Subaru Coronagraphic Extreme Adoptive Optics

3 1E4a0F I SOBRBELFRE

M. Lucas 4, O. Guyon #*° B. Norris ®"8, J. Lozi ', P. Tuthill ®, S. Vievard ', M. Bottom °, S. Juilliard "4, V. Deo ', K. Ahn °, T. Currie °, T. Kudo "4, J. Ashcraft 4, D. Doelman "2/ L. Leboulleux
3 L. Lilley ®’, M. Millar-Blanchaer '*, B. Safonov '°, T. Uyama '°, M. Zhang '

1. Subaru Telescope, Natonal Astronomical Observatory of Japan, Hilo, HI, USA; 2. Steward Observatory, University of Arizona, Tucson, AZ, USA; 3. Institute for Astronomy, University of Hawai’i, Hilo, HI, USA; 4. Astrobiology Center
of National Institute for Natural Sciences, Tokyo, Japan; 5. College of Optical Sciences, University of Arizona, Tucson, AZ, USA; 6. Sydney Institute for Astronomy, University of Sydney, Sydney, NSW, Australia; 7. Sydney
Astrophotonic Instrumentation Laboratories, Sydney, NSW, Australia; 8. AAO-USyd, School of Physics, University of Sydney, Sydney, NSW, Australia; 9. Korea Astronomy and Space Science Institute, Daejeon, South Korea; 10.
Department of Physics and Astronomy, University of Texas San Antonio, San Antonio, TX, USA; 11. Leiden Observatory, Leiden University, Leiden, The Netherlands; 12. SRON Netherlands Institute for Space Research, Leiden, The

Netherlands; 13. University Grenoble Alpes, CNRS, IPAG, Grenoble, France; 14. Department of Physics, University of California Santa Barbara, Santa Barbara, CA, USA; 15. Sternberg Astronomical Institute, Lomonosov Moscow

State University, Moscow, Russia; 16. Department of Physics and Astronomy, California State University Northridge, Northridge, CA, USA

OVERVIEW

VAMPIRES operates in visible light (600-800nm), and operates at the
diffraction limit thanks to AO3k+SCEXxAO wavefront correction.

VAMPIRES supports imaging, aperture masking, polarimetry and
coronagraphy. It is optimized for high contrast imaging and high

angular resolution.

VAMPIRES operation modes can be combined (for example,

coronagraphy, multi-band imaging and polarimetry), addressing a
wide range of scientific needs.

VAMPIRES operates simultaneously with SCExAO/CHARIS. Light is
split within SCEXAO between NIR (-> CHARIS, GLINT, MEC) and VIS (->
VAMPIRES, Pyramid WFS & FIRST-PL)

VAMPIRES was built by NAOJ/Subaru, Univ. of Sydney and University of

Hawaii. The VAMPIRES team supporting instrument opration and data
calibration/reduction spans multiple organizations.

STATUS: VAMPIRES in in science operation as a PI-type instrument.
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Selectable Lyot-type coronagraph masks (4 Lyot + vector vortex) . (left)
Throughput curves for available masks. (right) Example on-sky frames.
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RECENT HIGHLIGHTS

Transitional Disk HD169142

Wavelength-dependent
scattering measured with
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MBI+PDI. Radial profiles show :

higher scattering at longer

0'Se

wavelength. .
Temporal evolution: “Dynamical |
Analysis of the HD 169142
Planet-Forming Disk: Twelve :
Years of High-Contrast
Polarimetry”, AJ, Lucas et al.
2025
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Stellar Companions

50 throughput-corrected
contrast curves from 60
minutes of data (mR=6, 10° PA
rotation) in median conditions
(seeing 0.5" £ 0.27)
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Updated VAMPIRES
astrometric and

polarization calibration
with new NBS
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VAMPIRES is integrated within the SCExXAO system, and optimized for polarization differential imaging at
the diffraction limit. Full optical train (below) shows polarization modulation elements.

Contact: guyon@naoj.org

TECHNICAL IMPLEMENTATION

Fast, low noise detector

Two (2x) low-noise visible cameras, providing the sub-e- readout
noise 0.2e- to 0.4e-).QE is 60% average in the VAMPIRES

WPU AO188 Periscope bands.
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Circumstellar disks

VAMPIRES 750 nm
scattered light
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Neptune PDI: (left) Limb polarization; (right) Radial profiles show
wavelength dependent intensity and scattering
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SCIENCE GOALS & CAPABILITIES
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VAMPIRES - 750-50

NMF(20 - AB Aur b Halpha
-~ Exoplanet accretion detectrion (right panel)

cRDI - PCA(20) | CHARIS October 2020 (polarized intensity) VAMPIRES October 2020, Ha (smoothed)
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Aperture Masking -> JEWELS

JEWELS replaces the aperture mask with a tiling of prism for
greater efficiency and better (u,v) plane coverage. This will
bring >10x boost in efficiency and sensitivity.

FUTURE PLANS

Coronagraphy

Data PSF

New masks: RAP for resilience to low-wind effect.
Visible-light WFS with LOWFS and PL for improved
contrast

PSF reconstruction

We are developing PSF reconstruction from WFS telemetry
for deeper contrast. Also developing PDI and MBI
optimized PSF reconstruction/subtraction algorithms.

(Left) Jewel 4x5 mask currently installed on VAMPIRES. (Center) new Jewel
7x6. (Right) A rosette of Interferograms taken with a 633nm laser in an optical
testbed illustrating the entire PSF of the new 7x6 mask.

Acknowledgements

We wish to recognize and acknowledge the significant cultural role and reverence that the summit of Maunakea has always had within the indigenous
Hawaiian community. We are grateful and thank the community for the privilege to conduct observations from this mountain.

This research was funded by the Heising-Simons Foundation through grant #2020-1823. This work is based on data collected at the Subaru Telescope,
which is operated by the National Astronomical Observatory of Japan. The development of SCEXAO 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. SCExXAQO’s adaptive optics loops and high-speed data acquisition are handled by the CACAO package, which is
supported by NSF award 2410616.



