
LLNL-PRES-830674
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract DE-
AC52-07NA27344. Lawrence Livermore National Security, LLC, and was supported by the LLNL-LDRD Program under Project No. 22-ERD-037.

Black Hole Microlensing: Rubin-Roman Joint Pixel 
Processing and Temporal Complementarity
Joint Survey Processing AAS Splinter Session

Will Dawson
Research Scientist LLNL

January 11, 2022



2
LLNL-PRES-830674

Significant evidence for two populations of black holes
from Gravitational Wave Transient Catalog 3… why?
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Based on 76 black hole – black hole merger signals.

If we could observe these objects in the Milky Way we could determine if the two populations 
populate similar regions.
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An important secondary microlensing signal:
Parallax a multi-year lensing events with 6-month periodic signal

Source Star
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Most parallax signals are relatively small perturbations
on the simple heliocentric model

Source Star

MACHO Survey (1995)
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There are some observed high parallax events

Source Star

Wyrzkowski et al. 2016

1.0 M⨀ Neutron Star
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A new way to find many more black holes in the Milky Way

Lam et al. 2020
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Event Duration Golovich, WD, et al. (2020)

50% of PopSyCLE objects
in red region are black holes 

107 events
~3%

283 events
~4%

OGLE III OGLE IV
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Simulated 30 M⨀ black hole lensing 
22nd W149 magnitude source star observed by Roman

Based on 2017 survey plan.
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Simulated 30 M⨀ black hole lensing 
22nd W149 magnitude source star observed by Roman

Roman will observe and measure the mass of 
𝒪 100 − 1000 black holes. ~Lam et al. (2020)

Based on 2017 survey plan.
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Gaps in the data can produce 
large parallax uncertainty
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Rubin can fill many of the Roman gaps
but requires high-level project coordination (task for TAG?)
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Roman Microlensing Field Visibility from Rubin

Although the fields still pass close to the ecliptic so some gaps will remain
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The Rubin Survey Cadence Optimization Committee is in final 
phase of determining how much to overlap with Roman
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It is important to have observations ahead of your survey

Medford et al. (2020)

First detected ZTF microlensing event After Early Ancillary Data

Before Early Ancillary Data
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Major gains possible with
joint processing

Lens

Source

Image+

Image"

𝜃"

Penny et al. 2019
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Blending

log 𝒕E

Golovich et al. 2021

In the model fit, the amount of blending is highly 
correlated with the event duration
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Joint pixel-level process is the correct way to fuse surveys,
but outstanding challenges remain 

§ Scaling to hundreds of images

§ Handling dramatically different 
resolutions 

§ Handling very blended fields
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Fusing multi-sensor data
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Learning a lesson from properly fusing data cosmic shear data
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Hierarchical Bayesian Inference
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Schneider et al. 2015
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Could simplify process by:
• Treating Roman results as a prior for the 

ground-based data
• Just performing analysis for detected 

microlensing events
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More, but infrequent, observations in overlapping bands can 
improve the joint survey modeling

Roman Overlap Rubin Overlap

Rubin
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Summary

§ Roman + Rubin + others will observe 
and characterize 𝒪 100 − 1000 black 
holes in the 2020s

§ Potentially solving one of the greatest 
black hole mysteries of our day

§ With slight modifications to each survey, 
they can be optimized for 
complementarity
— Coordinating spatio-temporal coverage
— Occasionally observing in overlapping bands 

and time
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