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Summary

InfraRed Doppler instrument (IRD)

O A high-dispersion (R=70,000) near-infrared spectrograph for Subaru
telescope

O Currently RV precision of ~2 m/s is achievable for M dwarfs

IRD-SSP

O Aiming at detecting earth-mass (~1-3Mearin) PlaNets in habitable zone
around late-M dwarfs, and unveiling planet population in wide range
of mass and orbit around late-M dwarfs

O We expect to find ~60 planets in 60 sample stars by 5-year (175 nights;
35 nights/year) survey.

O The first-two-year survey (19A-20B; 70 nights) is now officially approved.

O Observations have been conducted almost every month since this
February.

O The first screening observation is now ongoing.



Overview of the IRD instrument
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(AO bench)
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Resolution: R=70000
Wavelength: 0.97-1.75um
Cryo: 80K (detector), 180K (optics)
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RV precision and stabllity

O Long-term monitoring of Barnard’s star (GJ699; M4V)

Selected data e« June/24th data e Airmass>2.0

15
T EAll data ®Selected data

10 i
— 30
€ 1 i i
£ 5 b €1 25
Z 4 . g 20
2 i i i 5
o O 0y % 13
2 I 4 1 3 15
E s i b1 £ 10
o T ! 5

\ | °
-10 ]L 1 T 0
15 -15-12 -9 6 -3 0 3 6 9 12 15
0 20 40 60 30 Relative RV (m/s)
JD-2458282.5 (day)
Total error Internal error Instrument + activity error
All data 4.1 m/s 1.8 m/s 3.7 m/s
Selected data 2.7 m/s 1.8 m/s 2.0m/s

XKSN~170



RV monitoring of planet-host stars
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Purposes and goals of IRD-SSP

Purposes

O Detecting earth-mass (~1-3Mgqin) planets in habitable zone around
nearby late-M dwarfs for future characterization

O Understanding planet formation and evolution (e.g. orbital migration)
across snow line by unveiling planet distribution in wide range of mass
and orbit around late-M dwarfs

Goals
O Detecting a habitable-zone earth-mass planet around a late-M dwarf
O Unveiling distribution of

earth-mass planets in P<100 d

super-earths in P<300 d

giant planets in P<1000 d across slow line



Number of stars

Number of stars

Nelgglells

D<25pc, M=0.08-0.254, J<11.5, no Ha emission
= 150 stars were selected by low-resolution spectroscopy

Double-line spectroscopic binaries and rapid rotators will be screened
out by initial observations with IRD

Best 60 stars will be selected for IRD survey
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Simulation

Slow migration (Type-l) Fast migration (Type-I)
| T T T llllll T T T llllll T _ ] | T T T llllll T T T llllll T 4
_ | c=001] | [ c=01 |1
1000 E - 1000 E =
E np=4 np=0 np=3 o ; . E np=2 np=0 np=0 3
® F . . 19 S ]
100 . w — 100 E - .
2 nep=12 np=1%® nesll s .. @ Fne=8 | mp=7 n=5 :
O P ° @ oee ° . ° O R o ® N [
e ® e ® ° & e ,° b ® °
- 10 E ~ - on P > 10 p=—=7— —1 —
o -Bp=14 T =1 SR B R Fe=B 5 o )| T =0 — —
1S . T I L (80 %2 o] @ —— ] — ]
5 1 pe——=t 51 Pt .
o np=1 n,=0 n,=0 % o En/P=1'"/ 155=0 np=0
0.1 L L L LLLL L L L L LLL -LA—J.L.LA__] 0.1 L e L e L Lo L
1 10 100 1000 1 10 100 1000
Orbital period (days) Orbital period (days)

O We expect to find ~60 planets in 60 stars by 175-nights observations.

O The number of the expected planets depend on adopted theoretical
models of planet formation and evolution.



Summary of February — July 2019

Allocated nights
m 2/18(2nd) 19(2nd),

20{2nd 2nd 22 2nd),

23(2nd). 24(2nd

O 3/21(2nd), 22(2nd),
23(2nd)

O 4/17(full), 18(2nd)

O 5/18(1), 19(2), 20(2), 22(f),
24(1), 25(1), 26(1)

O 6/15(f), 16(1s'), 17(1%),

21(2nd), 24(2nc
O 7/11(1st), 14(2nd)

18{2“0';, 19 2“0';, 20(2nd),

Cumulative allocated
nights
O 16.5 nights from S19A

Rough success rate
O ~77% (12.7/16.5nights)

Current progress of observation

stars observed once

stars observed twice
stars observed 3 times

stars observe >3 times
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Numbers of Allocated nights and results in S19A
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~1.5
nights

Allocated
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3.7 nights

4.5 nights
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~1.5
nights

1 nights

1.5 nights



IRD Screening: Planet candidatese

Moderately large (o~12m/s) RV variations
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IRD Screening: AO images

To check existence of visual companions in the images of IRD-FIM

e.g. A companion with contrast ratio 1.7 = M4 : M7
O Angular separatfion = 0.2", distance 17.7pc = 3.5AU (P~13.5yr)
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IRD Screening: Spectral shape

GJ699 (standard)

Counts
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wavelength (A)

From HR spectra we also check

Activity indicators (line shape, Pachen, He |

Metallicity

i

Rapidly rotating stars ?
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double lines binary ?
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IRD Screening: Spectroscopic binary
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IRD Screening: Target candidates

NOT visual binary

NOT spectroscopic binary » Long term RV monitor
Rotation is slow to search for planets

Small RV jitter
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Summary
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O A high-dispersion (R=70,000) near-infrared spectrograph for Subaru
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