




Description of a microlensing event

Light curve characteristic: 

§  Symmetric 

§  Achromatic 

§  Unique   ( ~1 evt / 106«) 

Point-­‐lens,	
  point-­‐source,	
  rec0linear	
  

rela0ve	
  mo0on	
  

The	
  op0cal	
  depth	
  τ	
  :	
  
probability	
  for	
  a	
  star	
  to	
  be	
  behind	
  an	
  
Einstein	
  disk	
  

Disk	
  surface	
  α	
  RE2	
  α	
  Mlens	
  

⇒  τ α Σ Mlens	
  

α	
  total	
  mass	
  of	
  the	
  
probed	
  structure	
  



Main targets ���
monitored since 1990’s

•  Magellanic Clouds => 
probe hidden matter in halo 
(τ ~ 5.10-7)

•  Galactic center => probe 
ordinary stars as lenses in 
disk/bulge (τ ~ 2.10-6)

•  Spiral arms ���
=> probe ordinary stars in 
disk, bar + hidden matter in 
thick disc (τ ~ 5.10-7)

•  M31



Beyond	
  the	
  simple	
  approxima0ons	
  

=>	
  parallax	
  

=>	
  Mul0ple	
  lens	
  

=>	
  Extended	
  source	
  

All	
  of	
  these	
  complica0ons	
  have	
  been	
  observed	
  



Microlens	
  alert	
  EROS	
  2000-­‐BLG-­‐5	
  	
  

-­‐  Binary	
  lens	
  effect	
  on	
  a	
  
giant	
  star	
  from	
  the	
  
Galac>c	
  Center	
  

-­‐  Discovered	
  by	
  EROS	
  
alert	
  system	
  

-­‐  Photometric	
  follow-­‐up	
  
by	
  PLANET,	
  MPS,	
  EROS	
  
coll.	
  
=>	
  excep0onal	
  0me	
  
sampling	
  

-­‐  Resolve	
  source	
  surface	
  
(photo	
  and	
  spectro)	
  



Microlensing	
  
expecta0ons	
  

8.5 Gravitational Lensing Events

Table 8.4: Nearby Microlens Event Rates

Past Present Future Future

per decade per decade per decade per decade

Lens type per deg2 per deg2 per deg2 over 150 deg2

M dwarfs 2.2 46 920 1.4⇥ 105

L dwarfs 0.051 1.1 22 3200

T dwarfs 0.36 7.6 150 2.3⇥ 104

WDs 0.4 8.6 170 2.6⇥ 104

NSs 0.3 6.1 122 1.8⇥ 104

BHs 0.018 0.38 7.7 1200

Each predicted rate is valid for the direction toward the Bulge (see Di Stefano 2008a,b, for details). Past:
the observing parameters apply to the first generation of monitoring programs, including MACHO. Present:
applies to the present generation, including OGLE III and MOA. Future: applies to upcoming projects such
as Pan-STARRS and LSST. The e↵ective area containing high-density source fields is ⇠ 150 deg2; this is used
in the last column. In fact, near-field source stars spread across the sky will also be lensed, adding to the rate
of lensing by nearby masses; the above estimates for lensing by nearby masses are fairly conservative.

criteria designed to identify the point-lens/point-source light curves first predicted by Einstein.
Despite their remarkable success, with more than 4,000 lensing candidates identified, many of the
events that should be associated with common astrophysical systems (binary sources, binary lenses,
etc.) have been found only rarely. The detection e�ciencies are not well understood, making it
di�cult to draw general conclusions based on the events that have been discovered. We have the
opportunity to use the years before LSST data acquisition to develop procedures to identify all
lensing events with an e�ciency that can be calculated.

4) The opportunity to predict mesolensing events: LSST will identify and track the motions of
many nearby stars, measuring parallaxes and proper motions. This detailed look at the local sky
will supplement what has been learned from SDSS and other surveys (see, e.g., Lépine 2008), and
will allow us to predict when nearby stars will pass close enough to distant objects to generate
detectable lensing events. The ability to predict lensing events, based on LSST data, will turn
lensing into a more flexible tool for astronomical studies. While the predicted events may be
detected with LSST, other telescopes can learn a good deal by providing frequent multiwavelength
monitoring.

5) Studies of both the astrometric and photometric e↵ects for mesolensing events: LSST will
make sensitive astrometric as well as sensitive photometric measurements. Because lensing creates
multiple images, whose positions and intensities change as the event progresses, astrometric shifts
are expected (see, e.g., Dominik & Sahu 2000). For nearby lenses, the shifts can be several milli-
arcseconds, potentially measurable with LSST. Indeed, a unique combination of astrometric as well
as photometric monitoring is possible with LSST and can be valuable to both discover and study
lensing events.

The bottom line is that LSST can advance fundamental science through the detection, identifi-
cation, and correct interpretation of lensing events. In order for this to happen, we will have to
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we identified 2309 events in our catalog which were
previously found. Therefore, 1409 (1333 class A +
76 class B) events are newly discovered standard
microlensing events.

The main reason for the significant majority of
EWS events not recovered in our analysis was lack
of convergence in the microlensing model with free
blending. The converged modeling was among the
preliminary pre-filtering requirements, i.e., we re-
quested that both blending parameter and time-
scale were within sensible ranges. EWS was mark-
ing events exhibiting some problems with data
modeling with free blending by forcing fS to be
constant at 1. In many cases, the models did not
converge because the events were not due to single-
lens-single-source, or exhibited additional e↵ects
like parallax or binary lens caustics.

The remaining EWS events which were rejected
after pre-filtering at the later stage (RF classifica-
tion), were inspected visually and most of them
were found to be of too low signal-to-noise to be
detected (e.g., 2007-BLG-044). There were also
clear non-microlensing outbursts (e.g., 2003-BLG-
266), most likely caused by Be stars or cataclysmic
variables (e.g.,Mroz et al. (2014)), and a signifi-
cant number of exotic events with strong parallax,
binary lens or finite source e↵ects (e.g., 2003-BLG-
067, 2008-BLG-199).

4.3. Detection e�ciency

The events selection procedure described above
was fully automatized, therefore we were able
to derive the detection e�ciency for finding the
standard microlensing events in the OGLE-III
data. Following the method of Wyrzykowski et
al. (2009), we simulated 300,000 light curves of
events for three regions of the Bulge covered by
the OGLE-III survey, with di↵erent stellar den-
sity and di↵erent sampling. In order to account
for blending in the Bulge fields in our simulations,
we used archival Hubble Space Telescope (HST)
I-band images of the field BLG206 to obtain the
distribution of blending parameter fS. The dis-
tribution was derived by matching the OGLE ob-
jects to individual stars present on HST I-band
image and by finding the relative brightness of all
HST components to the OGLE brightness. The
91 OGLE-III fields used in this analysis were dis-
tributed over the densest region of the Bulge and,
despite the changes in the stellar counts, we as-

Fig. 8.— Microlensing events detection e�-
ciency curves as a function of simulated time-scale.
Shown are the e�ciencies for three fields with dif-
ferent sampling density.

sumed that the overall distribution of blending
parameter remained similar in all the fields. How-
ever, a more detailed analysis of the blending over
a range of OGLE-III fields is currently ongoing as
it is required to compute the real number of moni-
tored stars, which is a necessary component of the
microlensing event rate and the optical depth.

For each simulated light curve we applied the
pre-filtering procedure as described above, de-
rived 27 features, and checked if the event passed
through the Random Forest classifier. Figure 8
shows the derived e�ciency curves for three re-
gions of the OGLE-III fields observed with di↵er-
ent sampling: dense, medium and sparse. The
detection e�ciency for the bulk of the events is
at the level of 30-40% and drops below 10% for
events with time-scales shorter than 5 days. At
the long end the e�ciency starts dropping from
about 200 days to 400 days, which was the trun-
cation in the simulations. The search procedure
was not optimized for events with tE > 400 days
and was susceptible to numerous low amplitude
contaminants. A dedicated search for very long
events will be presented separately. Because the
three detection e�ciency curves similar, for fur-
ther analysis we use the mean for all the fields.
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•  O(108	
  stars)	
  monitored	
  
•  with	
  Δm	
  <	
  5mmag	
  
•  Towards	
  Milky-­‐Way	
  
•  Towards	
  LMC/SMC	
  
•  On	
  average	
  every	
  4th	
  

night	
  during	
  10	
  years	
  

LSST	
  ?	
  



LSST	
  Microlensing	
  perspec0ves	
  

-­‐  Search	
  for	
  Galac0c	
  black	
  holes	
  	
  
(M	
  >	
  10	
  Msol):	
  long	
  events	
  (years)	
  
-­‐  Hidden	
  baryonic	
  maWer	
  in	
  Milky-­‐way	
  
-­‐  Es>mate	
  GW	
  rate	
  

-­‐  High	
  sta0s0cs	
  (10	
  000’s	
  of	
  events)	
  
	
  -­‐>	
  map	
  the	
  Milky-­‐way	
  
	
  -­‐	
  op>cal	
  depth	
  τ
	
  -­‐	
  dura>on	
  distrib.	
  moments	
  <tE>	
  and	
  σ(tE)	
  

(Note	
  that	
  detec+on	
  of	
  all	
  dura+ons	
  should	
  be	
  op+mised	
  
through	
  varying	
  +me	
  sampling)	
  

	
  -­‐>	
  Associated	
  science	
  
–  Milky-­‐way	
  kinema>cal	
  structure	
  
–  Lens	
  IMF	
  
–  Thick	
  disk	
  contraints,	
  hidden	
  baryonic	
  

mass	
  
	
  

•  	
  	
  Detec0on	
  of	
  special	
  events	
  (caus>c…)	
  
	
  -­‐>	
  coupling	
  with	
  follow-­‐up	
  through	
  early	
  
	
  alert	
  system	
  
–  Binarity,	
  planetary	
  systems	
  

year	
  

Al
er
ts
/y
ea
r	
  

Log10(<tE>)	
  (days)	
  in	
  Galac6c	
  plane	
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Fig. 11. The Einstein duration tE distribution of the microlensing events
expected by assuming 4 di↵erent IMFs: the standard Chabrier (black),
the Besançon model (red), the modified Chabrier (with m0 = 0.57,
green), and the Kroupa IMF (blue).

Fig. A.1. The Hipparcos absolute magnitudes vs distance distributions
(up=MV , down=MI). The red curves indicate the absolute magnitude
completeness limit as a function of the distance. The vertical line shows
our distance limit to get the local stellar population. The horizontal full
lines at MV = 0 and MV = 6 correspond to the domain that contains
enough stars from the Hipparcos catalog to allow our debiasing proce-
dure.

Fig. A.2. The Hipparcos absolute colour-magnitude diagram in MIC vs
(V� I)J . The black squares correspond to the full catalogue (statistically
biased). The red squares correspond to the sub-sample of stars closer
than 50pc; this sub-sample is statistically unbiased only for absolute
magnitude MV < 4.0 (corresponding to MI < 3.1, above the horizontal
line in the diagram). Note that the size scales are di↵erent between the
red and black squares for readability.

Fig. A.3. 2D and 3D distributions of the Hipparcos objects within 50 pc.
The excess towards (↵ = 67� � = 16�) corresponds to the Hyades open
cluster.

<tE>=59+/-6 days
Best fit 55
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Fig. 11. The Einstein duration tE distribution of the microlensing events
expected by assuming 4 di↵erent IMFs: the standard Chabrier (black),
the Besançon model (red), the modified Chabrier (with m0 = 0.57,
green), and the Kroupa IMF (blue).

Fig. A.1. The Hipparcos absolute magnitudes vs distance distributions
(up=MV , down=MI). The red curves indicate the absolute magnitude
completeness limit as a function of the distance. The vertical line shows
our distance limit to get the local stellar population. The horizontal full
lines at MV = 0 and MV = 6 correspond to the domain that contains
enough stars from the Hipparcos catalog to allow our debiasing proce-
dure.

Fig. A.2. The Hipparcos absolute colour-magnitude diagram in MIC vs
(V� I)J . The black squares correspond to the full catalogue (statistically
biased). The red squares correspond to the sub-sample of stars closer
than 50pc; this sub-sample is statistically unbiased only for absolute
magnitude MV < 4.0 (corresponding to MI < 3.1, above the horizontal
line in the diagram). Note that the size scales are di↵erent between the
red and black squares for readability.

Fig. A.3. 2D and 3D distributions of the Hipparcos objects within 50 pc.
The excess towards (↵ = 67� � = 16�) corresponds to the Hyades open
cluster.

<tE>=47+/-6 days
Best fit 50
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Fig. 11. The Einstein duration tE distribution of the microlensing events
expected by assuming 4 di↵erent IMFs: the standard Chabrier (black),
the Besançon model (red), the modified Chabrier (with m0 = 0.57,
green), and the Kroupa IMF (blue).

Fig. A.1. The Hipparcos absolute magnitudes vs distance distributions
(up=MV , down=MI). The red curves indicate the absolute magnitude
completeness limit as a function of the distance. The vertical line shows
our distance limit to get the local stellar population. The horizontal full
lines at MV = 0 and MV = 6 correspond to the domain that contains
enough stars from the Hipparcos catalog to allow our debiasing proce-
dure.

Fig. A.2. The Hipparcos absolute colour-magnitude diagram in MIC vs
(V� I)J . The black squares correspond to the full catalogue (statistically
biased). The red squares correspond to the sub-sample of stars closer
than 50pc; this sub-sample is statistically unbiased only for absolute
magnitude MV < 4.0 (corresponding to MI < 3.1, above the horizontal
line in the diagram). Note that the size scales are di↵erent between the
red and black squares for readability.

Fig. A.3. 2D and 3D distributions of the Hipparcos objects within 50 pc.
The excess towards (↵ = 67� � = 16�) corresponds to the Hyades open
cluster.

<tE>=57+/-10 days
Best fit 55
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Fig. 11. The Einstein duration tE distribution of the microlensing events
expected by assuming 4 di↵erent IMFs: the standard Chabrier (black),
the Besançon model (red), the modified Chabrier (with m0 = 0.57,
green), and the Kroupa IMF (blue).

Fig. A.1. The Hipparcos absolute magnitudes vs distance distributions
(up=MV , down=MI). The red curves indicate the absolute magnitude
completeness limit as a function of the distance. The vertical line shows
our distance limit to get the local stellar population. The horizontal full
lines at MV = 0 and MV = 6 correspond to the domain that contains
enough stars from the Hipparcos catalog to allow our debiasing proce-
dure.

Fig. A.2. The Hipparcos absolute colour-magnitude diagram in MIC vs
(V� I)J . The black squares correspond to the full catalogue (statistically
biased). The red squares correspond to the sub-sample of stars closer
than 50pc; this sub-sample is statistically unbiased only for absolute
magnitude MV < 4.0 (corresponding to MI < 3.1, above the horizontal
line in the diagram). Note that the size scales are di↵erent between the
red and black squares for readability.

Fig. A.3. 2D and 3D distributions of the Hipparcos objects within 50 pc.
The excess towards (↵ = 67� � = 16�) corresponds to the Hyades open
cluster.

<tE>=97+/-47 days
Best fit 81

tE (days) tE (days) tE (days) tE (days)

τmeasured  =  0.30+.23
-.20       0.72+.41

-.28              0.49+.21
-.18                     0.67+.63

-.52
τsimple mod.=  0.45                  0.43                      0.38                           0.23
τBesançon   =  0.40                  0.44                      0.34                           0.22

Mapping	
  the	
  Milky	
  way:	
  spiral	
  arms	
  



LSST	
  microlensing	
  with	
  standard	
  sampling	
  

1000	
  Msol	
  lens	
  

50	
  Msol	
  lens	
  

BUT	
  
The	
  Galac>c	
  plane	
  and	
  LMC/SMC	
  
are	
  not	
  in	
  the	
  main	
  survey	
  
-­‐>	
  All	
  Galac>c	
  plane	
  fields	
  taken	
  
only	
  180	
  >mes.	
  
IF	
  all	
  the	
  same	
  year	
  -­‐>	
  catastrophic	
  



LSST	
  microlensing	
  with	
  standard	
  sampling	
  

1000	
  Msol	
  lens	
  50	
  Msol	
  lens	
  

1000	
  Msol	
  lens	
  

BUT	
  
The	
  Galac>c	
  plane	
  and	
  LMC/SMC	
  
are	
  not	
  in	
  the	
  main	
  survey	
  
-­‐>	
  All	
  Galac>c	
  plane	
  fields	
  taken	
  
only	
  180	
  >mes.	
  
IF	
  all	
  the	
  same	
  year	
  -­‐>	
  catastrophic	
  



Microlensing	
  with	
  LSST	
  
•  Excellent	
  poten0al	
  BUT	
  
Need	
  op0mising	
  strategy	
  towards	
  Galac0c	
  Plane	
  +	
  LMC/SMC	
  

–  Is	
  there	
  a	
  good	
  reason	
  to	
  have	
  all	
  Galac>c	
  Plane	
  images	
  taken	
  in	
  only	
  
one	
  year?	
  
	
  If	
  not:	
  spread	
  over	
  the	
  10	
  years	
  at	
  no	
  cost	
  

–  LMC	
  (+SMC)	
  probably	
  deserves	
  a	
  dedicated	
  deep	
  field	
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TABLE 3
The expected proper motion, parallax and accuracy for a

10-year long baseline survey.

r σa
xy σb

π σc
µ σd

1 σe
C

mag mas mas mas/yr mag mag
21 11 0.6 0.2 0.01 0.005
22 15 0.8 0.3 0.02 0.005
23 31 1.3 0.5 0.04 0.006
24 74 2.9 1.0 0.10 0.009

a Typical astrometric accuracy (rms per coordinate per visit);
b Parallax accuracy for 10-year long survey;
c Proper motion accuracy for 10-year long survey;
d Photometric error for a single visit (two 15-second exposures);
e Photometric error for coadded observations (see Table 1).

dwarfs, will definitely have larger errors, depending on
details of their spectral energy distributions. After the
first three years of the survey, the proper motion errors
will be about five times as large, and parallax errors will
be about twice as large, as the values given in Table 3; the
errors scale as t−3/2 and t−1/2, respectively. This error
behavior is a strong independent argument for a survey
lifetime of at least 10 years (c.f. §2).

For comparison with Table 3, the SDSS-POSS proper
motion measurements have an accuracy of ∼5 mas yr−1

per coordinate at r = 20 (Munn et al. 2004). Gaia is
expected to deliver parallax errors of 0.3 mas and proper
motion errors of 0.2 mas yr−1 at its faint end at r ∼ 20
(Perryman et al. 2001). Hence, LSST will smoothly
extend Gaia’s error vs. magnitude curve 4 magnitudes
fainter.

3.4. Data Products

3.4.1. Standard processing and data products

The LSST data system is being designed to enable as
wide a range of science as possible. Standard data prod-
ucts, including calibrated images and catalogs of detected
objects and their attributes, will be provided both for in-
dividual exposures and the deep incremental data coad-
dition. About 2 billion objects will be routinely moni-
tored for photometric and astrometric changes, and any
transient events (non-recurrent objects with statistically
significant photometric change; about 10,000 per night
on average) will be posted in less than 60 seconds via
web portals including the Virtual Observatory. For the
“static” sky, there will be yearly database releases listing
many attributes for billions of objects. This database
will grow in size to about 30 PB and about 20 billion ob-
jects61 in ten years, and will include other metadata (pa-
rameter error estimates, system data, seeing summary,
etc). For a comparison, the SDSS Data Release 7 imag-
ing database includes about 357 million unique objects62.

The SDSS experience is that the distribution of sizes of
data portal requests follows a power law, ranging from
frequent simple queries or image cutout downloads to
infrequent major downloads or large calculations. The

61 It is assumed that about 10 billion stars and 10 billion galaxies
will be detected by LSST. The estimate of about 10 billion detected
stars is sensitive to assumptions about the distribution of the in-
terstellar dust in the Galactic plane, and cadence details. Plausible
variations in these assumptions yield stellar samples ranging from
5 billion to 20 billion stars.

62 http://www.sdss.org/dr7/

same distribution is expected for LSST, and we are de-
signing the system to enable this entire distribution. This
data archive server will involve different resources de-
ployed in different ways. We plan to optimize the mix by
shipping algorithms to the data for those cases that need
it (and offering local parallel computation) and trans-
ferring the data to the user for other use cases. While
the data archive will be at the National Center for Su-
percomputing Applications at the University of Illinois,
we plan multiple data portals for community access to
both the pixel data and the database. We are design-
ing for a wide range of queries and access patterns in
order to serve the broadest range of scientists, as well as
interested amateurs. The LSST database will be inter-
operable with those of surveys in other wavebands, via
the Virtual Observatory.

3.4.2. Non-standard data processing and data access

The database is designed to allow evolution in the na-
ture of the science queries. This design is more than
simply configuring it to allow for expected growth in
query complexity with time. For example, we antici-
pate that some users will submit queries on the images
themselves. We plan for two pathways outside of the
database query system for non-standard pixel process-
ing. The first is through a pipeline interface that would
allow a user group to attach their own pipeline process-
ing system at a Data Access Center. This approach is
appropriate for major undertakings such as a weak lens-
ing analysis starting at the image level, or new ways to
coadd the data. The second approach is simply to include
the desired processing, such as a new quantity to be in-
cluded in the Object database, within the data release
processing, and execute it on the next data release run.
Much of the science will be statistical in nature and will
involve large correlation calculations with user-specified
precision. We plan to enable open source community-
driven applications development. Finally, special data
pipelines developed by the Science Collaborations (see
§ 5) will populate new parameters in the database.

3.4.3. Data Mining Challenges

The characterization (unsupervised machine learning)
and classification (supervised machine learning) of mas-
sive, multivariate data catalogs such as those generated
by the LSST are major research challenges for data-
intensive astronomy (Tyson et al. 2008b; Ivezić et al.
2008b; Bloom et al. 2008; Borne 2008, 2009). To ad-
dress these questions the statistics and machine-learning
research communities are collaborating with LSST scien-
tists to develop new algorithms that will enable the full
scientific potential of the LSST, including:

• Rapid characterizations and probabilistic classifi-
cations for the 100,000-1,000,000 sources detected
in difference images each night.

• Identification of unusual classes of astronomical
sources using outlier detection techniques that are
robust to noise and image processing defects.

• Characterization of novel and unexpected behavior
in the time domain from time series data.

Major	
  benefits	
  of	
  LSST	
  
-­‐  Use	
  astrometric	
  info.	
  to	
  decrease	
  

microlensing	
  degeneracy	
  (Dos)	
  
-­‐  Excellent	
  photometric	
  repetability	
  

(<0.5%	
  for	
  g<25)	
  allows	
  to	
  search	
  
for	
  large	
  impact	
  parameter	
  events	
  
and	
  devia>ons	
  from	
  point-­‐source	
  
point-­‐lens	
  rec>linear	
  events	
  

Synergies	
  
-­‐  EUCLID,	
  WFIRST	
  (parallax,	
  NIR)	
  
-­‐  On	
  Earth	
  follow-­‐up	
  telescopes	
  



Search	
  for	
  missing	
  H2	
  turbulent	
  galac0c	
  gas	
  
through	
  scin0lla0on	
  detec0on	
  (the	
  OSER	
  project)	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
  	
   	
   	
   	
   	
  Moniez,	
  A&A	
  412,	
  105-­‐120	
  (2003)	
  

Light received by telescope varies with 
 - timescale ~10 min (due to the relative velocity of the gas) 
 - modulation of a few % (depending on distances / turbulence 
        parameters / source extension) 



Results from feasibility studies 

  A star scintillating through visible gas? 

  

Based on 
-  Simulation of fractal clouds and the Fresnel diffraction involved 

 -> Habibi, Moniez, Ansari, Rahvar, A&A, 552, A93 (2013) 
-  Test data taken with the 3.6m ESO-NTT telescope 

 -> Habibi, Moniez, Ansari, Rahvar, A&A  525, A108 (2011) 

Upper limits on scintillation probability => 
constrain the turbulent gas abundance 

€ 

if halo only
made of clumps
τ(Rd )dRd∫ ~ 1%

€ 

Rd ~ 18 km corresponds to
densiest clump (Nl

max ~ 1025cm-2)



A	
  movie	
  dedicated	
  to	
  LMC	
  
Proposed	
  nano-­‐survey	
  (during	
  commissioning?)	
  
-­‐  Take	
  a	
  ~	
  8	
  hour	
  movie	
  of	
  15s	
  consecu>ve	
  

exposures	
  of	
  the	
  same	
  LMC	
  field	
  in	
  R	
  
-­‐  O(1000)	
  exposures	
  
-­‐  Ideal	
  to	
  search	
  for	
  scin0lla0on	
  due	
  to	
  hidden	
  

gas-­‐clouds	
  
-­‐  Also	
  ideal	
  for	
  

-­‐  Planetary	
  transits	
  
-­‐  Very	
  short	
  >me-­‐scale	
  microlensing	
  events	
  

due	
  to	
  <10-­‐8	
  Msol	
  objects	
  
-­‐  RR-­‐Lyraes	
  and	
  other	
  (very)	
  short	
  >me-­‐

scale	
  variables	
  
-­‐  Atmospheric	
  subtle	
  fast	
  varia>on	
  studies	
  

-­‐  Technical	
  bench	
  
-­‐  Serendipity	
  



Supplements	
  



Poten0al	
  of	
  Milky-­‐Way	
  mapping	
  

•  Bulge	
  

•  Thin	
  disk	
  

•  Thick	
  disk	
  (?)	
  

•  Bar	
  (extension?)	
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