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"« Whyhbother? *

Metal-poor stars are “fossils” of the early Universe

We can learn about the formation of the elements and
nucleosynthesis processes, and how the Universe
became enriched with heavy elements

Metal-poor stars are ideal tracers of the chemical
evolution of the Galaxy

They allow us to investigate how the first objects formed
after the Big Bang (“closest relatives”)
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x| JHE1327:2326 | . '

Basic and stellar parameters:

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

DSS

BVRIK photometry: T_; = 6180 + 80K (on Alonso et al. 1996 scale)
Proper motion is ¢ = 0.0733 arcsec/yr

=>M, > 3.2

=> surface gravity: log g = 3.7 (subgiant)

Metallicity: [Fe/H] = —5.4

Discovery spectrum: from the Subaru telescope (7 h)
New near-UV spectrum from ESO/VLT (21 h)
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Relative Flux Relatlve Fluzx Eelative Flux

Eelatlve Flux
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Wavelength [4]
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Frebel et al. 2007, ApJ submitted
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4. Binary system with mass transfer  => Pop lll star (unlikely...)
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B Meynét/Méedér/HirSctﬁ et..j al. -
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element charge number

Solid circles: [Fe/H]=—6.6 with rotation
Solid triangles: [Fe/H]=-6.6 without rotation empty triangles: G77-61

stars:

HE 1327-2326
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" w Theobserver’s task:. -

...provide the best possible abundances so
they can be accurately modeled!

(and we are trying really hard..!)
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¥ Abundanc'e 'Analysjsf ,.

Observers use 1D LTE plane-parallel (in most
cases) model atmospheres to convert the
measured equivalent widths of the absorption
lines observed in the stellar spectrum into actual
abundances.

Obviously, there are some limitations to 1D and
to LTE...! However, 3D models are hardly
available.
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o Carb.O.h (G-band.at__4813A) g 0 (i

Frebel et al. 05 estimated 1D [C/Fe] ¢ = 4.3

New result is 3D [C/Fe] g = 3.7

Ly P fl 0 p Lh o]
; \ ¥ ":I F 1} .' b w-ﬂf 1 "
E 0.95 H " ) \ R .' SEE L '|L " .
= R4 | : M : .:: ]
& .:I . YL "y 4
= - RV € 2 i
5 08w 'L Ev TN -
E ot :i : l?ii]:‘.r"l.,;?erved spectrum: black line =
E'!,bf:'corracted gynth. zpectra: :
o o e log £(C) = 5.97 {red dotted line} -
.85 3 v log <(C) = 617 [red sclid line} —
- 3 log e(C) = 837 (red dashed line) -
T|||||||||||||I.'I||||||||||||||||||||||||||_
. . 4308 4309 4310 4311 43172 4313 4314 4315
3D corrections: Wavelength [1]
Collet et al. 06 presented 3D model atmosphere of HE 1327-2326
« For CNO: 3D correction as fct. of excitation potential of the molecular lines
e We have now turned these corrections into new 3D abundances as derived

Frebel et al. 2007, ApJ submitted

from CH, OH and NH
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Relative Flux

Subaru data with flt from orlglnal 1D Ilnellst

0.8 —

ST

07— —
i
|
L T O T I A T O T T T B T
Jd58 J350 Sdag 3361 3365 Sd63

Wavelength [&]



Anna Frebel

- INA Fron’_ti'er:%

The oldest Stars

x| .. Nitrogen x = . -

Eelative Flux

VLT data with fit based on original ‘1D’ linelist
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New result is 3D [N/Fe], g = 4.1

Frebel et al. 05 estimated 1D [N/Fe] .z = 4.6

Frebel et al. 2007, ApJ submitted
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« 3Dabundances . -
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Frebel et al. 2007, ApJ submitted
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SRR What is SO Spemal About. .-
e i T SUHEAR97-03987- Lt .
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HE 1327-2326 has a very different chemical signature compared with the
more metal-rich stars! So does HE 0107-5240 (Christlieb et al. 2002, 2004)

This is crucial observational information for the study of the early Universe

0 @ . 1 inonq in
®  Aoki, Frebel et al. 2006
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. (New) Uppér~Limit on Li

=

Mbundance -

WMAP: 2.6
Spite plateau: 2.3

1.01

1.005

L1 1

Relative Flux
||||||||||<]]/V|||||||||
"

;)

o]

.

S/N=600

Vi Y el M
W \/\/ \/ :
0,985 i
0.99 log e(Li)gp = 042, 062, 0.82 .
s T A GO N O T T (G M G L

6706.5 870 870%.5 6708 G708.5
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Reaally low LI abundancel!! . . .
reeally Primordial Li value:

. .
...other evolved stars display Li! « WMAP: log € (Li)=2.6 (Spergel

et al. 06)
AL L BN BB * Ryan et al. value at

<——— WMAP/BBN [Fe/H]=-3.5: log € (Li)=2.0

» Our current upper limit:
log € (L1)<0.6

Possible reasons for Li depletion:
 HE1327-2326 could be a fast
rotator
» Accretion of Li-depleted
material from binary companion

NN N T N TN N N N N T A A O O O

e ~—50 —40 =30
v [Fe/H]
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REVIEWS OF

MODERN PHYSICS = "7 ''7.

Vorume 29, Numser 4

Ocroser, 1957

Synthesis of the Elements in Stars”

E. Marcarer Bursinge, G. R. Bursipce, WirLiam A. Fowrer, anp F, HovLe

Kellogg Radiation Laboralory, California Institule of Technology, and
Moun! Wilson and Palomar Observalories, Carnegie Instilulion of Washinglon,
California I'nstitule of Technology, Pasadena, California

“Tt is the stars, The stars above us, govern our conditions™;

(King Lear, Act TV, Scene 3)

but perhaps

“The fault, dear Brutus, is not in our stars, But in ourselves,”

E. r Process

(Julius Caesar, Act I, Scene 2)

X1. Variations in Chemical Composition ameng Stars, and Their Bearing on the Various Synthesizing

Processes.................. T T 620
A. Hydrogen Burning and Helium Burning. . 621
626

R o P e Ot R g RRER
C. Synthesis of Elements in the Iron Peak of the Abundance Curve, and the Aging Lffect as Tt Is

Related to This and Other Types of Element Synthesis ... ... oo oo 626

el 627

(ks Proceme S 629
B P PIOCEES. © oot e et e e e e e e s 629
G PrOCESS . . i e e 629
H. Nuclear Reactions and Flement Synthesis in Surfaces of Stars. .. .. ... ... ... ... .0 629

The outstanding piece of phservational evidence

that this takes place is given by the explanation of the
light curves of supernovae of Type I as being due to
the decay of Cf* (Bu36, BaS6), together with some ... there are old stars with r-process

other isotopes produced in the r process. Further evi-

dence can be obtained only by interpreting the spectra
of Type I supernovae, a problem which has so far

_remained unsolved

enhancement being discovered!
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. HE1S230001

 Magnitude: B =12.1 mag

Basic and stellar parameters:

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

© Anthony Ayiomamitis

 BVRIJHK photometry:
To = 4630 = 70K (on Alonso et al. 1996 scale)

| * Surface gravity: log g = 1.0 (ionisation equilibrium)

=> red giant
e Metallicity: [Fe/H] = —3.0
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r Process Enhanced .Stars

(rapLd neutron-capture process)

b

Responsible for the production of heavy elements
Possible production site: SN type Il

~5% of metal-poor stars with [Fe/H] < — 2.5 (Barklem et al. 05)
=> Only ~12 stars known so far with [r/Fe] > 1.0

Chemical “fingerprint” of previous nucleosynthesis event

Nucleo-chronometry: w/ Th, U and stable r-process
elements (e.g. Eu, Os, Ir)
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" Cpsmo-Chronometry .+

.. -

Age estimates can be obtained from a comparison of an observed abundance ratio of a
radioactive element (such as Th, U) to a stable r-process element (such as Eu, Os, Ir)
and a theoretically derived initial production ratio.

Th/Eu: “most commonly” used chronometer
— This “relatively easy” measurable in r-process stars
— “famous” example: C522892-052: 14-15Gyr; Sneden et al. 96,03

U/Th: Uranium so far only confidently measured in one star

-- CS31082-001: U/Th: ~14Gyr (Cayrel et al. 01, Hill et al. 02);
— one known with tentative, one with detection (Hill et al. 2007, in prep.)

= Ultimate goal: Use as many chronometers as possible
(+ beat down any errors...)!
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Abundances of

"HE 1523-0901 -

0.8

0.6

0.4

Relative Flux

0.2
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Frebel et al. (2007), in prep.
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Wavelength [A]
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2858.5 2859 J858.5 S860 J860.5
avelength [A]

‘Best fit’ synthetic spectrum

E . :
=
L
i Synthetic spectrum that includes NO uranium
(=
< Synthetic spectrum with U abundance if it had NOT decayed
| | | | 1T 1 | L | | [ 1T 1 11 11 T ]
; = [ | [ [ |_: o __| [ | [ =
- L - =05 310B2-001 5
E Z 1 - s HE 1583-0501 —
0.9 = — = i
. W b - . B 5
o B o 1 o085 F =
Sl °°F E : :
a» - - D_g | e
< & v E - - Fel Fel
I E E 1 o8sf =
< e 0.8 — E ‘ ‘ =
E - ] 0.8 - —
o - 05 F 3 - -
Cf ® HE 15230901 ] oW E =
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Wavelength [&]

Frebel et al. (2007), ApJL, 660, 117
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« Ther-Process Pattern ~ « -

- . -
< __B‘Ia Ce N4 Eu Tb Ho Tm'Lu Ta Re Ir Au T Bi Do ]
— La Pr sm d Dy Er Yb Hf W Os Pt Hg FPb [N
Very good A L scaledsolar
agreement r-process pattern
with scaled ]
solarr- “ OF[ / .
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Frebel et al. (2007), ApJL, 660, 117
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«  Precisionatwork .

Relative log €

.CS 22892-052

BD +17 3248

+ ~ CS 31082-001

—
L

R

523

-0901

30 40 50 60 70 80 90

Cowan 2007, priv. comm Atomic Number

They all have the same abundance pattern,
particularly in the heavy n-c elements!
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Ratio Age Oobs/Teffllog g/vmicr/PR

Th/Eu 11.5 3.3/3.4/0.6/0.6/5.6
Th/Os 10.7 3.3/2.8/5.6/0.0/5.6

Th/lr 15.0 3.3/2.0/2.9/1.5/5.6
U/Eu 13.2 1.9/0.6/0.4/0.2/1.6
U/Os 12.9 1.9/0.6/1.2/0.3/1.6
U/Ir 14.1 1.9/0.3/0.3/0.8/1.6
U/Th 13.0 2.9/0.4/0.9/0.4/2.2

Age of HE 1523-0901: K average |13.2 Gyr

WMAP: 13.7 Gyr
The first time more than one chronometer

could be employed in a star to measure the age!
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Lead at 4058A

Counts

0.8 —

" Synthetic spectrum that includes NO lead

log € (Pb) <-0.2

HE 1523-0901

4067

Wavelength
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t=13.2 Gyr, t(%%8U)=4.47, 1(?32Th)=14.05, log £(Th)=-1.20, log &(U)=—2.06

238|) => 206pp log e(Pb) = -1.231 (from obs.)
232Th => 208p| log &(Pb) = -1.237 (from obs.)
235|) => 207pp log &(Pb) = -1.125 (theoretical)

total Pb from decay: log ¢(Pb) = -0.72

current observed Pb upper limit: log e(Pb) < -0.2

= S/N of 500+ needed to attempt detection!
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| Pb production channels:

known Pb abundance in HE 1523-0901 will help
disentangle what the different production
channels are:

— PDb production from decay of Th and U

— additional prod. channels that do not go via the
actinide path

| Solar r-process Pb abundance:

Pb abundance in HE 1523-0901 is already lower
than scaled solar r-process pattern: in line with
claim that s-process can produce large amounts
of lead (e.g. Goriely&Siess 2001, van Eck et al. 2003)
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~ What we-all cotild/shauld do.:.

| Observational:

 More telescope time for Pb abundance in HE 1523-0901

{ * More stars with detected U + Pb are needed to further

constrain nucleosynthesis processes of the heaviest
elements & contribution of Pb to the r- and s-processes

« Any fainter stars will require 30m telescopes to achieve
very high S/N ratio necessary for the U + Pb detections

Theoretical:

e Best possible production ratios for Th/r and U/r are
needed to refine cosmo-chronometry

« Detaliled knowledge of nucleosynthesis processes that
are responsible for the lighter and heavier n-c elements
(w.r.t. scaled solar r-process pattern)
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= .. Conclusion *

| = The recently discovered star HE 1327-2326 holds the

record for the most iron-poor star known
([Fel/H];p = —-5.9). Several promising SN pre-
enrichment scenarios reproduce the abundance
pattern.

HE 1523—0901 is a newly discovered r-process
enhanced star with a U detection. For the first time, all
three available chronometer pairs (Th/r, U/r, U/Th) can
be measured in the star, and the age was derived to be
13.2 Gyr. The Pb is very low.

Outlook @ UT: A new metal-poor stars observing
program with the Hobby-Eberly-Telescope “The
chemical compositions of our Galactic Halo” (w/ Chris
Sneden, Carlos Allende Prieto and others) w/ targets
from SDSS/SEGUE, HKII & bright HES samples
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