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e 3.6 kHz AO system
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MagAO —><

Schedule:
e Firstlight fall 2019

e Upgrades, lab experiments 2020-2021

e Returned to telescope April 2022, Nov/Dec
2022, Feb/March 2023

e Phase Il Upgrades/lab time rest of 2023
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hole




Coronagraph
4.3 \D

“Dark hole” AO

Calibration speckles .
P control radius

"Sparkles”

Speckles from
DM

MagAQO-X MagAO-X Science Programs GMagAO-X Reflected Light Modeling



MagAO—<

Ultimate Science goal: Image nearby exoplanets in reflected light

e Necessary to directly image &
characterize evolved systems,
small planets

e \ery hard!

e le-/ contrast needed to image
Proxima Centauri b

e Need to work very close to star
where stellar irradiation sets
brightness
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GMagAO-X

Source: NASA/JPL
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Direct reflected light imaging of the

PHASE Il UPGRADES nearest, habitable zone planet (Proxima b)
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PHASE I UPGRADES

e DARKNESS MKID IFU was tested behind MagAO-X in Feb 2023

e Control computer upgrades to GPUs -> reduce latency and enable real-

time processing

e NCPC DM upgrade to 1k DM -
Sebastiaan Haffert
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5e-8 contrast dark hole
created in the lab
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GMagAO-X
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PHASE I UPGRADES

e | ow-order wavefront sensor (LOWEFS) and linear dark tield
control (LDFC) - Avalon MclLeod

e Phase-Induced Amplitude Apodization (PIAA) - Warren
Foster
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PHASE Il AND BEYOND

* Developing new post-processing technique
using WFES telemetry for PSF/speckle
reconstruction- Joseph Long

e Real time optical gain measurements for

PSD reconstruction and predictive control -
Fden McEwan
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e Getting Data-Driven Predictive Control working on-sky -
Sebastiaan Haftert

Disturbance

.

0
X (A/D)

Integrator Predictive Control

0.0001 -10

See Haftert et al., JATIS, 2021
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MAGAO-X SCIENCE
PROGRAMS
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FIRST SCIENCE RESULTS ARE JUST COMING OUT!

In Pearce et al. 2022 we found a
candidate companion signal at 2
\D in L' with MagAO.

Followed up with
MagAO-X and found it
\ is a star

0.1 0.0 0.1
Arcsec

Pearce et al. 2023. Not the most
exciting, but the first MagAO-X

astrophysics paper.
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A new accreting protoplanet and

jet emission detected in H alpha

-ound better data/results with
MagAO-X than HST!
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liminary | Planet candidate ™ | PI: Gabriele Cugno, U. Michigan

v—
0, -~ .

Blcon.tshase !~ g

O . | Keep an eye out for this paper!
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MAXPROTOPLANETS

* Image accreting planets in

disk gaps in Halpha
e Pl: Laird Close

Van Der Marel 2023 Q
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MAXPROTOPLANETS

PDS 70 MagAO-X Halpha

PDS 70 ALMA Continuum

KLIP reduced 88 min of
MagAO-X imaging of
PDS70b at Ha

Predicted *

position of\a :
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PDS 70 b

Contrast ~“3x10“% SNR~6

MagAO-X

MagAO-X Science Programs
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PDS 70 c

Contrast ~1.5x104 SNR~3 Source: ESO/ A. Muller et al.
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\Predicted

positionof c
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Preliminary,

Please.don't share!

Close et al., in prep
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MaxProtoPlanetS discovery of a new s

Preliminary,
Please don't share!

accreting protoplanet candidate

embedded in a disk
Led by graduate student Jialin Li

Keep an eye out for this paper!
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Pl: Alycia Weinberger, Carnegie

_a

VisAQO ftor
comparison
(Rodigas et al, 2015
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HR 4796 A (Weinberger
et al., in prep)



EXAO PUP SEARCH N/
N

e White Dwarfs are excellent (the only!) probes The
ot exoplanetary non-volatile material ExAO
" . Pup
composition through pollution ot Scarch /&
photospheres. T e e B

e | am using MagAO-X to discover new WD-
MS systems for follow-up tor pollution

e Probe of planetary systems in binaries at ena
of star’s litetime
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Kervella et al. 2019

The MagAO-X survey to fetch companions of accelerating stars

Searching for hidden planet/
brown dwarf companions around Dt = pepr
Gaia DR2

Hipparcos

young accelerating stars In Sco
Cen with MagAO-X
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GMagAO-X Reflected Light Modeling
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R Agr: interacting binary with jet
VIS-X IFU
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OVERVIEW OF
GMAGAO-X
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GMT status April 2022
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GMT: 25.4m: made of seven 8.4m
MIrrors

ExAQ + coronagraph system to be
ready at or shortly after first light

Completed Conceptual Design
Review Sept 2021

Preliminary Design Review in

progress
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e One 3k actuator MEMS DM per mirror -> 21k actuator N
“tweeter”

e Opto-mech design: Alex Hedglen

 Pyramid design: Maggie Kautz

Reflective
Hexagonal Pyramid

Pl S-325 Piezo
actuator

BMC 3K DM
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TOWARDS GMAGAO-X

e HCAT: High-contrast AO phasing testbed — how do we phase the GMT
mirrors? - Maggie Kautz and Alex Hedglen

e MagAO-X serves as AO system tor HCAT

e Holographic Dispersed Fringe Sensor - Sebastiaan Haftert
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IMAGING PLANETS |
IN REFLECTED LIGHT
WITH GMAGAO-X

Or: Why am | in CA for 6
months?

!
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REFLECTED
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IMAGING
WIT H

CR VAN CYNOED

N Planets = 370 = !GOV

1ight Flux Ratio
’—l
-
&

L
 —
O

i}

1G5V

KOV

108

{K5V

AMOV

—
°|
O

r.v g

IM5V
J 5\

M/R relation used when radius

unknown

Msini used when mass Max Projected Separation |A/D|
unknown

ey
P
D
~
D
—_—
T
-,
—
-
U2
D
—
r~—
av
—

MagAO-X MagAO-X Science Programs GMagAO-X Reflected Light Modeling



WHY AM | HERE?

e NSF GRFP INTERN
orogram funded

Tegpr = 200 K, Terr = 6000 K, sep = 0.73 au

internship working with
Natasha Batalha at Ames

using PICASO to model
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Star Properties Star Properties Planet Properties

Observing Conditions

Instrument Configuration §
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EX:

Lacy et al. 2019 did a
similar study of
reflected light
detections with Roman

CaGl.

(All previous work on this is
with space-based. It seems
no one thinks we can do this
from the ground!)
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OBSERVATIONAL CHALLENGES

e Mass:
e Most RV planets have only Msini

e Mass can be obtained it we can observe planet over time and
constrain incl.

e Radius:

e Can be estimated it mass known from M/R relation
e Phase:

e Can be estimated if orbital params known
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Decreasing planet phase

Increasing planet radius

e ¢ € ( ( ‘ ( ( (

Full phase Quadrature
a =0° a =90°

Nayak et al. 2017
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CONCLUSION

e XWCL is pushing innovation in EXAO with MagAO-X and eventually
GMagAO-X

e The first planets detected in retlected light are right around the corner
*from the ground*

e Proxima Centauri b is reachable in a few short years with MagAO-X, and
GMagAO-X will deliver hundreds

e MagAO-Xis conducting exciting EXAQO science on-sky now

Visit my website for more on my

science, and info about GRFP &

INTERN program
www.loganpearcescience.com



http://www.loganpearcescience.com
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