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Science case: Metal-poor stars
Time
after
Big
Bang

[X/Y] = log10 (Nx/NY)star − log10 (NX/NY)Sun for elements X, Y
N = number density of atoms

[Fe/H] = 0

[Fe/H] = −4.0

[Fe/H] = −5.3

[Fe/H] = −∞
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Stellar archaeology
„Excavation sites“

Deciphering the traces left
behind by extinct generations
of humans/stars
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Metal-poor star topics
 What is the primordial Li abundance?

=> Test of BBN models, or determination of ΩB

 Nucleosynthesis processes and their sites
E.g., r-process, s-process; origin of carbon

 How old are the oldest stars?
Age determination with nucleochronometry, e.g. Th/Eu; U/Th

 Initial Mass Function of the first generation of stars
Top-heavy? Very Massive Stars? Did low-mass stars form?

 Star formation in low-metallicity environment
Under which conditions can low-mass stars form?

 Galactic chemical evolution
ISM mixing, star formation history, in- and outflow of gas, etc.

 Formation of the Galaxy
E.g., correlations between abundances and kinematics, halo streams

 Evolution of zero and very-low metallicity stars
Mixing, dredge-up, 2nd RGB,... (e.g., HE 0107-5240)

 Constraining models of the first supernovae
E.g., mixing, explosion energy, „mass cut“; via comparison of abundances of the 
most metal-poor stars with SN yields
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How can we find metal-poor stars?
Metal-poor stars can best be 
identified in the halo of the Galaxy.

Problems:
 Metal-poor stars are very rare!

In the halo, approximately
 one out of ~1000 stars has 

[Fe/H] < −2.0
 one out of ~10,000 stars has

[Fe/H] < −3.0.
 They are difficult to recognize; 

especially very metal-poor stars
(i.e., stars with [Fe/H] < −2.0). 

=> Wide-angle surveys

Presenter
Presentation Notes
Eggen, Lynden-Bell & Sandage (1962): Rapid collapsSearle & Zinn (1978): Halo was formed by accretion of „fragments“
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The halo metallicity distribution function

H
E 

01
07

−5
24

0
H

E 
13

27
-2

32
6

<= back



PIzzA Night, SS08 8/42

Hamburg/ESO survey (HES)
 Objective-prism survey 

covering half of the 
southern sky

 379 plates, 5° x 5° each
 Plates were taken with 

the 1m ESO Schmidt 
telescope in the 1990ies, 
then digitized in Hamburg

 12,397,333 digital 
spectra
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Slitless spectroscopy

Direct image Objective-prism plate
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Objective-prism plates
 Typical sky 

coverage: 5° x 5°
 About 30,000 

spectra per plate
 ∆λ ~ 10Å
 The interesting 

objects are very rare; 
e.g., one can find 
only 1−2 old, metal-
poor stars on each 
plate

Presenter
Presentation Notes
Let HES plate copy pass through audience



PIzzA Night, SS08 11/42

Plate digitization
Digitization of objective-prism plates makes 
automated and quantitative selection possible 

The Hamburg Observatory 
PDS plate scanner
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The main observational steps
1. Candidate selection

Quantitative criteria based on Ca K line
strength, B−V and J-K colours 

2. Confirmation of candidates
with moderate-resolution spectroscopy
(i.e., R ~ 2000)

3. High-resolution spectroscopy
(i.e., R > 40,000) for determination
of abundances of elements
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Selection of candidate metal-poor stars
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The main observational steps
1. Candidate selection

Quantitative criteria based on Ca K line
strength, B−V and J-K colours 

2. Confirmation of candidates
with moderate-resolution spectroscopy
(i.e., R = 2000)

3. High-resolution spectroscopy
(i.e., R > 40,000) for determination
of abundances of elements
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HES metal-poor star flow chart
18,000 HES candidates

Presenter
Presentation Notes
But still, a lot of telescope time is needed to go through all candidates.
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The main observational steps
1. Candidate selection

Quantitative criteria based on Ca K line
strength, B−V and J-K colours 

2. Confirmation of candidates
with moderate-resolution spectroscopy
(i.e., R = 2000)

3. High-resolution spectroscopy
(i.e., R > 40,000) for determination
of abundances of elements



PIzzA Night, SS08 17/40

High-resolution spectroscopy
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Some external collaborators
Johannes Andersen (Copenhagen, Denmark)
Wako Aoki (NAOJ, Japan)
Martin Asplund (ANU, Australia)
Tim Beers (Michigan State Univ., USA)
Mike Bessell (ANU, Australia)
Judy Cohen (Caltech, USA)
Anna Frebel (ANU, Australia --> Univ. Austin, Texas)
Ana Elia Garcia Perez (Univ. Hertfordshire, UK)
Vanessa Hill (Obs. de Paris, France)
Jennifer Johnson (Ohio State, USA)
Sara Lucatello (Padova, Italy)
Thomas Masseron (Ohio State, USA)
Andy McWilliam (Carnegie Observatories, USA)
Birgitta Nordström (Copenhagen, Denmark)
John Norris (ANU, Australia)
Bertrand Plez (Univ. Montpellier, France)
Francesca Primas (ESO, Germany)
Sean Ryan (Univ. Hertfordshire, UK)
Silvia Rossi (Sao Paulo, Brazil)
Steve Shectman (Carnegie Observatories, USA)
Ian Thompson (Carnegie Observatories, USA)
Sophie Van Eck (Brussels, Belgium)
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Some external collaborators
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Vanessa Hill (Obs. de Paris, France)
Jennifer Johnson (Ohio State, USA)
Sara Lucatello (Padova, Italy)
Thomas Masseron (Ohio State, USA)
Andy McWilliam (Carnegie Observatories, USA)
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Sean Ryan (Univ. Hertfordshire, UK)
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Ian Thompson (Carnegie Observatories, USA)
Sophie Van Eck (Brussels, Belgium)
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Christlieb et al. (2002), Nature 419, 904
Christlieb et al. (2004),  ApJ 603, 708
Bessell et al. (2004), ApJ 612, L61
Christlieb et al. (2008), in preparation 

Frebel et al. (2005), Nature 434, 871
Frebel et al. (2006), ApJ 638, L17

Aoki et al. (2006), ApJ 639, 897

HE 0107−5240
[Fe/H] = −5.3

HE 1327−2326
[Fe/H] = −5.4

The most heavy-element
deficient stars known
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Presenter
Presentation Notes
This is NOT M31/Andromeda; that one is a bit more tilted towards the observer.
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History of the discovery of metal-poor stars
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 Clear Aperture: 4m                          
 5°diameter field of view   
 4,000 fibers
 16 fiber-fed two-arm spectrographs for 

low- to medium-resolution

LAMOST at Xinglong Station



PIzzA Night, SS08 28/66

LAMOST optical design

MA
Reflecting 
Schmidt 
CorrectorMB

Spherical 
Primary 
Mirror  

Focal 
Plane 

It’s a meridian reflecting 
Schmidt telescope, laid down on 
the ground with its optical axis 
fixed in the meridian plane

Presenter
Presentation Notes
LAMOST is a meridian reflecting Schmidt telescope laid down on the ground with its optical axis fixed in the meridian plane, as shown in the Figure. It consists of a reflecting Schmidt corrector MA at the northern end, a spherical primary mirror MB at the southern end and a focal plane in between. Both the primary mirror and the focal plane are fixed on their ground bases, and the reflecting corrector tracks the motion of celestial objects. Celestial objects are observed around their meridian passages. The light collected is reflected from MA to MB, and then forms image of the observed sky on the focal plane. The light of individual objects is fed into the front ends of 4000 optical fibers accurately positioned on the focal plane, and then transferred into the 16 spectrographs fixed in the room underneath, to be dispersed into spectra and recorded on CCD detectors.
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Instrument configurations
Low-resolution mode

Medium-resolution mode
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The main observational steps
1. Candidate selection

Quantitative criteria based on Ca K line
strength, B−V and J-K colours 

2. Confirmation of candidates
with moderate-resolution spectroscopy
(i.e., R ~ 2000)

3. High-resolution spectroscopy
(i.e., R > 40,000) for determination
of abundances of elements
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18,000 HES candidates

The LAMOST survey for metal-poor stars

LAMOST
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First Light: 29 May 2007
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Automated LAMOST Data Analysis Pipeline

GOODBAD

A, F,G, K type
stellar spectra

Continuum rectification

Cross-correlation

vrad,geo correction

vrad,geoo

Line index measurements

Line index definition
H_delta, H_zeta, ,

CaII triplet, H&K, 
G band

trash bin

Health check

Line index & color index 
calibration

(ANN, polynomial)

372 test spectra (R=20000,
S/N=50)

±10-20 km/s

Color index from 
Input catalog

Rough model spectra grid
Teff~500K, logg~1.0dex,

[Fe/H]~1.0 dex

Best fit spectra

[Fe/H]
[C/Fe]

Teff
log g

Distance

Optimization 
of different 
methods

Cross-correlation

Best fit spectra

Apparent mag.

Absolute magnitude

Sub-grid model spectra 
Teff~100K, logg~0.25dex 

[Fe/H]~0.25dex
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Links to China

 Sino-German Cooperations Group on metal-poor stars 
funded by Sino-German Center for Research Promotion 
since December 2005

 P.I.‘s: Gang Zhao (NAOC, Beijing) and N.C.

 Exchange program, Workshops, Summer School
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Sino-German Summer School

on Cool Stars as Tools for Studying the Early Universe
Weihai, Shandong Province

14-22 July 2008 



Topics and lecturers:

• High-resolution spectroscopy and Echelle data 
reduction (N. Piskunov/Uppsala)

• Stellar model atmospheres (A. Schweitzer/Hamburg)
• Stellar parameter determination (A. Korn/Uppsala)
• Abundance analysis techniques (T. Gehren/Munich) 
• Stellar structure and evolution (U. Heiter/Uppsala) 
• Nucleosynthesis processes (T. Rauscher/Basel)
• Galaxy formation (M. Steinmetz/Potsdam)
• Models of galactic chemical evolution (C. Chiappini/Geneva)

Applications of advanced undergraduates and 
starting PhD students affiliated with a German 
astronomical institute are invited. More 
information, and application forms, at 
www.lsw.uni-
heidelberg.de/weihai08

Organizer: Prof. Dr. Norbert Christlieb, Landessternwarte Königstuhl, e-mail: weihai08@lsw.uni-heidelberg.de

Es sind noch einige Restplätze verfügbar!
Bewerbungen werden bis Sonntag, 1.6.2008 
um 23:59 angenommen.
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 Fully automated 1.35m telescope at Siding Spring Observatory.

 Camera will have 32 CCDs of 4k x 2k each, 0.5" pixels. Sky 
coverage in single shot will hence be 2.4° x 2.4°.

 First light late 2008; camera already had first light in the lab.

 Multi-colour (ugriz + intermediate-band v), multi-epoch survey.

 Will provide accurate, uniformally standardized photometry 
between 8 and 23 mag for the whole southern hemisphere.

 Web page: www.mso.anu.edu.au/skymapper/

 Paper: Keller, Schmidt, Bessell et al. (2007, PASP 24, 1)
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SkyMapper Filter Set

SDSS

Sky
Mapper

Ex-
atmosphere

Bessell (2006, priv. comm); see also Keller et al. (2007, PASP 24, 1)
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EMP and HMP stars expected to be found

Survey Effective sky 
coverage

Effective 
mag limit

N < −3.0 N < −5.0

HES 6400 deg2 B < 16.5 200 2
SEGUE 1000 deg2 B < 19 1000 10

LAMOST 10,000 deg2 B < 19 10,000 100
SSS 20,000 deg2 B < 18 5000 50

 Estimates are accurate only to within a factor of ~2!
 Number of stars to be found in SEGUE will mainly be limited by 

number of fibers allocated for follow-up. Only about 10% of all 
candidates down to B = 19 can be observed.

 SSS follow-up will be done with SSO 2.3m + WiFes, hence 
faintest stars can not be observed (now).

130?

20?

Presenter
Presentation Notes
V1/V2 = A1/A2 * 10**((m1-m2)*3/5)
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Diplomarbeitsthemen

 Selektion von Kandidaten für metallarme outer halo-Sterne im HES 
unter Zuhilfenahme kinematischer Informationen; eventuell eigene 
Nachbeobachtungen in Chile oder Australien.

 Homogene Analyse der ca. 10 000 follow-up Spektren von 
Kandidaten für metallarme Sterne aus dem HES; eventuell eigene 
Nachbeobachtungen in Chile oder Australien.

 Entwicklung von Methoden automatischer Spektralklassifikation von 
LAMOST-Spektren.

 Entwicklung von Methoden zur automatischen Bestimmung von 
stellaren Parametern, basierend auf LAMOST-Spektren und SDSS-
Photometrie.

 Entwicklung von Methoden zur automatischen Elementhäufigkeits-
analyse von SDSS-Spektren.
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Ehemalige Studenten
 Dipl.-Phys. Wolfgang Hayek, Diplomarbeit, 2006: A chemical abundance

analysis of the r-process enhanced star HE 1219−0312; jetzt Doktorand an 
der Australian National University (ANU).

 Dipl.-Phys. Ulfert Wiesendahl, Diplomarbeit, 2006: An abundance analysis
of the metal-poor and r-process enhanced star CS29491-069; jetzt 
Doktorand an der Hamburger Sternwarte.

 Dr. Christopher Thom, PhD, Swinburne University of Technology, 2006: 
High Velocity Clouds and the Milky Way Halo; jetzt Postdoc an der 
University of Chicago. 

 Dr. Anna Frebel, PhD, Australian National University, 2006: Bright Metal-
Poor Halo Stars from the Hamburg/ESO Survey; jetzt W.J. McDonald 
Fellow, University of Texas at Austin; ab Herbst 2008 Clay Fellow an der 
Harvard University.

 Dipl.-Phys. Torben Schörck, Diplomarbeit, 2007: The Metallicity
Distribution Function of the Galactic Halo; jetzt Forschungsgruppenleiter in 
der Industrie. 
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Kontakt

E-Mail: N.Christlieb@lsw.uni-heidelberg.de

Telefon: 06221−54−1705
Homepage: www.lsw.uni-heidelberg.de/users/christlieb
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