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Motivation

— Why is a stellar abundance database needed?

Examples of Where the Field is Going

_ HERES
— SDSS-II (SEGUE)

Philosophy

— What should such a database DO for the astronomer ?
— What should such a database DO for the nuclear astro-physicist ?

Execution

— How is STARIib implemented ?
— How is STARIib maintained ?
Future

— What additional information is needed ?
— The transition to full spectral archiving



The abundances of elements in stars, in particular stars
of the halo population of the Milky Way, provide

on the astrophysical origins of
the elements

In the past few years, availability of large-aperture
telescopes equipped with high efficiency spectrographs
has led to an

for stars of interest to
astronomers and nuclear astrophysicists alike

Development and refinement of analysis codes (some of
which are automated) has made elemental abundance
analysis techniques widely available

However, derivation of useful information from stellar
spectra remains, by and large,



1 Astronomers do not elemental abundances,
they are based on:

Observed

(temperature, surface gravity, average
metal content) of a given stellar atmosphere

Adoption of a
Adoption of a for each elemental species

Knowledge (?) of (oscillator strengths) and
(solar)

Comparison of
with that predicted by integration of flux through the model
atmosphere



1 Due to multiple assumptions, and ever-changing
techniques employed

— Derived elemental abundances (even for a given star)
can vary, , from
astronomer to astronomer, even when using the
same input spectral data

— The non-specialist is often
as to the “best available”
abundances for a star, or set of stars

— Assembly of required information is, at best, tedious,
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Measurement of stellar age from ura-
nium decay

R. Cayrel', V. Hill?, T. C. Beers®, B. Barbuy®?, M. Spite’, F.
Spite”®, B. Plez®, J. Andersen”, P. Bonifacio®, P. ]*‘l"rl.ug()is'q._ P.
Molaro®, B. Nordstrom” !9 & F. Primas?

' Observatoire de Paris-Meudon, DASGAL, F 75014 Paris, France
? European Southern Observatory, D 85748 Garching b. Miinchen,
Germany
lfichz'ga-n. State University, Fast Lansing, Michigan 48824, USA
Liniversidade de Sdo Paulo, Sdo Paulo, BR 01060-970, Brazl

bservatowre de Paris-Meudon, DASGAL, I° 92195 Meudon

C¥dex, France

CGRAAL, Université Montpellier-2, F 34095 Montpellier Cedex,
ERince

@’névm‘sétg} of Copenhagen, Astronomical Observatory, DK 2100,
(-Q) penhagen, Denmark

('&K(P.-;.-n-:rt:(d.m'iu Astronomico di Trieste, 1-34131 Triesie, ltaly

? Buropean Southern Observatory, Casilla 19001, Santiago 19,
wlahile

&Lund Qbservatory, Lund University, S 22100 Lund, Sweden

QThe ages of the oldest stars in the Galaxy indicate
<wthen star formation began, and provide a minimum
Qge for the Universe. Radioactive dating of mete-
gritic material' and stars® relies on comparing the
Q‘nsnnt abundance ratios of radioactive and stable
<auclear species to the theoretically predicted ratios

their production. The radioisotope ?3*Th (half-

e 14 Gyr) has been used to date Galactic stars®™,
blt it decays by only a factor of two over the life-
@ne of the Universe. 2**U (half-life 4.5 Gyr) is in
ptinciple a more precise age indicator, but even its
.E‘mngost spectral line, from singly ionized uranium
al a wavelength of 385.957 nm, has previously not
%!nn detected in stars*~7. Here we report a measure-
fent of this line in the very metal-poor star CS31082-
0018, a star which is strongly overabundant in its
heavy elements. The derived uranium abundance,
log(U/H) = =13.740.14 £ 0.12 yields an age of 12.5+3
Gyr, though this is still model dependent. The ob-
servation of this cosmochronometer gives the most
direct age determination of the Galaxy. Also, with
improved theoretical and laboratory data, it will pro-
vide a highly precise lower limit to the age of the
Universe.
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1 The Hamburg/:=-SO -Process —nhanced “tar

survey ( ) has obtained high-resolution (R
~ 20,000), moderate S/N (30/-1 to 50/1) spectra
of from the

HES (Christlieb et al. 2004; Barklem et al. 2005)

1 This is represents a
iIncrease in numbers of low-metallicity stars with
available high-resolution spectroscopic data
(e.g., Cayrel et al. 2004 “First Stars” series)
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Eu Survey Spectra and
Results to Date

YLT-UT2/UVES, October—December 2001

- iIs based on “snapshot” high-
resolution spectroscopy

 Neutron-capture-enhanced stars
indicated by presence of

:-1
=
=
LB
s
-t
o
=
T
u

with [r/Fe] =2 +1.0
- with [r/Fe] — + 0.5
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The Power Of Large N:
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r—II stars




Note: Likelihood of two possible regimes of
CEMP stars — higher [Fe/H] and lower [Fe/H]
— different production sites / mechanisms ?
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) New Results for the HERES Sample
Includes Carbon Abundances for 75 Stars not Analyzed by
Barklem et al.

Note, while upper envelope of [C/H] is approximately constant, the

upper envelope of [C/Fe] 19



log L/Lsun

On the left, two different definitions of CEMP stars. One
from the other from
On the right, there appears to be a




1 \When adopting the definition of CEMP from Beers &
Christlieb ([C/Fe] > +1.0)

1 When adopting the definition of CEMP from Aoki et
al. (2000)

1 Note that neither definition adequately takes into
account which would drive
fraction up further still

1 A better sample would be comprised of stars that are
to not suffer from evolutionary
effects
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1 The most ambitious astronomy project ever
undertaken

— Obtain accurately calibrated imaging of
square degrees of (northern) sky,
in five filters (ugriz)

— Obtain medium-resolution spectroscopy for
]

1 Has been fully operational since ~ Jan 1999
1 Completed its primary imaging mission in July 2005
22



SDSS -- The Telescope and Data

ARC 2.5m SDSS Telescope (3 deg FOV) 23



. The Sloan Extension for
alactic LUnderstanding and =xploration

i Fully funded . Sloan Foundation / NSF /
Partners ( ) for operation through July 2008

1 Use existing SDSS hardware and software to obtain:

of additional ugriz imaging at lower
latitudes

— Medium-resolution spectroscopy of
stars in the thick disk and halo of the Galaxy

1200 “spectroscopic plate” pairs of 45 / 135 min exposures

10bjects selected to populate distances from 1 to 100 kpc

24



SEGUE uses stellar probes of increasing
absolute brightness to probe Kl
Increasing distances in the disk, thick
disk and Milky Way halo.

d <100 kpc

STO/F Streans and outer halo stars
C

~ Inner and olter halo stars

Other spectroscopic surveys will not probe as deep,
for instance, Blue Horizontal Branch Stars (BHBs) from a
survey with V< 12 are from a volume within 1.5 kpc of theun.




The actual camera and a block
diagram of the CCD layout
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|dentification of targets on the sky A prepped and drilled plate .4
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observing plan and status as of June 2006

SDSS Imaging scan »*" Declination = -20 degrees

O Planned targeted SEGUE pointings(60)

|:|  Completed SEGUE imaging @ Completed SEGUE plate pointings1



Based on ugriz color selections / split into two plates at
“bright”™. 14.0 <g<18.0; “faint”. 18.0<g<20.5

Ky



Call K (KP) vs. predicted (B-V)o [(g-r)o]
Autocorrelation Function vs. predicted (B-V)o [(g-r)o]
Ca Triplet vs. predicted (B-V)o [(g-r)o]

Call K + metallic line regions + ugriz
Spectral/Photometric matching (ugriz)

Cal 4227 vs. predicted (B-V)o

MgH vs. predicted (B-V)o

MgH (and other gravity sensity features) vs. ugriz
Spectral/Photometric matching

Balmer lines + ugriz
Spectra/Photometric Matching

33



SDSS STAR RA (DEG) DEC (DEG) G_MAG VEL FEH SIGF NF LOGG  SIGG NG TEFFA SIGT NT

52518-0737-001 336.810840 12.047003 18.428
52518-0737-030 337.549880 12.628333 17.338
52518-0737-032 337.552970 13.147942 18.399
52518-0737-039 337.488620 12.759767 19.220
52518-0737-047 336.371220 12.346197 17.415
52518-0737-065 336.663620 12.607524 20.903
52518-0737-075 337.092970 12.769260 16.007
52518-0737-080 337.035320 12.970552 18.716
52518-0737-086 336.298600 12.112614 17.997
52518-0737-094 336.297150 12.284820 18.463
52518-0737-112 336.478040 12.656192 19.099
52518-0737-128 336.043610 12.122969 17.736
52518-0737-129 336.095300 12.053612 20.473
52518-0737-178 336.018120 13.123265 16.768
52518-0737-235 335.638350 13.102211 15.973
52518-0737-237 335.615940 13.010118 16.588
52518-0737-241 335.526850 11.932741 16.831
52518-0737-249 335.492610 12.278062 18.428
52518-0737-267 335.176260 12.736045 17.511
52518-0737-283 335.349100 12.182276 20.142
52518-0737-286 335.276540 12.043587 20.624
52518-0737-288 335.093170 12.234200 16.629
52518-0737-313 334.837850 13.114356 17.457
52518-0737-322 335.336110 14.301547 16.887
52518-0737-324 335.003250 13.971341 17.385
52518-0737-361 335.517290 14.330617 18.814
52518-0737-362 335.531240 14.218181 16.835
52518-0737-372 335.419960 14.191317 17.485
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Actually, this is a version of the VAC, which will also include
additional photometry, astrometry, spectral classification, distances, spectral indices,

and notes on peculiarities of individual stars. 24
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log(g) = 4.81 [Fe/H] = —0.55

leg{g) = 4.81 [Fe/s/H] = —0.49
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Teff = 6426 / log g = 4.20 / [Fe/H] = -1.70

Teff =6450 /log g = 3.88 / [Fe/H] = -2.20

Teff = 6457 / log g = 3.63 / [Fe/H] = -2.6

Teff = 6475/ log g = 4.13 / [Fe/H] = -3.0

Teff = 6416 / log g = 4.20 / [Fe/H] = -3.59

I I I
4200 4400 4600

Wavelength (angstroms)



Likely Numbers of Detected MP
Stars from

1 Actual numbers will depend on the shape
of the halo Metallicity Distribution Function

— Fe/H] <-2.0
— Fe/H] <-3.0
— Fe/H] <-4.0
— Fe/H] <-5.0
— Fe/H] <-6.0

44
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identification of bright MP giants with [Fe/H] < -2.0

Brightest taken to HET, etc., for “snapshot”
high-resolution spectroscopy

Most interesting (e.g., r-process / s-process-enhanced)
stars thus identified taken to, e.g., Subaru/Keck/LBT, etc.
for determinations of elemental abundance
patterns

Construction of scenarios to
account for patterns and frequency of n-capture (and other)
abundance patterns

Note: , expect to be able to obtain medium-
res data for of individual stars;
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1 For the astronomer

— Make available as a record of
published elemental abundances, in particular for the
modern era (CCD detectors)

— Provide sufficient information so that one can
determine if for a
given star (e.g., S/N, # lines, wavelength coverage)

— Enable of derived results (e.g., for different
model atmosphere, reference element assumptions)

— Enable intelligent selection of sample of
for research topic in hand

47



1 For the nuclear astrophysicist

— Provide
access to the derived elemental abundances for stars
of interest

— Not put on full understanding of the

methodologies employed in order to use best
available abundance estimates

— Point out where lie with inclusion
of certain results

48



1 Is JINA's attempt to develop and
maintain a library of stellar abundances which
satisfies many of the above requirements

1 Basic design is still in the process of
development and implementation

— Postdoc / grad student

1 |[nput of astrophysical data is presently underway

— Undergrad student
— Checking by JINA faculty

49



1 Once basic inputs / structure are fully defined, future
maintenance requires

— Additional (quarterly) updates of newly published materials

— Input (revision) of new information on astrophysical nature of
object (e.g., binary, binary period, variable)

— Development of presentation and query structures for improved
access to information

— Ability to perform adjustments in abundances, based on
preferred atmospheric parameters (e.g., Teff), or solar reference
abundances

— Development of quality assessment mechanism for the listed
data
50



1 \What additional information is required “?

— Advice needed from astronomers, and in
particular, from

1 The transition to full spectral archiving

— The international virtual observatories will
eventually be collecting all available
spectroscopic data in (newly) published
literature

can provide database info on the
published literature, to be used in parallel

51
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