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IRCS

• AO assisted NIR imager and spectrograph

• Wavelength coverage: 
– 1-5 micron (Aladdin III 1024x1024 InSb array)

• Observing mode
– Imaging (20mas, 52mas), FOV~20”x20” or 53”x53” 

– Low-resolution grism spectroscopy (20mas, 52mas, R<2000)

– High-resolution echelle spectroscopy (55mas, R~5,000-20,000)

• History
– 2000 : First light 

– 2001~2005: AO 36  

– 2005: Moved to NsIR and used w/o AO until 2008 

– 2008~: AO188  

– 2011~: LGS mode

– 2013:  spectro-polarization mode

• Stably operated without major problems so far



IRCS: Science Case

• AO assisted high-resolution images
– Resolve high-z galaxies

– High-contrast imaging with ADI mode 

• Thermal infrared (L, M) band imaging/spectroscopy
– SEEDS follow-up --- low-resolution spec. 

– Dust obscured AGN --- low resolution spec.

– ISM (or IGM) --- high-resolution spec. 

– Radial Velocity measurement with NH3 gas-cell  

• Fast readout imaging mode (up to ~160 Hz)
– Lucky imaging

– High temporal resolution (pulsar, flare from SgrA*)



Alternative instruments

• Imaging/low-resolution spectroscopy
– Keck NIRC2 --- AO performance is slightly better

– Gemini NIRI+Altair --- AO performance is almost similar 

– VLT NACO --- low thermal background 

• High-resolution spectroscopy
– Keck NIRSPEC – almost similar to IRCS

– Gemini NIFS (R~5000) – lower spectral resolution than IRCS

– VLT CRIRES – a bit better spectral resolution than IRCS

• The modes not covered by IRCS
– mid-resolution spectroscopy (R=2000-5000)

– IFU (Keck OSIRIS, Gemini NIFS, VLT SINFONI)

Note: all of the alternative instruments are already more than 10 years old (same age as IRCS). 
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Recent upgrade for IRCS

• The usable lifetime of instruments, if not upgraded, is 10 years

• Upgrades increase the productivity of instruments at very low cost

• 2008-2011 AO upgrade (AO36AO188+LGS)
– Number of extragalactic program is increasing

• 2013: New filters, grism
– Follow-up emission line galaxies discovered by MOIRCS survey with Subaru’s unique NB filter 

set 

• 2013: Spectro-polarization mode in YJHK 
– unique capability, which is not available with the similar instruments at the other telescope

• 2014 or Future: TBD
– Expand the wavelength coverage of the polarization mode up to L-band 

Shri Kulkarni’s Subaru Seminar



AO188

• 188 elements curvature WFS and bimorph DM

• Used with IRCS, HiCIAO, Kyoto-3DII, SCExAO, CHARIS, IRD

• History
– 2008 NGS open use
– DM broken 
– 2011 LGS open use

• Alternative
– Keck: (NIRC2, NIRSPEC, OSIRIS)
– Gemini: Altair (NIRI, GNIRS), GEMS (GSAOI, FLAMINGOS, GMOS)
– VLT: NAOS (NACO), SINFONI, CRIRES

• Uniqueness of AO188 
– AO performance is almost same as the other 8-10m telescope AO system
– The area for finding TTGS for the LGS mode is the widest among the AO system at Maunakea

• Weakness of AO188
– No NIR IFU capabilities
– A bit larger overhead due to immature operation procedure 
– Faint LGS (the laser power is the weakest)

Altair limit Keck AO limit



Comparison with the other AO system 
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1. Introduction 
Every major existing optical/IR observatory has made an investment in adaptive optics (AO) and all the 

extremely large telescopes (ELTs) include laser guide star (LGS) AO facilities. A number of existing 

facilities routinely produce refereed science papers based on natural guide star (NGS) AO-corrected 

data. Science with LGS AO has begun on multiple telescopes but so far has only become notably 

productive on the Keck telescopes. This paper provides an overview of existing and planned AO facilities. 

2. AO Facilities and Science on Existing Telescopes 
Table 1 lists the AO facilities that have been commissioned. With three exceptions these are either 

single conjugate NGS or LGS AO facilities. The exceptions are the Gemini-S multi-conjugate AO system 

and the GLAO systems on MMT and SOAR. The LBT and Magellan systems use pyramid wavefront 

sensors with their adaptive secondary mirrors (ASM). The Gemini NICI, Subaru, VLT SINFONI and CRIRES 

AO systems are curvature sensor systems with bimorph deformable mirrors. The remaining systems use 

Shack-Hartman wavefront sensors and piezoelectric deformable mirrors (except for the MMT).  

Table 1: Commissioned AO facilities.  
GS = Guide Star, SCAO = Single Conjugate AO, MCAO = Multi-Conjugate AO, GLAO = Ground Layer AO. 

 

The science productivity for these facilities, as judged by refereed science papers published in 2013, is 

shown in Figure 1. Gemini, Keck, Subaru and VLT were responsible for 15%, 38%, 6% and 35% of these 

papers, respectively. Neither of the GLAO systems has published a science paper to date. A further 

breakdown by high level science category is provided in Figure 2. Keck is a significant contributor in all of 

these categories. Only the 8 m class AO systems currently support extragalactic science.  

System GS

Type Type

Gemini-N 8m SCAO Sodium No NIRI, NIFS NIR Imaging, Spect., IFS     

Gemini-S 8m MCAO 5x Sodium No GSAOI NIR Imaging     

Gemini-S 8m SCAO NGS No NICI NIR Coronagr. Imager   

Keck I 10m SCAO Sodium No OSIRIS NIR IFS, Imaging    

Keck II 10m SCAO Sodium No NIRC2, NIRSPEC NIR Imaging, Spect.    

LBT I 8m SCAO NGS Yes CLIO NIR imaging

Lick 3m SCAO Sodium No IRCAL NIR Imaging    

Magellan 6.5m SCAO NGS Yes CCD, MIRAC visible/MIR imaging  

MMT 6.5m SCAO NGS Yes ARIES, CLIO NIR Imaging, Spectrosc.

MMT 6.5m GLAO 5x Rayleigh Yes ARIES NIR Imaging, Spectrosc.

Palomar 6.5m SCAO NGS No P1640, SWIFT Coronagraph, IFS

RoboAO 1.5m SCAO Rayleigh No CCD Visible imaging   

Subaru 8m SCAO Sodium No IRCS, HiCIAO (PI-mode) NIR Imaging, Spectrosc.    

VLT 8m SCAO Sodium No NACO NIR Imaging    

VLT 8m SCAO Sodium No SINFONI NIR IFS

VLT 8m SCAO NGS No CRIRES Spectrograph

SOAR 4m GLAO Rayleigh No CCD Vis Imaging   

Science Capabilities   Telescope
Adaptive 

Secondary
Science Instruments

from Peter Wizinowich’s presentation at Keck strategy meeting 



AO188 science publication history
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AO science paper publications
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Figure 1: Refereed science papers using NGS or LGS AO data published in 2013 in the journals A&A, AJ, 

ApJ, Icarus and MNRAS (interferometer papers are excluded). Note that Gemini and VLT are each 
shown in a single color with dividing lines inserted between the various AO systems.   

 
Figure 2: Refereed AO papers from Figure 1 sorted by science category and facility. 

The best image quality to date has been obtained with the highest order systems using bright NGS (e.g. 

the Palomar 3000 actuator system and the 585/672 actuator Magellan/LBT adaptive secondary mirror 

and pyramid wavefront sensor systems). The widest field (~85” diameter), high order correction is 

provided by the Gemini MCAO system. However these systems have not yet become scientifically 

productive (reflecting the gap between technical/science demonstrations and a science facility). From 

the science perspective the Keck AO systems have often been referred to as the gold standard. The Keck 

systems offer the highest science performance and thanks to the LGS facilities the highest sky coverage. 

Keck’s leadership in LGS AO science is clearly illustrated in Figure 3.  

For example, integral field spectroscopy behind LGS AO has facilitated the measurements of spatially 

resolved kinematics of high-redshift star forming galaxies. As illustrated in Figure 4, the ability to 

conduct IFS observations with AO is a field largely dominated by Keck. For instance, the recent IFS+AO 

data taken for z~1 galaxies was directly enabled by improved J-band sensitivity resulting from an OSIRIS 

grating upgrade and implementation of the higher performance Keck I LGS AO system. 
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Refereed science paper using AO published in 2013
(from Peter Wizinowich’s presentation at Keck strategy meeting)



Future upgrade for AO188

• New High power laser to make brighter (R~9-10mag) LGS
– TOPTICA fiber laser, which will provide 20W instead of current 4W, is a candidate
– Increase maximum achievable Strehl ratio from current 0.3 (FWHM~0”.1-0”.2) at K to 0.5 (FWHM<0”.1)

• Performance optimization
– Make operation easier 
– Reduce overhead

• M. Liu (IfA) who have used all AO system at Maunakea told me at the Keck strategy meeting that 
performance of AO188 is almost same as Keck-AO, but overhead is much larger for AO188 than Keck AO. 



Extreme AO 
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Table 2: Number of authors and their institutions for papers published in 2012 based on Keck AO 
observations (Wizinowich, PASP 125: 798, 2013). 

 

4. AO Facilities Planned for Existing Telescopes 
The AO facilities currently undergoing on-sky commissioning are listed in Table 3. The first extreme AO 

systems are being commissioned for planet searches around bright stars (V < 10). Both the Gemini GPI 

and Lick upgrade include piezoelectric “woofer” and MEMS “tweeter” deformable mirrors.  

The Keck systems are undergoing a number of upgrades to improve their performance and sky coverage 

(e.g. center launch, new laser, near-infrared tip-tilt sensor, OSIRIS upgrades). In addition on-sky 

demonstrations of both on- and off-axis PSF reconstruction are showing marked success; the goal is a 

Keck facility providing a grid of PSFs across the science field with each science exposure. 

Table 3: AO facilities currently undergoing on-sky commissioning (XAO = eXtreme AO). 

 

Two major facilities are currently being implemented (Table 4). In particular, ESO is currently 

implementing a major new VLT facility with AO systems and science instruments on both Nasmyth 

platforms, an adaptive secondary mirror and four lasers. This primarily GLAO facility is intended to 

provide ensquared energy improvements of ~1.7 to 2 in 0.2 arcseconds over several arcminute fields. 

GALACSI also has a laser tomography AO mode for 5% Strehl at 650 nm.   

Table 4: AO facilities currently in fabrication or design (LTAO = Laser Tomography AO). 

 

System GS

Type Type

Gemini-S GPI xAO bright NGS No GPI hi-con NIR Imaging, IFS      

Keck I upgrade SCAO Sodium No Upgraded OSIRIS + NIR tip-tilt sensor

Keck II upgrade SCAO Sodium No NIRC2, NIRSPEC + new  center launch laser

Lick upgrade SCAO Sodium No ShARCS Imaging, Spectrosc.   

Subaru SCexAO xAO bright NGS No CCD,HiCIAO hi-con NIR Imaging     

VLT SPHERE xAO bright NGS No IRDIS, IFS, ZIMPOL hi-con NIR IFS,Polarimetry      

Science Capabilities   Telescope
Adaptive 

Secondary
Science Instruments

System GS

Type Type

LBT ARGOS GLAO 6x Rayleigh Yes LUCIFER 1 & 2 NIR Imaging, Spect., MOS

GLAO NIR Imaging      

SCAO NIR Imaging     

GLAO 24 Vis IFS      

LTAO 1 Vis IFS     

Keck NGAO LTAO 7x Sodium No Upgraded OSIRIS NIR imaging, IFS

VLT ERIS SCAO Sodium Yes new NACO, SINFONI NIR imaging, IFS    

Telescope
Adaptive 

Secondary
Science Instruments Science Capabilities   

VLT GRAAL HAWK-I

VLT GALACSI MUSE

4x Sodium Yes

from Peter Wizinowich’s presentation at Keck strategy meeting 

• SCExAO with Phase-II capabilities will be available from 2015
• >90% Strehl ratio at H-band is expected

• CHARIS will be delivered to Subaru at the end of 2015, which will provide NIR IFU capability for 
characterizing the atmosphere of exoplanets.

• High contrast imaging is not planned for TMT 1st gen. instruments
• SCExAO could beat early TMT (mid 2020) in this area (Thayne Currie’s Subaru Seminar)

• AO188 (or new AO with adaptive M2) is necessary for Subaru’s ExAO



From Thayne Currie’s presentation at Subaru Seminar (06/12/2014)

SCExAO vs. First-Light TMT

NFIRAOS estimates from Marois et al. 2012
SCExAO: Likely best exoplanet imager in North until 2nd gen TMT (~2030)



Future AO system
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implementing a major new VLT facility with AO systems and science instruments on both Nasmyth 

platforms, an adaptive secondary mirror and four lasers. This primarily GLAO facility is intended to 

provide ensquared energy improvements of ~1.7 to 2 in 0.2 arcseconds over several arcminute fields. 

GALACSI also has a laser tomography AO mode for 5% Strehl at 650 nm.   
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System GS

Type Type

Gemini-S GPI xAO bright NGS No GPI hi-con NIR Imaging, IFS      

Keck I upgrade SCAO Sodium No Upgraded OSIRIS + NIR tip-tilt sensor

Keck II upgrade SCAO Sodium No NIRC2, NIRSPEC + new  center launch laser

Lick upgrade SCAO Sodium No ShARCS Imaging, Spectrosc.   

Subaru SCexAO xAO bright NGS No CCD,HiCIAO hi-con NIR Imaging     

VLT SPHERE xAO bright NGS No IRDIS, IFS, ZIMPOL hi-con NIR IFS,Polarimetry      

Science Capabilities   Telescope
Adaptive 

Secondary
Science Instruments

System GS

Type Type

LBT ARGOS GLAO 6x Rayleigh Yes LUCIFER 1 & 2 NIR Imaging, Spect., MOS

GLAO NIR Imaging      

SCAO NIR Imaging     

GLAO 24 Vis IFS      

LTAO 1 Vis IFS     

Keck NGAO LTAO 7x Sodium No Upgraded OSIRIS NIR imaging, IFS

VLT ERIS SCAO Sodium Yes new NACO, SINFONI NIR imaging, IFS    

Telescope
Adaptive 

Secondary
Science Instruments Science Capabilities   

VLT GRAAL HAWK-I

VLT GALACSI MUSE

4x Sodium Yes

ULTIMATE-Subaru         GLAO          4 x Sodium         YES               Fiber IFU?, Imager?              NIR imaging , IFS   

from Peter Wizinowich’s presentation at Keck strategy meeting 



Summary (IRCS)

• IRCS provides basic functions of 8m class telescope, which are useful for all types of 
astronomy (solar system, exoplanets, galacitc objects, extragalactic).

• Although IRCS is 1st gen. instrument at the Subaru, the demand for using IRCS is increasing 
after AO188 
– Number of the submitted proposals is always at the highest or the second highest after HSC. 
– Keeping the number of the publication at the same level since 2001 

• There are similar instruments at Keck/Gemini which can be used through time exchange 
program, but those are almost same age as IRCS (i.e., there is a risk of the failure or 
decommission). 

• It is not good idea to actively decommission IRCS without making coordinated instrument 
development/decommission plan with Keck/Gemini. 

• Even after AO188 is decommissioned, IRCS can be a unique instrument at Maunakea with 
thermal infrared imaging/spectroscopy capabilities if the Subaru have a deformable 
secondary mirror, which realizes low-background and high Strehl ratio of ~ 1.0 (same concept 
as VLT/ERIS). 

• Without deformable secondary, IRCS is not a competitive instrument at all within several 
years. 



Summary (AO188)

• AO188 provides the similar performance as the other AO system at Maunakea, 
slightly wider FOV for finding TTGS, although the publication record is poor 
compared with the other AO at the 8m class telescopes.

• Number of the extragalactic publications has been increasing since LGS mode was 
opened on 2011 (but still low). 

• Future laser upgrade will make the LGSAO performance of AO188 highest level 
among the SCAO system in the world. 

• Science capabilities with AO188 itself will not be unique at all after future AO 
system becomes available. 

• AO188 (or newAO with ASM) +SCExAO is still a unique ExAO at the northern 
hemisphere even in the era of TMT

• It is not good idea to decommission AO188 without having the other facility AO 
system


