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| We are in the golden era of hlgh premsmn astrometrlc

observatorles

We now have several sub-mas astrometric
precision space observatories

= Gaia will complete its decade-long
astrometric survey of the entire sky this
year

= Roman will start the Galactic Bulge Time
Domain Survey (GBTDS)

= HST, JWST, Roman & Euclid as astrometric
follow-up resources.

Image credit NASA/ESA
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IVI|croIensmg prowdes a wmdow mto dark and |solated

Galactic populations

=" No flux from the object we are studying is required, nor a companion

= Can probe mass, distance, and velocity distributions of dark objects in the Galaxy

= Only viable way to detect dark and isolated objects - black holes, neutron stars, Compact
dark matter, free-floating planets.
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Photometric vs Astrometric microlensing -

Photometric
* Timescales ~ days — months Real star position . ™ Observed star position
* Signal size can be (almost) arbitrarily
large for decreasing lens-source
separations
* Signal peaks at closest lens source
separation

Astrometric
Timescales ~ months — years
Signal size is fundamentally limited by
the size of O,

Signal can peak before and after lens
source separation NASA, ESA, Ann Feild (STScl)
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Detection channels s 4 e

Galactic Bulge Time
Domain Survey
(microlensing

First direct mass-
measurement of an

isolated white dwarf
, lanet .
= Different rates exoplanets) McGill+23

The different channels have:

= Different information
content

Photometric
&
Astrometric
Signal

Photometric
Signal

Astrometric

= Different costs to pursue Signal

= Different timescales

= Different follow-up
strategies

Detection of the first
isolated black hole

(Lam+22, Sahu+22)
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'Prospects for detect
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Simulated Galactic Bulge Time Domain Survey (“wide

separation u0> 2, ~astrometric only)
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 Intrinsic separability of lenses
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Event Timescale

B Astrophysical M mppy = 103My M mppy = 102M; M mppy = 30M, MW

B mppy = 10"'Mg M mppy = 1072Mg I mppy = 1073 M,

MPBH

= 10M@ . MpBH = lM@

MPBH = 10_4M®
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Configuration of the detectable lenses = -

Number of low-mass PBHs events is volume limited.

They need to be close by to have large enough O to

be astrometrically detectable.

MpBH = 10_4M@ O E

$——

..........

mpBH = 10_2M® D _:

* Number of high-mass PBHs events are limited by the
duration of the GBTDS, astrometric signals vary too
slowly to be detectable within 5 years.

MpBH = 10_1M@ = —f

R

MPBH = 1M@ = _
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Projected dark matter C° nstramts N '

Potential for novel PBH constraints & cross
check on previous photometric constraints

* Low mass end is limited by number of
lenses closes enough to have detectable
astrometric signal

* High-mass end is limited by duration of
GBTDS

| GB M31ML

— Distinguishable Populations
- — Indistinguishable Populations
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| Astrometrlc Iensmg by the astrophysmal populatlon

(u0>2)

Predicted Yields:

All: ~ 3200 o [ (S
(7, O
Black Holes:~330 —= 05 | s
nco - 001 '
Neutron Stars:~310 = I
O B
This is ~ the same as the yield of close b= -1.0
separation photometric & astrometric ‘é’ -15
events. o 2.0
Lam+23 CCS white paper: < 05 AR G5 L A 2025

l0g 10 (te)

Black Holes:~270 Event Timescale

Neutron Stars: ~120
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_.Explmtmg the synergles of the astrometrlc and photometnc

signals to mcrease the yleld of_;_terestmg Ienses

e Astrometric & photometric signals are not —

simultaneous. Do we get an astrometric warning of 25 .
an impending photometric event? Is that useful? - A-1
20 —A .
1.5 .

* Filling in the gaps of the GBTDS and synergies with
ground based surveys (e.g., LSST) have been explored

. . 1.0
photometrically, what about astrometrically? o
I ! \
05 ) \
/ \
/ \
00fk----cema=- - N
e All this will require some “real-time” astrometric A T S SR ST S
processing of the Roman data stream -6 -4 -2 t/:' 2 4 6

Hamolli+18
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- Summary '

= Roman will detect ~103 uy,>2 astrometric microlensing events for all lens types which
will be missed by photometric-only processing

= Potential for novel PBH dark matter constraints with the GBTDS

*There are a lot of opportunities to exploit synergies of the photometric and
astrometric signals to increase the yield of interesting lenses with upcoming surveys

" The (unrealistic?) dream: transient astrometric alerts for Roman. The sub-mas
transient astrometric sky has never been explored in real-time.
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither
the United States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or Lawrence Livermore
National Security, LLC, and shall not be used for advertising or product endorsement purposes.



