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MOA-2010-BLG-523: “Failed” Planet
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MOA-2010-BLG-523: “Failed” Planet
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Variable Stars

e Deep connection to microlensing

— Many thought: insurmountable contaminant

— Main driver for Polish OGLE survey
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Variable Stars

e Deep connection to microlensing

— Many thought: insurmountable contaminant

— Main driver for Polish OGLE survey
 RR Lyrae Stars

THE OPTICAL GRAVITATIONAL LENSING EXPERIMENT: ANALYSIS OF THE BULGE RR LYRAE
POPULATION FROM THE OGLE-III DATA

P. PIETRUKOWICZ', A. UpALSKI', I. SoszyNski', D. M. NaTar’, L. Wyrzykowski'*, R. PoLEsSKI', S. KozLowsKr',
M. K. SzymaNsk1', M. KuBiak', G. PIeTRzyNsk1'*, AND K. ULACZYK!
] ! Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
< Department of Astronomy, Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA



RR Lyra

Apparent Y magnitude of wvariable star ER Lyr

Time {days)



11,000 RR Lyrae Stars in Bulge
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11,000 RR Lyrae Stars in Bulge

RRab vs. RCGs b [deg] RRec vs. RCGs b [deg
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Variable Stars

Deep connection to microlensing

— Many thought: insurmountable contaminant

— Main driver for Polish OGLE survey
RR Lyrae Stars

Eclipsing Binaries, Delta Scutis,

Pulsating Giants, Cataclysmic Variables

Novae, .... and much more



Variable Stars: Rare Merging Binaries
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Variable Stars: Rare Merging Binaries
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(Galactic Structure and Dust
(mainly from Red Clump)
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H (calibrated magnitude)

Needed to measure OE:
Standard Sky-Plane Rulers
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Clump: Standard Candle
Probe of Bulge
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Clump: Extinction Probe

Galactic Latitude
o
T T | T T T 1 | T T 1T 1 | I

w 5 —
o B i
5 B -
= e @ &, ”f: nee S0-157
|
G B «0.132 <0.147
-—-l D — . ,:':. '|'_| = .r —I_,-'El ” I-_I | E__
) ~ }? U{» 1}m: <0.17
=3 L |
] - _
o B ]
g —5 _|
o - 4
1 L

Galactic Longitude

Nataf et al. 2013, AplJ, 769, 88



Distance Probe
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Clump: Density and Depth Probes
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WEFIRST

Curter Barrel Assembly

BFt Metering Structurs

Instrument Eqdichor
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Seeing Better In Space (also Weather)
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GEST Planet Discovery Potential
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WEFIRST “Microlensing™
Survey Characteristics

40,000 1mages (52 sec)
2.8 sq.deg.
6 continuous 72-day campaigns (at quadrature)

100 1images per day
SNR = 107 0.4(Hzero-H)} Hzero = 26.1

Gould 2014 JKAS, 47, 279



WEFIRST vs. GAIA
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log(o(m)) [nas]

log(radius) [pixels]

WFIRST vs GAIA
Parallax Precision
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Non-Microlensing WFIRST Science:
Ultra-precise Parallaxes

* H<14.0; o(m) < 0.3 nas; 1,000,000 stars
* H<19.6; o(m) < 3.7 unas; 40,000,000 stars
* H<21.6; o(m) < 10 pas; 120,000,000 stars

Gould, Huber, Penny, Stello, 2015 JKAS, in press
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Age & [Fe/H] tor 7,000,000 stars
Ineeds V/I-band]
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Non-Microlensing WFIRST Science:

Ultra-precise Parallaxes and Photometry
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Non-Microlensing WFIRST Science:
Asteroseismic Window Function
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Non-plens WFIRST Science: v

X

Kepler WFIRST

10®

10°
10'F

10°F

Telf=4356K
10°F lealg)=1.77
1 10 100 1 10 100
10°
10°
10*

107}
10}

10'F
Teff=47 75K
10°F log(g)=2.46
10-1 . L i
1 10 100 1 10 100

Power Density (ppm? uHz™")

10*
10°

10°

Teff=4882K
10%}F log(a)=2.99

10 1 (.)0 10 1(.30
Frequency (uHz)

Gould, Huber, Penny, Stello, 205, JKAS, 48, 93



Non-ulens WFIRST Science: Av
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Non-ulens WFEFIRST Science:
10% Daisk Stars

Approximate Mg
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Non-ulens WFIRST Science: KBOs
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KBOs possible

?

fields

Icrolensing

1N MICTro

Shepard et al. 2011, AJ, 142, 98



Yes! Microlensing fields
are not crowded ...

Sheppard et al. 2011, AJ, 142, 98



Yes! Microlensing fields are not crowded
after image subtraction!

Sheppard et al. 2011, AJ, 142, 98



log (Number/Mag)

Non-ulens WFIRST Science:
KBO Precision orbits
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Gould 2014 JKAS, 47, 279
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Non-ulens WFIRST Science:
KBO Binaries
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Non-ulens WFIRST Science: Transits:
-> (Galactic Distribution of Hot Planets

 Bulge G dwartf: 8 mmag
~=0.0025/(56/0.008)

transit

o Jupiters: a<160R_; P <250 days

« Ax*=100 requires: p

 Neptunes: a< 25R_; P <15 days

e Earths: (not feasible at bulge)



Non-ulens WFIRST Science:
BH + NS in Wide Orbits

* BH+star (5+1) -> 500 pas orbitat P =35 yr
- ==> 50 ¢ detection for 120,000,000 stars
- ==>170catP=1yr

* NS+star (1.4+1) -> 270 pas orbitat P =35 yr

- ==> 2] ¢ detection for 120,000,000 stars
- ==> 9catP=1yr



Non-Planet WFIRST plens Science:
Isolated BH Mass & Velocity Functions

(Gould & Yee 2014 Apl 784 64)
| Astrometric Microlensing]



How Astrometric Microlensing Works
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Non-Planet WFIRST plens Science:
Isolated BH Mass & Velocity Functions

(Gould & Yee 2014 Apl 784 64)
| Astrometric Microlensing]

e A = [u/(u” + 2)10_
« 0~ 500 pas
* AQ ~ 150 uas



Relation of Mass and Distance
to Lensing Observables

Natural G{/ 'e = QE/ "e

. 4GM
* = 2 - C
rE
re T r
9 o _ E E= E
) ’ dj D! Ds Drel




Non-Planet WFIRST plens Science:
Isolated BH Mass & Velocity Functions

(Gould & Yee 2014 Apl 784 64)
| Astrometric Microlensing]

e A = [u/(u” + 2)10_
« 0~ 500 pas
* AQ ~ 150 uas
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