform this work






r-processs in metal-poor stars is “easy” (~ 0.5 — 1.0 dex)
r-process in solar twin 18 Sco: ~ 0.015 dex

7 — | [ I I I | I I I [ | I I I I | I [ I I | I I—

6 — —

5 F \/\ CS30301-015 Nm| —

w = . | -
a0 4 — . ]
o) - = V -
® 3 — HE1509-0806 N o| —
P, > - a
© - o ' -
m | |
o 1 — hd HD196944 —
— ® _

0 —

= \ =

-1 —Sr Nb Ru AE Sn 1 Ba Pr Sm Tb Er Lu W Ir H% Bi _

-~ Y Mo d Sb Xe La Nd Eu Tm Hf Re Pt T1 -

o — 2|r Te Pd Inl Te Cs Ce |Pm Gd Ho Y|h Ta Os ..ﬁ.u| Pb

- 1 | I I I I I I | I I I I I | I I | T

40 50 60 70 80
Atomic number

Frebel & Norris 2012



