Institut Trottier

de recherche sur
les exoplanétes A
Trottier Institute ue eC

for Researc h

on s

e recnercne = g\latuye et technologies
N r”.. Comprendre |'Univers T
Ve el Understanding the Universe
de Montréal

From HR 8799 to Y-dwarf binaries:
Understanding planet formation across
the stellar IMF with JWST Interferometry

Thomas Vandal
Université de Montreal
Supervisor: René Doyon

byl
Qo Q.
[eNoNoN

onds
onds nté
onds C|

a
ociété et culture

In collaboration with L. Albert, F. Martinache, D. Mary, P. Calissendorff, M. De Furio, Cléemence
Fontanive, M. Meyer, JWST GO 2473 Team & JWST NIRISS GTO Team



Institut Trottier
de recherche sur
les exoplanétes

ébeC

pcherche — Nature et technologies
bcherche — Santé
bcherche — Société et culture

Trottier Institute
for Researc h
on Exoplanets

Galaxies

les:
ACross
pmetry

Exoplanets

In collaborati rio, Cléemence

Fontanive, M. Meyer, JWST GO 2473 Team & JWST NIRISS GTO Team



Institut Trottier
de recherche sur
les exoplanétes

ébeC

pcherche — Nature et technologies
bcherche — Santé
bcherche — Société et culture

Trottier Institute
for Researc h
on Exoplanets

Galaxies

les:
ACross
pmetry

Exoplanets
(and brown dwarfs)

In collaborati rio, Cléemence

Fontanive, M. Meyer, JWST GO 2473 Team & JWST NIRISS GTO Team



Institut Trottier

de recherche sur
les exoplanétes A
Trottier Institute ue eC

for Researc h

on s

e recnercne = g\latuye et technologies
N r”.. Comprendre |'Univers T
Ve el Understanding the Universe
de Montréal

From HR 8799 to Y-dwarf binaries:
Understanding planet formation across
the stellar IMF with JWST Interferometry

Thomas Vandal
Université de Montreal
Supervisor: René Doyon

byl
Qo Q.
[eNoNoN

onds
onds nté
onds C|

a
ociété et culture

In collaboration with L. Albert, F. Martinache, D. Mary, P. Calissendorff, M. De Furio, Cléemence
Fontanive, M. Meyer, JWST GO 2473 Team & JWST NIRISS GTO Team



JWST/NIRISS Aperture Masking Interferometry (AMI)

e High contrast

e Short separations < 100 mas

Figure: A. Sivaramakrishnan



NIRISS AMI Guaranteed Time Observations (GTO 1200)
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Expected NIRISS AMI Performance

—— Optimistic prediction
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Expected NIRISS AMI Performance

—— Optimistic prediction
—— Pessimistic prediction
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Measured Detection Limits - HD 95086

—— Optimistic prediction
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Measured Detection Limits - HD 95086




Measured Detection Limits - HR 8799

—— Optimistic prediction
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NIRISS AMI Takeaways

e Systematics are the main limiting factor (Charge migration)
e Longer exposures are needed for HR 8799 and HD 95086

e Ongoing efforts:

o Observing strategies to mitigate charge migration
o Charge migration correction in reduction pipeline



Probing the multiplicity 20 Y dwarfs with JWST

e Probe short separations (< 100 mas)
e Search cold companions
— Teff = 500 K

e Expected yield: ~1-3 companions
e JWST GO 2473, PI Loic Albert | SSass

— Teff = 200 K
—— Jupiter (130 K)
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AMI will not Work for Faint Primaries

e High contrast
e Short separations <100 mas
e Blocks 85% of the light

Figure: A. Sivaramakrishnan



Kernel Phase: The Telescope as an “Interferometer”
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WISE-0336: The first Y+Y Binary

Detected via ePSF modelling (Per Calissendorff et al., 2023)

_ Companion properties
Primary from binary model DN/s

. Sl e T =325K

| " , _ ® Mass between5and 12 M,
- 0 depending on age (1-5 Gyr)
’ ’ e Separation ~ 1 AU (82 mas)




Amag = 1.53%312 -——- KPI 16, 50t", 84th percentiles

WISE 0336: Sy
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Detection limits: NIRCam Y Dwarfs Survey
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What's next?

e Multiplicity analysis (Binary frequency)
e Compare performance with ePSF modelling
e Follow-up WISE-0336

e Search around more low-mass brown dwarfs



In Summary

e JWST interferometry enables imaging below the diffraction limit, from
A-type stars to Y dwarfs

e AMI: still suffers from systematics, but there is hope for cycle 4

e JWST + KPI: unprecedented sensitivity to cold companions around Y dwarfs

e First Y+Y binary WISE 0336 detected with ePSF and confirmed with KPI



EXTRA MATERIAL



JWST Imaging Modes: Comparison from Commissioning

NIRISS KPI F480M (463 s) NIRISS KPI F480M (463 s)
NIRISS KPI F480M (1 h) | NIRISS KPI F480M (1 h)
NIRISS AMI F480M (52 s) NIRISS AMI F480M (52 s)
NIRISS AMI F480M (1 h) == N|RISS AMI F480M (1 h)
NIRCam 335R F335M (1 h) === NIRCam 335R F480M (1 h)
NIRCam LWB F335M (1 h) === NIRCam LWB F480M (1 h)
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NIRISS AMI Interferogram (PSF) and Power Spectrum




NIRISS AMI Interferometric Observables
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JWST KPI (Kernel Phase Interferometry) in Practice

Fourier phase

Fourier phase [rad]
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WISE-0336 with NIRCam KPI
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Closure Phase



Atmospheric turbulence: Impact on phase

o Point source

at innity
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AMI with JWST/NIRISS
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KPI: Treat telescope as interferometer
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KPI: Treat telescope as interferometer

et 0 1 + iy
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KPI: Treat telescope as interferometer
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KPI: Treat your telescope as an interferometer

Object Errors
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KPI: Treat telescope as interferometer

® = ¢o+ Agp

et 0 1 + iy
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