T 5 EEED
RN E R B = E IRD

]

AMA %% 2

by

o

INEFEAT, KRBT

DARXT VD,

Al

Hiroyuki Tako

I X 5
HRR

B k)

ISHIKAWA (SOKENDAI)

L=

- (ABC), &AM, ams1E, LT (NAOJ)



M dwarfs

MA R E

SpTy Dwarf T (K)

R (Rsun) Mass (Msyn) L/100 (Lsyn)

MO
M1
M2
M3
M4
M5
M6
M7
M8

3800
3600
3400
3250
3100
2800
2600
2500
2400
2300

0.62
0.49
0.44
0.39
0.26%
0.20
0.15
0.12
0.11
0.08

Teff — 5800 K Y
M= 1 Mos

R = 1Ro

0.60
0.49
0.44
0.36
0.20
0.14
0.10
~0.09
~(0.08
~0.075

7.2
3.5
2.3
1.5
0.55
0.22
0.09
0.05
0.03
0.015

[Kaltenegger et al. 2009]

Hh Bk

AXEEEDIEED > 70 %

[Covey et al., 2008; Bochanski et al. 2010]
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MEarth(Irwin et al. 2015) CARMENES(Quirrenbach et al. 2014)
TRAPPIST(Gillon et al. 2013) IRD(Kotani et al. 2014)
APACHE(Sozzetti et al. 2013) HPF(Mahadevan et al. 2012)

TESS(Ricker et al. 2016) ... etc. SPIRou(Artigau et al. 2014) ... etc
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Onehag+12
(CRIRES)

Lindgren+16,17
(CRIRES)

Souto+17
(APOGEE)

Rajpurohit+17
(APOGEE)

Veyette+17
(NIRSPEC)

Passegger+18
(CARMENES etc.)

MO-M4.5
111{&

MO-M4.5
281

M1
21

MO-M&
451

MO-M5
2918

MO-M4
3001&

AA ~500 @ J
R ~ 50,000

AA ~500 @ J
R ~ 50,000

AA ~2000@H
R ~ 20,000

AA ~2000@H
R ~ 20,000

AA ~2000@Y
R ~ 25,000

AA~11000@ Y, J H

R ~ 90,000

[Fe/H]

[Fe/H]
Ferfﬁ > Teff

131EDHEK
OH > &+
(H2O0 &EOH > Tefr)
[Fe/H], Tesf, log g
(2ERfitting)
(K,Ca,AlLMg -> log g)
[Fe/H]
[Ti/H]
Teff

[Fe/H]
Teff
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Onehag+12 MO-M4.5 AA ~500@J o
(CRIRES) 1148 R ~ 50,000 el
Lindgren+16,17 MO-M4.5 AA ~500@J [Fe/H]
(CRIRES) 281 R ~ 50,000 FeH#R > Terr
Souto+17 M1 A7 ~2,000@H 1 f":*ﬁﬁz
APOGEE 2 - et
APORED & P (H20 & OH > Ter)
Rajpurohit+17 MO-MS8 AA ~2000@H [Fe(/;%;i;]gg J
APOGEE 45 ~ -
( ) {& R ~ 20,000 K CaAMg - 100
Veyette+17 MO-M5 AA ~2000@Y [I_:re_/: ]
(NIRSPEC) 2OfE R ~ 25.000 | T'/ :
eff
Passegger+18 MO-M4 AA~11,000@ Y, J H [Fe/H]
(CARMENES etc.) 3001& R ~ 90,000 Teff
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IRD

‘nfraRed Doppler instrument for the Subaru telescope
A
R =A_)\ i 70,000
REm1E 0.97-1.75um: A /1.7

N-)/CRIRES (VLT, R~100,000,
RRmE A/70)
¥ Phoenix (Gemini-S, R~80,00
RERmE A/200)

11,000 hnes

Laser frequency comb Spectrome'ter system
(IR Observing floor) Coudé (Coudé room)

Room ' [Kotani et al., 2014]
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(CRIRES)

Lindgren+16,17
(CRIRES)
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Rajpurohit+17
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(2ERfitting)
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JL% N—F—FEB o A¥ LHS1140 o A%
Fe/H] -0.25 0.10 20 -0.07 0.09 20
Na/Fe] 0.24 0.20 3 0.37 0.18 4
Mg/Fe] 1.05: 0.29 - — 0
Al/Fe] -0.23 0.28 — — 0
Si/Fe] 0.25 0.41 — — 0
K/Fe] -0.03 0.47 0.16 0.49 2
Ca/Fe] 0.24 0.21 7 0.19 0.19 6
Ti/Fe] 0.49 0.13 25 0.25 0.13 27
'V/Fe] 0.52 0.28 1 0.69 0.28 1
Cr/Fe] 0.06 0.15 10 0.01 0.15 11
Mn/Fe] 0.01 0.18 4 0.32 0.19 4
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