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OBSERVING REQUEST
University of Arizona Observatories

Year: 2015 Term: Jan–Jun Proposal type: short-term

A Poor Weather Program to Characterize Cool Brown Dwarf
Atmospheres

P.I.: Phil Hinz (SO; phinz@as.arizona.edu; )

CoI(s): Andy Skemer (SO)

Abstract of Scientific Justification
Using LBTI/LMIRCam and MagAO/Clio, we are engaged in several programs to study the 3-5µm atmo-
spheric properties of directly-imaged exoplanets and low-mass brown dwarfs. Here we are proposing to
characterize isolated brown dwarfs at similar wavelengths to create a comparison sample. Because brown
dwarfs and gas-giants share similar compositions, temperatures, and radii, the large sample of brown
dwarfs will be a baseline with which to compare directly imaged planets.

LBTI is a general purpose AO-imager and interferometer, and as a result, every program to date
on LBTI has required good seeing. At the telescope, this often means that we have no suitable programs
to execute in clear-skies and poor seeing, which is common at the LBT. By inserting a poor-weather
program into the LBTI queue, we will increase the completion rate of other programs. And at the same
time, we will do exciting science in what would otherwise be unusable conditions.

Note that we are asking for an actual allocation of LBT nights. PIs of other programs usually will
not (and in the HOSTS and LEECH collaborations, cannot) give up their time in ∼1.3-2.0” seeing with
no reimbursement. Our request is that the TAC allocate time to this program, which can be inserted into
an LBTI queue. We welcome direction from the TAC as to which queue programs should be prioritized
to benefit from this seeing-swap.

Summary of observing runs requested for this project Scheduling Sharing
Run Telescope Cage Instrument PI AO Nights Moon Optimal Acceptable Poss. Adv.

1 LBT AO LBTI/LMIRCam * * 2 bright any any yes yes

Scheduling constraints and unusable dates (up to 4 lines):



Target list (attach list if longer than 26 objects)
# Object RA Dec mag / color / type / redshift / comment / etc.

1 see attached all

Approval for Instrument Use from PI: Phil Hinz

Graduate students (provide the following information for each student named as PI or CoI on the cover
page. Have the advisor’s signature(s) appear on all submitted copies)

Student’s Name Advisor’s Name Advisor’s Signature 2nd-yr Thesis
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Scientific Justification

Science Goals
Using LBTI/LMIRCam and MagAO/Clio, we’ve determined that exoplanets have 3-5 µm SEDs that are
dramatically different from field brown dwarfs (Skemer et al. 2012,2013,in prep). The differences (related
to clouds and turbulence induced chemistry) are thought to arise primarily as a result of the youth and low
surface-gravity of directly imaged planets. Old and massive field brown dwarfs are a baseline with which
to compare young, low-gravity exoplanets, and they are accessible in much larger numbers. Thanks to
WISE, we have 3.3 and 4.5 µm photometry for hundreds of nearby brown dwarfs. The addition of 3.8
µm photometry would allow us to fully probe the 3-5 µm SEDs of brown dwarfs and compare them to
exoplanets (see Figure 1). Currently, 3.8 µm photometry exists for 47 out of 178 brown dwarfs with known
distances (heavily weighted towards the earlier spectral types), and much of the photometry is quite a bit
lower precision than WISE’s photometry at the surrounding wavelengths.

By obtaining 3.8 µm photometry on a large number of brown dwarfs, including lower-temperature brown
dwarfs than have previously been studied, we will:

1. construct a ∼200 brown-dwarf sample with photometric SED coverage from 1-5 µm and temper-
tatures spanning the M-L-T spectral type sequence

2. study the diversity of brown dwarfs in 3-5 µm SEDs, which will help us constrain the ranges of cloud
patchiness and non-equilibrium chemistry in old brown dwarfs, and

3. compare the properties of field-brown dwarfs to young gas-giant planets and young isolated brown
dwarfs in a wavelength range that our group is investigating with LBTI/LMIRCam and MagAO/Clio.

Why this Hasn’t Been Done Before and Why the LBT can do it Better
3.8 µm capable infrared cameras are not common, and those that exist have small fields of view due to the
small (angular) pixels scales that are necessary to observe the bright 3-5 µm sky without saturating. With
small fields of view and a high sky background, it is unusual to find a photometric calibrator in the same
field as a science targets. The variable sky and the necessity to move back and forth between science field
and calibration field make these observations difficult and time-consuming.

By pointing the two telescopes to different, but nearby fields of view (“wall-eyed” pointing), we can si-
multaneous image a science target and calibrator that are separated by up to 2 arcminutes (compared to
LMIRCam’s 10 arcsecond field-of-view). The simultaneous calibration, which is unique capability of the
LBT, will allow more precise photometry measurements at wavelengths >3 µm than has previously been
possible from the ground.

The Strategic Importance of a Poor Seeing Queue
LBTI’s science portfolio includes high-contrast imaging, nulling interferometry, and general AO science.
All of these programs require good seeing (∼<1”) in order to achieve good AO correction. The program
described here requires a large aperture (because brown dwarfs are faint) a 3-5µm camera, and a wide FOV
(in this case, provided by wall-eyed pointing), but it does not require good seeing because we are just doing
photometry on isolated objects. Programs that can make use of poor seeing, but otherwise usable conditions
have an important role in improving the scientific efficiency of the LBT (see Figure 2).
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Figure 1: An example color magnitude diagram of field brown dwarfs and directly-imaged planets imaged
from LBTI/LMIRCam and MagAO/Clio. The planets are systematically bluer than the brown dwarfs due
to a combination of non-equilibrium chemistry and patchy clouds. Our proposed brown dwarf survey will
increase the number of brown dwarfs on this diagram by a factor of 4 allowing us to understand the full
range of brown dwarf properties in the context of the directly-imaged exoplanets.

Figure 2: The crux of our problem.
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Experimental Design & Technical Description Describe your overall observational program. How will
these observations contribute toward the accomplishment of the goals outlined in the science justification?
If you’ve requested long-term status, justify why this is necessary for successful completion of the science.
(up to one page)

When the seeing is poor, we will choose a brown dwarf in the appropriate RA range from our attached target
list. We will point one telescope at the brown dwarf and another telescope at a nearby bright calibrator
(“wall-eyed” pointing). The co-pointing limit of the LBT is ∼120”, with the possibility of further improve-
ment. In this range, almost all of our targets have a suitable calibrator, which can be chosen from 2MASS
or WISE.

Observations will be taken in seeing-limited mode, or AO-mode with a very low-order correction (∼10-
mode, low-gain) that can improve the seeing without risk of opening the loop in bad seeing. If AO is on, the
loop parameters and wavefront sensor counts will be match between the two telescopes.

For each target, we will integrate until we have achieved a S/N of ∼30, which will be well-matched with the
WISE photometry, and at the limit of our ability to absolutely calibrate using randomly chosen background
stars. Based on WISE photometry, we will spend ∼30 minutes per target including 10-20 minutes to acquire
the stars and coarsely close the AO loops. Thus we will be able to characterize ∼40 brown dwarfs in two
nights of photometric, poor-seeing conditions.

Once per night, we will observe the same star with both apertures to calibrate the relative transmission
between the two sides.
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Summary of Time Requested and Awarded The TAC needs to understand the scope of this project —
(1) tell us how many UAO nights you’ve already had for this project, how many you request this time, and
(a good guess of) how many you need to complete the project; (2) if a substantial amount of observing for
this project comes from non-UAO telescopes, tell us about that observing, and how the UAO part fits in; (3)
if you are collaborating with people who have telescopes, especially if you are part of a large collaboration,
tell us who is leading the project, and how UAO time and your participation fit in. (up to one page)

This program will use poor-seeing conditions that are unusable by other programs. Here we are requesting
two nights to contribute to a queue-like system, which will (1) ensure the completion of high priority LBTI
programs, and (2) use two nights of poor-seeing for a brown dwarf photometry program.

At a rate of 20 brown dwarfs per photometric/poor-seeing night, we expect to characterize 120 brown dwarfs
in 6 nights. Assuming 40% weather-loss (closed-dome or cloudy conditions), the full survey will take ∼10
nights over ∼5 semesters.
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Previous Use of Steward Facilities List all allocations of telescope time for the present project and
allocations for other projects on facilities available through UAO during the past 2 years, together with the
current status of the data (cite publications where appropriate). Mark those allocations related to the present
proposal (i.e, precede text with \command). (up to one page)

LATEX 2ε UAO Observing Proposal class, ’soprop.cls’ v1.3 (2007 Aug 01 [RAJ]).
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