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Metal-poor stars

metal
star formation supernova enrichment
H, He H, He,
" -®@
— — * —>
3
e

Metallicity increases with time
[Fe/H]= log(Fe/H)-log(Fe/H).,

-5 -4 -2
| | |
| | |

Early Universe ~ Metal-poor stars Sun

<

[Fe/H]
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What we can learn from MP stars

*Origin of elements
*First supernovae
*First stars
*Chemical evolution
*Galaxy formation



Number of metal-poor stars with
Fe/H]<-2
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HAZEA (2021 ~20244F )
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Filter config. & dithering pattern

filter pattern 03
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. f54130%
 Number of fits (incl. calib. data): 109 908
* Astrometry

e Succeeded: 87,091 (NB395 41821, NB433
46015)

* Failed: 22,817 (NB395 15859, NB433 7150)
* Independent fields: 358 (x15deg?2)
» Number of stars (D ~#4): ~13,700,000
 Number of stars (<12mag): ~530,000




NB395
BGCOUNT = 1.00 (NB433 4.34)

BGMEDIAN= 0.96 (NB433 4.38)

BGSTDDEV= 9.04 (/0.5s exp) -> 1.65 (/15s exp)




Hot pixels?

* Mask made with 1000 exposures




limmag NB395 matched with V

limmag NB395 matched with V

Depth

20220914 J2129+4420 111

20220917 J2129+4420 111

20220924 J2129+4420 111

magaper210err<0.01
<0.02

<0.05 «

<0.1 -

limmag NB395 matched with V

aneies 100

20220914 J2129+4420 144

magaper210em<0.01
<0.0:

limmag NB395 matched with V

H H magaper210err<0.01 —— ]
<0.02 -

limmag NB395 matched with V

20220917 J2129+4420 144

magaper210er<0.01 s
<0.02 - -

15

exptime [sec] IOOO

20220924 J2129+4420 144

10err<0.0] m—

limmag NB395 matched with V

100

* 15 sec exposure (0.5s x 30) is adopted.

explime [sec] IOOO
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Gaia DR3 (Jun 2022)

» Astrophysical parameters (Teff, logg, [M/H], AG,
distance, etc.) from BP/RP spectra for 470 million
objects

» Astrophysical parameters (Teff, logg, [M/H], [X/M]
for 12 elements, etc.) from RVS spectra for 5.5
million objects

* Mean BP/RP spectra for 219 million sources, most
of them with G < 17.6 mag

* Mean RVS spectra for 1 million well-behaved
objects



Gaia DR3 BP/RP Mean Spectra
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Metallicity estimates exhibit substantial biases compared to literature values
and are only useful at a qualitative level. However, we provide an empirical
calibration of our metallicity estimates that largely removes these biases.

Andrae+22



Metallicity estimate with BP/RP spectra

[M/H]Gspphot — [M/H]aPoGEE

bias: 0.018] .,
MAD: 0.303| &

RMSD: 0.450| 9
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APOGEE DR16 [M/H] APOGEE DR16 [M/H]

Metallicity estimates from GSP-Phot are generally very poor, being ~0.1 dex too low
and exhibiting additional strong systematics. Therefore, we do not recommend to
use the [M/H] estimates from GSP-Phot. However, GSP-Phot [M/H] estimates can
be calibrated empirically, e.g. using LAMOST data.

https://gea.esac.esa.int/archive/documentation/GDR3/Data_analysis/cha
p_cu8par/sec_cu8par_apsis/ssec_cu8par_apsis_gspphot.html



Works with Gaia data

Recovering the very metal-poor stars in the Gaia DR3 GSP-Spec
catalog

Tadafumi Matsuno', Else Starkenburg!, Eduardo Balbinot!, and Amina Helmi'

Only 23% of VMP stars have a metallicity dierent by more than 0.5
dex from a high-resolution value.

Robust Data-driven Metallicities for 175 Million Stars from Gaia XP Spectra
RENE ANDRAE,! HANS-WALTER RIX,! AND VEDANT CHANDRA?

A catalog of over 17 million bright (G < 16) red giants whose [M/H] are vetted
to be precise and pure

188,000 Candidate Very Metal-poor Stars in Gaia DR3 XP Spectra

Yupeng Yao (#kF M5),! Alexander P. Ji,’:? Sergey E. Koposov,>*> Guilherme Limberg!-%°

They are classifier-T (for Turn-off stars), classifier-GC (for Giant stars with high
completeness), and classifier-GP (for Giant stars with high purity) with expected
purity of 47%/47%/74% and completeness of 40%/94%/65% respectively (BP<16).



estimated [Fe/H]

Summary of and comparison with Gaia

* GaiaDR3E 1A (G<12): 3,087,821
* Gaia XP: 2,871,322
 Matsuno+23: RMP 1,926,448 (1/3 missed)
* Andrae+23: giant 1,230,309 (2/3 missed)
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2022/9/8 — 2022/10/5 ERER A
i 41305

~15sec exposure (0.5s x 30)

~ 5000 deg?

~ 530,000 stars (G<12) observed
EERIDO M ZME S AEE
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