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‘Saence case: Metal- poor stars
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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 Qg

= 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?

s 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)

s 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:
m Metal-poor stars are very rare!
In the halo, approximately

o one out of ~1000 stars has
[Fe/H] < -2.0
o 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

-Our:Milky Way Galaxy
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Eggen, Lynden-Bell & Sandage (1962): Rapid collaps
Searle & Zinn (1978): Halo was formed by accretion of „fragments“
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‘The halo metallicity distribution function
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Hamburg/ESO survey (HES)

= Objective-prism survey E_‘ll“ﬁ*lm"“*"zt::
covering half of the H
southern sky v L

§ -40 BueiRin ﬁﬁﬁ Sl

m 379 plates, 5° x 5° each : .Hgg%l !

= Plates were taken with e 5
the 1m ESO Schmidt
telescope in the 1990|\‘
then digitized in Hamburg

s 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

AL ~ 10A

The interesting
objects are very rare;
e.g., one can find
only 1-2 old, metal-
poor stars on each
plate
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Let HES plate copy pass through audience


Plate digitization

Digitization of objective-prism plates makes
automated and gquantitative selection possible

The Hamburg Observatory
PDS plate scanner
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‘The main observational steps

I HE 0107-5240
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R=400
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strength, B-V and J-K colours
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‘ Selection of candidate metal-poor stars
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‘The main observational steps
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B
‘ HES metal-poor star flow chart

r 18,000 HES candidates
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metal —poor stars
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But still, a lot of telescope time is needed to go through all candidates.
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‘ High-resolution spectroscopy
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HE 0107-5240 The most heavy-element
[Fe/H] = -5.3

The Very Metal-Deficient Star HE 0107-5240
LESH

ESO PR Photo 25a/02 (30 October 2002)

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

deficient stars known

HE 1327-2326
[Fe/H] = -5.4

Frebel et al. (2005), Nature 434, 871
Frebel et al. (2006), ApJ 638, L17
Aoki et al. (2006), ApJ 639, 897

HE1327-2326

MAGNUM Telescope (U,B,V)
June 23 & 25, 2004

DSsS Image (R,G,B)



Arm an Eisen

NOVEMBER 2, 2002 PAGES 273-288 VOL. 162, NO. 18

Alter Stern stiitzt kosmologische Theorie
. . Der Urknall hat fast ausschlieBlich
ancient in Ia N d ocean Wasserstoff und Helium hervorgebracht,
aber keinen Kohlenstoff und kein Eisen.
. Diese schweren Elemente mussten die
h e rb I C | de a lte rS frog Sex O rga n S ersten Sterne einer Grundthese der Kos-
mologie zufolge quasi erbriiten und nach

i 1 "N jhrem Tod als Explosionsreste einer Su-
d Star from the begl nni ng? = pernova ins Weltall hinausblasen. Aller-
THE WEEKLY NEWSMAGAZINE OF SCIENCE

dings hatte diese These bislang einen Ma-

new pa | n k| | | er h eada c h e +  kel: Nirgendwo im All konnten Astrono-
= men einen Stern jener ersten Generation

- linden, der keine schweren Elemente ent-

) \ halt. Diesem Ziel sehr nahe gekommen

WWW.SClencenews.org ist jetzt ein Team um Norbert Christlieb

von der Hamburger Sternwarte und
Mike Bessel vom Mount-Stromlo-Obser-
vatorium in Australien. Die Forscher ha-
ben einen schwachen Stern entdeckt, der
nicht einmal ein Hunderttausendstel des
Eisens enthalt, das in der Sonne steckt
(Nature, Bd. 419, S. 904, 2002). Mit ei-
nem geschitzten Alter von zw6lf Milliar-
den Jahren gehort er zudem zu den Grei-
sen der MilchstraBle. Bislang hatten Theo-
retiker vermutet, dass im frithen Univer-
sum fast ausschlielich sehr massereiche
Sterne entstanden sind; sie waren nam-
lich bis heute ldngst erloschen. Der jetzt
entdeckte Himmelskorper besitzt aber et-
was weniger Masse als die Sonne. Damit
wichst die Chance, auch noch Sterne der

| allerersten Generation zu finden.  TB_
har gjorts av den tyske e : ; |
1252 /Y

astronomen Norbert o [ - Ui
Christlieb, som vid tiden . i
forskare i Uppsala. 0o D

Astronomer méter '

e - THE BEST JOBS IN SCIENCE
Ratselhafte Sterne THROUGH

Boten aus der Friihzeit des Kosmos arm an Metallen TIME o /

Als das Universum mit einem Urknall | zufolge durfte es so, Jeichtgewichtige™ Our flrSt gllmpse
entstand, haben sich nur Wasserstoff und | tallarme Sterne in der Anfangszeit des (i of the earliest stars  /
Helium sowie Spuren von Lithium gebildet. | versums gar nicht gegeben haben. Jiin o b e Sl
Alle schwereren Elemente, von den Astro- | Studien lassen vermuten, daf sich aus i I R
nomen insgesamt als Metalle bezeichnet, stc.llarem Materlal das kune Metailc Lﬂt'

¢,
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2
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Gammal stjiirna extremt litt | )

Astronomer i Uppsala har hittat en av universums 'aldsh
stjdrnor. Den kan ge unik information om tillstandet

Iron-Poor Star

Closing in on the birth of

the first stars
[ e e

HE

strax efter Big Bang. _
_ Kemiskt sett 4r det hir det narmaste vi har kommit

Big Bang, séger Bengt Gustafsson, som dr professor i ast-
rofysik vid Uppsala universitet.

Han 4r en av forfattarna till rapporten om den dldsta
stjairnan, som publiceras i dagens nummer av tidskriften
Nature. Huvudarbetet

VDB

For decades, astronomers have heen
searching for stars born soon after the Big
Bang, around the time the Milky Way
began forming. Researchers now report
that they've found one of these ancient
stars.

According to a widely accepted theory,
the Big Bang forged nearly all of the
hydrogen and helium in the universe but
only trace amounts of a few other heav-
ier elements. In time, as star formation

J
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MaAid aorépla pwTifouv Tn dnuioupyia Twv oToIXEiwV oTOo Z0UNAv

Ao oehiba rou PhysicsWeb, 31 Oxktwpiou 2002

Ta aoTépia OTIC MPWTEG OTIYHEC Tou Koopou o@eilouv va NepIEXouv PIKPEC HPOVO NOCOTNTEC OTOINEIWV
BapuTepwv and 1o Ao, alAd agpBovo udpoyovo Kai RAIo. EvToUToig, nio nahid, ol agtpovopol dev pgnopoloav va
Bpouv aoTépia nou va nepiéyouv gEétalla MyoTeEpo and 1o 1/10.000 Tnc noocdTnTac Nou £y&l o RAIog pag. Eta
apyaia Opwg aoTépia, Nou unfpxav oTto veoyévvnto MaAafia pag, avapevotrav pia noodTnTa PeTaAdwv nold
HIKpOTEPN and auTh. Twpa opwg o Norbert Christlieb kar o1 ouvadsAgoi Tou oTto NMNavemioTipio Tou ApBolpyou
EXouv Bpel £€va andpakpo Kal NnoAU nalid aoTépl, Nou NEpIEXEl Hovo To 1/200.000 TG NOCOTNTAG TWV PETAAAWY
nou £x&l o nAiog pag, dnhadn eival noAl pTwyo o péralAa (Nature N. Christlieb ka1 Aoinoi 2002 419 904).

AuTo 1o aoTtépl, To HED107-5240, To onoio gival To apXaloTEpo Nou €XEl avakaAugBei noTe oto NaAagia pag n nAiKia Tou eivai
nepinou 14 SI0eKaTodpupinv TV, N nAIKia Tou dnAadi ouyKpiveTal ME TNV NAIKia Tou Z0pnavroc.

To veoeupeBEV YIYavTIaio aoTE€pl Eival ondvio enE1dn avTiOeTa anod Ta VEMTEPA AOTEPIA Eival ouoiaoTiKa noAd pTwyXo o PETAAAC.
Eival and Tnv NpoTn YEVEA TV AOTEPIGV, NoU EYIVAV and Ta anAd oroixeia nou dnuioupyné@nkav aro Big Bang.

péwovrac oo NneplodIKe Nature ol epeuvnTéc Aéve, "AuTa Ta naiaid aoTépia 8a Hac dwoouv Kpioiga oToiXeia yia Tnv 1o0Topia
TOU OXNUAanopolU TV AoOTEPIEY Kal TN cUuvOEan TV XNMIKGV oToIXEinv oTo apXike Zdunav. Kar npooféTouv: "Edav 8a pnopougav
va BpeEfolv apKeETA aoTEpIa Xwpic HETaAAa, auTd Ba eNETPENE TNV AUECN MEAETN ToOU apXEyovou aepiou ano Tn MeyaAn EkpnEn".

MeTé and To Big Bang, To Z0unav anoTeA£E0TNKE ano Ta ouvnon agpia udpoyova, Aiyo RAIo kal Alyo AiBio, ETol Ta NpwWTa AoTEpia
nou ayYnUaricdnkav NEpIEiXav JOVO auTd Ta oTolXEia.

H npoTn YEVEAQ TWV AOTEPIWYV LMETETPEWE AUTA Ta eAappUTEPA OTOIXEIa 0 BapUTEpa ONWg TOV AvepaKka, ToV puopopo, TO gidnpo
Kal To HOAuB3o (now Ta yvwpifoude we HETaAAa).

'OTav EKEiva Ta NpwTa agTEpia oTav efeppdaynoav (supernova) "HoAuvav" Tov Koouo HE autd Ta BapUTEpa OTOIXEiIA, Ta onoia
apyoTEpA OUMHETEIX AV OTNV NApaywyn TV Mo Npoo@armv doTEPIGV - ONEE ouBaivel JE Tov Ao pac.

H OnapEn TwV AOTEPIWV HE UNSEVIKO N NoAl XApnAd NEPIEXOMEVO HETAAAWY EXEI NpoBAspOEi yia SeEKAETieEg, aAlkd Sev Eixe
BpeOei noTE Kavéva, odnywvTac HEPIKOUS va unoyiaorouv Sev unnpEav NoTE - MEXP! TNV avakdaAuwn autol Tou NnaAlaloTEpou
doTtpou.

To aoTpo nou EpeuvROnKe opwe ano Tov Christlieb ka1 Toug ouvadéApoug Tou, Nnou ovopaZerar HEO107-5240, eival pEpog Tou
(PWTOOTEPAavou f dAwe Tou NoAaZia pac. NpoodiopioTNKE wg aoTEpI MOAva (pTwXO o HETAAAO and Hia pacHATOOKONIKA EPEUVA,
nou npayparonoinénke orov oupavd Tou NoTiouw Huiogaipiou (To doTpo BpigKeETal oTnv KATeUuBuvon Tou NoOTIou doTEpIOUoU
Phoenix , o Jia anéoraon nepinou 36.000 €Tn pwTOHC).

Mpoékuwe 3 and pia ouvepyagia PMETAEl Tou Mavemornyiou Tou ApBoupyou Kal Tou Eupwnaikod NoéTiou NMaparnpnrtipiou
(ESO). AuTh N EpEUVA EivVal Mo EVAigdnTn Kal MEPIKEG SEKASEC popEC HEYAAUTEPN ANG TIC NIO NPOTPATEG EPEUVEC.
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History of the discovery of metal-poor stars
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LAMOST at Xinglong Station

28 June 2007

Clear Aperture: 4m P

5° diameter field of view =

4,000 fibers i

16 fiber-fed two-arm sp'eic'tfrjoglraphs for
low- to medium-resolution :




.

LAMOST optical design

M,
Reflecting
Schmidt
M It's a meridian reflecting Corrector
B : :
. Schmidt telescope, laid down on  F
Spherical  the ground with its optical axis Plane

Primary  fixed in the meridian plane
Mirror


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.


Instrument configurations

Low-resolution mode

Blue Arm Red Arm
R Wave. range (nm) R Wave. range (nm)
Full slhit 1000 370-590 1000 570-900
1/2 slit 2000 370-590 2000 570-900
Medium-resolution mode
Blue Arm Red Arm
R Wave. range (nm) R Wave. range (nm)
Full slit 5000 510-550 5000 830-890
1/2 shit 10000 510-550 10000 830-890
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‘The main observational steps

HE 0107-

1. Candidate selecti
itattre criteria based on Ca K line
-K colours

strength

2,000
N

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

R

Relative flux

SSO 2.3m/DBS

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

40,000

1l
R=

Flux

ative

Rel

VLT-UT2/UVES
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The LAMOST survey for metal-poor stars

PN

Subaru/HDS <Magollan 1!MIKE>

S~
~_
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First Light: 29 May 2007
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‘ Automated LAMOST Data Analysis Pipeline

A F,G, K type
stellar spectra

!

Continuum rectification

Rough model spectra grid
Teff~500K, logg~1.0dex,
[Fe/H]~1.0 dex

Best fit spectra

Sub-grid model spectra
Teff~100K, logg~0.25dex
[Fe/H]~0.25dex

Line index definition
H_delta, H_zeta,,
Call triplet, H&K,
G band

A 4

_»
C lati | Y '
ross-correlation v Cross-correlation
rad,geoo
Viaa.ge0 COITECtION Best fit spectra
410-20 km/s

1 Optimization [Fe/H]
| Line index measurements of different [C/Fe]

" > methods Test
| > > logg

trash bin

GOOD

calibration
(ANN, polynomial)

Line index & color index

Color index from
Input catalog

T

\ 4

A

Absolute magnitude

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

Apparent mag.

\ A 4

Distance
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Links to China

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

s P.l.'s: Gang Zhao (NAOC, Beljing) and N.C.

s Exchange program, Workshops, Summer School




Es sind noch einige Restplatze verfugbar! =.
Bewerbungen werden bis Sonntag, 1.6.2008 =
um 23:59 angenommen.




Southern Sky Survey |
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ZSouthern SKy Survey

= Fully automated 1.35m telescope at Siding Spring Observatory.

s 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°.

m 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: ww.mso.anu.edu.au/skymapper/

m Paper: Keller, Schmidt, Bessell et al. (2007, PASP 24, 1)

PIzzA Night, SS08 37/42



SkyMapper Filter Set

0.6 T T | | | | | | | |
i ] Ex-
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e Sky
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4000 6000 8000 10000

Wavelength (A)

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 | Effective N<-3.0 [N<-5.0
coverage mag limit

HES 6400 deg” |B < 16.5 200 2

SEGUE 1000 deg? |B < 19 1000 10

LAMOST 10,000 deg? |B < 19 10,000 100

SSS 20,000 deg? |B < 18 5000 50

s 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.

m  SSS follow-up will be done with-SSO 2.3m + WiFes, hence

faintest stars can not be observed (now).

207?

1307?
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Presentation Notes
V1/V2 = A1/A2 * 10**((m1-m2)*3/5)


Diplomarbeitsthemen

s Selektion von Kandidaten flr 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 fir metallarme Sterne aus dem HES; eventuell eigene
Nachbeobachtungen in Chile oder Australien.

m Entwicklung von Methoden automatischer Spektralklassifikation von
LAMOST-Spektren.

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

s Entwicklung von Methoden zur automatischen Elementhaufigkeits-
analyse von SDSS-Spektren.

PIzzA Night, SS08 40/42



Ehemalige Studenten

= Dipl.-Phys. Wolfgang Hayek, Diplomarbeit, 2006: A chemical abundance
analysis of the r-process enhanced star HE 1219-03172; 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.

m  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.

m  Dipl.-Phys. Torben Schdrck, 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. Isw.uni-heitdelberg.de/users/christlieb
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