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- ~HOWTO FIND DARK MATTER?
. Massive Astrophysical Compact Halo Objects
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'MICROLENSING

.= strong lensing in an unresolved regime

photometry (sum of images) astrometry (centroid motion)
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animations by S.Gaudi

http://www.astronomy.ohio-state.edu/~gaudi/movies.html | tukasz Wyrzykowski
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MICROLENSING CONSTRAINS ON HALO DARK MATTER
OGLE data (1996-2009) ruled out PBH M<1 MSun
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MICROLENSING CONSTRAINS ON HALO DARK MATTER
OGLE data (1996-2009) ruled out PBH M<1 MSun
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The only window for Primordial Black Holes coincides with
the GW black holes! £
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BLACK HOLES AS LENSES IN THE DISK

MBH = 10 Mo at ~kpc —> Be=~5mas, ,Llrel = 5mas/yr
- —>te>1yrs

Source motion el

Pcl>p'SyCl E - OGLE Cuts
)
|

Qc
o

N
[
Number

)
)
c
L
>
w
S
Q
-
Q
0
&
3
=

' .
e

N
o o

| ':AZJtE [é;éys-ltuu
Lu+2019 arxiv:1904.01771 Wiktorowicz, LW+2019 arxiv: 1907.11431



https://arxiv.org/abs/1907.11431

“DARK LENS CANDIDATES IN THE MILKY WAY

-~ OGLE-Ill 2001-2009 Bulge 150 million stars
PAR-07 (Notec) PAR-03 (Warta) PAR-02 (Odra)

photfd L G102.7.1 444061
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WARNING: Photometry-only leaves mass-distance degenracy

Wyrzykowski+2016; Wyrzykowski&Mandel 2019

tukasz Wyrzykowski


https://ui.adsabs.harvard.edu/abs/2016MNRAS.458.3012W/abstract
https://arxiv.org/abs/1904.07789

HOW.TO RECOGNISE A BLACK HOLE LENS?

example: OGLE3-ULENS-PAR-02 ~11Msu, BH candidate

~ OGLE photometw and parallax model simulated Gaia astrometry

pNOtBLG205.3.1.159237
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Photometry + astrometry = mass, distance, luminosity

g Y

" Gaia will provide <1mas astrometric time- = #7 ,
L IRt 5 - : = N /‘m *“
series for events brighter than G=16mag G
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https://ui.adsabs.harvard.edu/abs/2018MNRAS.476.2013R/abstract
https://ui.adsabs.harvard.edu/abs/2016MNRAS.458.3012W/abstract

MICROLENSING EVENTS FROM GAIA

EnNne

Gaia (96)
Gaia+spectroscopy (17)
Gaia+OGLE EWS (51)
Other (5)

since 2016

K.Kruszynska
background: Gaia DR2 (ESA)

tukasz Wyrzykowski



HOW TO FIND BLACK HOLES" '

alerts about
| on-fgomg e | ,
mlcrolensmg events/ A Ilght curves (~20 telescopes)* '
(J /) ( { ' spectra (VLT, Gemini, SALT)
space observatlons (Spltzer) P

follow up

|
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o LT RN astrometric T ki e
.y time-series (Gaia DR4) "/ . .+




GAIA DARK LENSES: GAIA18BMT -

photometry: Gaia, ground (LCO), Spitzer
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GAIA DARK LENSES: GAIA19BLD

phOtometr‘y: Gaia, ground (LCO), Spitzer

prewvoed By oriten

| finite source effect gives thetaE
| ->M-D degeneracy broken!
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The Diverse Science Return from a Wide-Area Survey
of the Galactic Plane

PEREDICTION ON DETECTION AND CHARACTERIZATION OQF CALACTIC DISK MICHOLENSING

K.A. Street, M.B. Lund, . Xhakpash, M. Donachie, W.A. Dawsor,
EVENTS BY LEST

N. Golovich, L. Wyrzvkowski, I°. Szkody, . Naylor, M. I"enry,
N. Raztenbury, M. Dall’Ora, W.1. Clarkson, D. Benrett, J. Pepoer,
M. Rabus, M.P.G:. Hundertmark, Y. Tsanras, B, Di Srefano,

S. Ridgway, M. Lin, F. Lin,
with the support of the
LSST Tramsient and Variwble Stams Colleboration
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Street+2018, arxiv:1812.03127 Sajadian,Poleski arXiv:1 80_6.06372

No. of detected events (deg=2yr-

Galactic longitude (deq)

L

10°!

Galactic latitude (deg) B

LSST will detect 1000‘08 of rﬁicrolensing evehts
yielding 100s of BHs


https://arxiv.org/abs/1812.03137
https://arxiv.org/pdf/1806.06372.pdf
https://arxiv.org/abs/1806.06372

HOW TO FIND BLACK HOLES WITH LSST”

alerts about

/.. on=going e s gl

';_._;.fmlcrolensmg events 2 Ilght curves (>2m telescopes)

St s e B /P spectra (ESO/VLT,, Gemini, SALT) |
+ space (WFIRST’?) -

follow up

|
!

-y T astrometric U e
* W time-series 7Y ot

% (WFIRST2,JWST?2~ .

| GalaNIR*) ’

| Y | '.*Hobbs’+20'19'_ ~-

. .7 arXivi1907.12535



| -Mlcrolensmg can discover low and high mass black holes
mcludmg the primordial ones '
e Strong limits below <1 MSun for the content of the Milky Way Halo

e OGLE Black holes in the Galactic Disk may fill the Mass-Gap

*Gaia astrometry necessary for accurate lens masses of currently
on-going microlensing events, but only for bright rare events

o Ind|V|duaI dark Gaia events from the Galactic Disk will have lens
masses measured

oLSST: 100s of lensing BHSs!

* JWST, WFIRST, GaiaNIR, ELT - high astrometric precision (2020s)

tukasz Wyrzykowski
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