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ULTIMATE-Subaru  instrument  plans	
ULTIMATE.Instrument.plans�
1)..Wide(field.imager.
2)..Multi(object.integral.field.spectrograph.
3)..Multi(slit.spectrograph.�

Note:.There.are.three.instrument.plans,.with.wide(field.imager.being.the.highest.
priority.(according.to.the.review.meeting.in.February),.but.we.would.like.to.have.your.
comments.on.the.priority.during.the.workshop..�



Wide-­‐Field  imager:  Baseline  SpecificaAon	
Wide(field.Imager.(WFC).:.overview.

Wavelength.coverage. 0.8(2.5um.

Plate.scale. 0.10”/pix.(TBD). 1pix=15um.

FoV. 4.x.6.8’.x.6.8’.(TBD).
Separation.of.4.areas.

TBD.

Filters.
BB./.MB./.NB..

(+.tunable.filter.?).
see.example.of..

filter.set.next.page..

Detectors. 4.H4RGs.(4k.x.4k).

•  WFC.covers.~14’x14’.FoV.with.~0.1”.pixel.scale.(.although.exact.values.of.these.
parameters.are.still.TBD..Your.input.is.welcome...

•  Tunable.filter.option.is.under.discussion.(recommended.by.reviewers)...
•  The.WFC.is.currently.the.1st.priority.instrument.for.ULTIMATE..
•  We.can.expect.sensitivity.improvement.by.~0.75(mag.for.point.source....

Summary�

φ　<　16	
  arcmin	
  	
  	


See	
  example	
  in	
  the	
  
fact	
  sheet	


The	
  WFI	
  is	
  currently	
  1st	
  priority	
  instrument	
  among	
  the	
  three	
  instrument	
  plans	
  for	
  ULTIMATE.	




Wide-­‐Field  Imager:  Conceptual  opAcal  design	

Design	
  	
 J.	
  Pazder	
  (HIA)	
 T.	
  Yamamuro	
  (OptCraX)	
 T.	
  Yamamuro	
  (OptCraX)	
 Y.	
  Tanaka	
  (Subaru)	


Date	
 5/29/2013	
 3/30/2012	
 3/15/2013	
 9/29/2015	


FoV	
 Φ20'	
  (6'.8	
  x	
  6'.8	
  x	
  4)	
 Φ12'.6	
   11'.5	
  x	
  11'.5	
  x	
  4	
   Φ16'	


Scale	
 0".1/pixel	
 0".08/pixel	
   0".08/pixel	
   0".077/pixel	


Lens	
 14	
 19	
 21	
 8	
  +	
  2	
  mirrors	


Purpose	
 design	
  concept	
 MOS	
  design	
   MOS	
  design	
  with	
  FoV	
  split	
   compact	
  imager	
  with	
  a	
  
large	
  spherical	
  mirror	


Note	
 FoV	
  limited	
  by	
  Φ400mm	
  
CaF2	


FoV	
  limited	
  by	
  Φ400mm	
  
CaF2,	
  feasibility	
  problem	


Layout	


Spot	
  
Diagram	


<	
  ~0".1	
 <~0".15	
 <~0".16	
  but	
  up	
  to	
  0".27	
  at	
  
edge	


<~0".13	




Four  Barrel  Imager  Design  (J.  Pazder,  HIA)	


Φ22’.8	


2’.5	


6’.8	
  x	
  6’.8	




Four  Barrel  Imager  Design  (J.  Pazder,  HIA)	


•  each	
  unit	
  has	
  6'.8	
  x	
  6'.8	
  FoV	
  (0".1/pixel	
  with	
  H4RG)	
  
•  good	
  imaging	
  performance	
  (RMS	
  diameter	
  <	
  ~1pixel=0".1)	
  



Tunable  filter  for  imager  	

• Alternaive	
  to	
  NB	
  filter	
  set	
  
•  Fabry-­‐Perot	
  etalon	
  
•  there	
  were	
  aciviies	
  in	
  developing	
  cryogenic	
  etalons	
  

•  F2T2	
  (Flamingos-­‐2	
  Tandem	
  Tunable	
  filter)	
  
•  TFI	
  (Tunable	
  Filter	
  Imager)	
  for	
  JWST	
  

•  cryogenic	
  and	
  large	
  aperture	
  etalon	
  may	
  be	
  challenging	
  
•  feasibility	
  and	
  expected	
  performance	
  are	
  under	
  study	
  
•  discussing	
  with	
  COM	
  DEV	
  Canada	
  	
  

	
  

Instrument	
 F2T2	
 JWST-­‐TFI	
 ULTIMATE	


spectral	
  resoluion	
 >800	
  (wing	
  suppressed)	
 100	
 ~100?	


wavelength	
 0.95-­‐1.35μm	
 1.5-­‐5μm	
 0.8-­‐2.5μm	


field	
  of	
  view	
 50"-­‐1'.5	
 2'.2	
 ~16'	
  

operaing	
  temperature	
 ~110K	
 ~35K	
 ~120K	


aperture	
  size	
 60mm	
 56mm	
 ~100mm	


locaion	
 telescope	
  focus	
 pupil	
 pupil	




MulA-­‐Object  IFU  spectrograph:  Baseline  SpecificaAon	


Conceptual	
  design	
  by	
  Australian	
  Astronomical	
  Observatory	
  	
  (AAO)	
  
•  Fiber-­‐bundle	
  IFU	
  with	
  Starbug	
  posiioners	
  
•  Re-­‐use	
  MOIRCS	
  for	
  iniial	
  phase	
  observaion.	
  
•  Develop	
  a	
  dedicated	
  spectrograph	
  to	
  increase	
  the	
  number	
  of	
  IFUs	
  and	
  

opimize	
  the	
  opical	
  parameters	
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Table 7.7: Instrument parameters of Starbug based IFU spectrograph
IFUs

Number of IFUs 8-13a

Number of elements per IFU 61 Hexagonally packed
Spatial sampling per element 0.15 arcsec
Total field of view per IFU 1.18 square arcsec
Total patrol area φ ∼ 15 arcminb

Minimum separation between IFUs 25 arcsec
Spectrograph (MOIRCS)

Wavelength coverage 0.9-1.8 µm
Spectral resolving power 500-3000
Dispersion 1.6 Å per pix (J), 2.1 Å per pix (H)
Sampling 2-5 pixels in FWHM

Combined properties
Total efficiency 9% (J), 12% (H)
a This number can be increased by using a new larger spectrograph.
b FoV of the wide field corrector.

Figure 7.16: Block diagram of the starbug-based multi fiber IFU system, showing the sub-systems.
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Simon	
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Table 7.7: Instrument parameters of Starbug based IFU spectrograph
IFUs

Number of IFUs 8-13a

Number of elements per IFU 61 Hexagonally packed
Spatial sampling per element 0.15 arcsec
Total field of view per IFU 1.18 square arcsec
Total patrol area φ ∼ 15 arcminb

Minimum separation between IFUs 25 arcsec
Spectrograph (MOIRCS)

Wavelength coverage 0.9-1.8 µm
Spectral resolving power 500-3000
Dispersion 1.6 Å per pix (J), 2.1 Å per pix (H)
Sampling 2-5 pixels in FWHM

Combined properties
Total efficiency 9% (J), 12% (H)
a This number can be increased by using a new larger spectrograph.
b FoV of the wide field corrector.

Figure 7.16: Block diagram of the starbug-based multi fiber IFU system, showing the sub-systems.
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Wide-­‐Field	
  corrector	
  to	
  compensate	
  the	
  
asigmaism	
  over	
  15’	
  FoV	
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excellent image quality across the entire field of view across all MOIRCS spectroscopic bands, J, H and
K (Figure 7.17). The field plate provides a surface for the Starbugs to move around the focal plane. The
field plate is curved to accommodate the Petval curvature of the telescope focus, ensuring that there is
no defocus across the patrol field.

Figure 7.17: (Left) Ray tracing diagram of the wide field corrector optics, including the field plate.
(Right) Spot diagrams for the Subaru telescope plus wide-field corrector.

Starbug unit

The Starbugs will be located on the underside of the field-plate. The Starbugs adhere to the glass by
creating a negative pressure within the Starbug body, which is routed from an external vacuum system.
The principle of operation of a Starbug is illustrated in Figure 7.18. Each Starbug consists of two
coaxial piezo-electric tubes. The fore-optics and IFU are housed within the central tube. The Starbug
is made to walk by electronically controlling the piezo-tubes such that they extend, contract and bend
as shown by the sequence in the middle panel of Figure 7.18. Precise closed loop control of directional

Figure 7.18: The principle of operation for a Starbug.

and rotational motion is enabled by an on-axis metrology camera, which observes three backlit metrology
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132

fibres (fiducials) on each Starbug, as shown in Figure 7.19. The IFU axis is defined with respect to these
metrology fibres. Additionally there are a number (∼ 16) of circumferential fiducials on the glass-field
plate. Thus, fine positioning is then achieved while the telescope is on target by referencing the Starbug
fiducials to the field-plate fiducials. Acquisition is then achieved by aligning guide bundles to guide
stars.The positional accuracy of Starbugs is better than 5 microns, corresponding to 10 milli-arcseconds
on sky, and typical reconfiguration times are achievable within the time taken to slew the telescope.

Figure 7.19: (Left) Starbugs on a field-plate, showing the green back-lit metrology fibres, and the red
slippers. (Right) Schematic view of the Starbug, showing the payload dock tube, metrology fibres, vacuum
port and wires access ports on the backside. The Starbug system used in the ULTIMATE instrument
shares much of the technology with the TAIPAN system which is currently working in the laboratory
and will be demonstrated its on-sky feasibility in early 2016.

The Starbug fiber positioner is a new technology developed by AAO. The Starbug will be used for
the TAIPAN instrument at the UK Schmidt telescope. TAIPAN is being built by AAO to carry out a
comprehensive spectroscopic survey and to prove the concept of the Starbug positioner, which is proposed
to use on the Giant Magellan Telescope. TAIPAN will start its commissioning in early 2016 and demon-
strate the feasibility of the Starbug technology, reducing the risk for the future ULTIMATE instrument.
The ULTIMATE Starbugs differ from the TAIPAN Starbugs in that they have a larger diameter, carry
a heavier payload, and will operate at a lower atmospheric pressure. Therefore the vacuum necessary
to adhere the Starbugs to the field-plate and allow normal operation will be tested by prototyping the
Starbugs for the ULTIMATE instrument.

Integral field unit

The IFU unit consists of three main components, the fore-optics, the lenslet array, and the fiber array.
These components are aligned and glued into position in a stainless tube and then the tube is inserted
into the Starbug.

The fore-optics magnify the beam from the telescope to provide an appropriate plate scale for the
lenslet array (magnification is about 3.5 to have a lenslet width of 250 µm for a sampling of 0′′.15 per
lenslet). In principle, one could place the lenslet array directly at the focal plane of the WFC without
using the fore optics. However, there are advantages to a larger physical lenslet size. Most fundamentally,
a large lenslet size compared to the fibre core diameter minimize shifts in the pupil image and geometric
focal ratio degradation (FRD). Secondly, small lenslets are not readily available from manufacturers and
are likely to be expensive and to pose a significant risk in meeting the required specifications. AAO has
significant experience working with larger lenslets, having used a 40×25 250 µm lenslet array. Additionally
the use of fore-optics has advantages other than its effect on lenslet size. First, the spatial sampling of

132

Starbug	
  fiber	
  posiioner	
  developed	
  by	
  AAO	
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Table 7.7: Instrument parameters of Starbug based IFU spectrograph
IFUs

Number of IFUs 8-13a

Number of elements per IFU 61 Hexagonally packed
Spatial sampling per element 0.15 arcsec
Total field of view per IFU 1.18 square arcsec
Total patrol area φ ∼ 15 arcminb

Minimum separation between IFUs 25 arcsec
Spectrograph (MOIRCS)

Wavelength coverage 0.9-1.8 µm
Spectral resolving power 500-3000
Dispersion 1.6 Å per pix (J), 2.1 Å per pix (H)
Sampling 2-5 pixels in FWHM

Combined properties
Total efficiency 9% (J), 12% (H)
a This number can be increased by using a new larger spectrograph.
b FoV of the wide field corrector.

Figure 7.16: Block diagram of the starbug-based multi fiber IFU system, showing the sub-systems.
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Figure 7.20: Ray diagram for the ULTIMATE fore optics and lenslet array.

the IFUs could be changed by changing the fore-optics, without changing the lenslet array. Secondly, the
use of fore-optics allows one to incorporate a pupil stop to minimize thermal emission and stray-light. A
ray diagram for the fore-optics is shown in Figure 7.20. The fore optics consist of two plano-convex lenses
that are bonded together. The planar face of the second lens will be coated in a low emissivity material
in order to create a pupil stop at the interface between the two lenses. Additionally the outer surface of
the second lens will also be coated in low emissivity material in order to shield thermal and stray light
from within the Starbug.

The lenslet array samples the image in order to provide spatially resolved spectroscopy. There are
several advantages to using a lenslet array for the sampling, over using a bare fibre array (e.g. PPAK,
MANGA). A lenslet array provides a contiguous field of view with high fill-factor, as it is unaffected by
the cladding of the fibres, which otherwise create dead space in the array. A lenslet array allows the
formation of a pupil on the face of the fibre. Both the size of the pupil, and the focal ratio can then be
chosen so as to optimise the coupling efficiency into the fibre. We will use a 250 µm pitch hexagonally
packed lenslet array with 61 elements will be used. Each lens subtends an angle of 0′′.15 on the sky,
measured from flat-to-flat (Figure 7.20). The microlens array will be bonded to a fibre array. The fibre
array will consist of multi-bore ferrule at the same pitch (250 µm) as the microlens array, and precisely
aligned to it.

The assembly of the IFU with the fore-optics will be prototyped to verify its technical feasibility. The
throughput across the full wavelength range will be measured for the Starbug optics assembly taking
into account internal transmission, AR coating performance and the filling factor of microlens array. The
magnification lens is design to perform close to diffraction limit. This will be confirmed experimentally.
Additionally the method for housing the optics in the docking tube will also be prototyped.

133

Fore-­‐Opics	
  and	
  lenslet	
  array	


134

Fibre cable and slit unit

The fiber core diameter (∼ 35 µm) is determined to include whole pupil image formed by the microlens
array (∼ 29 µm) with some room for misalignment (±3 µm). To accommodate 13 IFUs with 61 fibers for
each along the slit of MOIRCS, the cladding should be less than 120 µm. A separation of 80 µm (TBD)
between fibres along the slit is sufficient to ensure the fibre-to-fibre cross-talk due to the instrumental
PSF is less than 1%, and thus there is no requirement for cladding less than 80 µm (TBD).

For good transmission at λ < 1.8 µm, it is necessary to use a low OH fibre. Figure 7.21 shows the
transmission of Polymicro FI fibre as an example. An alternative to the low OH silica fibres is to use
ZBLAN fluoride fibres to extend the transmission of the fibres into the K band. Historically, K band
fibres have seen only limited use in astronomical applications because of poor transmission and fragility
of the fibres. However, recent developments now make these fibres a viable option. Figure 7.21 shows the
measured transmission of a ZrF4 made by Le Verre Flouré. The ZBLAN fibre has not been well tested
for its handling (e.g., inserting fibres into ferrules at the fibre array, or into V-grooves at the fibre slit)
and the FRD properties. The cost of ZBLAN fibres is likely to be much more expensive than silica fibres.
The K band fibres appear to be very promising, but laboratory tests are necessary to gain experience
and understanding of their properties.

The slit unit will be attached to the spectrograph side edge of the fibre cables. The purpose of the slit
unit is to align the fibres with the MOIRCS entrance slit, and to convert the output back to an f/12.4
telecentric beam. The slit relay optics magnifies the fibre core from fibre slit to the aperture mask, then
the spectrograph optics de-magnifies the mask image so that each fibre is matched to 2 pixels on the
MOIRCS detector, which has 18 µm square pixels. The slit unit will consist of a number of identical
slitlets, each containing 30−40 fibres, each of which feeds its own set of reimaging optics (see Figure
7.22). The entire slit unit will be housed in the MOIRCS fore-dewar, which the fibres enter via a vacuum
feed-through. This will minimise thermal emission from the slit blocks and relay optics. The slitlet
reimaging lenses (zoom lenses and field lens) are mounted into a block of V-grooves. All the fibre slitlets
and all lenses will be bonded to the slit block using cryogenic compatible glue. The output of the fibres
is reimaged onto a mask which follows the curvature of the focal surface of the Subaru telescope (∼ 2425
mm convex toward the spectrograph).

Figure 7.21: Measured transmission of Le Verre Flouré ZrF4 fibre (solid) compared to Polymicro FI
(dotted).

7.4.2 Compatibility with the wide-field imager

The Starbug IFU system can be made to be compatible with a wide-field GLAO corrected Cassegrain
imager, such as the one described in Section 7.2, to reduce the cost of the imager and to avoid frequent
Cassegrain instrument exchange by using the same wide-field corrector (WFC). This assumes that the
image quality achieved by the WFC is sufficient to feed the Starbug IFUs (i.e. the WFC cannot rely on

134

Fiber	
  cable	
  (~30m)	


Silica	
  fiber	
  	
 K-­‐band	
  fiber	
  	
  
(Opional)	




MulA-­‐Object  IFU  spectrograph  
Fiber  bundle  IFU  with  Starbug  posiAoners	


130

Table 7.7: Instrument parameters of Starbug based IFU spectrograph
IFUs

Number of IFUs 8-13a

Number of elements per IFU 61 Hexagonally packed
Spatial sampling per element 0.15 arcsec
Total field of view per IFU 1.18 square arcsec
Total patrol area φ ∼ 15 arcminb

Minimum separation between IFUs 25 arcsec
Spectrograph (MOIRCS)

Wavelength coverage 0.9-1.8 µm
Spectral resolving power 500-3000
Dispersion 1.6 Å per pix (J), 2.1 Å per pix (H)
Sampling 2-5 pixels in FWHM

Combined properties
Total efficiency 9% (J), 12% (H)
a This number can be increased by using a new larger spectrograph.
b FoV of the wide field corrector.

Figure 7.16: Block diagram of the starbug-based multi fiber IFU system, showing the sub-systems.
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Figure 7.22: Schematic view of the slit unit.

the imager to correct any aberrations., if it is also to be used for the Starbug IFU system). To enable
the same WFC to be employed for both imaging and integral field spectroscopy, none of the ancillary
components of the Starbug IFU system must vignette the beam when the Starbug IFU is not in use.
The metrology camera needs to be located above the WFC, but it can be located in the shadow of the
secondary mirror and will not affect the imager. The Starbug electronics and connector plate can be
positioned out of the beam permanently. The bug-catcher, which suppots the Starbug positioners, must
be retractable, such that when the Starbug IFU system is in use it moves under the field plate to position
the Starbugs, and when the Starbug IFU system is not in use, it houses the Starbugs, and moves out
of the beam. Therefore, the compatibility of ULTIMATE with the wide field imager requires sufficient
space between the field plate and the imager to position the Starbugs and bug-catcher, and sufficient
space at the Cassegrain focus to locate the electronics and connector plate out of the beam.

7.4.3 Development plan

The development of the Starbug IFU system will take place in 5 stages, as follows.

Stage 1. Prototyping plan
This stage summarizes the science case, the optical design for the IFU and fore-optics, the stray
light analysis for the fore-optics, the background and performance model, the plan for prototyping
the instrument, and detailed cost analysis for the project. This stage has been completed at the
end of 2015 and documented by AAO (Ellis et al., 2015).

Stage 2. Prototyping and instrument conceptual design
This stage will consist of prototyping and testing the critical components of the instrument: the
Starbugs, IFU, and fibre cable (including K-band fibre). These tests will result in the final concept
design, including the optical design, scattered light analysis, mechanical design and a prototyping
test report, as well as detailed costings and schedule for the next phase. The prototyping and tests
will be carried out in the laboratory at AAO. In addition, further on-sky tests of the prototype
IFUs will take place at the Anglo-Australian Telescope (AAT) or Subaru telescope.

Stage 3. Instrument build and commissioning
This stage will complete the final design, fabrication, assembly and commissioning of the Starbug
IFU system at the Subaru telescope.

Stage 4. Spectrograph upgrade
This stage will involve the upgrade of the spectrograph to increase the throughput, support an
increased number of IFUs and support OH suppression fibres.

Stage 5. OH suppression
This stage will involve the introduction of OH suppression fibres to the fibre feed.
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MulA-­‐Object  Slit  spectrograph:  Baseline  SpecificaAon	


Multi(object.slit.spectrograph.(MOS).

Wavelength.coverage. 0.8(2.5um.

Plate.scale. 0.10”/pix.(TBD).

FoV. 6’.–.16’.(TBD).

Spectral.resolution. ~3000.(0.4”.slit).

Multiplicity. ~100.slits.

Efficiency. ~33%.(J),.~35%.(H,K).

Summary�
•  Technical.study.for.ULTIMATE.MOS.spectrograph.is.very.premature.–.

but.at.this.moment.we.assume.“MOSFIRE(like”.instrument.with.
specification.below...

•  Sensitivity.calculation.follows.next.page...

•  The	
  Specificaion	
  of	
  the	
  Muli-­‐Slit	
  Spectrograph	
  has	
  not	
  been	
  studied	
  yet.	
  	
  
•  Currently,	
  “Keck/MOSFIRE”	
  like	
  spectrograph	
  is	
  assumed.	
  	
  
•  	
  There	
  is	
  an	
  idea	
  to	
  use	
  “MOIRCS”	
  as	
  a	
  first	
  light	
  instrument	
  for	
  GLAO.	
  



MulA-­‐Object  Slit  Spectrograph	


Design	
 T.	
  Yamamuro	
  (OptCraX)	
 T.	
  Yamamuro	
  (OptCraX)	
 Y.	
  Tanaka	
  (Subaru)	
 IRMS	


Date	
 3/30/2012	
 3/15/2013	
 9/29/2015	
 ?	


FoV	
 Φ12'.6	
   11'.5	
  x	
  11'.5	
  x	
  4	
   Φ16'	
 Φ6'	


Scale	
 0".08/pixel	
   0".08/pixel	
   0".088/pixel	
 0".25/pixel	


Lens	
 19	
 21	
 16	
 15	


Muliplicity	
 50-­‐100?	
 50-­‐100?	
 50-­‐100?	
 36	


Resoluion	
 R~3000	
 R~3000	
 ?	
 R~6300	


Note	
 FoV	
  limited	
  by	
  Φ400mm	
  
CaF2	


FoV	
  limited	
  by	
  Φ400mm	
  
CaF2,	
  feasibility	
  problem	


Nasmyth	
  focus	


Layout	




Wide-­‐Field  Near-­‐IR  MulA  Object  Spectrograph  
Conceptual  OpAcal  design  (T.  Yamamuro,  OptCraT)	


Design	
 I-­‐A-­‐1	
 I-­‐A-­‐2	
 I-­‐B-­‐1	
 II-­‐A	
 II-­‐B	


M2	
 current	
 current	
 	
  new	
 current	
 new	


M1	
  shapre	
 current	
 current	
 new	
 new	
 new	


FoV	
 Φ13'.2	
 Φ12'.6	
 Φ16'.2	
 8'.5x8'.5x4	
 11'.5x11'.5x4	


Field	
  fla1ener	
 no	
 yes	
 yes	
 yes	
 yes	


Lens	
 17	
 19	
 19	
 21	
 21	




Wide-­‐Field  Near-­‐IR  MulA  Object  Spectrograph  
Conceptual  OpAcal  design  (T.  Yamamuro,  OptCraT)	


•  FoV	
  (φ12'.6)	
  is	
  limited	
  by	
  D=400mm	
  CaF2	
  
•  RMS	
  diameter	
  <	
  0".15	
  at	
  most	
  posiions	
  and	
  wavelengths	
  
•  mechanical	
  and	
  cryogenic	
  feasibility	
  studies	
  are	
  needed	




MOIRCS  as  a  first  light  instrument	


•  It	
  is	
  almost	
  impossible	
  to	
  develop	
  3	
  instruments	
  at	
  the	
  same	
  ime.	
  

•  Use	
  MOIRCS	
  as	
  a	
  first	
  light	
  instrument	
  (imager	
  and	
  spectrograph)	
  for	
  
GLAO,	
  as	
  suggested	
  by	
  the	
  reviewers	
  during	
  the	
  external	
  review	
  on	
  Feb.	
  	
  

	
  

•  By	
  using	
  GLAO,	
  MOIRCS	
  sensiivity	
  can	
  be	
  similar	
  to	
  or	
  even	
  higher	
  than	
  
MOSFIRE	
  with	
  much	
  be1er	
  spaial	
  resoluion	
  (0”.5	
  à	
  0”.2).	
  

	
  

MOIRCS	
  specificaEon:	
  
•  Imaging	
  …	
  YJHKs	
  &	
  11	
  NB	
  filters,	
  4’x7’	
  fov.	
  
•  MOS	
  Spectroscopy	
  …	
  Low-­‐resoluion	
  (ZYJH	
  &	
  HK:	
  R~500)	
  and	
  the	
  VPH	
  medium-­‐resoluion	
  

(R2000-­‐3400)	
  are	
  available.	
  



2015:	
  Detectors	
  Upgrade	
  Completed!	
  	
  
•  2	
  Hawaii-­‐2	
  RG	
  +	
  Sidecar	
  ASIC,	
  SAM	
  controller.	
  	
  
•  Good	
  readnoise	
  (5e-­‐	
  by	
  10	
  mulE-­‐sampling)	
  
•  BeXer	
  total	
  efficiency	
  	
  

MOIRCS  Upgrade  (nuMOIRCS)




MOIRCS  Upgrade  (nuMOIRCS)


•  2017	
  (?)	
  MLA	
  IFU	
  Installaion	
  (Ishigaki-­‐san	
  in	
  Iwate	
  Univ.)	
  is	
  being	
  planned.	
  

•  New	
  Grism	
  development	
  project	
  is	
  (à	
  Ebizuka	
  san’s	
  Talk).	
  

MLA	
  IFU	
  SpecificaEon	
  
Spaial	
  Sampling 	
  0.2	
  arcsec 	
  	
  
MLA	
  format 	
  9	
  x	
  31	
  lenses 	
  	
  
Field-­‐of-­‐view 	
  1.8arcsecx	
  6.2	
  arcsec	
  

R~1400	
  Hybrid	
  Grism	
  Design	
  (an	
  example)	
  



Summary	


• Wide-­‐Field	
  Imager	
  
•  good	
  image	
  quality	
  (~0".1)	
  over	
  wide	
  FoV	
  (16'-­‐20')	
  
•  opt-­‐mechanical	
  feasibility	
  studies	
  are	
  planned	
  

• Muli-­‐Object	
  Integral	
  Field	
  Spectrograph	
  
•  can	
  uilize	
  exising	
  instrument	
  MOIRCS	
  and	
  the	
  large	
  
FoV	
  of	
  new	
  GLAO	
  system	
  
•  difficulty	
  in	
  K-­‐band	


• Muli-­‐Object	
  Spectrograph	
  
•  Further	
  invesigaion	
  to	
  use	
  MOIRCS	
  as	
  a	
  first	
  light	
  
instrument.	
  
•  Need	
  some	
  more	
  invesigaion	
  for	
  new	
  instrument	
  with	
  
single	
  FoV	
  cases	
  (φ~13’)	
  	
  


