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MICROLENSING

e Gravitational lensing by compact lenses (stellar or remnants)

* Mass range from Earth-like to ~100 MSun

e Sources: background stars (chance: 10 in the Bulge, 102 in the LMC)

photometry (sum of images) astrometry (centroid motion)
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~1 month

animations by S.Gaudi

http://www.astronomy.ohio-state.edu/~gaudi/movies.html



BLACK HOLES MICROLENSING

e About 0.8% of microlensing events should be due to Black Holes!
(Gould 2000)

¢ 2000 events found every year -> ~16 black holes every yearl!!

®so, where are they?

high amplification
events/finite source (rare)

astrometry
(VLT/AO, HST, Gaia)

Earth parallax

space-based parallax
(e.g., Earth-Spitzer)
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Camera:

0.75 deg?

pixel size:
10x30 um
(59x177 mas)

GAIA FOCAL PLANE

detection astrometric photometry | radial velocity
and FOV measurements (dispersed | (dispersed
discrimination images) images)
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e

BP

#- AF6
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:|- AF8

LB s

star <20 mag
detected!

NIRRT

Animation by
Berry Holl, Geneva

windows

observed:

-» ~4 4 sec
~45 sec




GAIA SKY SCANNING PATTERN

NSL field transits in ICRS after: 0 years 000 days 00 hr 10 min

90

figure curtesy: Berry Holl, Geneva
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OGLE-GAIA SKY

100 120 140 160
Number of Gaia observations after 5 years

Galactic

Gaia figure by Nadia Blagorodnova, OGLE fields by Jan Skowron



STELLAR-MASS BLACK HOLES

OGLE3-ULENS-PAR-02 - candidate ~9MSun BH

N

3 4 5
lens distance

-
Oo—t
b density

lens mass
S
pro

o)
L=

3400 3600 3800 4000 4200 4400 4600 4800
H)D-2450000 [days]

OGLE photometry probability distribution

for the proper motion
f 2001-2
Al UL based on observed PM

and microlensing model

Mass, Distance estimate only



STELLAR-MASS BLACK HOLES

OGLE3-ULENS-PAR-02 - candidate ~9MSun BH
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HJD

-4 ._Iz
N shift [miliarcseconds]

3400 3600 3800 4000 4200 4400 4600 4800
H)D-2450000 [days]

OGLE photometry predicted
from 2001-2008 Gaia astrometry
and microlensing model for similar event

Mass, Distance

Rybicki in prep.



ASTROMETRIC PRECISION IN GAIA

50 mas : daily calibrations 1D precision!
0.1 mas : fortnightly calibrations
final precision (in 2022):

Gaia final WFIRST

)
3
%
®
]
@)
0

G-band mag H-band mag
Gould+2017



ASTROMETRIC PRECISION IN GAIA

50 mas : daily calibrations 1D precision!
0.1 mas : fortnightly calibrations
final precision (in 2022):

Gaia final

Gould+2017



STELLAR-MASS BLACK HOLES

OGLE3-ULENS-PAR-02 - candidate ~9MSun BH

- [=16.0", Gaia
(8.6Mo (PAR-02)| —u= |=15.5", Gaia
1 I - I=14.0™, Gaia
| '\ —— [=13.0™, Gaia
21Mo (GW150914) ws= [=15.5M Theia

N shift [miliarcseconds)

(62Mo (GW151226) |

relative error

E shift [miliarcseconds)

H

|

M

-8 "
»00 2500

2200 a
HJD- 2450000

Combination of ground-based photometry and Gaia astrometry for long
events will yield masses of black holes accurate to ~10% percent
(brightness dependent)

Rybicki in prep.



short break :)




MICROLENSING EVENTS FROM GAIA

July 2016 - July 2017
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MICROLENSING EVENTS FROM GAIA
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GAIA16AYE (AYERS ROCK)

Reset zoom

< G (Gaia)

Magnitude
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|
Oct. '16

Observation date (TCB)




GAIA16AYE (AYERS ROCK)

More than 20,000 data points collected in multiple bands
by a network of volunteering observatories

Reset zoom

O B: APASS

< G (Gaia)

O V: APASS

Magnitude

O g: APASS
O i: APASS, PS1

O r: APASS, PS1

Observation date (TCB)
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GAIA ALERTS FOLLOW-UP NETWORK
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GAIA16AYE (AYERS ROCK)

Catching the 4th caustic exit

Model prediction
Caustic exit 21 November 2 am UT



GAIA16AYE (AYERS ROCK)

Catching the 4th caustic exit

Magnitude

I
Kouji Ohnishi X P5&x
#Gala16aye

ZauberDerSterne. do 3 . (19
Die (Mikro- )Grawtatlonslmse #Gaia16aye fur Amateurteleskope abenteuer-
astronomie.de/microlensing-i..., himmelslichter.net/update-mikro-g... und

. Gala16aye: Seltenes Microlensing-Ereignis mit Ans...

Zurzeit ereignet sich im Schwan nahe des hellen Sterns
o phi Cyg ein spektakuldres Himmelsphanomen. Das
Mlcrolensing Ereigms Gaia16aye (Spitzname Ayers Ro...

\

| p o —

B

auberdersterne.wordpress.com

g Gaia-GOSA and 2 others follow
Jan Hattenbach nHattenbach - Nov 19
Morgen abend gnbt S Grawtationslmse hummelsluchter net/update-mikro-g..
#Gaial6aye

Update: Mikro-Gravitationslinse Gaia16aye soll Son...

Ein neues Modell sagt das vierte und letzte Aufleuchten
der Mikro-Gravitationslinse Gaia16aye fir Sonntag, den
20. November kurz vor 22 Uhr MEZ (20,8 UT) voraus. ..

jne Hetweeted

E Jos de Brui|
- Jan Hattenbach « JanHattenbach - Nov 18

Rd FE:

#Gaial6aye

BC<E5:S5SBDEELARAD "HERHT T
Galat6aye ItlEWER, J—RAF v w278,

ydgkin and 3 others Hetweeted
Eric Jensen «olne Nov 23
What a difference a day makes! #Gaia16aye fades dramatically as caustic

crossing part of microlensing event ends. #GaiaMission

s/alert/G... ¥ s

t3 18
Daniel Fischer cosmosdu - Nov 2:
Light curve from Turkey could nall down peak time of the final #Gaia16aye
caustic crossing: astronomerstelegram.org/7read=9780 - 17:54 UTC yesterday.

didly sent to CPCS
dlowup/) by: CrAO, |
Thanks!

)ll

Lukasz Wyrzykowski = |ukas )2
#Gaia16ave maanitude droo bv 2 5 from last niaht - clearlv the caustic crossina
is over Danlel Fischer nosdu

In Turkey they are celebrating their measurements (astronomerstelegram.org/?
read=9780) of #Gala16aye's final caustic crossing:

0 Lorraini

Parlayan yidizin 1gs§ini TUBITAK yakalad
TOUBITAK Bagkam Ergin, “TUBITAK Ulusal Gozlemevinin, cografi konum ve
atmosferk kosullannin avantajire kullanarak, Gala16aye isimli pidzdan ...

a.com.t




GAIA16AYE (AYERS ROCK)

Catching the 4th caustic exit
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HJD - 2450000

7600 7650
HJD - 2450000

Model prediction
Caustic exit 21 November 2 am UT




GAIA16AYE (AYERS ROCK)

Preliminary full-Keplerian orbital solution of the binary lens

iE=141d
DIE=-0.89
thetaE=3 mas
mu_rel=7mas/yr
A=0057

s=1.0

fs=0.75

model by P.Mroz
and J.Skowron




PRELIMINARY SOLUTION

~8Kkpc
0.8kpc
IzsAu
=GN K3 giant
Mo = 0.6 Msun R=~10 Rsun
=S diS
iIncl = 60 deg

ccci=0473



ASTROMETRY

First time ever chance to detect binary astrometric microlensing!

700

Source centroid shift for Gaial6aye

86, (0g)

< 7602
7602-7614
7614-7649

> 7714

(Gaia obs moments

\ (C)PM

0.4 0.6 (.8

0, (0;:)

~3 mas




SPACE PARALLAX FROM GAIA?

Reset zoom
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SPACE PARALLAX FROM GAIA?

12.00
Reset zoom

satellite recovered -
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Offset in both time and mag between I microlensing
Earth-based and Gaia-based observations parallax




GAIA DATA RELEASES

WWW.COosmos.esa.int/web/gaia

DR1 14 September 2016:

positions for 1 billion stars
astrometric solution for 2 million stars (TGAS)
(proper motion, parallax)

DR2 April 2018:

astrometric solution for 1 biliion stars
colors, temperatures, radial velocity

DR3 2020:

Improved astrometry

low-resolution spectra for all objects
radial velocity, variable stars
non-single stars

DR4 (Final) 2022:
- Full astrometric, photometric and radial velocity catalogs

All per-epoch astrometry and photometry
Exo-planets
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SUMMARY

e Gaia will soon provide 3D map of the Milky Way

e all data public in 2022 (after your PhD!)

e Gaia sampling in the Bulge is too poor for microlensing

e but Gaia finds microlensing in the MW Disk

e astrometric microlensing from Gaia only for brighter events
e space parallax possible Earth — Gaia (in L2)

e WFIRST should have astrometric microlensing capability
— great for measuring theta_E for black hole lenses!



