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Microlensing for Planet Discovery and Characterization
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A Fast Al Inference Engine: NDE
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Real-time Likelihood-free Inference of Roman Binary Microlensing Events with Amortized Neural Posterior Estimation, Zhang et al., AJ 161 262 (2021)
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An Example NDE Posterior
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Training: ~300,000 events
OGLE-2011-BLG-0526 *ish

5 distinct solutions: even more
degenerate solutions found
than reported in Choi+ 2012

Posterior in 5 seconds. Light-
curve realizations show
accuracy of solutions
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Microlensing caustics and degeneracies

Central Caustics
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Can we do better than close-wide?
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Can we do better than close-wide?
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Can we do better than close-wide?
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Beyond the central caustic ...

Sclose = 1/1.1  Spige=1.1

'_'3 0 0.15 11 -
S| b1 =
ACA N 0.10 |
— _ 10- |2
c | -2
o
-f_,—b . 0.05 s
© -3 - 8 9 -
S D 0.00- =
© —0.05 ©
o ff - = v
%’ —6 Bt — Sclose = 1/1.2
© 7 - R -
IR, ~0.15 Swide = 1.1
~0.2 ~0.1 0.0 0.1 0.2 ~0.10  —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/11 Swide = 1.09

'_'3 0 0.15 11 -
8’ 1 ” ™ }/\
2~ 0.10
el - ]_0 — }'..
- -2
@
'_8 _ 0.05 ‘5
© -3 - 8 9 -
'S D 0.00 - =
© ~0.05 G
O -5 c 87
P
= W -6 —0.10 — Sclose = 1/1.2
—_— 7 - — . —
&) _7 _0.15 Sw|de — 1.09
—-0.2 -0.1 0.0 0.1 0.2 —-0.10 —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/11 Swide = 1.08

'_'3 0 0.15 11 -
()]
Ol 0.10 Y
— - 10 - \/
- -2
@)
g _ 0.05 ‘5
© -3 - 8 9 -
= D  0.00- =
O ~0.05 ©
O -5 c 87
2
= W -6 —0.10 — Sclose = 1/1.2
—_— i — : —
&) _7 _0.15 Sw|de I 1.08
—-0.2 -0.1 0.0 0.1 0.2 —0.10 —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/1.1  Syige =1.07

"o 0 0.15 11 -
—
@) )
O | r-1 0.10 i)
— 10 - *\/
S [ 2 0.05 S
] -
© -3 - 8 9 -
'S D  0.00- =
© —0.05 G
15 e
-(_%, e ~0.10 Sclose = 1/1.2
© 7 - o -
IR, ~0.15 Swide = 1.07
—0.2 ~0.1 0.0 0.1 0.2 ~0.10  —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/11 Swide = 1.00

"o rT0 0.15 11 -
—
8’ - _1 7 \ I 4 Y\
O 0.10 } k
C _2 g 10 i \vl
'S _ 0.05 ‘5
© -3 - 8 9 -
= D  0.00- =
© ~0.05 G
15 e -
-(_%, e ~0.10 Sclose = 1/1.2
—_— 7 - e . —
&) _7 —0.15 Sw|de — 1.06
-0.2 -0.1 0.0 0.1 0.2 —0.10 —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/1.1  Syige = 1.05

"o rT0 0.15 11 -
—
cn 4
o lr- 0.10 ’
— - 10 -
- -2 \ J
O -
'S _ 0.05 ‘5
© -3 - 8 9 -
= D  0.00- =
© ~0.05 G
15 e -
-(_%, e ~0.10 Sclose = 1/1.2
—_— 7 - e . —
&) _7 —0.15 Sw|de — 1.05
-0.2 -0.1 0.0 0.1 0.2 —0.10 —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/11 Swide = 1.04

"o 0 0.15 11 -
—
U’ {
Oolr-! 0.10 !
— _ 10- \
- -2 [
g _ 0.05 .g s
© -3 - 8 9 -
S D 0.00- =
© —0.05 G
e - =
-(_%, e ~0.10 Sclose = 1/1.2
@© 7 - L o —
&) _7 —0.15 Sw|de — 1.04
0.2 -0.1 0.0 0.1 0.2 ~0.10 —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/11 Swide = 1.03

"o 10 0.15 11 -

—

@)
O | -1 0.10
— _ 10-

- -2

o
'_8 _ 0.05 ‘5 ‘J'
© -3 - 8 9 -
'S D  0.00 - =
© ~0.05 G
15 e
-(_%, e ~0.10 Sclose = 1/1.2
© 7 - e L —
&) _7 —0.15 Sw|de — 1.03
—-0.2 -0.1 0.0 0.1 0.2 —-0.10 —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/1.1  Syige = 1.02

"o 0 0.15 11 -
—
o)
Oolr-! 0.10
— _ 10-
-
o
-_,C:) _ 0.05 =
'S D  0.00 - =
o+ = =
Xe ~ o
0.05 S
15 e
= ] ~0.10
] ;
IR, ~0.15 === Swide = 1.02
—0.2 ~0.1 0.0 0.1 0.2 ~0.10  —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/1.1  Syige = 1.01

"o rT0 0.15 11 -
—
)
O lrt 0.10
— _ 10+
c | -2
o
'f:) _ 0.05 =
© -3 - 8 9 -
'S D  0.00- =
o+ = =
o ~ o
0.05 G
1 5 e
-(_%, e ~0.10 Sclose = 1/1.2
© 7 - R =
IR, ~0.15 Swide = 1.01
~0.2 ~0.1 0.0 0.1 0.2 ~0.10  —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/1.1  Syige = 1.0

"orT0 0.15 11 -

—

()]
Ooilr- 0.10
— - 10 -

- -2

@)
'S _ 0.05 ‘5
© -3 - 8 9 -
= D  0.00- =
O ~0.05 ©
15 e -
-(_%, e ~0.10 Sclose = 1/1.2
—_— 7 - — : —
qu) _7 ~0.15 Swide = 1.0
—-0.2 -0.1 0.0 0.1 0.2 —-0.10 —0.05 0.00 0.05 0.10

X[6k] y16¢]



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

Beyond the central caustic ...

Sclose = 1/1.1  Syige = 1.0

"o rT0 0.15 11 -

—

)
O |- 0.10
— _ 10+

c | |-2

o
g _ 0.05 2
—3 w
(© U _
5 D 0.00- =
© —0.05 ©
1 5 e
-(_%, e ~0.10 Sclose = 1/1.2
© 7 - B L
QGC) _7 ~0.15 Swide = 1.0
~0.2 ~0.1 0.0 0.1 0.2 ~0.10  —0.05 0.00 0.05 0.10
X[OE] y[6¢]

(54 — 1/sy) — (55— 1/sp)
_— =X

Xull = N source

n



Fast Inference Method for Roman Microlensing Unveils a New Unifying Degeneracy Feb 9th 2022, Caltech/IPAC, Keming Zhang

The source-null matching principle

Reanalysis of past events
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Summary

 New machine-learning based inference method allows for automated, real-
time batch inference of Roman planetary microlensing events

 Mock inference on a large number of simulated Roman events lead to the
discovery of a new type of microlensing degeneracy ...

* ... which unifies previously known close-wide and inner-outer degeneracies,
extends to resonant topologies, and is ubiquitous in past events



