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SCExXAO/Subaru Collaborators
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Based [in part] on data collected at Subaru Telescope, which is operated by the National Astronomical
Observatory of Japan. The development of SCEXAQ is supported by the Japan Society for the
Promotion of Science (Grant-in-Aid for Research #23340051, #26220704, #23103002, #19H00703,
#19H00695 and #21H04998), the Subaru Telescope, the National Astronomical Observatory of Japan,
the Astrobiology Center of the National Institutes of Natural Sciences, Japan, the Mt Cuba Foundation
and the Heising-Simons Foundation. The authors wish to recognize and acknowledge the very significant
cultural role and reverence that the summit of Maunakea has always had within the indigenous
Hawaiiaon community, and are most fortunate to have the opportunity to conduct observations from this
mountain.
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MKID Exoplanet Camera (MEC)
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« Z-J band Integral Field Unit (IFU)
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« 800- 1400 nm

* Visible to near-IR

« High-Contrast Exoplanet and Disk

Imager

« 20,400 pixel (140x146) array

« Commissioned March 19, 2018
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MKID Exoplanet Camera (MEC)

1. No Dark Current

2.  No Read Noise

3. Cryogenic Operation

4.  Small band gap for photon detection

5.  Microsecond timing resolution between photon

events

6. Stochastic Speckle Discrimination (Post-Processing)

1. Detection of diffuse disks, brown dwarfs, close exoplanet

companions

Source: NAOJ/SCExXAO

2. Does not require PSF subtraction or polarization adjustments
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MKIDs (Microwave Kinetic Inductance Detectors)
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Source: Jennifer Smith, 2024, Doctoral Dissertation UCSB
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MKID Array
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MEC'’s Science Results —

. SCEXAO/MEC
Discovery of a low mass Total Intensity

companion around accelerating F5
Star HIP 5319

« Noah Swimmer et al 2022 AJ 164 152

Discovery of a low mass companion
to HIP 109427 at 6AU seperation

- Sarah Steiger et al 2021 AJ 162 44

First SSD detection of protoplanetary
diffuse disk AB Aurigae

* resolve structures in the disk within 0.3"
without the use of any PSF subtraction or

polarization Total infensity image of HIP 109427 B taken wi’rh.
SCEXAO/MEC atY and J band where the location of
« Sarah STeiger, 2023, Doctoral Dissertation the companion has been circled inred (Steiger et al,
UCSB 2021)
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MEC Prime:

Upgrading MEC to Maximize its Science and
Technical Capabilities

MKID Array

Generatfion 3 Room Temperature Readout
Data Processing Pipeline

Cryostat
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1. MEC Prime MKID Array

doubl tal ot 1. Sapphire/aTa/Hafnium
—> double specirairesoiution 2. Hafnium airbridges
— double quantum efficiency (>70% entire passband) 3. Parametric Amplification
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2. Room Temperature Generation3 Readout

« Infegrates all readout boards into a
single CPU
* 10x less power usage than current
readout
« Room temperature system
* Eliminates need to cryogenic
insulation at the readout stage
» Incorporates commercial off-the-

shelf (COTS) components

R =l =}
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3. Data Processing Pipeline

mkidpipeline 1.9.0

pip install mkidpipeline (@

Currently:
« Open source releases

* Yields detailed fits files with preprogrammed user output options
« High resolution images, movies, dithers, data cubes

In Progress:
* Improve pixel yield in wavelength calibration
« Optimize SSD method for consistent results

- Condense processing for low CPU usage
« Will allow other users to run the pipeline without servers
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4. Cryostat

|. Extending cryostat 12 inches vertically

2. Simon Chase He3 absorption cooler

- 50 uW of cooling power for 24 hours between

« Achieves qguantum limited performance

3. Traveling Wave Parametric Amplifiers at 300 mK
stage

« Reduce Johnson noise in readout chain

* High gain over large bandwidth

Department of Physics and Astronomy UC SANTA BAR BARA



Science Goals
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- Image first planet in fully § Mg Sormon |
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M4 dwarf at a distance of 6.3 pc

_ Estimated star to planet contrast rafio for currently
« Salvador Curiel ef al 2022 AJ 164 93

known exoplanets.
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MEC Prime Timeline

First science
datarelease

Q2 2027

First on-sky
Q12027 observations

Q32026 MEC Prime
Q1-Q2 2026 commission
» Gen3readout Return MEC ing

Q3-Q4 2025 infegration and gﬂg‘;&o
= Finalize MKID array  testing
design » Finalize optical
» Finalize Gen3 design
Q4 2024 Q1-Q2 2025 readout hardware
» Refrieve MEC = Write Gen3 and software
from Subaru readout G
= Begin new MKID  software
array o
fabrication
D

Q9 O 0 0 0 0 0 0 0 O 0 0 0O
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MEC Prime:

* Double spectral resolution R —» 30

* Increased pixel yield

- Double quantum efficiency

» Decreased readout weight, size, and power usage
» Improved cooling power and longevity

- User friendly/Open-source capabilities o invite new
collaborators to use this powerful instrument
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We are open to nhew
collaborators on this projectl

For more information:
https://web.physics.ucsb.edu/~bmazin/
Nikki Zivkoy https://github.com/MazinLab/MKIDPipeline
nzivkov@physics.ucsb.edu hitps://www.youtube.com/@Experimental Astrophysics
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https://github.com/MazinLab/MKIDPipeline
https://www.youtube.com/@ExperimentalAstrophysics
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