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What is ULTIMATE-START ?

.__,_...-.--—--‘h‘i—-—-'- ULTIMATE-START is prototype of ULTIMATE Subaru,
mﬁ“ ! providing a narrow-field LTAO mode in ULTIMATE

\

w x: ULTIMATESTART: g Project to implement Laser Tomography

ULTIMATE Subaru TomograpiAdaptive optics ~ Acdlaptive Optics (LTAO) on the Subaru
Subaru 3% Research experimenT
Telescope.

Feature

@ Use 4 LGS & 4 WFS
« Laser light source (589nm, TOPTICA) divided into 4 LGS
LGS asterism diameters are selectable

from 10", 20", 30", 40“

2 DM upgrade o
« 188DM — ALPAO 64 X 64DM : enable much finer wavefront corrections OFuAZE




PSF FWHM [arcsec]

Goal of ULTIMATE-START

Simulated images
of a galaxy 10
billion years ago
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Goals :
»Achieve diffraction-limited
performance in the visible

and near-infrared (NIR)
bands

> Attain a FWHM of 0.02 arcsec
at 600 nm

Science goals :

»Advance understanding of
galaxy formation and
evolution

» Star formation
» Galaxy mergers
» The role of AGN feedback



Celestial Object Celestial Object
Single Conjugate Adaptive Optics Laser Tomography Adaptive Optics
« Only one laser guide « Reduces the cone effect
star (LGS) is used. Sy Layer and improves AO

Laser Guide Stars .
correction performa nce

* There are areas where
the wavefront cannot
be measured, reducing
the correction accuracy

= Cone effect
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\‘\'. ff * Use multiple LGSs and
atmospheric Turbulence ||| \\I//_ ||l estimate wavefront at

|l
‘ each altitude

Upper Layer

Middle Layer

Ground Layer

Telescope Primary Mirror Telescope Primary Mirror



Overview of LTAO

® Light from the
telescope passes
through AO188,
then through LTAO,

NBS

SCExAO

® And is subsequently
directed to each
instrument via the NBS

Instruments:

> IRCS (Infrared Camera and
Spectrograph)

> SCEXAO (Coronagraphic EXAO)

> NINJA (High-sensitivity, wide-
band spectrograph) : currently being
installed

> 3DI (Visible IFU) : planned for
future installation




Installation : August 6-22, 2025 :

Alignment work on Obs floor

er relay optic X4

Period : August 6-22, 2025

v" Alignment of individual optical systems
under summit environmental conditions
» Pre-focal optics
* Four LGS wavefront sensors (LGS-WFSs)
» Four Offner relay optics




Installation : August 6-22, 2025

/ Optical axis alignment process using
& the AO3k alignment laser and the
I'| frame hexapod

Period : August 6-22, 2025 ) 4 S Q

v Alignment of individual optical systems & | Hexapods \\

v" Installation and alignment on the ¢ g
common platform

v' System testing and data acquisition

Final :

WFS Image Check
Confirmed proper
light injection into
each WEFS.

Verified 32 X 32 sub-

apertures on all
Sensors.




First onsky observation € :
* Truth WFS Loop Close with NGS — Success !

Kappa Ori . 1250nm(J band)

Date : December 3, 8
® Truth WFS loop close with NGS
® Acquisition test of 4 laser guide stars

Loop close
Loop open by conventional AO188 mode Loop close by twfs + AO3k

FWHM=0.82“ FWHM=0.1“ . FWHM=0.06“

Fig 1: Taken by IRCS

* LGS WFS Loop Close Test with NGS — Success !
* LGS Loop Close Test with 1LGS WFS — TBC

Truth WFS O
LGS WFS (one by one) O TBC * Acquire 4LGS to 4LGS-WFS and close LTAO loop

ALGS WFS " TBC — TBC (4 LGS were acquired with offsets)

DM Loop close test | NGS | LGS _



Tip-Tilt correction with machine learning approach

 Trying to apply reinforcement learning to Tip-Tilt mirror for achieving 0.003” TT residual

Provides reactive control based on current and

Control value
t de(t . . .
PID u(t) = K,e(t) + K; [, e(t)dr + K, Z(t) (e(t): error)  historical error signals.
' : | Controller performance depends on gain tuning.

PID gain parameter

Learns an optimal policy that maximizes the expected

cumulative future reward V_(s).

_ 2 — : : ,
Vi(s) = ErnlRess + VResz + ¥ Reys | S = 5] Achieves advanced control strategies by leveraging
historical turbulence measurements and delay information.

Reinforcement learning

Environment e poate Agent [Recurrent PPO with LSTM]
Model in Simulini "~ orevious action
4\ e Reward learns the optimal policy to
. - = - error~2 maximize rewards.
. —
— > T I——=1"

Action ' // Learning curve

I = TTM target voltage T, 17 x : traning time
e y : average reward

@  TipTiltEnv.py




Tip-Tilt correction with machine learning approach

Results with RL
3.25-0.32 (9.85%)

Tip-Tilt [pix]
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Results with optimal PID
(KP=0.85, KI=0.008, KD=0.08)

3.34-0.28 (8.50%)
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Under the current setup, reinforcement learning and PID control exhibit comparable performance.
Future work includes improving the reinforcement learning model and tuning hyperparameters.




Summary "

vE =
* Installation & First Light: As an early career researcher
Completed LTAO installation and L , .
achieved first light. * Experiencing instrument integration and

commissioning at the summit gave me
insights that cannot be obtained
through simulations alone.

- Demonstrated Performance:
Successfully acquired calibration
data and demonstrated AO loop

close using an NGS & the Truth * | learned the importance of flexibility
WES. and problem-solving in real operational
environments.
/@ * | also came to appreciate the
7 collaborative effort required to support
* Full LTAO Loop Close: Acquire 4 world-class astronomical observations.

LGSs to 4 LGS-WFSs . « This experience has further motivated
simultaneously and aim to achieve me as an instrument developer, and |

full LTAO loop close in the next

engineering observation, am deeply grateful for the opportunity.



