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Charter	  
1.  IdenQfy	  both	  mission	  criQcal	  and	  mission	  enhancing	  

programs,	  

2.  IdenQfy	  immediate	  science	  to	  come	  out	  of	  each	  program,	  
as	  well	  as	  the	  program's	  direct	  impact	  on	  the	  WFIRST	  
mission,	  

3.  For	  each	  proposed	  program,	  quanQfy	  the	  improved	  
scienQfic	  return	  for	  the	  WFIRST	  mission,	  

4.  Emphasize	  programs	  that	  can	  be	  executed	  using	  exisQng	  
(NASA)	  resources.	  



Three	  Key	  Areas	  for	  WFIRST	  
Microlensing	  Science:	  

• WFIRST	  Planet	  Masses	  
• Field	  SelecQon	  
• Microlensing	  Techniques	  



Major	  ObservaQonal	  Programs	  

1. Directly	  support	  WFIRST	  science	  
and	  reduce	  its	  scienQfic	  risk	  	  

2. Develop	  techniques	  for	  
measuring	  planet	  masses	  

3. Development	  of	  WFIRST	  
analysis	  pipelines	  



1.	  Directly	  support	  WFIRST	  science	  and	  
reduce	  its	  scienQfic	  risk	  	  

•  Early,	  opQcal,	  HST	  imaging	  of	  the	  
WFIRST	  field	  
•  	  A	  preparatory,	  ground-‐based,	  
microlensing	  survey	  in	  the	  near-‐IR	  	  
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Astrometric	  Microlensing	  
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The	  measured	  moQon	  
of	  the	  light	  centroid	  as	  
a	  funcQon	  of	  Qme	  gives	  
a	  measurement	  of	  the	  
source-‐lens	  relaQve	  
proper	  moQon.	  



OpQcal	  HST	  Imaging	  

An	  immediate,	  opQcal	  HST	  
survey	  of	  the	  WFIRST	  fields	  
will	  allow	  proper	  moQon	  
measurements	  for	  22%	  of	  
WFIRST	  stars	  à	  Direct	  
verificaQon	  of	  WFIRST	  
microlens	  astrometry.	  

Reliable	  microlens	  astrometry	  measurements	  are	  vital	  to	  
measuring	  planet	  masses	  with	  WFIRST.	  



OpQcal	  HST	  Imaging	  

Colors	  of	  stars	  in	  WFIRST	  
field	  à	  temperature,	  
exQncQon,	  metallicity	  
	  
WFIRST	  relaQve	  
astrometry	  +	  GAIA	  
absolute	  astrometry	  +	  
HST	  colors	  à	  Detailed	  
structure	  of	  the	  galaxy	  	  



Ground-‐Based,	  Near-‐IR,	  Microlensing	  
Survey	  – 7 –
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Fig. 1.— The tentative WFIRST

field on background of extinction

(shading; Gonzalez et al. 2012)

and OGLE microlensing events

(black points). This field has been

chosen to optimize the Earth-

mass planet rate (colored points)

based on our current understand-

ing, extrapolations, and assump-

tions.

• the near-IR event rate,

• the relative bulge-to-disk planet frequency.

Replacing or improving these assumptions is necessary for accurately predicting the planetary

yields and optimally selecting the WFIRST fields.

1.3. Microlensing Techniques

The third need is continued development of microlensing techniques.

The WFIRST microlensing mission will produce an enormous data set whose analysis will be

a massive undertaking. Aside from the quantity of data, WFIRST will routinely measure higher-

order light curve effects (Appendix B) that are rarely observed from the ground. During the run up

to the launch of WFIRST , it is vital to develop human potential and experience with microlensing

as well as the analysis tools that will be used for the WFIRST microlensing mission. As such, we

place particular emphasis on programs that will develop the techniques important to WFIRST.

TentaQve	  
WFIRST	  field	  
based	  on	  our	  
current	  
understanding,	  
extrapolaQons,	  
and	  
assumpQons.	  
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ExQncQon	  map:	  Gonzalez	  et	  al.	  2012	  
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• the near-IR event rate,

• the relative bulge-to-disk planet frequency.

Replacing or improving these assumptions is necessary for accurately predicting the planetary

yields and optimally selecting the WFIRST fields.

1.3. Microlensing Techniques

The third need is continued development of microlensing techniques.

The WFIRST microlensing mission will produce an enormous data set whose analysis will be

a massive undertaking. Aside from the quantity of data, WFIRST will routinely measure higher-

order light curve effects (Appendix B) that are rarely observed from the ground. During the run up

to the launch of WFIRST , it is vital to develop human potential and experience with microlensing

as well as the analysis tools that will be used for the WFIRST microlensing mission. As such, we

place particular emphasis on programs that will develop the techniques important to WFIRST.
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ExQncQon	  map:	  Gonzalez	  et	  al.	  2012	  

Measured	  microlensing	  opQcal	  
depths	  are	  as	  much	  as	  2.8σ	  off	  
from	  galacQc	  model	  
predicQons	  à	  30—60%	  
difference	  in	  microlensing	  
event	  rates.	  



Ground-‐Based,	  Near-‐IR,	  Microlensing	  
Survey	  

1.  Direct	  measurement	  of	  the	  near-‐IR	  event	  
rate	  

2.  CharacterizaQon	  of	  the	  source	  star	  
populaQon	  

3.  Discovery	  of	  giant	  planets	  
4.  Complementary	  to	  opQcal,	  ground-‐based	  

microlensing	  
– Near-‐IR	  source	  flux	  measurements	  
– Check	  for	  chromaQc	  (non-‐microlensing)	  effects	  



2.	  Develop	  techniques	  for	  measuring	  
planet	  masses	  

•  Satellite	  parallax	  observaQons	  using	  
Spitzer,	  Kepler,	  and	  TESS	  
• HST	  or	  AO	  flux	  measurements	  of	  
lenses	  in	  ground-‐based	  microlensing	  
events	  
• Measurements	  of	  microlens	  
astrometry	  for	  black	  holes	  	  



Satellite	  Parallaxes	  
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1.  Mass	  measurements	  for	  ground-‐based	  
microlensing	  planets.	  

2.  Measured	  distances	  can	  be	  used	  to	  probe	  the	  
relaQve	  frequency	  of	  planets	  in	  the	  bulge	  and	  
the	  disk	  à	  WFIRST	  field	  selecQon	  

Gould	  1994	  ApJL,	  421,	  75	  



Flux	  Measurements	  

High-‐resoluQon	  imaging	  of	  known	  microlensing	  events	  
can	  directly	  measure	  the	  lens	  flux	  (and	  mass).	  	  

If	  these	  observaQons	  
are	  made	  with	  HST	  
(rather	  than	  AO),	  it	  is	  
possible	  to	  resolve	  the	  
source	  and	  lens	  and	  
measure	  their	  relaQve	  
proper	  moQon.	  

Alcock	  et	  al.	  2001	  Nature,	  414,	  617	  



Microlens	  Astrometry	  of	  Black	  Holes	  
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The	  astrometric	  
microlensing	  effect	  for	  
stellar	  mass	  black	  holes	  
is	  large	  enough	  to	  
measure	  with	  current	  
capabiliQes.	  



3.	  Development	  of	  WFIRST	  analysis	  
pipelines	  

• MulQ-‐epoch	  HST/WFC3/IR	  
observaQons	  of	  the	  bulge	  	  
•  An	  open	  compeQQon	  in	  microlensing	  
analysis 	  	  
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FIG. 1.ÈDiscrete degeneracies. T op : lensing light curve with (solid
curve) and without (dashed curve) taking account of the presence of a planet
with mass ratio q \ 10~3. Middle : associated lensing geometry. The two
solid curves represent the path of the images relative to the lens. The
crosses represent the image positions at the time of the perturbation. The
circles are the four planet positions for which the light curves reproduce
the measured parameters (maximum fraction deviation) and (FWHMd

d
t
dof deviation) at the peak of the disturbance when the source-lens separa-

tion is The Ðlled circle is the ““ actual ÏÏ planet position. Bottom : fourx
d
.

associated light curves for times near the peak of the perturbation, t
0,d

.
Note that time is expressed in units of the perturbation time scale, nott

d
, t

e
.

The bold curve corresponds to the ““ actual ÏÏ planet position. Clearly, if the
light curve is well sampled, the two dashed curves corresponding to the
image position inside the Einstein ring in the middle panel could be ruled
out immediately. However, the two solid curves are less easily distin-
guished. These di†er by D15% in planet/star separation and 10% in mass.
See middle panel and Table 1.

curves is the ratio of source radius, to planet Einsteinh*,
radius, h

p
\ q1@2h

e
,

o \
h*
h

p
. (2.1)

gives the inferred values of q and of the properTable 2
motion k (of the planetary system relative to the observer-
source line of sight) associated with each curve in units of
the arbitrary chosen ““ Ðducial ÏÏ values associated with
o \ 0.3. In so far as one could not distinguish among these
curves, any of these parameter combinations would be
acceptable. The Ðducial parameters and would thenq

0
k

0be measurable, i.e., by Ðtting the observed lightcurve for
o \ 0.3, but the actual values of k and q would not. The
proper motion of both bulge and disk lenses is typically

km s~1 kpc~1, where kmk D O(V
LSR

/R
0
) D 30 V

LSR
D 220

s~1 is the rotation speed of the local standard of rest, and
kpc is the Galactocentric distance. If, for theR

0
D 8

FIG. 2.ÈTen curves showing the fractional deviation, d, as a function of
time in units of the perturbation timescale, for a geometry in which thet

d
,

perturbation occurs near the peak of the unperturbed lightcurve, and the
planet/star projected separation is In terms of the formalism ofy

p
\ 1.29.

the geometry is c \ 0.6 and / \ 90¡ (see eqs. and All 10° 3, [3.1] [3.2]).
curves have maximum deviation and FWHM Thed

d
\ 10% t

d
\ 0.06t

e
.

ratios of source radius to planet Einstein ring range from o \ 0.1 to
o \ 2.87, the largest source radius consistent with this maximum deviation.

gives the corresponding values of q \ m/M, and proper motion, k,Table 2
relative to the Ðducial values and at the arbitrarily chosen valueq

0
k

0
o \ 0.3.

example shown in the Ðducial value of obtainedTable 2, k

0by Ðtting the lightcurve with o \ 0.3 was determined to be
one might then choose to argue thatk

0
D V

LSR
/R

0
,

although one could not discard low-mass solutions based
simply on the observed light curve, the proper motions
associated with the low-mass solutions (i.e., wouldk D k

0
/3)

be so low as to be a priori unlikely, thus making these
solutions improbable. However, these solutions could not
actually be conclusively ruled out by such an argument,
since the distribution of k is rather broad (see & GouldHan

Thus, there would remain a factor D15 uncertainty1995).
in the planet/star mass ratio.

TABLE 2

DEGENERATE PARAMETER VALUES : CONTINUOUS

MAJOR IMAGE

Dimensionless Planet/Star
Source Radius Mass Ratio Proper Motion

o q/q
0

k/k
0

0.10 . . . . . . . . . . . . 1.095 2.867
0.20 . . . . . . . . . . . . 1.041 1.470
0.30 . . . . . . . . . . . . 1.000 1.000
0.60 . . . . . . . . . . . . 0.957 0.511
0.90 . . . . . . . . . . . . 0.767 0.381
1.20 . . . . . . . . . . . . 0.566 0.332
1.50 . . . . . . . . . . . . 0.373 0.327
1.80 . . . . . . . . . . . . 0.236 0.343
2.10 . . . . . . . . . . . . 0.163 0.354
2.40 . . . . . . . . . . . . 0.127 0.351
2.70 . . . . . . . . . . . . 0.093 0.364
2.87 . . . . . . . . . . . . 0.074 0.383

CompeQQon	  in	  Microlensing	  Analysis	  

The Astrophysical Journal, 728:120 (10pp), 2011 February 20 Miyake et al.

Figure 1. Light curve of planetary microlensing event MOA-2009-BLG-319. The top panel shows the data points and the best-fit model light curve with finite source
and limb-darkening effects. The three lower panels show close-up views of the four caustic crossing light curve regions and the residuals from the best-fit light curve.
The photometric measurements from MOA, B&C, Auckland, Bronberg, CAO, CTIO, Farm Cove, and LOAO are plotted as filled dots with colors indicated by the
legend in the top panel. The other data sets are plotted with open circles. The data sets of µFUN Bronberg and SSO have been averaged into 0.01 day bins, and the
RoboNet FTN and FTS data sets are shown in 0.005 day bins, for clarity.

Vintage Lane Observatory (New Zealand) 0.41 m unfiltered,
µFUN Wise (Israel) 0.46 m unfiltered, µFUN Palomar (USA)
1.5 m I band, RoboNet Faulkes Telescope North (FTN, Hawaii)
2.0 m SDSS-I band, RoboNet Faulkes Telescope South (FTS,
Australia) 2.0 m SDSS-I band, RoboNet Liverpool Telescope
(La Palma) 2.0 m SDSS-I band, MiNDSTEp Danish (La
Silla) 1.54 m I band, PLANET Canopus (Australia) 1.0 m
I band, PLANET SAAO (South Africa) 1.0 m I band, and
IRSF (South Africa) 1.4 m J, H, and KS bands. This is more
follow-up telescopes than have been used for previous planetary
microlensing discoveries.

The light curve for this event had four distinct caustic cross-
ing features, which were all observed with good-to-excellent
sampling. The first is a weak caustic entry at HJD′ ∼ 5006.05,
which is observed by MOA. The second is a caustic exit at
magnification A ∼ 60 at HJD′ ∼ 5006.6. This region of the
light curve is covered by the CTIO, Danish, Liverpool, and
Wise telescopes. The next light curve feature is a strong caustic
entry, which produced the light curve peak at Amax ∼ 205, at
HJD′ ∼ 5006.96. The final caustic exit occurs shortly thereafter
at HJD′ ∼ 5007.0 at a magnification of A ∼ 180. This main
peak covering the third and fourth caustic crossing has excellent
coverage, observed by 16 telescopes.

The images were reduced using several different photometry
methods. The MOA data sets were reduced by the MOA
Difference Image Analysis (DIA) pipeline (Bond et al. 2001).
The µFUN data sets except the CTIO H band and Bronberg
were reduced by the MOA DIA pipeline and pySIS version

3.0 (Albrow et al. 2009), which is based on the numerical
kernel method invented by Bramich (2008). The CTIO H
band and Bronberg data sets were reduced using the OSU
DoPHOT pipeline. The Danish data were reduced by the DIAPL
image subtraction software (Wozniak 2000). The RoboNet and
PLANET data sets were reduced by pySIS version 3.0. The
IRSF data set was reduced by the DoPHOT pipeline. The error
bars for the data points are re-normalized so that χ2 per degree
of freedom for the best-fit model is nearly one.

All of these data sets are used for modeling except for the
CTIO V and H bands, the Canopus and SAAO I band, and the
IRSF J, H, and KS bands. The CTIO V band, the Canopus and
SAAO I band, and IRSF J-, H-, and KS-band data sets do not
have many observations and do not cover the planetary deviation
region of the light curve. The CTIO H-band data were not used
in the modeling because of a cyclic pattern caused by intrapixel
sensitivity variations and image dithering. For our modeling of
microlensing parallax effects, we have used a binned data set
in order to speed up the modeling calculations. Note that we
checked that an analysis with unbinned data gives the same
results.

3. MODELING

Inspection of Figure 1 indicates that the event exhibits a
number of caustic crossings, so we expect that this event,
like most planetary microlensing events, will exhibit sig-
nificant finite source effects. The first step in modeling is

4

Miyake	  et	  al.	  2011	  ApJ	  728,	  120	  

Gaudi	  &	  Gould	  1997	  ApJ	  486,	  85	  

EASY	  

HARD	  
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FIG. 1.ÈDiscrete degeneracies. T op : lensing light curve with (solid
curve) and without (dashed curve) taking account of the presence of a planet
with mass ratio q \ 10~3. Middle : associated lensing geometry. The two
solid curves represent the path of the images relative to the lens. The
crosses represent the image positions at the time of the perturbation. The
circles are the four planet positions for which the light curves reproduce
the measured parameters (maximum fraction deviation) and (FWHMd

d
t
dof deviation) at the peak of the disturbance when the source-lens separa-

tion is The Ðlled circle is the ““ actual ÏÏ planet position. Bottom : fourx
d
.

associated light curves for times near the peak of the perturbation, t
0,d

.
Note that time is expressed in units of the perturbation time scale, nott

d
, t

e
.

The bold curve corresponds to the ““ actual ÏÏ planet position. Clearly, if the
light curve is well sampled, the two dashed curves corresponding to the
image position inside the Einstein ring in the middle panel could be ruled
out immediately. However, the two solid curves are less easily distin-
guished. These di†er by D15% in planet/star separation and 10% in mass.
See middle panel and Table 1.

curves is the ratio of source radius, to planet Einsteinh*,
radius, h

p
\ q1@2h

e
,

o \
h*
h

p
. (2.1)

gives the inferred values of q and of the properTable 2
motion k (of the planetary system relative to the observer-
source line of sight) associated with each curve in units of
the arbitrary chosen ““ Ðducial ÏÏ values associated with
o \ 0.3. In so far as one could not distinguish among these
curves, any of these parameter combinations would be
acceptable. The Ðducial parameters and would thenq

0
k

0be measurable, i.e., by Ðtting the observed lightcurve for
o \ 0.3, but the actual values of k and q would not. The
proper motion of both bulge and disk lenses is typically

km s~1 kpc~1, where kmk D O(V
LSR

/R
0
) D 30 V

LSR
D 220

s~1 is the rotation speed of the local standard of rest, and
kpc is the Galactocentric distance. If, for theR

0
D 8

FIG. 2.ÈTen curves showing the fractional deviation, d, as a function of
time in units of the perturbation timescale, for a geometry in which thet

d
,

perturbation occurs near the peak of the unperturbed lightcurve, and the
planet/star projected separation is In terms of the formalism ofy

p
\ 1.29.

the geometry is c \ 0.6 and / \ 90¡ (see eqs. and All 10° 3, [3.1] [3.2]).
curves have maximum deviation and FWHM Thed

d
\ 10% t

d
\ 0.06t

e
.

ratios of source radius to planet Einstein ring range from o \ 0.1 to
o \ 2.87, the largest source radius consistent with this maximum deviation.

gives the corresponding values of q \ m/M, and proper motion, k,Table 2
relative to the Ðducial values and at the arbitrarily chosen valueq

0
k

0
o \ 0.3.

example shown in the Ðducial value of obtainedTable 2, k

0by Ðtting the lightcurve with o \ 0.3 was determined to be
one might then choose to argue thatk

0
D V

LSR
/R

0
,

although one could not discard low-mass solutions based
simply on the observed light curve, the proper motions
associated with the low-mass solutions (i.e., wouldk D k

0
/3)

be so low as to be a priori unlikely, thus making these
solutions improbable. However, these solutions could not
actually be conclusively ruled out by such an argument,
since the distribution of k is rather broad (see & GouldHan

Thus, there would remain a factor D15 uncertainty1995).
in the planet/star mass ratio.

TABLE 2

DEGENERATE PARAMETER VALUES : CONTINUOUS

MAJOR IMAGE

Dimensionless Planet/Star
Source Radius Mass Ratio Proper Motion

o q/q
0

k/k
0

0.10 . . . . . . . . . . . . 1.095 2.867
0.20 . . . . . . . . . . . . 1.041 1.470
0.30 . . . . . . . . . . . . 1.000 1.000
0.60 . . . . . . . . . . . . 0.957 0.511
0.90 . . . . . . . . . . . . 0.767 0.381
1.20 . . . . . . . . . . . . 0.566 0.332
1.50 . . . . . . . . . . . . 0.373 0.327
1.80 . . . . . . . . . . . . 0.236 0.343
2.10 . . . . . . . . . . . . 0.163 0.354
2.40 . . . . . . . . . . . . 0.127 0.351
2.70 . . . . . . . . . . . . 0.093 0.364
2.87 . . . . . . . . . . . . 0.074 0.383
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Figure 1. Light curve of planetary microlensing event MOA-2009-BLG-319. The top panel shows the data points and the best-fit model light curve with finite source
and limb-darkening effects. The three lower panels show close-up views of the four caustic crossing light curve regions and the residuals from the best-fit light curve.
The photometric measurements from MOA, B&C, Auckland, Bronberg, CAO, CTIO, Farm Cove, and LOAO are plotted as filled dots with colors indicated by the
legend in the top panel. The other data sets are plotted with open circles. The data sets of µFUN Bronberg and SSO have been averaged into 0.01 day bins, and the
RoboNet FTN and FTS data sets are shown in 0.005 day bins, for clarity.

Vintage Lane Observatory (New Zealand) 0.41 m unfiltered,
µFUN Wise (Israel) 0.46 m unfiltered, µFUN Palomar (USA)
1.5 m I band, RoboNet Faulkes Telescope North (FTN, Hawaii)
2.0 m SDSS-I band, RoboNet Faulkes Telescope South (FTS,
Australia) 2.0 m SDSS-I band, RoboNet Liverpool Telescope
(La Palma) 2.0 m SDSS-I band, MiNDSTEp Danish (La
Silla) 1.54 m I band, PLANET Canopus (Australia) 1.0 m
I band, PLANET SAAO (South Africa) 1.0 m I band, and
IRSF (South Africa) 1.4 m J, H, and KS bands. This is more
follow-up telescopes than have been used for previous planetary
microlensing discoveries.

The light curve for this event had four distinct caustic cross-
ing features, which were all observed with good-to-excellent
sampling. The first is a weak caustic entry at HJD′ ∼ 5006.05,
which is observed by MOA. The second is a caustic exit at
magnification A ∼ 60 at HJD′ ∼ 5006.6. This region of the
light curve is covered by the CTIO, Danish, Liverpool, and
Wise telescopes. The next light curve feature is a strong caustic
entry, which produced the light curve peak at Amax ∼ 205, at
HJD′ ∼ 5006.96. The final caustic exit occurs shortly thereafter
at HJD′ ∼ 5007.0 at a magnification of A ∼ 180. This main
peak covering the third and fourth caustic crossing has excellent
coverage, observed by 16 telescopes.

The images were reduced using several different photometry
methods. The MOA data sets were reduced by the MOA
Difference Image Analysis (DIA) pipeline (Bond et al. 2001).
The µFUN data sets except the CTIO H band and Bronberg
were reduced by the MOA DIA pipeline and pySIS version

3.0 (Albrow et al. 2009), which is based on the numerical
kernel method invented by Bramich (2008). The CTIO H
band and Bronberg data sets were reduced using the OSU
DoPHOT pipeline. The Danish data were reduced by the DIAPL
image subtraction software (Wozniak 2000). The RoboNet and
PLANET data sets were reduced by pySIS version 3.0. The
IRSF data set was reduced by the DoPHOT pipeline. The error
bars for the data points are re-normalized so that χ2 per degree
of freedom for the best-fit model is nearly one.

All of these data sets are used for modeling except for the
CTIO V and H bands, the Canopus and SAAO I band, and the
IRSF J, H, and KS bands. The CTIO V band, the Canopus and
SAAO I band, and IRSF J-, H-, and KS-band data sets do not
have many observations and do not cover the planetary deviation
region of the light curve. The CTIO H-band data were not used
in the modeling because of a cyclic pattern caused by intrapixel
sensitivity variations and image dithering. For our modeling of
microlensing parallax effects, we have used a binned data set
in order to speed up the modeling calculations. Note that we
checked that an analysis with unbinned data gives the same
results.

3. MODELING

Inspection of Figure 1 indicates that the event exhibits a
number of caustic crossings, so we expect that this event,
like most planetary microlensing events, will exhibit sig-
nificant finite source effects. The first step in modeling is
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EASY	  

HARD	  

An	  open	  compeQQon	  in	  
microlensing	  analysis	  
will	  encourage	  the	  
development	  of	  novel	  
techniques	  and	  aJract	  
new	  people	  to	  the	  field.	  	  
	  



MulQ-‐Epoch,	  IR,	  HST	  

A	  mulQ-‐epoch,	  HST/WFC3/IR	  
survey	  of	  a	  few	  fields	  in	  the	  
bulge	  is	  necessary	  for	  
developing	  the	  WFIRST	  
astrometry/photometry	  
pipeline	  and	  understanding	  
how	  well	  a	  random	  dither	  
paJern	  will	  characterize	  the	  
WFIRST	  detector.	  	  
	  



MulQ-‐Epoch,	  IR,	  HST	  

A	  mulQ-‐epoch,	  HST/WFC3/IR	  
survey	  of	  a	  few	  fields	  in	  the	  
bulge	  is	  necessary	  for	  
developing	  the	  WFIRST	  
astrometry/photometry	  
pipeline	  and	  understanding	  
how	  well	  a	  random	  dither	  
paJern	  will	  characterize	  the	  
WFIRST	  detector.	  	  
	  

Done	  right,	  the	  WFIRST	  microlensing	  
observaQons	  can	  be	  used	  to	  
understand	  the	  detector	  at	  the	  sub-‐
pixel	  level,	  a	  necessity	  for	  weak	  
lensing.	  



WFIRST	  

Euclid	  @	  L2	  

Simultaneous	  observaQons	  from	  
Euclid	  and	  WFIRST	  can	  directly	  
measure	  masses	  for	  15%	  of	  10	  MEarth	  
free-‐floaQng	  planets.	  

4.	  Synergies	  with	  Euclid	  



Dec	  15,	  2013	   Announcement	  of	  the	  SAG	  
Jan	  4-‐5,	  2014	   Overview	  of	  the	  SAG	  at	  ExoPAG	  9	  
Jan	  22,	  2014	  	   First	  meeQng	  of	  the	  SAG	  
Feb	  24,	  2014	  	   Second	  meeQng	  of	  the	  SAG	  
Mar	  19,	  2014	  	   1st	  dran	  of	  the	  report	  
Apr	  25,	  2014	  	   2nd	  dran	  of	  the	  report	  
May	  29,	  2014	   3rd	  dran	  of	  the	  report	  
Jun	  6,	  2014	   Status	  update	  at	  ExoPAG	  10	  
???	   Final	  Dran	  

SAG	  11	  Timeline	  



Major	  ObservaQonal	  Programs	  
•  Directly	  support	  WFIRST	  science	  and	  reduce	  its	  scienQfic	  risk:	  	  

–  Early,	  opQcal,	  HST	  imaging	  of	  the	  WFIRST	  field	  
–  	  A	  preparatory,	  ground-‐based,	  microlensing	  survey	  in	  the	  
near-‐IR	  	  

•  Develop	  techniques	  for	  measuring	  planet	  masses:	  	  
–  Satellite	  parallax	  observaQons	  using	  Spitzer,	  Kepler,	  and	  TESS	  
–  HST	  or	  AO	  flux	  measurements	  of	  lenses	  in	  ground-‐based	  
microlensing	  events	  

–  Measurements	  of	  microlens	  astrometry	  for	  black	  holes	  	  
•  Development	  of	  WFIRST	  analysis	  pipelines:	  	  

–  MulQ-‐epoch	  HST/WFC3/IR	  observaQons	  of	  the	  bulge	  	  
–  An	  open	  compeQQon	  in	  microlensing	  analysis	  
	  


