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Figure 1 The Habitable Zone around main sequence stars, and the velocity semi-amplitude of the Doppler wobble
induced by 5 and 10 Earth-mass planets on the star. Venus, Earth and Mars are shown as colored dots.

wobble caused by a terrestrial-mass planet. RV studies have uncovered planetary systems around ⇠ 20 M dwarfs
to date, including the low mass planetary system around GJ581,3 and KOI-961.4 These observations suggest
that, while hot Jupiters may be rare in M star systems,5 lower mass planets do exist around M stars and may
be rather common. Theoretical work based on core-accretion models and simulations also predicts that short
period Neptune mass planets should be common around M stars.6 Climate simulations of planets in the HZ
around M stars7 show that tidal locking does not necessarily lead to atmospheric collapse The habitability of
terrestrial planets around M stars has also been explored by many groups8 As seen in Figure 1, a 10 Earth-mass
planets in the HZ are already detectable at more than 3� with a velocity precision of 3m/s, and an instrument
capable of 1-3m/s precision will have the sensitivity to discover terrestrial mass planets around the majority of
mid-late M dwarfs. Such precision is already achievable with high-resolution optical echelle spectrographs.9,10

However, nearly all the stars in current optical RV surveys are earlier in spectral type than ⇠M4 since later
spectral types are di�cult targets even on large telescopes due to their intrinsic faintness in the optical: they
emit most of their flux in the NIR between 0.9 and 1.8 µm (the Y, J and H bands, 0.98-1.1 µm, 1.1-1.4 µm and
1.45-1.8 µm). However, it is the low mass late-type M stars, which are the least luminous, where the velocity
amplitude of a terrestrial planet in the habitable zone is highest, making them very desirable targets. Since the
flux distribution from M stars peaks sharply in the NIR,11 a stable high-resolution NIR spectrograph capable
of delivering high RV precision can observe several hundred of the nearest M dwarfs to examine their planet
population. HPF is being designed to be such a stable NIR spectrograph, with its primary science
goal being the search for planets around mid-late M dwarfs.

2. TARGETS SELECTION & SURVEY DESIGN

There are only a limited number of mid-late M dwarfs bright enough for a precision RV survey, so we have
begun to generate a target list and survey plan to enable HPF design choices to be made on a scientifically



•  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? 

Needs long term, high precision RV capability, preferably with a single 
instrument, to detect planets.  RVs provide masses of transiting planets. 

Key Science Questions

2. Executive Summary 
  

In  this  white  paper  report,  we  present  an  assessment  of  the  current  capabilities  and  the  future  
potential  of  the  precise  radial  velocity  (PRV)  method  to  advance  the  NASA  goal  to  “search  for  
planetary  bodies  and  Earth-like  planets  in  orbit  around  other  stars.”  (U.S.  National  Space  
Policy,  June  28,  2010).  PRVs  complement  other  exoplanet  detection  methods,  for  example  
offering  a  direct  path  to  obtaining  the  bulk  density  and  thus  the  structure  and  composition  of  
transiting  exoplanets.  

  

PRVs  will  provide  essential  NASA  mission  support  for:  

    

Mission   Target  
identification  for  
mission  science  
yield  
optimization  

Follow-up  validation  
&  characterization  of  
low  mass  transiting  
exoplanets  

Exoplanet  mass  
&  orbit  
determination  

Kepler        ✓   ✓  

K2   ✓   ✓   ✓  

TESS   ✓   ✓   ✓  

JWST   ✓   ✓   ✓  

AFTA/probe  
Coronagraph  or  
Starshade  direct  
imaging  

✓        ✓  

Future  Flagship  
direct  imaging  

✓        ✓  

Table  1.    Summary  of  PRV  support  for  NASA  mission  science  objectives.  

    •  Plavchan et at. SAG Draft Report, Table 1. 



Optical & NIR RV Instrumentation: Pepe, Nature 2014 

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



Potential for more efficient, compact spectrographs coupled to large 
telescopes with AO with single mode fibers. 

 

Figure from Crepp 2014, Science Perspective 

ASTRONOMY 
 

Planet-finding spectrometers evolve to use adaptive optics 
 
Like the miniaturization of modern computers, next-generation radial velocity instruments will 
be significantly smaller and more powerful than their predecessors 
 
By Justin R. Crepp1 
 
Adaptive optics (AO) systems correct for optical wave-front errors introduced by Earth’s 
turbulent atmosphere, turning initially blurry images into intense diffraction-limited 
concentrations of light. Over the past decade, the implementation of AO systems on the world’s 
largest telescopes has revolutionized essentially all areas of astronomy (1). Instruments that 
receive a well-corrected beam of light can operate as if observing from space and thus benefit 
from an order of magnitude higher spatial and spectral resolution (Fig. 1).  
 
Given the benefits of working with non-fuzzy images, it may therefore be surprising to learn that 
one of the most important and venerable techniques for finding extrasolar planets – the Doppler 
radial velocity method – still uses “seeing-limited” observations, i.e., measurements obtained 
without AO correction. Doppler instruments began detecting extrasolar planets in the mid-
1990’s, well before AO systems became commonplace at astronomical facilities. Thus radial 
velocity measurements were by default seeing-limited (2). The targeting of Sun-like stars in 
search of solar-system analogues and development of the iodine gas cell for velocity calibration 
(which only operates in the λ=0.50-0.62 µm wavelength range) further reinforced any initial 
“Copernican-esque” tendencies to observe at visible wavelengths, thus precluding diffraction-
limited capabilities from the ground.  
 

Seeing-limited images versus diffraction-limited images. An AO-fed spectrometer achieves much higher 
spatial resolution, and hence spectral resolution, fundamentally changing its design compared to presently 
available Doppler instruments. All such design modifications lead to improved velocity precision.  
 
                                                
1 Department of Physics, University of Notre Dame, Notre Dame, IN 46556, USA 
Email: jcrepp@nd.edu 

AO FED Spectrographs



Stellar Activity Masquerading 
as Planets in the HZ

Gliese 581 d: Robertson et al.  Science, 2014!



in the residual periodogram, and the 33/36-day signal does not appear at all. We conclude the

3-planet solution with activity-induced variability fully explains the observations.
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Figure 1: Top: Periodogram power of d as a function of time and number of HARPS RVs. The
power is reported at every 5 observations. We show the actual RVs after removing planets b, c,
and e (black/red), along with the Keplerian signal of an eccentric 66-day planet sampled with
the timestamps and uncertainties of the HARPS sampling (blue/green). Qualitative levels of
stellar activity, based on the IH↵

index, are shown for different time periods. Bottom: HARPS
RVs (blue) for the region outlined in pink. Planets b, c, and e have been modeled and removed
from the RVs. We overlay our H↵ index (red), scaled to facilitate visual comparison. RV and
H↵ are strongly correlated, indicating the remaining Doppler signal is caused by stellar activity.

We assert the periodic RV signal at 66 days is an artifact induced by the stellar rotation

rather than an exoplanet. Previous studies (3,7) discounted starspot-induced rotational modula-

tion as the origin of RV signals corresponding to planets d and g because the low photometric

variability of the star suggests any spots present should be too small to create the observed

signals. However, spatially localized magnetic activity has been observed to influence RV in

M stars without producing spots with high optical contrast. Striking similarities exist with our

5

Gliese 581 d: Robertson et al.  Science, 2014!

Stellar Activity Masquerading 
as Planets in the HZ
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Solar Activity: Lower in the 
NIR

 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 (Marchwinski et al. 2015)   

RV!



•  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). 

 

1.  Need high precision <~0.5m/s 

2.  Needs time (lots of it) and very regular access for ~10+years 

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

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

                                                 By 2020 

NEED TO FIND OUT THIS DECADE WHETHER WE CAN GET TO 10-30 cm/s 

NEED TO FIND T3 PLANET HOSTING M DWARFS FOR JWST FOLLOWUP 

Key Science Questions



10!

“…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”!

NEED TO DO THIS WITHOUT THE COMMUNITY BEING PERCEIVED TO BE 
INSULAR, FRACTIOUS OR DIVISIVE. 

WIRED Magazine Dec 2014!



 

•  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 

 

 

 

Key Science Questions

Comparative Exo-planetology is important in 
understanding what factors affect planets and 

what to look for.!



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

20202 Decadal, 2030s launch: Habitable Exoplanet Imaging Mission – needs 
strong community support! 

 

 

 

Key Science Questions



 

•  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. 

HZs & BiosignatureS�


Need Sustained Investment in Theory to built and 
compare independent models. Currently funded by NAIs 
and individual PI grants. Probably needs more strategic 

long term investment

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 (prospect of) 

spectra and data to drive significant progress in many of these avenues.  



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 and correctly interpreting this signature. 

 

Successfully navigating this path requires investment in  theory, observations, 
observational resources, and cutting edge instrumentation on the ground and 

in space (and developing , keeping, and expanding the talented human 
resources to make this possible) 

 

Top Level Summary of 
Informal Discussions



The HPF Team
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By Adrian Cho

D
ysfunctional, broken, in complete dis-

array: That’s how numerous insiders 

describe the United States’ research 

effort in fusion, which aims to gen-

erate energy using the same process 

that powers the sun. A rift has opened 

between officials in the Department of En-

ergy’s (DOE’s) Fusion Energy Sciences (FES) 

program and the research community it sup-

ports. Many scientists say program officials 

operate opaquely, but the community itself 

has a reputation for being unmanageable. 

The discord has muddled an effort to 

draw up a strategic plan for the program, 

due in Congress next month, and it could 

jeopardize the program’s already strained 

$505 million annual budget. “When you 

have to fight for every dollar, it makes it very 

difficult when you can’t even produce a stra-

tegic plan,” says a Democratic Senate staffer, 

who calls the planning effort “a failure.” 

The fusion program has come under in-

tense budget pressure as officials scrounge 

to pay for the U.S. share of ITER, the gar-

gantuan international experiment to show 

that controlled fusion can produce more en-

ergy than it consumes. Now under construc-

tion in France, ITER cost the United States 

$199 million in 2014, and DOE officials esti-

mate that its total cost to the United States 

will be at least $3.9 billion (Science, 18 April, 

p. 243). With ITER squeezing the rest of 

the program, many researchers say that 

Edmund Synakowski, DOE’s associate direc-

tor for FES, and his staff exclude them from 

the decision-making process. “He’s not a 

great believer in getting input from the com-

munity,” says François Waelbroeck, a theorist 

at the University of Texas, Austin. Syna-

kowski says he’s “always a phone call away.” 

But he emphasizes that his role is “to make 

the tough calls when they need to be made.”

The disconnect in the fusion program 

contrasts with the approach taken in other 

research programs run out of DOE’s $5.1 bil-

lion Office of Science, in which the associate 

directors strive to guide their communities 

to develop realistic plans for themselves. 

For example, a few years ago the U.S. high-

energy physics community was perceived as 

fragmented. So, urged by leaders in DOE’s 

office of high-energy physics, researchers 

held a 2-year-long series of meetings that 

informed the ad hoc Particle Physics Proj-

ect Prioritization Panel (P5), which drew up 

a road map for the U.S. program (Science, 

30 May, p. 955). Such a consensus plan “is a 

great example of what you want to see,” says 

a Republican Senate staffer.

But Synakowski and FES officials aim 

to write the plan for their community. In 

January, after years of prodding, Congress 

demanded that FES draw up the strategic 

plan that is due next month. In April, DOE 

officials asked the Fusion Energy Sciences 

Advisory Committee (FESAC) to form an ad 

hoc panel to provide input—but not to actu-

ally develop the plan. That committee held 

two 3-day community meetings. 

The panel’s report, presented to FESAC on 

10 October, looked forward 10 years under 

various tight budget levels. It called for im-

mediately shutting down one of three large 

fusion devices, or tokamaks, in the United 

States—the Alcator C-Mod at the Massa-

chusetts Institute of Technology (MIT) in 

Cambridge—reviving a 2012 DOE plan for 

shuttering the facility, which Congress re-

versed. One of two other facilities—the Na-

tional Spherical Torus Experiment (NSTX) 

at the Princeton Plasma Physics Laboratory 

(PPPL) in New Jersey and the DIII-D toka-

mak at General Atomics in San Diego, Cali-

fornia—might be shut down after 5 years. 

Such closures would enable researchers to 

start preliminary work on a bigger device, 

dubbed the Fusion Nuclear Science Facility 

(FNSF), which would develop the materials 

and components needed to extract energy 

from the plasma in a practical power plant.

Even before the report was out, re-

searchers railed against it. The panel in-

cluded no one from General Atomics, MIT, 

or PPPL, they noted. Synakowski says such 

exclusions were necessary to avoid con-

flicts of interest. Other conflicts of interest 

left only nine of FESAC’s 20 members eli-

gible to vote on the report. Only six voted 

to accept it. 

Complicating matters, Synakowski soon 

put the kibosh on several of the report’s rec-

ommendations. On 27 October, at a meeting 

of the American Physical Society in New Or-

leans, he told researchers that work toward 

A researcher works on the inside of the 

doughnut-shaped tokamak at the Princeton 

Plasma Physics Laboratory.

I N  D E P T H

ENERGY RESEARCH 

U.S. fusion effort melts down

Scientific community battles with its federal office

As ITER spending grows …
… spending on domestic research has stag-
nated, barely keeping up with inflation.

Domestic DOE request
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Community. Consensus. 

Science, Dec 2014!


