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Abstract. Because the Spitzer Space Telescope is in an Earth-trailbig losing about 0.1 AU/yr,

it is excellently located to perform microlens parallax ebhstions toward the Magellanic Clouds
(LMC/SMC) and the Galactic bulge. These yield the so-cafi@wjected velocity” of the lens,
which can distinguish statistically among different padidns. A few such measurements toward
the LMC/SMC would reveal the nature of the lenses being detem this direction (dark halo
objects, or ordinary LMC/SMC stars). Cool Spitzer has alyemade one such measurement of
a (rare) bright red-clump source, but warm (presumably desssubscribed) Spitzer could devote
the extra time required to obtain microlens parallaxes lier more common, but fainter, turnoff
sources. Warm Spitzer could observe bulge microlenses3faa$s per year, which would permit
up to 24 microlens parallaxes per year. This would yieldregéng information on the disk mass
function, particularly old brown dwarfs, which at presem¢ anaccessible by other techniques.
Target-of-Opportunity (TOO) observations should be ddddhto RTOO/DTOO, i.e., “regular” and
“disruptive” TOOs, as pioneered by the Space Interferoyndission (SIM). LMC/SMC parallax
measurements would be DTOO, but bulge measurements wouRITR®, i.e., they could be
scheduled in advance, without knowing exactly which stas teebe observed.
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1. INTRODUCTION

Microlens parallaxes measure a vector quantity, the “gtefkvelocity”V, which is the
projection of the lens-source relative velocity on the plahthe observer. Another way
of writing this quantity is
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whererge andp, are the lens-source relative parallax and proper motios atuseful

guantity to measure because it depends only on the kinepragerties of the lens and
source, and is independent of the mass. Once it is measuredan also determine the

“projected Einstein radius”,
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wheretg is the “Einstein timescale” (which is almost always wellasered) ank =
4G/c’AU = 8.1masM...

Hence, an ensemble microlens parallax measurements damgdish statistically
between different kinematic populations.

V=AU



2. MICROLENSPARALLAX SCIENCEWITH A WARM SPITZER

Microlensing parallax measurements are feasible withz8pitoward two classes of
targets, the Large and Small Magellanic Clouds (LMC and Skt@)the Galactic bulge.
The science cases and technical challenges are subsyadiffatent for the two classes.

2.1. ScienceTowardtheLMC/SMC

The nature of the microlensing events detected toward thgeNanic Clouds by the
MACHO (Alcock et al. [1]) and EROS (Tisserand et al. [2]) adibrations is unknown.
They are definitely too infrequent to make up most of the daakten, but could make up
of order 20%. The basic problem is that, while a few of theédsrtgave special properties
that allow their distances to be determined, for most leitsesot known whether they
are in the Milky Way (MW) halo, the MW disk, or in the Clouds theelves. While
it would be tempting to use the lenses with known locationaddress this question,
actually the very properties that allow their distancesdarteasured predispose them to
be in the Clouds or the MW, so they do not constitute a fair $antpwould be better to
find a way to choose “typical" events, not selected by anyatttaristic, and determine
their position.

Spitzer has already been used to measure the microlentapaybne lens. Dong et
al. [3] found that its projected velocity was~ 230kmst, which is typical of halo
lenses, but much bigger than expected for MW disk lenses amchmsmaller than
expected for SMC lenses. However, they also found that (motpriors on the location
or properties of the lens) that it could be in the SMC with 5%hability. Thus, to draw
rigorous scientific conclusions, it will be necessary toaniparallaxes for at least 3,
and more comfortably 5, such events.

2.2. Science Toward the Galactic Bulge

Han and Gould [4] conducted a systematic analysis of whatldoel learned about
lenses observed toward the bulge by obtaining parallaxesifensemble of them. They
found that such parallaxes greatly enhance microlensirag@asbe of the stellar mass
function. For example, comparing the precision of massregés (for lenses assumed
to be in the disk in both cases), they found that without pexabk the masses could be
individually “measured" with a @r precision of 0.6 dex (so, essentially no measurement)
whereas with parallaxes, the uncertainty was reduced tdéx2

Of particular interest would be to measure the frequencysif lorown dwarfs (BDs).
Of course, BDs can be directly detected, but only while threyyaung, so that inferences
about their global frequency depend sensitively on botir thistory of formation and
their assumed cooling properties. It would be nice to camstitheir frequency based
solely on their mass.



The main characteristic of disk BDs from a parallax standpigithat they have small
e (see eq. [2]). For example, a BD witt = 0.03M, and distanc®, = 3kpc would
haverg = 1.1 AU. In order for an M dwarf with masisl = 0.08M, to produce the same
fe would require a distancB; = 1.5kpc. This is much less likely, but of course not
impossible. So an ensemble of measurements would be nes@stirhate to estimate
the BD frequency. In fact, as | will discuss in the § 3.2, pasaimeasurements are
actually easier for lenses with smaller (Up to a point). So Spitzer is well-placed to
probe this key regime.

3. TECHNICAL CHALLENGES

The technical challenges in the two directions differ digantly, although they are
related.

3.1. Technical Challenges Toward the Clouds

As mentioned, there is already one Spitzer microlens @ardabward the Clouds,
which is a proof of concept. However, the source was anl8 clump giant (i.e., quite
cool, so largd — L), which is what permitted excellent photometry with justdibs of
integration time in each of the four measurements requBedh microlensing sources
toward the Clouds are extremely rare (this was the only omectlrl so far during the
entire Spitzer mission). To obtain the 3-5 events that aegle for the science goal,
requires acceptance of more typical turnoff stars, whiehbath fainter and bluer, and
hence demand integration times that are 10-20 times loSgeh integrations were
prohibitive for cold Spitzer but might be possible for warpitder when the observatory
is under less severe demand. If we imagine an average of 68 peuevent for 4 events,
this would take about 250 hours over 4 years. Note that theithdl exposures cannot
be made any longer than the 27 second exposures for the ciamggcause of artifacts
from very bright stars.

3.2. Technical Challenges Toward the Bulge

Here there are many challenges. First, because the bulgaistime ecliptic, it can
only be observed for two 38-day periods per year (in latengpeand late autumn).
Moreover, the autumn window is almost useless for microfenbecause no events
can be discovered then from the ground. Second, in conwatttet Clouds, a large
number of events must be monitored to obtain scientificaltgresting results, close
to 50 and preferably 100. Third, there are technical chgbsrrelated to reconciling
ground-based and Spitzer photometry. This is a classidgmofirst discussed by Gould
[5]. Basically, unlike trigopnometric parallax, microleparallax is actually a vectorig,



which is related to observations by
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wherelty is the measured difference in times of peak of the event asfsa® Spitzer
and the groundiug is the measured difference in the impact parameterdgggis the
magnitude of the Earth-Spitzer separation vector projeatdo the plane of the sky. The
problem is that whilé\ty can be robustly measured (because the time of the peak can be
read directly from the lightcurvedy from each observatory is much harder to measure
because it is a fit parameter that is partially degeneratetivit amount of blended light.
Gould [5] showed this degeneracy could be strongly constthby arranging for the
space and ground observatories to have identical cameardss(aidentical blending)
but that is obviously impossible for Spitzer observatiddeng et al. [3] evaded this
problem by making Spitzer responsible only for measuriregfitst component oftg:

the events toward the Clouds are long enough that the aatieleof the Earth toward
the Sun (roughly perpendicular to Spitzer) allowed grobaded measurement of the
other component. However, most events toward the Galaglielare too short to make
this trick work.

In order to understand whether the first two challenges caovbecome, | plotted
(not shown), all 90 OGLE events that peaked during a randomie38oeriod in Spring
2007, with events plotted in red before they were alertedimthck afterward. Events
must be alerted before peak or it is impossible to meagufrem Spitzer. The diagram
proved to be quite a mess, but much of this mess is caused weBtsehat were alerted
after peak because they are so faint. The remaining 66 eaemtshown in Figure 1.
Based on experience with Spitzer observations of the SM@teiteshould be possible
to obtain better than 1% photometry in one hour exposureseafts that reach < 17.
(The bulge sources are intrinsically bluer than the SMC @uwgiant, but the fields are
heavily reddened, so thabserved | — L colors are similar.) There are 24 such events.
Hence, over 5 years, a sample of 120 events could yield medparallaxes.

Before addressing the challenge of aligning the photonudttize two observatories,
one should take note of the bottom panel in Figure 1. It shinesHarth-Spitzer sep-
aration projected onto the bulge, during each of the 5 38idegrvals of the Warm
Spitzer Mission, red for the first year and blue for the laste Bverage value is about
0.6 AU, about 2.5 times the leverage available for the SMQ@e{f2ong et al. [3]). This
is important because, until the projected separation gdie the same order ag, the
signal-to-noise ratio of the measurement scales direstth@projected separation.

A possible approach to aligning the ground and Spitzer phetoy would be to obtain
L band images during the event from the ground with a highluéisa, large aperture
telescope. Such measurements would yield an accuratlgyroung color, independent
of blending. WhileLgroung is certainly not identical to Spitzer.@um, it should be
possible to use this color, together with the colors of o8tars in the image, to align
the two photometry systems based on stars of similar colaly @mpirical testing will
determine whether this is a practical method. One potepitcdlem with this approach
is that there may not be enough bright bluish stars to perfi@nalignment for the
(typically bluish turnoff) stars that dominate the everterdn this case, one might be
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FIGURE 1. Upper Panel: Light curve trajectories of all 66 events dieced before peak by the OGLE

collaboration (Udalski et al. [6]) during an arbitrarily @ben 38-day period beginning 1 April 2007.
Thirty-eight day interval is delineated by the verticaldi Light curves are in red prior to discovery of
event and in black afterward. Lower Panel: Earth-Spitzpasgtion (projected onto the plane of the sky
toward the Galactic bulge) as a function of time for each effile 38-day intervals that warm Spitzer
will be able to observe the bulge. Red to blue corresponde®d o 2013.



forced to stick with the brighter stars, which comprise #ssia the interval shown in
Fig. 1.

Even if it proves difficult to measurug very accurately, it is important to point out
that for one of the most interesting applications, the BD srfasiction,Aup does not
have to be measured with great precision. With typigak™2 AU anddp ~ 0.6 AU,
measurements @ug accurate to 0.1 would be quite adequate.

3.3. RToO/DToO

Finally, there is the question of the practical organizatal bulge observations.
Target-of-Opportunity (ToO) observations are notorigudisruptive, and the Warm
Spitzer Mission is likely to have a lower level of staff suppto deal with these
disruptions than the cold mission does.

However, given the very large number of observations reguduring each 38-day
observing “season”, it should be possible apply the conj@ginally developed for
the Space Interferometry Mission (SIM)] of a “Regular To®@'R¥00 (as opposed to a
“Disruptive ToO" or DToO). For an RToO, one plans in advarcentake observations
of the bulge for a designated set of times, but without sga@fexactly what the targets
are. Then a day or so before the observations, instructrengzoaded to the spacecraft
specifying the targets.

If it really proves possible to measure 24 targets, and eah requires 7 1-hr
measurements (plus 1 baseline measurement that can be dtisuee during the
autumn 38-day interval), then this amounts to 168 hours seonhng over 38 days,
or about 18% of observing time during this interval. All oe#e observations could be
scheduled in advance, without knowing what the targets were
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