Etsuko Mieda et al.
Laser Guide Star Facility for LTAO and GLAO at Subaru
Telescope

In this paper, we present a laser guide star facility (LGSF) aspect of the upcoming laser tomography adaptive
optics (LTAO) and ground layer (GL) AO systems at Subaru Telescope. For the LTAO system, a TOPTICA
laser will be split into four beams and launched all together from one center-launched laser launch telescope
(LLT). For the GLAO system, we will use one more TOPTICA laser, split each into two, and launch them by
four separate LLTs from the center section of the telescope to construct a wide asterism. We expect to install
the first TOPTICA laser in a single-beam configuration for single conjugated (SC) AO in 2020, a four-beam
configuration for LTAO in 2022, and a wide-asterism configuration for GLAO in 2025.
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Table 1. Configuration summary

SCAO LTAO GLAO
Number of LGS 1 4 4
Number of laser 1 1 2
Power per beam >20 W >5W >10W
On-sky brightness (Rmag) <85 <10.0 <9.25
Number of LLT 1 1 4
LLT location Center launch Center launch Side launch
Asterism rotation N/A Fixed with respect to sky ~ Fixed with respect to telescope
Asterism radius N/A Adjustable bertween 5 to 15" 2,3,5, 10
WFS system Current curvature Additional 4 SHWFSs New 4 SHWFSs for

WFS in AO188 behind AO188 GLAO system

Expected first light 2020 2022 2025

SCAO

1BEAM
CONFIGURATION

Mirror-based relay
@ Truss and Top ring

Laser head and optics
'@ Center section

Telescope Truss

Electric Cabinet]
@NsIR

NsIR/NsOpt platform Center Section

Figure 2 Single-beam configuration for SCAQ. The system can be Figure 3 CAD model of Subaru Telescope and new LGSF compo-
split into four sections according to the locations (NsIR, CS, Truss, nents at NsIR, CS, TR, and LLT.
and LLT) along the telescope.
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Figure 4 Diagnostic bench at CS. The power and polarization are  Figure 5 Zoomed images of our new relay structure at different locations. (A) Interface between the diagnostic

controlled by WPs and polarizer while the beam power, wavelength, ~ bench and the relay truss at CS. (B) Front side of TR looking from outside to inside. (C) Front side of TR
and quality are monitored and tuned by a Na cell, PM, and WFSs. lfuckmg ﬁoﬁ inside to outside. (D) TR in a wide field view. (E) Sccondary mirror and LLT. (F) Lever system
o ' o for removable LLT.

WwroFEavyR—%v b

. BEATTY T T — (FSM)
. beam expander (BE)
E—LIF RSV % —(BE)

SN =L, 4 E— LB
R CENMES %355

Figure 6 Our custom-made BE when it is mounted. After consid-
ering requirements from both single- and four-beam configurations,
our BE consists of three lenses on a translation stage whose Gaus-
sian magnification is 6.
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Figure 7 Conceptual optical design of a multi-beam configuration for LTAO. Descriptions of different components
are summarized in Table 2.
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Figure 8 ULTIMATE-configuration for GLAO mode. This is
the final stage of many upgrades and is used with a brand new
GLAO system and a brand new wide-field imagers developed under
ULTIMATE-Subaru project.

Table 2. Optics in LLT enclosure for four-beam configuration

COMPONENTS DESCRIPTION
Configuration switcher Switchers 4- or 1-beam configuration by inserting/removing mirrors
Beam splitter Splits the laser into four beams
Wave plate Controls polarization of each beam
Asterism controller Adjusts separation of beams from 10” to 30” on sky
Prism wedge Shrinks beam separation to shorten optical path
Asterism rotator Rotates the position of the beams on sky for WFSs
Path length adjuster =~ Adjusts optical path lengths for different beam separation
Beam expander Expands all four beams by a factor of 6 at once

SL—Y—EFNENZDICHE
S 4 BOUTH S B4 12 HE

© BWTRTUXLZEZD1H, IODUTHE



