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JSPS-CAS joint program:
Exploring the early chemical evolution of the Milky Way with
LAMOST and Subaru

Subaru intensive program S16A-119I:
LAMOST/Subaru study for
500 very metal-poor stars




What can we learn from metal-poor stars

* Nucleosynthesis by first stars

->mass and evolution of first stars, and super
nova explosion

* Early chemical evolution
->constraints on galaxy formation models
* Individual nucleosynthesis processes
big-bang nucleosynthesis (Li), heavy elements

* Evolution of low-mass stars and binary systems
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Searches for metal-poor stars and
follow-up high-resolution spectroscopy




LAMOST

LAMOST survey

-R=1800
-4000 fibers
-r<19

Data Release 5 (DR5):
7.5 million spectra

including 5.3 million
AFGK stars

Target selection: random selection for a given
magnitude/temperature range
cf. SDSS/SEGUE



LAMOST

Target selection from LAMOST sample
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LAMOST

Subaru intensive program: LAMOST/Subaru
study for 500 very metal-poor stars

* Searches for rare but key objects:
-signature of first stars
-neutron-capture element-enhanced stars

e Statistics of very metal-poor stars:
-metal-poor tail of the metallcity distribution function
-binary frequency from double-lined binaries
-trend and scatter (or clustering) of elemental
abundance ratios



Subaru intensive program: LAMOST/Subaru
study for 500 very metal-poor stars

- double the sample of very metal-poor stars with chemical
abundance measurements by homogeneous analysis

* Main sample
-Extremely metal-poor ([Fe/H]<-3) stars
-Bright (V<14) very metal-poor ([Fe/H]<-2) stars
-Li-enhanced very metal-poor stars

* Some specific topics
-a-rich/poor stars
-Li-rich giants
-Moving group members



Intensive program: observations
-_m_m

2016  April 26 (half night) Clear

April 27 (half night) Clear 12
May 20 Clear 24
May 22 Clear 35
May 23 Clear 37
May 27 Clear 22
May 28 Clear Partially lost by high humidity 26
Nov. 16 Clear 2” seeing 35
Nov. 17 Clear Telescope trouble (-3 hours) 14
Nov. 18 Clear Telescope trouble (-1 night) 0
Nov. 19 Clear/cloudy Partially lost by high humidity 17
2017 Feb. 15 Clear 29
Feb. 16 Clear 33
Feb. 17 Clear 30
Feb. 18 Clear CCD readout trouble 21
Feb. 19 Clear/cloudy 31
Aug. 1 (half night) Clear Telescope trouble (-0.5 night) 1
Aug. 2 (half night) Clear 16
Aug. 3 (half night) Clear Setup=StdBc 5
Aug. 4 (half night) Clear 21

Aug. 5 (half night) Clear 11



Large sample of metal-poor stars

Elemental abundances for >250 very metal-poor
stars (including stars observed in normal programs)

have been obtained
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Li-enhanced very metal-poor stars



Li-enhanced very metal-poor stars

Main-sequence Red giants
shallow convective layer
preserving initial Li
abundance

Surface Li diluted by the internal
material due to 15 dredge-up

itial Li Li diluted

Li Li

depleted

depleted




Li-enhanced very metal-poor stars
Li abundances along low-mass star evolution

traced by globular cluster stars
Lind et al. (2009)

Li abundances in stars of globular cluster NGC6397 ([Fe/H]=-2.0)
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Red Giant Branch (RGB) bump: evolutionary stage at which H-burning
shell extends to the bottom of the layer mixed by the 1% dredge-up



Li-enhanced very metal-poor stars
Li-enhanced low-mass stars:

Rare cases, but significant excess
*Kraft et al. (1999): a giant in the globular cluster M3
*Roederer et al. (2008): a field red giant
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Li-enhanced very metal-poor stars

Super Li-rich red giant!
[Fe/H] 3 3, T.=5200K, log g=2.2, A(Li)~3.0
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Li-enhanced very metal-poor stars

Target selection by LAMOST spectroscopy

[ [ [ [ ]
e ~1000 did f |- b | |
candidates for very meta POOor stars Y pipeiline analysis
. [ ] Ll h d.d b [ ] I [ ] L3
~ 30 Li-rich star candidates by visual inspection
[ ]
Li1 670.8nm
P—
3000 3 Nﬁ'r'r ' 1o4f . E
2500 J0715+5005 ¥ W M-a n‘.q ,N.,, 100 E pénjli.k 99.0, o@o 90 3 102f : 3
2000 os [m 1 0.93 “'W'a“ ,J ;“\\m ,/,\. Y -\-."“va“-r 1.00 £, E
1500 0. 90_ || 098 F \/\f\.,' -'-ui'vnr “JJI "\ " e o4
; E 0.5 I ‘ Eo 1 096 F t \/ ERVe:
1000 _ - ) . 6 0ssE 1o : ] 0osf 60002814300} ;
soob  spec-56619-GAC11IN48V1_spl6-23 03¢ Sn.1v: 425,475, 32.1 Eo , oo 7384J27227 E
b 04 O I T . ] 0.00F . - L
4000,  5000. 6000. TO00. 2000. 4000. 4100, 4200, 4300. 4400 4520. 4540. 4560. 4580, 4600. 6660. 6680. 700. GTr. 6740,
E 10E E o ' ]
2500 07412132 ' W J.MM 100f  ubriflic 990 132 13.9 : 100k ; ;
=it ] d E : 4 M - Iﬁlllll A 'I"|I B
2000 E 0.8 . X ' X ] 0.95 all| rv'lr :.",‘ . "‘J'I |N.JI I'I I-j'l |\|n\..“'u". It Vi Ve % [ f IACSNES Y
1500 E I \ W I.\' l- |.\|i vy |,‘|| Ui 095k llllll II| Y =
- 0.6 Vo ..— EooL . ' E N ]
1000 : l 08SE o - 1 090t 6237,2.03 42 50 E
Soof  sPec-56385-GAC113N23V1_sp07-G57 0s dn. rv: 32;3 4{)4 341 8 o S ; ogs 628830412001 23 E
0 E ! B0F o . E ' ]
4000. 5000. 6000. 7000. 8000. 4000. 4100, 4200. 4300. 4400. 4520. 4540. 4560. 4580. 4600. 6660. 6680.  T700. GTI'J. 6740.
1200 ' ' 3 LR T T A ' ' I ]
1000 J0758+4703 3 A MIMWWM frdipga 1.00f; gh 14 A }43 14_ ; ! ]
200 ] TINAT o |{‘ R _f\aﬂ N W Xl A VRPN 1
600 _ || : | o . o 3 [P VY H“ ; | BAVAN Raaet
ashi | o AR Eo : E 095k \ :
400 3 A 050¢ 5870, 1.30 2 50/ ]
sooF  spec-56653-HDO8120SN465629B0] spl4-030 0.4} snrv: 72.2, 108, 311 ' 085k osof 6000.321§200;-203 ]
oF, . . . . 3 it T E i N . . o ]
4000,  5000. 6000. TO00. 2000. 4000. 4100, 4200, 4300. 4400 4520. 4540. 4560. 4580, 4600. 6660. 6680. 700. 6780 6740,




Comparison stars
with normal Li

Li-enhanced very metal-poor stars

Subaru/HDS high-resolution spectra

12 objects are identified with LAMOST/Subaru to be Li-rich with
low metallicity ([Fe/H]<-1.7)
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Li-enhanced very metal-poor stars

Abundance measurements from the two Li lines

The Li resonance line at 670.8nm is severely saturated in many
cases. In such cases, the Li abundance is determined from the

subordinate line at 610.36nm
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Li-enhanced very metal-poor stars

Li abundances as a function of [Fe/H]

Warm (unevolved) objects

(T.>5500K)
Li-rich = A(Li)>3

O A(Li)=4.5!

Red giants
(T.+<5500K)

Li-rich = A(Li)>2
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2. SteIIar evolutlonary stage

Luminosity (log(L/Lg))

Li-enhanced very metal-poor stars
Observational result on Li-rich very metal-poor stars
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Li-enhanced very metal-poor stars

Lithium-rich very metal-poor stars
discovered with LAMOST and Subaru
Summary

12 new Li-rich very metal-poor stars are discovered,
among which 5 are warm subgiants before evolving to
red giants.

Assuming very high Li abundances (A(Li)>4) as initial
values, as found in one of the subgiants in our sample,
the (less significant) Li-excess in red giants is explained
by dilution by 15t dredge-up.

The focus is to search for the mechanism to make
extreme Li-excess in stars before evolving into red giants.

There is a mystery in low-mass star evolution
even before the star evolves into a red giant.




New r-process enhanced (r-1l) stars



New r-process enhanced (r-1l) stars

SAGA database (Suda et al. 2008; 2017)
(Carbon-enhanced stars are excluded)
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[Eu/Fe]

[EufFel

New r-process enhanced (r-Il) stars

Bright r-1l stars!

Stars with [Fe/H]<-2.5
SAGA database (Suda et al. 2008; 2017)
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New r-process enhanced (r-Il) stars
Detection of Th in r-Il stars with low metallicity
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New r-process enhanced (r-Il) stars

Th/Eu abundance ratios: small scatter
with some “actinide-boost” stars
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[EufFe]

New r-process enhanced (r-ll) stars

-1.8

Metal-rich r-ll star!

Strong evidence of late accretion of
a classical dwarf galaxy-like object!
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Publications and plans

® Published
* Aokietal. (2017, PASJ) Post-AGB sta J1833+3138= CC Lyr

* Lietal. (2018, AplL) Li-enhanced very metal-poor stars
® 15 Draft ready

* Lietal., Li-enhanced extremely metal-poor star J0705

e Xing et al., alpha-poor/r-process-rich star

 Zhao et al., moving group stars |

* Aoki et al., alpha-rich CEMP star J2217

* Liangetal., moving group stars Il

® Draft in preparation
* Honda et al., r-process-rich extremely metal-poor stars

 Zhang et al., CEMP turn-off stars
® Main sample: Aoki, Li, Matsuno et al.
-project summary + binary frequency
-abundance results
-combination with Gaia



Summary and future prospect

LAMOST is providing huge samples of metal-poor stars and
other chemically/kinematically interesting objects. We are
conducting follow-up spectroscopy with Subaru for 500 stars.

¥ LAMOST objects studied with Subaru are relatively bright,
providing good sample for detailed abundance studies.

€ Observing program is very successful
@ Publications for various topics are ongoing

€ Combining kinematics data provided by Gaia



