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First star formation
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Metal-poor stars formed from the
supernova ejecta and the pristine gas




[X/Fe]

Metal abundances tell us the nature of
first stars

* Core-collapse * Pair-instability
supernova supernovae
——— e e et ——— . Heger model (He core mass)
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Mass and mixing: ratios among the elements « Strong odd-even effects
in the same layer (e.g., C-N-O, Na-Mg-Al) . Low [Mg/Si]
Energy: Fe-peak elements .

. ' More massive stars result in low [a/Fe]
Explosion geometry: ratios among the

elements in the different layer (C-Mg-Fe)



Mass function of “first stars”
(contributing to metal-poor stars, i.e.,
chemical evolution)
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25M, and HNe are dominant.
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Metal-poor star
SUrveys



Discoveries of metal-poor stars
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Narrow-band survey for metal-poor stars

normalized flux

normalized flux

Teff=5500, log(g)=2.5

3900 3950 4000 4050
Wavelength (A)

° Skymapper Survey (Skymapper, 1.3m, Keller+) e
* Pristine SUrvey (crHT, am, Starkenburg+)  (SRETINE

normalized flux




Bright metal-poor
star survey with
Tomo-e Gozen

Camera
(Okada, NT+)



Profits from bright metal-poor

stars

* Measurement of
rare elements

UV spectroscopy

e
10k = HD222925

Solar r-process (scaled to Eu)
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* Measurement of low
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limit

Magnitude distribution of
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preliminary

Northern sky survey for bright metal-
poor stars

Aims: Precise measurements of rare elements
Understanding of the nature of first stars
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normalized flux
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Filter selection

NB395 (CaHK), NB411 (ref)
NB433 (CH), NB656 (Ha)
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Survey design

STEP 03 Abundance determination

* High-res. spectroscopy
with GAOES-RV

* R~ 65000

« Opt. (5160-5930 A)

* Individual elements

STEP 01 Survey

* Narrow-band photometry
with Tomo-e Gozen 0
« Select bright MP candidates e
with [Fe/H] < -2 —~

Kiso (1.05 m) Seimei (3.8 m) (Mg, Ca, Sc, Ti, Cr, Fe, Ni, Ba)
Detailed
STEP 02 Metallicity estimation STEP 04 abundance determination

e Medium-res. Spectroscopy with * High-res. spectroscopy

MALLS with HDS
« R~ 7500 _ « R > 45000
* Opt. (4900-53004) g « Opt.and UV

Metallicity(Fe) and alpha(Mg) Subarq 8 m) Individual elements
abundance incl. rare elements

Nayuta (2 m)

© H. Okada



FREE (F#)

 Tomo-e : 21 chips (5deg?) x 4 filters

* Dec >-30deg ® ZZ 30939deg? : 6187 pointings (21 chip
)

* target @ £ : G<13

« INVETE S/N:>20

e (EBITZ T astrometry BV RE > TWLWABEIGRDH

T. transparency, seeing 7 &£ M variation 1A T“}i \
60s &9 T 50% DHFEZL T S/N>20 H* G<13 D 2 IZERK

e overhead : ~15s per exposure (with dithering)

« VERFME : (30s FE + 155 overhead) x 2 (60sT&47) x
2 (FEZ50%) x 6187 pointings = 310hr




202545 A &L A

e G<12.5
¢ 20s ' E T 50%@%&%@?? G<12.5 |

Z S/N>20 D ERR

(16% DHEER T G<13 |ZH S/N>20 75*&%}%

« HICERITZ 5 RA (BHEDKIF

/\)

e (20s t&%> + 15s overhead) x 2 (FEZX50%) x 3095

pointings = 60hr
« 4-5 8 DIERZE(|I50%I2E

* 4-5H 7-8hr/night -> 10 clear nights -> 20 nights

5s sleep, 0.55s x 6, 2.55 x 8
6.5(+1.5) clear nights
Survey area:
~12,000deg?2

4color: 3350deg?2




Yap

QL

e Gaia XP + Tomo-e NB

e 4 filters
« NB395 (CaHK), NB411 (ref), NB433 (CH), NB656 (Ha)

e 2022, 2024 F\ER%E7 A ~8,000 (1130)deg2
* Metallicity estimate with model and ML

« 202545 3 &58] ~12,000 (3350)deg2
* 6/4- LVK GW observing run

o« TFHE
« BAKRYRAT LOER
. FRELR




	スライド 1: 狭帯域金属欠乏星探査
	スライド 2: Contents
	スライド 3: First star formation
	スライド 4: Metal-poor stars formed from the supernova ejecta and the pristine gas
	スライド 5: Metal abundances tell us the nature of first stars 
	スライド 6: Mass function of “first stars”  (contributing to metal-poor stars, i.e., chemical evolution)
	スライド 7: Metal-poor star surveys
	スライド 8: Discoveries of metal-poor stars
	スライド 9: Narrow-band survey for metal-poor stars
	スライド 10: Bright metal-poor star survey with Tomo-e Gozen Camera (Okada, NT+)
	スライド 11: Profits from bright metal-poor stars
	スライド 12: Northern sky survey for bright metal-poor stars
	スライド 13: Filter selection
	スライド 14
	スライド 15: 要求夜数（最終）
	スライド 16: 2025年5月観測
	スライド 17: まとめ

