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Why so interesting?

SUPERNOVA



Why so interesting?

European Space Agency
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Why so difficult?
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Very rare stars



Why so difficult?

SD5S DR1S

ra: 158.984 dec: 6.696
scale: 0.7922 arcsec/pix
image zoom: 1:4

‘ J1035+0641
Bonifacio+2018
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Why so difficult?

Fel
e I—Il— 00

[FH 'H]=-3.2

"y

\/

J860 J862 J864 J8E6 2868
Wevelength [4]

Frebel+ 2010

Absence of features



Why so difficult?

Gran Telescopio de Canarias (GTC)

Over-demanded facilities



Why so difficult?
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Two different approaches



Why so difficult?

Cosmological observations at high z

LETTER

An absorption profile centred at 78 megahertz in the
skv— averaged spectrum

Tudd D Bo , Alan E. E. Ro !, Raul A. Mo

Two different approaches



Welcome to stellar archaeology
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Welcome to stellar archaeology
W

X .
Christlieb+2012 ‘k : = Bonifacio+2015
Frebel+2005 DA+2018a
Norris+2007 % 4 DA+2018b
Caffau+2011 '. Starkenburg+2018 Y
Keller+2014 Nordlander+2019 X

Hansen+2014

Allende+2015, Frebel+2015 .
Bonifacio+2015

Bonifacio+2015, Caffau+2016




Welcome to stellar archaeology
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HK objective-prism survey (Beers,
Preston & Shectman 1985)

Hamburg ESO survey (Christlieb,
Wisotzki & GraBBhoff 2002) ™ * * * *

CaHK filter (Anthony-Twarog et al.
2000, Koch et al. 2016)

SkyMapper (e.g. Keller 2007) % Y%

Best and brightest (Schlaufman &
Casey 2014) S

Pristine Project (Starkenurg & v
Martin 2017)




Welcome to stellar archaeology
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Observations: 14 ' %
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Med-res spectroscopy: 2.3550,‘.6ESO, 2.3ANU, XSHO, KPNO, GTC, WHT

14 Stars with a mean magnitude ~16.5 V

High-res follow-up: UVES@VLT; HDKZSUBARU; MIKE@Magellan; HIRES@Keck

’ A\
136 hours in a 6-10 class telescopes

.

nly for discovery papers!!
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Observations: 14 ' %
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Med-res spectroscopy: 2.3SSO,‘.6ESO, 2.3ANU, XSHO, KPNO, GTC, WHT

P

14 Stars with a mean magnitude ~16.5 V
High-res follow-up: UVES@VLT; HDS&SUBARU; MIKE@Magellan; HIRES@Keck

136 hours in a 6-10 class telescopes only for discovery papers!!

Now Available at 10.4m GTC!!!
SPANISH CAT DEADLINE: 2" October
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Discovery Papers: 14 + %
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14(+2) discovery papers with ~.28 cites/year/star
High impact journals: Nature 4x* ; A&A 4Xx ; Ap) 4x* ; MNRAS 2x

92 authors from tens of institutions&!
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A paradigm: HE 1327+2326

; Nucleosynthetic signatures
I of the first stars
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Frebel+2006: Oxygen dete.rmination with UVES@VLT
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Frebel+2006: Oxygen dete.rmination with UVES@VLT

Frebel+2008: 3D-1D corrections to UVES abundances
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A paradigm: HE 1327+2326
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Frebel+2005:

b*, Hiroyasu Anda’,

i C. Beers®, Kjell Eriksson’,
shi Honda’,

ii Nomoto®, John E Norris’,
telios Tsangarides®

Synthetic =pectra

10 eriginal

log €[N} = BE? (thick line)
db corrected:

log e(N} = 599 (thin line)

Aoki+2006: d

Relative Flux
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Frebel+2006:

Frebel+2008:

Observed spectrum: dots

Helative Flux

3D corrected synth. spectra:

log €(N}) 578 (dotted lLine)

log e(N) 588 (solld line)

log [N} 619 (dotted line)
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Frebel+2006: Oxygen dete.rmination with UVES@VLT

Frebel+2008: 3D corrections to UVES abundances

Bonifacio+2012: IR observations with CRIRES@VLT

DA+2017: New med-res observations with ISIS@QWHT
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Ezzeddine&Frebel 2018: UV observations with COS@HST
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The star should not exist:
SDSS 1029+1729
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An extremely primitive star in the Galactic halo
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Caffau+2011: discovery Ie.ttér

Caffau+2012: Detailed chemical signature, kinematics,...



The star should not exist:
SDSS 1029+17291
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HE 1327-2328
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The star should not exist:
SDSS 1029+17291
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The star should not exist:
SDSS 1029+17291
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An extremely primitive star in the Galactic halo
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Caffau+2011: discovery Ie.ttér
Caffau+2012: Detailed chemical signature, kinematics,...
DA+2017: New med-res observations with ISIS@QWHT

Bonifacio+2018: Confirmation it is a dwarf star with Gaia


mailto:ISIS@WHT

2-Looking for the Most Metal-

Poor Stars with Large Surveys
&
»

-



2-Looking for the Most Metal-
Poor Stars with Large Surveys

\ 8-10 UMP stars
%

~500 candidates to
observe with ISIS at WHT
or with OSIRIS at GTC

~1000 with IDS at INT ' §

/7

~10,000,000 spectra from
SDSS and LAMOST or
photometric candidates
from Pristine and J-plus




2-Looking for the Most Metal- Poor Stars
with Large Surveys
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3- Follow-up Spectroscopy with
Pristine Candidates

- Teff=4500, log(q)=1.5, [Fe/
- Teff=4500, log(qg)=1.5, |Fe/

Starkenburg+ 2017;\
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3- Follow-up Spectroscopy with
Pristine Candidates

- Teff=4500, log(q)=1.5, [Fe/H]=-3, [C/Fe]=0, [N/Fe]=0

N 5 - Teff=4500, log(q)=1.5, |Fe/H]=-3, [C/Fe]=2, [N/Fe|=2
Starkenburg+ 20178 |5
B
E 05
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Youakim+ 2017 vovelength (A)

See next talk by
Else Starkenburg




3- Follow-up Spectroscopy with

Pristine Candidates

Aguado,
Youakim+ 2019
(Submitted)




3- Follow-up Spectroscopy with

Pristine Candidates

Aguado,
Youakim+ 2019
(Submitted)
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4-Follow-up Spectroscopy with SDSS
and LAMOST candidates
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4-Follow-up Spectroscopy with SDSS
and LAMOST candidates

Also see Frebel+2015,
DA+17b




4-Follow-up Spectroscopy with SDSS
and LAMOST candidates
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4-Follow-up Spectroscopy with SDSS
and LAMOST candidates
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4-Follow-up Spectroscopy with SDSS
and LAMOST candidates
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4-Follow-up Spectroscopy with SDSS
and LAMOST candidates
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4-Follow-up Spectroscopy with SDSS
and LAMOST candidates




4-Follow-up Spectroscopy with SDSS
and LAMOST candidates
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Summary , Q

Metal-poor stal nding several

open questionss
To find them a
New UMP star 3 during the last years

With the FERRE able to look into not only
spectroscopic but alSo [ surveys -

With next generation of large spectroscopic survej]fg
such as WEAVE, DESI, 4MOST, ... together with Gaia
the field will be revolutionized! )
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The Early Universe

Life
Theorist predicti[}ns Figure from Tilman Hartwig Expectancy

no claim on completeness |§(Gyr)
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Other known UMP stars

J1029+1729 (Caffau et al. 2012)HE 0233-0343 (Hansen et al.
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The solar composition
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The A(C) vs [FelC] diagram

Histogram of [Fe/H]
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Iron In J0023+0307
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Chemistry in J0023+0307
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The lithium 1n J0023+0307
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The lithium 1n J0023+0307
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