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Recap

e Formation of the first stars
e Stellar deaths

Q: What is left from the early Universe




Cosmic timeline

First stars
Big Bang | /Second generation today

Observations




We are Children of the
Stars...|

 Elements are produced in stars and supernovae

e Successive built up of heavy elements in the Universe through
“cosmic recycling”




Life
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recycling

Planetary nebulae

Supernovae

White dwarves
Neutron stars + black holes




Stellar Archaeology |

Some definitions:
Metals = concerns all elements, except hydrogen and helium
Metal-poor star = Star with fewer metals than the Sun

*Population |: Metallicity similar to that of Sun; young disk
stars




Stellar Archaeology Il

Why are metal-poor stars interesting?

— Chemical evolution of the Galaxy from the Big
Bang until today

— “Snapshots of the early Universe”
— Nucleosynthesis processes can be studied
— Models of the first stars can be tested
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Spectral Comparison
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The Metallicity Distribution Function
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What [Fe/H] means to me:

Stars with metal contents much less than the Sun

[Fe/H] = log(Nre/Nh)x — l0g(Nre/NH)®

[Fe/H] = O: solar composition




How many metal-poor stars do
we know??

e —2.0 <[Fe/H] < -1.0: very many
e —3.0 < [Fe/H] < -2.0: many
e« —3.5 <[Fe/H] < -3.0: ~300




All those elements...

 The Elements Song
by Tom Lehrer

http://louhi.kempele.fi/~skyostil/archive/dump/flash/elements.swf
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“Normal” Metal-Poor Stars

:I T T T I T T T T I T T T T I: F B :I T T T I T T T T I T T T T B
g ER g: Al:
o 05F 1 < os5Fe 1 - osF =
© 2 o) 1 & 2 o® 5 B 00 E 2 E
o ] - O @] O j &= o 3
} 0 __.'% """ CI:) '@"@' Q"'__ }0 O __'Q"'O """"" Q' OO ] > 0 - -~ -~-~°-~"°"-~""-~""-""~"=="===°==°-~°==°-~==°=°=°=- "]
Z = ] = = i = = =
- —05 F OO @) - = —05 F = = 05 E@ -
5 E 5 E £ og 0,00 ©00% 0y
-lE | | L -lE | | [ ] -1E | | [ ]

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-3 -35 -3 -2.5 -35 -3 -25
[Fe/H] [Fe/H] [Fe/H]

|
S
|
w
n
|
Vv
n
|
S
|
S

:I T T T I T T T T I T T T I.I: :I T T T I T T T T I T T T T I: :I T T T I T T T T I T T T T I: %
1Ee Sl 3 1E Ca - 1 E SCi o
= ® o o = :. = = = -
~— = O - — r - — r =
v 05E08 OCp o 8) 3 2 95 FBo d@) % 8 oo § @ 05reg O 3 Q
= = e, OO i = E O O 1 & - . 0--0 O@O& On . 3 c
A OF e 4 8 OF @3 g 0500000 @000 31 .=
= _osk 1 = sk 1 = sk i =
0.5E - 0.5E ] 0.5E ] o
_1—_| T II N S R R N A N _1—_| PR SN N R RN T (T N N N N _1—_| IR I R T TR R R A R

-3 : . -3 -2.5 -3
[Fe/H] [Fe/H] [Fe/H]

|
KN
|
w
n
|
[\
N
|
KN
|
w
an
|
KN
|
@
N
|
N
n

NI B B B B 'L B B B B B 'HL I B B B B B A

'E o L LE Cr 3 LE Mn 3

— 05F 1 5 o0s5F 1 % o05F =
T o5 1 = _osE%e 000 0 @ 0§ ° 3 T -05Fgo OOOG@OQJO% o©
Ll S T B e T S1E 1T

-35 -3 -25
(Fe/H]

-3.5 -3

|
n
N

|
o

-35 -3 -25
(Fe/H]

|
N




[Mg/Fe]

0.8
0.6
0.4
D.2
0.0
-0.2

0.8
0.6
0.4
0.2
0.0
-0.2

[S1/Fe]

r'|'|[| rllllli-llzl_Ijlllllllllifll |1r|1rrI_ 1

[Ca/Fe]

...................

Illll]'

1t

'Lljfllllllllsl !||1|r||;r

Pagel & Tautvai Siene (19




r-Process Element Enhanced Stars

(rapid neutron-capture process)

 Responsible for the production of heavy elements

 Only ~12 stars known that display strong neutron-capture
lines associated with the r-process

e Chemical “fingerprint” of one previous nucleosynthesis
event




Heavy neutron-capture
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5. HE 1523-0901

Basic and stellar parameters:

e Magnitude: B =12.1 mag
e Colour: (B-V),=0.70 mag
 Reddening: E(B-V) = 0.02




The r-Process Pattern
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Abundances of HE
1523-0901
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Nucleo-Chronometric Age Dating

Age estimates can be obtained from a comparison of an observed
abundance ratio of a radioactive element (such as Thorium,
Uranium) to a stable r-process element (such as Europium,
Osmium, Iridium) and a theoretically derived initial production ratio.

At = 46.8 * (log (Th/r), —log (Th/r),s)




The Age of HE 1523-0901

Ratio Age

Th/Eu 11.5 £4.7
Th/Os 10.7 £4.7
Th/lr 15.0 +4.7

U/Eu 13.2 £2.2




HE 1327-2326




3. HE 1327-2326

Basic and stellar parameters:

 Magnitude: B = 14.016 mag
e Colour: (B-V),=0.40 mag
 Reddening: E(B-V) = 0.06 — 0.096

 BVRIK photometry: T, = 6180 + 80K (on Alonso et al. 1996 scale)




Medium-resolution spectrum
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CaK line

Interstellar Ca
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The abundance patterns of
HE 1327-2327 and HE 0107-5240
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What Is so Special About
HE 1327-23267
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Possible Scenarios for the
Origin of the Abundance Pattern

Pre-enrichment by Pop Il SN => Pop Il star

‘«W;

.?r:h
f,r1,‘\

S ATk SHOT ko

41-‘.\

First generation
(~ 1/ billion years ago) of stars



“Chemical Compositions of the
Galactic Halo”

New program to observe metal-poor stars w/ [Fe/H]<-2.0
Northern hemisphere
Hobby-Eberly Telescope at McDonald Observatory

Long-term status: 50+20 hours allocated for UT07-01,
35 hours for UT07-02




Hobby-Eberly-Telescope

" =

The University of Texas at Austin -- The Pennsylvania State University --
Stanford University -- Ludwig-Maximilians-Universitat Minchen --
Georg-August-Universitat Gottingen

& semse af scabel A man stands next o the H




The way | observe...

| get an email in the morning:

Dat e: Tue, 27 Mar 2007 11:38: 33 +0000( GVI)

From Astrononer <astrononer @ts. as. ut exas. edu>
To: anna@stro. as. ut exas. edu

Subject: ut...O011

UT Date: 27 Mar 2007




What can we do with all those data??

r-process rich: high Eu; s-process: high Ba, low Eu
alpha-poor: low Ca

C-rich stars

[Fe/H]<-4 stars

anything peculiar

Statistical analyses, CEMP-frequencies, spatial distribution




