SIG #1: TOWARDS A MUCH NEEDED
CONSENSUS IN THE EXOPLANET
COMMUNITY
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KEY SCIENCE QUESTIONS

* Which of the nearest stars host Earth and super Earth planets in their HZs,
and what is the architecture of these planetary systems? Which of them
transit?

« What are the atmospheric compositions/signatures of Earth and super-
Earth planets, Neptunes, and Jupiter analogues?

 What is the atmospheric composition/signatures of an Earth-size planet in
HZs, and what are the bio-signatures”? How common are planets with bio-
signatures?



KEY SCIENCE QUESTIONS

* Which of the nearest stars host Earth and super Earth planets in their HZs,

and what is the architecture of these planetary systems? Which of them
transit?

Target Follow-up validation Exoplanet mass
identification for E characterization of & orbit

mission science low Mmass transiting determination
yvield exoplanets

optimization

AFTA/probe
Coronagraph or
Starshade direct
imaging

 Plavchan et at. SAG Draft Report, Table 1.



Table 1| Non-exhaustive table of present (active) and future (approved) high-precision Doppler velocimeters

Instrument/technique

Telescope/observatory

Start of operations Band (pm)

Spectral resolution

Efficiency (%)

Precision (ms™1)

Hamilton'®9%/self-calibration
UCLES'®!/self-calibration
HIRES?/self-calibration
CORALIE/sim. reference
UVES'#2/self-calibration
HRS!®3/self-calibration
HDS'®4/self-calibration
HARPS!'®/sim. reference
FEROS-II'®%/sim. reference
MIKE!®%/self-calibration
SOPHIE®/sim. reference
CRIRES!'®8/self-calibration
PFS!®89/self-calibration
PARAS!®Y/sim. reference
CAFE@!/sim. reference
CHIRON??/self-calibration
HARPS-N**/sim. reference
LEVY!?¥/self-calibration
EXPERT-1I"2%/NA

OGIANO” /self-calibration
SALT-HRS'%*/self-calibration
FIRST'*/NA

®|RD”3/sim. reference
NRES/NA
MINERVA/self-calibration
®CARMENES’?/sim. reference
PEPSI'®%/sim. reference
®HPF’*/sim. reference

o CRIRES+/self-calibration
ESPRESSO*?/sim. reference
®SPIROU®/sim. reference

G-CLEF*3/sim. reference

Shane 3 m/Lick
3.9-m AAT/AAO

Keck I/Mauna Kea
EULER/ESO La Silla
UT2-VLT/ESO Paranal
HET/McDonald
Subaru/Mauna Kea
3.6 m/ESO La Silla
2.2 m/ESO La Silla
Magellan |I/Las Campanas
1.93 m/OHP
UT1-VLT/ESO Paranal
Magellan lI/Las Campanas
1.2 m/Mt. Abu

2.2 m/Calar Alto

1.5 m/CTIO
TNG/ORM

APF/Lick

2-m AST/Fairborn
TNG/ORM
SALT/SAAO

2-m AST/Fairborn
Subaru/Mauna Kea

6 x 1-m/LCOGT

4 x 1-m/Mt. Hopkins
Zeiss 3.5-m/Calar Alto
LBT/Mt. Graham
HET/McDonald
VLT/ESO Paranal

All UTs—VLT/ESO Paranal
CFHT/Mauna Kea
GMT/Las Campanas

1986 0.34-1.1
1988 0.47-0.88
1993 0:3-1.0.
1998 0.38-0.69
1999 0.3-1.1
2000 DA2-11
2001 0.3-1.0
2003 0.38-0.69
2003 0.36-0.92
2003 0.32-1.00
2006 0.38-0.69
2007 0.95-5.2
2010 0.39-0.67
2010 0.37-0.86
2011 0.39-0.95
2011 0.41-87
2012 0.38-0.69
2013 0.37-0.97
2013 0.39-0.9*
2014 0.95-2.5
2014 0.38-0.89*
2014 0.8-1.8%
2014 0.98-1.75%
2015 0.39-0.86*
2015 0.39-0.86*
2015 0.55-1.7*
NA 0.38-0.91*%
NA 0.98-1.40%
2017 0.95-5.2%
2017 0.38-0.78%
2017 0.98-2.35%
2019 0.35-0.95*

30,000-60,000
—100,000
25,000-85,000
60,000
30,000-110,000
15,000-120,000
90,000-160,000
115,000

48,000
65,000-83,000 and 22,000-28,000
39,000 and 75,000
—100,000
38,000-190,000
63,000

~67,000

80,000

115,000
114,000-150,000
100,000*

50,000
16,000-67,000*
60,000-72,000%*
70,000%*

53,000%*

NA (Kiwispec)™
82,000*
120,000-320,000*
50,000*
—100,000*
60,000-200,000*
70,000*

120,000*

Optical & NIR RV Instrumentation: Pepe, Nature 2014

3-6
NA
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5
4-15

69

6-13

20
20-40
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15
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NA

25

15

10-15
NA

20
10-15%
NA

- NA

NA

NA
10-13*
10%

4%

15*
6-11%
10%
20%

3

3-6
1-2
3-6
2-2.5
3-6
5-6
<08
10-15

3-4*

Really need northern hemisphere instruments being developed to push <1m/s



Diffraction-Limited

-

"Seeing" limited

Next Generation
Spectrometers

All Previous Doppler
Spectrometers



STELLAR ACTIVITY MASQUERADING
AS PLANETS IN THE HZ
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STELLAR ACTIVITY MASQUERADING
AS PLANETS IN THE HZ
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SOLAR ACTIVITY: LOWER IN THE
NIR

Standard Deviation [m s™']

Wavelength [nm]
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o2 & € <> o.4

Months Since April 2003

- — — —r

600 700 800 1000 1200 1400 1600
Wavelength [Nnm]

Stellar activity induced noise is lower in the NIR than the optical. RV
variability for Sun estimated using SOURCE SIM solar spectral irradiance
data and the FF’ technique ( )




KEY SCIENCE QUESTIONS

* Which of the nearest stars host Earth and super Earth planets in their HZs,
and what is the architecture of these planetary systems? Which of them

transit?

NN-EXPLORE WIYN Spectrograph is an excellent move in the right direction
(though on an extremely aggressive time schedule).

Need high precision <~0.5m/s
Needs time (lots of it) and very regular access for ~10+years

Needs coherent RV streams (ie. without breaks) as much as possible

s Sl e

Need higher resolution and/or larger wavelength coverage for activity
discrimination

By 2020



“...Which is a problem. Because another thing no one knows
about Gliese 667Cc is who should get credit for discovering it.

Gliese 667Cc is at the center of an epic controversy in
astronomy—a fight over the validity of data, the nature of
scientific discovery, and the ever-important question of who
got there first”

WIRED Magazine Dec 2014




KEY SCIENCE QUESTIONS

« What are the atmospheric compositions/signatures of Earth and super-
Earth planets, Neptunes, and Jupiter analogues?

For the M Dwarfs, a transiting Super-Earth planet *can* be characterized
by JWST and possibly by future large optical telescopes on the ground.

WFIRST Coronagraph for gas giants

A Probe class OIR mission for spectroscopy of transiting planets
discovered by K2 and TESS (possible MIDEX call ~2017) or post-PLATO
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HZs & BIOSIGNATURES

While a lot of progress is being made in understanding Habitable Zones, and

atmospheric characterization and search for "biomarkers” in low-mass planets

this is fundamentally now a data-starved field and we really need ( )
spectra and data to drive significant progress in many of these avenues.

* Models need to couple climate with photochemistry and geology which then
needs to be tied to a spectral code to generate spectra.

* For HZ boundaries beginning to go to 3D models (clouds, spatial
temperature differences, tidal locking..), but need more independent
groups.

NEED SUSTAINED INVESTMENT IN THEORY TO BUILT AND
COMPARE INDEPENDENT MODELS. CURRENTLY FUNDED BY NAIS
AND INDIVIDUAL Pl GRANTS. PROBABLY NEEDS MORE STRATEGIC

LONG TERM INVESTMENT



TOP LEVEL SUMMARY OF
INFORMAL DISCUSSIONS

The Exoplanet Community would like to chart a path to the detection and
characterization of Earth-mass planets in their HZs, with the goal of both and
obtaining a spectrum of such a planet

Successfully navigating this path requires investment in theory, observations,
observational resources, and cutting edge instrumentation
(and developing , keeping, and expanding the talented human
resources to make this possible)



COMMUNITY. CONSENSUS.
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IN DEPTH

ENERGY RESEARCH

.S. fusion effort melts down

Scientific commmunity battles with its federal office




