Planets Around M-dwarfs Page 1 of 7
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There are compelling reasons to search for planets aroted/lalwarfs: current planet surveys
have not been able to target these optically-faint stars,tla@ reduced primary stellar mass im-
proves planet detection sensitivity for new techniqueschvitian target these stars. In this white
paper we argue that one can employ aging 2 m telescopes ficatksdiastrometric programs in the
spirit of the RESTAR program to revitalize the US 2 m-cladedeope population. Using a new
low-cost adaptive optics system designed for 2 m-classdefges we would be able to find plan-
etary systems around late M-dwarfs with detection senisgs/approaching a few Earth masses.

I: Finding Planets Around Late M-dwarfs  low end of the stellar mass scale will provide vi-
tal new constraints for planet formation theories.

The recent great progress in extra-solar pIaneRNe here argue that two new technologi

detection has been almost exclusively targeted

at FGK stars. It follows that there are many di al breakthroughs — sub-millarcsecond adaptive

coveries to be made by extending the searcholgfics astrometry and low-cost adaptive optics

hitherto little-covered stellar masses — in particY stems suitable for small telescopes — will pro-

ular M-dwarfs, where low stellar mass improve\éJCIe an unmatched I\/_I-_dwarf exoplanet detec_t|on
nd follow-up capability. In particular, we will

detection sensitivity for many techniques. T & .
. - able to address the following fundamental
Exoplanet Task Force h ntified th : . ;
xoplanet Task Force has identified the Seaquestlons for the first timg1) what is the plan-

for planets around M-dwarfs as one of two prr? storn § d mid and late M
orities for the next 15 years of exoplanet scienc ‘?‘Wfség ;mWLeczuenctyaaroun. mid an ag i
The higher-mass M-dwarfs that have beer. arfs? (2) what are the precise masses and or-
Eal elements of the planets? and (3) how does

probed up to now have a low Jupiter-mass plat lanet f q 4 on metallicity and
companion frequency<(~2%; eg. Endl et al. © pranet frequency depend on Icity an
Rimary mass?

2007, Johnson et al. 2007), but theorists p
dict a large population of lower-mass planets This white paper is organized as follows: in
(e.g. lda & Lin 2005, Kennedy & Kenyonsection Il we show that 100 microarcsecond as-
2008). The characteristics of the lower-mas®metry is within reach, and in section Il we
M-dwarf planet population are essentially urdetail the relation of astrometric M-dwarf sur-
known, mostly because the stars are too fawdys to other planet detection techniques. In
for current optical RV planet searches. As Msection IV we describe a low-cost adaptive op-
dwarfs are the most common stars in our galaxigs system that will enable 100 microarcsecond-
there is a clear gap to be addressed in our knolelvel astrometry on 2m-class telescopes. In sec-
edge of the galactic planetary population; a dien V we discuss what could be done with a ma-
tailed understanding of planetary statistics at tjogr astrometric AO M-dwarf exoplanet detection
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Figure 1:The measured astrometric performance (Allan variance)fasaion of total exposure time for
a typical target from our 5m-telescope M-dwarf survey. Thikddine shows aVTime fit to the precision
curves. We reach the expected astrometric precision280 microarcseconds in 200 frameslQ min-
utes including overhead), and see no sign of being limitedysyematic errors. The astrometric precision
scales withVTime and \/Nrefstars, and so we are chiefly limited by only having 4 reference stathis
instrument’s 25 arcsecond field of view.

and follow-up program. precision in 2 minutes with-100 uas accuracy
over 2 months. This is an unprecedented level of
II: 100 microarcseconds is within reach from precision for routine ground-based astrometry.

the ground Using this technique we have started an M-

In arecent paper we have articulated the procg)v_varf planet survey (MAAPS; the M-dwarf As-

lem of differential AO astrometry in the face offometric AO Planet Survey) at Palomar. For

the dominant noise source (which is correlaté)ﬂo'caI targets in our planet-search survey, we

tilt anisoplanatism), derived its expected contr?‘-ChieveNZSO“"’ls precision (figurél1), and our

bution to our astrometric uncertainty from thé2eSt targets reach 1Q@s precision.

ory, developed an optimal estimation algorithm This level of astrometric precision is possi-
for performing astrometry, and verified our exsle by (1) controlling systematicfiects (dis-
pectations with extensive on-sky tests at Pal+tion, refraction) through careful experimen-
mar and Keck (Cameron, Britton & Kulkarntal design (small dithers, consistent zenith an-
2009). For test targets we achieved00 uas gles), (2) proper accounting of atmospheric and
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Figure 2: The astrometric precision that can be achieved using adapfitics, as a function of telescope
size and time-per-target. We here assume that five asticmefierence stars are available (typical for the
surveys described here), thaffdrential tilt jitter and photon noise are the dominant etesms, and that
the system observes with 100% tim@aency.

measurement statistics to construct the covari- lll: Survey Phase Space
ance matrix, and (3) the use of an optimal esti-

mation algorithm to combine measurements toRadial velocity planet detection methods do
measure stellar positions. The adaptive optigst provide unambiguous orbits or masses for
system both reduces the inherent tilt jitter anfbtected planets. Transit and microlensing sur-
sharpens the image point spread function, thusys generally find planets around distant stars
improving the signal-to-noise ratio of faint asyhere follow-up and detections of longer-period
trometric reference stars. planets are diicult. In contrast, targeted astro-
In Cameron, Britton & Kulkarni 2009 wemetric planet searches can find planets around
derived a scaling relationship for the expectexbarby stars and provide orbital inclination con-
adaptive-optics astrometric performance asstaints. Astrometric surveys are sensitive to
function of integration time, number of referplanets in all orbital orientations, allowing clear
ence stars, and telescope size (figdre 2). Usbtgtements to be made about the presence or
this relation, which has been verified against tiasence of planetary systems around particu-
performance of Palomar and Keck astrometitgy stars. The astrometric signal increases with
we find that an AO-equipped 2m-class telescopknetary orbital radius and so very wide, very
could provide astrometric precisions down to thew-mass companions can be detected ffisu
few-hundred microarcsecond level in reasonaldient long-term stability can be achieved (figure
(sub-hour) integration times. ). As noted by the Exoplanet Task Force re-
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Figure 3: A comparison of the planet-detection sensitivity of radialocity and astrometric techniques,
for a 0.1M,, star at 20 pc. We here use a very simple detection model,rieg 5 detection of planetary
motion in a 10-year project with a dedicated telescope argkts observed with 10-day cadence. We
assume that radial velocity and astrometric errors, inotydtellar jitter, can be averaged down by repeating
observations. 5-10 fu is the radial velocity precision predicted for new generabf infra-red radial
velocity techniques (eg. Edelstein et al. 2007); curredtatavelocity observations of optically-faint M-
dwarfs obtain much lower precisions.

port, the development of a high-precision astrgd00) and so subtend a diameterdf00uas at

metric capability would greatly complement th&5pc. This is a hard upper limit for astrometric

very large investment in RV planet detection. variability assuming thadll emission is concen-
A high-precision ground-based astrometritated on a single point on the stellar surface; in

capability would complement the GAIA andractice the astrometric variation will always be

SIM-Lite space-based astrometric missions g lower.

operating at high-precision on optically faint M-

dwarfs which are otherwise very hard to tar- IV: The Instrument

get. For example, for a typical M5 dwarf at 10

pc, my = 17.4 (Kraus & Hillenbrand 2007) and  Successful high-precision AO astrometry re-

the GAIA single-measurement accuracy-B00 quires high Strehl ratios to both reduce atmo-

pas, compared to the 10Quas precision possi- spheric astrometric jitter and to improve refer-

ble in the near-IR using astrometric AO. In adence star detection and measurement. Because

dition, a targeted survey allows still higher prehe isokinetic patch is the dominant scale for as-

cision by observing stars at any cadence. trometric precision (Cameron, Britton & Kulka-
For M-dwarfs, stellar astrometric jitter is un¥ni 2009), a wide field of view of several arcmin-

likely to be the dominant noise source. The tamtes will optimize the number of astrometric ref-

get stars have radii 0£0.2 R, (Leggett et al. erence stars accessible. These capabilities are

4



Planets Around M-dwarfs Page 5of 7

90%

80% =

70%

60%
——T"

—y=25%

50%

0% ——50%

H-band Strehl Ratio

—a=—75%

30%

20%

10%

13 14 15 16 17 18 19 20 21

Target Apparent Magnitude (mV)

Figure 4: The H-band Strehl obtainable by CAMERA on a 1.5m telescope ¥ariety of Palomar ob-
servatory conditions (seeing percentiles of 10%, 25%, 5086 7%%), as a function of on-axis guide star

magnitude.

within reach, using the CAMERA AO systentire observing time to single projects.

design. CAMERA is designed for LGS operation
CAMERA (Compact Atordable MEMS- with tip/tilt stars measured in both the visible
based Rayleigh Adaptive Optics) is a low-cosind infrared. On a 1.5m telescope CAMERA
autonomous, Rayleigh LGS AO system and scian achieve diraction-limited visible-light per-
ence instrument designed for the fully robotiormance for point sources as faint ag g, 17
1.5 m telescope at Palomar Observatory. Whienmedian conditions (figurl 4). Using aiff-o
deployed on sky, CAMERA will serve as araxis field star for tip-tilt, approximately 30% sky
archetype for a new class offardable AO sys- coverage can be accessed w4tt230 milliarc-
tem deployable on 1-3 meter telescopes. second H-band resolution, while 90% sky cov-
CAMERA will provide a unique new ca-€rage can be accessed wi#h300 milliarcsec-

pability for large adaptive optics surveys co2"d FWHM in median seeing. A CAMERA-

ering several thousand targets. These higl® System could enable sub-milliarcscond as-
angular-resolution surveys would be extremel{PMetric precision surveys for very large num-
time-intensive on currently available LGS AC®€rs of targets (figuid 2); most nearby M-dwarfs

systems. CAMERAS low overhead time an@"® bright enough to serve as on-axis infrared

queued, robotic operation enable vefjigent UP/tltstars.
operation, and the system operates on smallThe adaptive optics system greatly increases
enough telescopes to consider devoting the ¢me number of usable astrometric reference stars
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Figure 5:The planet mass sensitivity that can be achieved for a majgear astrometric M-dwarf survey
using five 2.5m CAMERA-equipped telescopes. We assume aameatillar mass of OM,, and a median
target distance of 20 pc. Detected RV planets around albstipes are overplotted as a reference. At
multi-year periods the astrometric survey is sensitivest@gal times lower masses than current RV surveys.
This is a particularly important capability for these lovass stars where the Jupiter-mass population of
planets is known to be small.

by image sharpening; an AO-equipped 1.5though the final astrometric target list will have
telescope would be the equivalent of a seeing-be optimized for the best spatial distributions
limited 4m telescope for reference star deteand numbers of guide stars.

tion. CAMERA, in particular, is designed with a

particularly important feature for astrometry: a v An Astrometric M-Dwarf Exoplanet
2-arcminute field of view, wider than most com- Detection Program

parable AO systems. Although the Strehl ratios

will be low at the edge of this field, the greatly We conclude by exploring what can be
improved probability of having dficient refer- achieved by a major 100-microarcsecond-

ence stars more than compensates. precision program on dedicated 2m-class AO-
At CAMERAs SNR=5 detection limit of equipped telescopes (figude 5). In simulating the
mk~19 in 10 seconds (typical astrometric olsurvey performance we have assumed that astro-
serving parameters), we expect between 30®@tric signals will be recovered by use of joint
and 20000 stars per degree (Spagna 2001). Witmb-Scargle periodograms; we have designed
a 4 square arcminute field of view, CAMERAhe survey to yield a 1% false alarm rate and a
has an excellent chance of havingtatient as- 50% detection ficiency for planets with orbital
trometric reference stars for most targets, aecentricities less than 0.35 (Catanzarite et al.
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2006). We assume a fixed-cadence, fixed-target-
list survey. More complex survey types (see eg.
Ford 2005) will improve performance.

Targeting 800 late M-dwarfs allows detec-
tion of Neptune-mass planets in 10-year orbits
and Jupiter-mass planets at all accessible peri-
ods (limited by the cadence of the survey). A
smaller 50-star target list allows detectionaf-
Earth-mass planets.

Using the techniques described in this white
paper, 2 m-class telescopes would have very
competitive M-dwarf exoplanet detection capa-
bilities. In the spirit of the RESTAR project to
renew small telescopes, one could employ these
systems for dedicated programs to directly ad-
dress one of the Exoplanet Task Force’s two pri-
orities for the next 15 years of exoplanet science.
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