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Roles	
  of	
  the	
  PI	
  type	
  instrument

1. Unique	
  science	
  capability

• Complementary	
  to	
  the	
  large	
  facility	
  instrument

• Can	
  be	
  a	
  single	
  purpose	
  science	
  to	
  pursue	
  the	
  PI’s	
  own	
  science	
  

2. Test	
  bed	
  of	
  the	
  latest	
  technology	
  for	
  future	
  instrument	
  

3. Flexible	
  operaEon	
  compared	
  to	
  the	
  large	
  facility	
  instrument

• Short	
  turnaround	
  Eme	
  (<5	
  yrs)	
  from	
  development	
  to	
  science	
  output	
  

• Promote	
  small	
  scale	
  development	
  by	
  University	
  and	
  provide	
  a	
  good	
  educaEonal	
  ground	
  
for	
  graduate	
  students

Subaru	
  encourages	
  to	
  carry	
  in	
  the	
  PI	
  type	
  instrument	
  for:
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Current�Status�:�Towards�Cool�
Down�Test�#5
� Installation�and�Assembly�of�
components�completed�
yesterday,�except�for
� Collimator�lenses
� Grisms +�order�sort�(OS)�filters
� BB�Filters�for�the�red�arm
� Dichroic�Mirror
,�which�will�be�installed�in�the�next�
coolͲdown�test�in�October

� Now�vacuuming�for�coolͲdown�
test�#5
� PreͲcooling�will�start�on�next�
Monday�(24�Aug)

2015/8/20

MIMIZUKU

Acceptance of 
SWIMS/MIMIZUKU　
are now under 
review process.
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ExisEng	
  PI	
  type	
  instrument
Kyoto-­‐3DII:	
  	
  Visible	
  IFU	
  sepctrograph	
  and	
  Fabry-­‐Perot	
  imager	
  	
  

(PI:	
  H.	
  Sugai	
  at	
  IPMU)

-­‐ Used	
  with	
  AO188	
  at	
  NsIR,	
  which	
  provides	
  FWHM~0”.1	
  at	
  R-­‐band.	
  
-­‐ Provide	
  the	
  only	
  IFU	
  capability	
  at	
  the	
  Subaru
-­‐ IFU	
  mode	
  was	
  successfully	
  commissioned	
  with	
  AO188	
  at	
  2012
-­‐ CCD	
  was	
  replaced	
  from	
  EEV	
  to	
  Hamamatsu	
  FDCCD	
  in	
  S15B	
  
-­‐ Large	
  sensiEvity	
  improvement	
  at	
  around	
  9000A	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

because	
  of	
  high	
  QE	
  and	
  low	
  RO	
  noise.

We have completed the CCD system upgrading, including CCD, readout system, dewar, and refrigerator, of the Kyoto Tridimensional Spectrograph II 
(Kyoto3DII) on the Subaru telescope, and carried out observations with the new system. 
Kyoto3DII is installed at the Nasmyth focus and used with AO188. This provides us the unique opportunities of optical Integral Field Spectroscopy 
(IFS) with adaptive optics (AO). Despite that AO188 can improve the spatial resolution in the red wavelength region, quantum efficiency of the 
previous CCD was low there with optimization for a wider wavelength coverage at the Cassegrain focus. To optimize Kyoto3DII to AO188 
observations, we have newly installed the red-sensitive Hamamatsu fully depleted CCD, which enhances the total efficiency by a factor of ~2 in the 
red wavelength range. Fringes are dramatically reduced thanks to the thick silicon layer of the new CCD, and the readout noise drops to 3.2-3.4e-, 
smaller by a factor of ~3 than that of the previous CCD, due to the newly installed refrigerator and readout system. With these improvements, we 
carried out engineering and scientific observations on September 23 and 24. We found the spatial resolution of ~0.1arcsec FWHM by using a 9.5 
magnitude star in the Natural Guide Star mode and ~0.2 arcsec in the Laser Guide Star mode. We will present the performance of the instrument with 
the new system based on the observational data as well as the preliminary results of the high-resolution IFS observations of nuclei of nearby galaxies.

Subaru Users Meeting 2015FY

CCD System Upgrading of the Kyoto3DII and IFS
Observations with the New System
○Kazuma Mitsuda, Yasuhito Hashiba (Univ. of Tokyo), Yosuke Minowa, Yutaka Hayano
(NAOJ), Hajime Sugai, Atsushi Shimono (Univ. of Tokyo), Kazuya Matsubayashi (Kyoto Univ.),
Takashi Hattori, Yukiko Kamata, Shinobu Ozaki (NAOJ), Mamoru Doi, Shigeyuki Sako 
(Univ. of Tokyo)

① Overview of the Instrument ② New Dewar for the new CCD

③ Performance of the Kyoto3DII with the new CCD system
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● Observation of a standard star 

The central ~3.1”x3.1” area is extracted by the enlarger, divided into 
37x37 multi-pulil images by the lenslet array, and dispersed by the 
grism.

● Integral Field Spectroscopy with lenslet array

● Instrument parameters

Light (from AO188)
Enlarger

Lenslet array Grism
CCD

w/ dispersion

3D: x + y + λ
Dispersion Direction

2D: x + y
3.1”(37lens)

3.
1”
(3
7l
en
s)

w/o dispersion lens for sky

Image of 
each pulil

Fig. 1. Optical design of 
the Kyoto3DII
(Sugai et al. 2010)

Field of view 3.1”x3.1 Spectral resulution R~1200
Spacial scale 0.084”/lens Wavelength

range[A]
Grism No4: 6400-7400

Spatial resoluton ~0.2” FWHM w/AO* Grism No5: 7200-9200

● Development of the new dewar
We have designed and developed a new dewar 
with a help of Advanced Technology Center in 
NAOJ. We install a fully-depleted Hamamatsu 
2kx4k CCD which has high QE in the red-
wavelength region. The CCD is cooled down to 
-100 degreeC by a small, inexpensive stirling 
cooler produced by Twinbird Corporation. The 
CCD temperature is controlled by a heater 
attached to the copper plate just behind the 
CCD. Vacuum is kept down to 3x10-6 Torr by 
activated charcoal attached to the copper plate 
in the cold path.

As the vibration of the cooler may affect the imaging performance of 
the instrument, we insert a shock absorber between the cooler and 
dewar. We have measured the vibration amplitude of the CCD. We find 
it is reduced to ~1/5-1/10 pixel using the absorber.

＊The AO observation requires a star brighter than V=14.9 mag within 
20-30” from the target in the Natural Guide Star (NGS) mode. In the 
Laser Guide Star (LGS) mode, a tip-tilt guide star brighter than 16.7 
mag within 82” is required.

Spectrum at
each lens

CCD

● Reducing the vibration from the cooler

Fig. 3. Fully-depleted Hamamatsu 
2kx4k CCD installed in the dewar. Fig. 4. Cold path and activated 

charcoal attached there.

Fig. 5. Shock absorber inserted 
between the cooler and dewar. 
One is in the middle part and 
the other is in the top part of 
the dewar.

Fig. 6. Reduction of the vibration from the cooler. (a) Experiment to measure the 
vibration amplitude of the CCD using a laser displacement meter. Vibration 
amplitude with (b) and without (c) the shock absorber.
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● High sensitivity in the red wavelength region
Quantum efficiency (QE) of the new CCD is higher than the 
previous one in the red wavelength region (Fig. 7). In the 
observable wavelength of the Kyoto3DII with AO188 is 6400 to 
9200Å.

● Observation of a Seyfert 1 galaxy

We derive the system efficiency from the observational data of a 
standard star (BD+17 4708) obtained on September 23, 2015. 
The system efficiency with the new and previous CCD including 
the atmosphere, telescope, instruments, and CCD QE is compared 
in Fig. 8. As expected from the increase of QE of the CCD, the 
system efficiency becomes higher by a factor of ~2 in λ > 8000 Å.Fig.  7. QE of the new (red line) 

and previous (blue) CCDs. 
λ=6400Å is indicated by orange 
line.

60

100

80

40

20

0

30
00

40
00

50
00

60
00

70
00

80
00

90
00

10
00
0

New

Previous

CC
D 
QE
 [%
]

Wavelength [Å]

Fig. 8. System efficiency (including the 
atmosphere, telescope, instruments, and 
CCD QE) derived from observational data. 
For No.4 grism, blue line shows the system 
efficiency with the new CCD, and cyan 
indicates the previous. For No.5 grism, red 
line shows the system efficiency with the 
new CCD. and magenta indicates the 
previous.

● Low readout noise and fringes
We install the Kiso Array Controller 
(KAC) as a readout system for the new 
CCD. KAC is developed by the Kiso 
observatory of the University of Tokyo. 
Thanks to multi-sampling technic using 
this system as well as newly installed 
cooler, the readout noise reduces to 
3.2-3.4e- rms with 6-time sampling (Fig. 
10). This is about three times smaller 
than the previous CCD.

Fig. 9. Readout Noise as a 
function of multi-sampling 
number.

Fringes are reduced thanks to the 
thick silicon layer. Almost no 
fringes can be found even in the 
l o nges t wave l e ng t h r ange 
λ~9000Å (Fig. 3-4).Fig. 10. Flat spectra with the new (top) 

and previous (bottom) CCDs with No.5 
grism.

New

Prev.

Fig. 11. 2D image slice at 
λ~6800Å. Image size is 
3.1” x 3.1”. Dark area on 
the top is the sky region.

Fig. 12. Radial profile of the 
star at λ~7000Å. 

We successfully carried out observations with the new 
CCD system. We observed a standard star (BD+17 4708) 
in the NGS mode.
As shown in Fig. 
12, FWHM of PSF 
core is ~0.12” at 
λ~ 7000Å. FWHM 
becomes ~0.14” at 
λ ~ 6500Å

We present the preliminary result of the IFS observation 
of the nucleus of a nearby Seyfert1 galaxy (NGC7469). 
This object is observed in the NGS mode. Broad- and 
narrow-line components are spatially resolved thanks to 
AO resolution (Fig. 14).

Fig. 13. 2D image slice at λrest ~ 
6563Å (Hα). Image size is 3.1” x 
3.1”. Dark area on the top is the sky 
regions,

Fig. 14. Spectra obtained at the center (red line here 
and red circle in Fig 3.7), at the position offset from 
the center by 0.49” (magenta line and magenta 
circle), and by 0.98” (cyan line and cyan circle).

Absorber

Fig. 2. Overall picture of the new 
dewar.

12016年1月18日月曜日

K3DII will be decommissioned  
after 3 open-use runs on Feb.

Poster 
presentation by 
K. Mitsuda (IoA)
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HiCIAO:	
  	
  High-­‐contrast	
  imager	
  with	
  AO188
	
  (PI:	
  M.	
  Tamura	
  at	
  Univ.	
  of	
  Tokyo)

-­‐ DI,	
  SDI,	
  PDI	
  with	
  and	
  w/o	
  coronagraph	
  for	
  
expoplanet	
  and	
  disk	
  survey

-­‐ Used	
  with	
  AO188,	
  SCExAO	
  at	
  NsIR
-­‐ Start	
  operaEon	
  since	
  2008
-­‐ SEEDS	
  program	
  (120	
  nights)	
  unEl	
  S15B

Tamura-san’s talk for Science 
results from SEEDS

- Currently, HiCIAO is mainly used with SCExAO.
- HiCIAO team are requesting to extend the operation of HiCIAO+AO188 (w/o SCExAO) mode after 
S16B or later. 
- Review the extension proposal before CfP of S16B to determine the availability of HiCIAO+AO188



ExisEng	
  PI	
  type	
  instrument
SCExAO:	
  	
  Subaru	
  Coronagraphic	
  Extreme	
  AdapEve	
  OpEcs
	
  (PI:	
  O.	
  Guyon	
  at	
  Subaru)

The Subaru Coronagraphic Extreme Adaptive Optics system 11

Fig. 5.— Top row: PSF of SCExAO at 1550 nm with the unpowered DM surface (left). Strong astigmatism is clearly visible. An image
of the instrument PSF taken with the optimum flat map applied with linear (middle-left) and logarithmic (middle-right) scaling. The
image is di↵raction limited and numerous Airy rings can be seen. Image with several artificial speckles applied (right). The dashed ring
designates the edge of the control region of the DM corresponding to a radius of 22.5 �/D or 900 mas at 1550 nm. Second row: Pupil
images showing the unmasked surface of the DM with 5 dead actuators (left), the internal spider mask in place masking several actuators
(middle-left), an image of the PI Guyon (middle-right) and the bat symbol (right). These two images demonstrate the resolution of the
DM. Bottom row: Image of the PSF taken in the laboratory with a laser at 1550 nm, after the conventional PIAA lenses (left), with the
IPIAA lenses (middle-left) as well as with the achromatic focal plane mask (AFPM) (1.9 �/D IWA) (middle-right). (right) An image with
the PIAA, IPIAA and AFPM is shown taken on-sky on the night of the 25th of July 2013 with the full H-band.

is di↵raction-limited. It is clear that the maximum stroke
required for correction near the edges approaches 0.5 µm.
This means that 25% of the 2 µm stroke of the actuators
is used up to flatten the DM.

3.1.2. Wavefront sensing

Wavefront correction within the SCExAO instrument
comes in two stages: low spatial and temporal frequen-
cies are partially corrected by AO188 prior to being in-
jected into SCExAO where a final correction including
higher order modes is implemented. In good seeing con-
ditions AO188 can o↵er 30� 40% Strehl ratios in the H-
band. The high-order wavefront correction, which is the
focus of this section is facilitated by a pyramid wavefront
sensor (PyWFS). The PyWFS is chosen because of its
large dynamic range and its sensitivity properties (Guyon
2005). In its standard implementation, a tip/tilt mirror
modulates the location of the PSF in a circular trajec-
tory which is centered on the apex of the pyramid. This
implementation has been used to correct seeing-limited
light to Strehl ratios as high as 90% in very good seeing
on LBTAO (Esposito et al. 2011) and MagAO (Close et
al. 2013). By removing modulation however, the range
over which the sensor responds linearly to aberrations
is greatly reduced. Hence to utilize a PyWFS without

modulation the wavefronts must be partially corrected
by another sensor initially. With AO188 providing such
a correction upstream, this implementation is possible
with the PyWFS on SCExAO. SCExAO incorporates a
piezo-driven mirror mount (shown in Fig. 3) to provide
the modulation functionality, with the driver carefully
synchronized to the frame rate of the camera. The im-
plementation allows for continuous changes of the mod-
ulation radius (see Fig. 6). Such an architecture enables
the possibility to start with a modulated PyWFS that
has a larger range of linearity and slowly transition to a
non-modulated sensor for maximum sensitivity and the
highest Strehl ratio, as wavefront errors are gradually
reduced.
The PyWFS has undergone laboratory and initial test-

ing on-sky. In its initial format it exploited a micro-lens
array instead of a pyramid optic as it was easier to ob-
tain (pyramid optics need to be custom made). How-
ever, it was determined that although small micro-lenses
have good inter-lens quality, which keeps di↵raction ef-
fects at a minimum, they have a limited field-of-view
which limits their use with modulation. On the other
hand, larger micro-lenses remove this limitation but the
inter-lens quality is poor and results in strong di↵rac-
tion. Hence it was not possible from the 2 micro-lens ar-

SCExAO: high contrast imager in visible and near-IR, capable of imaging circumstellar environments (binaries, exoplanets, disks), 
near the diffraction limit of the telescope.

In near-IR (y, J, H and K band):
• coronagraphs provide high contrast images down to 1-3 lambda/D.
• a low-order wavefront sensor stabilizes the wavefront behind the coronagraph
• speckle nulling improves the contrast on one half of the image plane

In visible (600-940nm):
• the Pyramid Wavefront Sensor provides the cleanest wavefront possible
• 2 interferometric instruments (VAMPIRES and FIRST) can provide analysis of stellar radii, dust shells, or very close binaries              

(down to 10 mas) Slide from J. Lozi
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  PI	
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  instrument
SCExAO:	
  	
  Subaru	
  Coronagraphic	
  Extreme	
  AdapEve	
  OpEcs
	
  (PI:	
  O.	
  Guyon	
  at	
  Subaru)

The Subaru Coronagraphic Extreme Adaptive Optics system 11

Fig. 5.— Top row: PSF of SCExAO at 1550 nm with the unpowered DM surface (left). Strong astigmatism is clearly visible. An image
of the instrument PSF taken with the optimum flat map applied with linear (middle-left) and logarithmic (middle-right) scaling. The
image is di↵raction limited and numerous Airy rings can be seen. Image with several artificial speckles applied (right). The dashed ring
designates the edge of the control region of the DM corresponding to a radius of 22.5 �/D or 900 mas at 1550 nm. Second row: Pupil
images showing the unmasked surface of the DM with 5 dead actuators (left), the internal spider mask in place masking several actuators
(middle-left), an image of the PI Guyon (middle-right) and the bat symbol (right). These two images demonstrate the resolution of the
DM. Bottom row: Image of the PSF taken in the laboratory with a laser at 1550 nm, after the conventional PIAA lenses (left), with the
IPIAA lenses (middle-left) as well as with the achromatic focal plane mask (AFPM) (1.9 �/D IWA) (middle-right). (right) An image with
the PIAA, IPIAA and AFPM is shown taken on-sky on the night of the 25th of July 2013 with the full H-band.

is di↵raction-limited. It is clear that the maximum stroke
required for correction near the edges approaches 0.5 µm.
This means that 25% of the 2 µm stroke of the actuators
is used up to flatten the DM.

3.1.2. Wavefront sensing

Wavefront correction within the SCExAO instrument
comes in two stages: low spatial and temporal frequen-
cies are partially corrected by AO188 prior to being in-
jected into SCExAO where a final correction including
higher order modes is implemented. In good seeing con-
ditions AO188 can o↵er 30� 40% Strehl ratios in the H-
band. The high-order wavefront correction, which is the
focus of this section is facilitated by a pyramid wavefront
sensor (PyWFS). The PyWFS is chosen because of its
large dynamic range and its sensitivity properties (Guyon
2005). In its standard implementation, a tip/tilt mirror
modulates the location of the PSF in a circular trajec-
tory which is centered on the apex of the pyramid. This
implementation has been used to correct seeing-limited
light to Strehl ratios as high as 90% in very good seeing
on LBTAO (Esposito et al. 2011) and MagAO (Close et
al. 2013). By removing modulation however, the range
over which the sensor responds linearly to aberrations
is greatly reduced. Hence to utilize a PyWFS without

modulation the wavefronts must be partially corrected
by another sensor initially. With AO188 providing such
a correction upstream, this implementation is possible
with the PyWFS on SCExAO. SCExAO incorporates a
piezo-driven mirror mount (shown in Fig. 3) to provide
the modulation functionality, with the driver carefully
synchronized to the frame rate of the camera. The im-
plementation allows for continuous changes of the mod-
ulation radius (see Fig. 6). Such an architecture enables
the possibility to start with a modulated PyWFS that
has a larger range of linearity and slowly transition to a
non-modulated sensor for maximum sensitivity and the
highest Strehl ratio, as wavefront errors are gradually
reduced.
The PyWFS has undergone laboratory and initial test-

ing on-sky. In its initial format it exploited a micro-lens
array instead of a pyramid optic as it was easier to ob-
tain (pyramid optics need to be custom made). How-
ever, it was determined that although small micro-lenses
have good inter-lens quality, which keeps di↵raction ef-
fects at a minimum, they have a limited field-of-view
which limits their use with modulation. On the other
hand, larger micro-lenses remove this limitation but the
inter-lens quality is poor and results in strong di↵rac-
tion. Hence it was not possible from the 2 micro-lens ar-

Current performances (preliminary):
• Extreme-AO loop: 

- Commissioning incomplete, has not reached full spec yet.
- Current performance is 70%+ Strehl in H-band on average.           

(nevertheless the best PSF quality ever seen at Subaru). 
- Will approach 90 in the next few runs.

• LOWFS, Speckle nulling and coronagraphs have been 
demonstrated on-sky.

• VAMPIRES is already commissioned, FIRST is being optimized.
• YOU CAN APPLY FOR TIME! 

Zone cleaned 
by speckle 
nulling 

Recent preliminary results:
- kappa And b (left)
- debris disk of HIP 79977 (right)

Future phases:
• mid-2016: commissioning of CHARIS, the Integral Field Spectrograph in NIR
• 2017: commissioning of MKIDS, a new type of photon counting detector, with 

discrimination of energy (low-resolution spectra with no dispersive optics) 

T. Currie et al.

Slide from J. Lozi
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RAVEN:	
  	
  MulE-­‐Object	
  AdapEve	
  OpEcs	
  Science	
  Demonstrator
	
  	
  (PI:	
  Bradley	
  at	
  Univ.	
  of	
  Victoria,	
  collaboraEon	
  with	
  Subaru	
  and	
  Tohoku	
  Univ.)

O.!Lardière!et!al.!!―!!Raven!!―!!AO!Tomography!workshop,!Leiden,!9!July!2012! 8!

Raven,pick%off,mirrors,

Acquisition camera image 

Raven,CAD,Model,

6!

Olivier!Lardière!et!al.!!―!!Raven!Science!Mee`ng!–!!Waikoloa!Beach,!July!25,!2013! 10!

Engineering%field%Fd327+LGS%on%July%2,%2015%14:00UT%

GUI,when,observing,on,sky,

Acquisi`on!Camera!
NGS1!

NGS2!

NGS3!

DM1! DM2!

LGS!

SCI1! SCI2!

NGS1!

NGS2!

NGS3!

SCI2!

SCI1!
-­‐ Simultaneous	
  obs.	
  of	
  two	
  objects	
  within	
  Φ3’.5	
  FOV
-­‐ Used	
  with	
  IRCS	
  at	
  NsIR
-­‐ Test	
  bed	
  for	
  TMT	
  MOAO	
  system
-­‐ First	
  light	
  on	
  May,	
  2014
-­‐ Tested	
  MOAO	
  performance,	
  as	
  well	
  as	
  GLAO	
  and	
  SCAO
-­‐ Science	
  observaEons	
  using	
  open	
  use	
  and	
  staff	
  Eme.	
  

φ~3’.5

Decommissioned on Sep. 2015
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RAVEN:	
  	
  MulE-­‐Object	
  AdapEve	
  OpEcs	
  Science	
  Demonstrator	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

(PI:	
  Bradley	
  at	
  Univ.	
  of	
  Victoria,	
  collaboraEon	
  with	
  Subaru	
  and	
  Tohoku	
  Univ.)

O.!Lardière!et!al.!!―!!OnCsky!MOAO!results!from!Raven!―!SPIE!Montreal,!June!25,!2014! 9!

First,on%sky,AO,results,

10.2 < R mag < 12.8 

AO,
mode,

On%sky,
Ch1$$$$$Ch2$

In%Lab,
Both$ch.$

Simula$on,
Ch1$$$$$$Ch2$

No,AO, 13, 12, 10, %, %,

GLAO, 16, 17, 18, %, %,

model
MOAO, 23, 25, 29,

28,
(5)$

34,
(11)$L&A,

MOAO, 23, 30,
(6)$ %,

SCAO, 32, 41, 45, %, %,

%EE in 140mas @ 1.3 µm 
(SR in %) 

On-sky performance

Lardiere et al. 2014

Science Highlights
Finding metal-poor stars in Galactic bulge
(M. Lamb, K. Venn et al.)

•  In both cases 
(bulge and M22), 
the fields are 
extremely dense, 
allowing for easy 
access to NGS 

 

Guide Stars 
M220

Observations 
•  Observed all targets in different 

modes: 
o  MA8: MOAO  

o  M22 stars: MOAO (swapped arms 
halfway through) 

o  MA11: GLAO 
o  MA14: GLAO 

Echelle spec. of two targets simultaneously 
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  OpenCuse!sicence!(Malte!
Schramm)!

  Total!of!3h!on!target!(H!and!
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~0.2"!(0.1"C0.35")!average!
residual!seeing!

  Raw!image!1.5Chr!animaTon:!
•  4;point$dithering$to$miBgate$

impact$of$bad$pixels$
•  Field$rotaBon$tracking$with$

Raven$K;mirrors$$

  No!science!results!published!
yet,!data!processing!sTll!
ongoing!

Each!image!=!60s!exposure!in!H!band!

Quasar Reference star 

QSO host galaxy imaging
(M. Schramm et al.)

Figure 4 is re-plotted in the top panel of Figure 5, while the
differences between the nuclear spectrum and the extracted
spectra in the circumnuclear environment are shown in the
lower panel. There are similarities among the differenced
spectra in Figure 5, suggesting that the brightest red stars in the
circumnuclear region are uniformly mixed with radius. Many
of the strongest residuals coincide with the CO bandheads, and
the residuals are such that these features are stronger in the
nucleus than in the circumnuclear region. The nucleus thus
contains a stellar mix that differs from that in its immediate
surroundings.

4.3. Comparison with Models

The stellar content of the central regions of Maffei 1 is
explored in this section by making comparisons with model
spectra. The spectra of the central regions of Maffei 1 are found
to contain signatures of an intermediate age population that
contributes significantly to the NIR light, as might be expected
given the broadband IR colors discussed in Section 3.
Comparisons are made with two sets of published models
(Section 4.3.1) and with models constructed from the Rayner
et al. (2009) spectral library (Section 4.3.2). The models are
restricted to SSPs, and a detailed breakdown of the SFR as a

function of time in Maffei 1 will best be done with spectra that
span a broader wavelength interval than considered here.

4.3.1. Comparisons With Published Models

There is only a modest body of published NIR model spectra
that can be compared with the observations, and these models
tend to have a low spectral resolution. For the present work,
model spectra from the Bag of Stellar Tricks and Isochrones
(BaSTI; Cordier et al. 2007) and Maraston (1998, 2005) are
considered. These models have a spectral resolution ∼170.
While having a low resolution, these models have the merit of
covering a broad range of ages and metallicities, and allow
discernible age signatures to be examined. They thus provide a
guide for identifying promising features for more detailed
examination. The Cordier et al. (2007) and Maraston
(1998, 2005) models reproduce some of the broadband
photometric properties of star clusters (e.g., Salaris
et al. 2014), which is an important test of their validity.
Solar metallicity SSP models are shown in the left hand

(BaSTI) and right hand (Maraston) panels of Figure 6. A
Chabrier (2001) IMF was used to construct the BaSTI models,
while a Kroupa (2001) IMF was adopted for the Maraston
models. This difference in IMFs should not be a concern when
considering SSPs at these wavelengths as a large fraction of the
light near 1.6 μm originates from stars that are highly evolved,
and thus span a small mass range.

Figure 4. Spectra of the nucleus and circumnuclear regions of Maffei 1 are
compared with spectra of bright Galactic giants from Rayner et al. (2009). The
“Circumnuclear” spectrum is the average of the extracted spectra in the −0.90,
0.90, and 1.62 intervals indicated in Figure 3. The error bar next to the “Photon
Noise” label shows the ±2σ uncertainty in the nucleus spectrum as estimated
from the mean number of photons from the galaxy and sky. The stellar spectra
have been re-sampled and smoothed to simulate the effective spectral
resolution of the Maffei 1 spectra, including the central velocity dispersion.
The Maffei 1 spectra have been shifted to the rest frame. Various molecular and
atomic features are marked, as are the locations of strong telluric emission
lines. Brackett H emission is not detected in the Maffei 1 spectra. There is a
break in the Maffei 1 spectra near 1.76 μm, which is the wavelength of the C2
bandhead. While there is a feature near the C2 bandhead with the same
wavelength as a night sky line, it has the same strength in the nucleus and
circumnuclear spectra, which would not be expected for a residual sky feature.
This bump also appears in model spectra presented in Figure 7, indicating that
it is not an artifact of poor sky subtraction, but is inherent to the spectrum of
Maffei 1.

Figure 5. Differences between the nuclear and circumnuclear spectra. The
nuclear spectrum of Maffei 1 from Figure 4 is shown in the top panel. The
differences between the spectra have been shifted along the y-axis for the
puposes of display, and the dotted lines indicate zero levels in the differences.
The error bar next to the “Photon Noise” label shows the typical ±2σ scatter
calculated from the mean number of photons and the contribution made by the
sky in the various radial intervals. This noise does not vary greatly from
interval to interval, and so only one error bar is shown. The residuals do not
show systematic trends with radius, suggesting that the bright red stellar
content is well mixed throughout the circumnuclear region. Large residuals
occur in the vicinity of many of the CO bandheads, in the sense that these
features tend to be stronger in the nucleus than in the circumnuclear region.
This suggests that the mix of bright red stars in the nucleus differs from that in
the circumnuclear region.
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ABSTRACT

Near-infrared (NIR) spectra that have an angular resolution of ∼0.15 arcsec are used to examine the stellar content
of the central regions of the nearby elliptical galaxy Maffei 1. The spectra were recorded at the Subaru Telescope,
with wavefront distortions corrected by the RAVEN Multi-object Adaptive Optics science demonstrator. The
Ballick–Ramsey C2 absorption bandhead near 1.76 μm is detected, and models in which ∼10%–20% of the light
near 1.8 μm originates from stars of spectral type C5 reproduce the depth of this feature. Archival NIR and mid-
infrared images are also used to probe the structural and photometric properties of the galaxy. Comparisons with
models suggest that an intermediate age population dominates the spectral energy distribution between 1 and 5 μm
near the galaxy center. This is consistent not only with the presence of C stars, but also with the large Hβ index that
has been measured previously for Maffei 1. The J − K color is more or less constant within 15 arcsec of the galaxy
center, suggesting that the brightest red stars are well-mixed in this area.

Key words: galaxies: elliptical and lenticular, cD – galaxies: evolution – galaxies: individual (Maffei 1)

1. INTRODUCTION

Galaxies that host dominant spheroidal components are
present in large numbers over a wide range of look-back times
(e.g., Mortlock et al. 2013). While spheroids as a group may
share some common morphological characteristics, this is not
indicative of a common evolutionary pedigree. Indeed,
spheroids in the local universe are likely the result of processes
as diverse as mergers (e.g., Barnes 1992) and secular evolution
(e.g., Kormendy & Kennicutt 2004).

Insights into the origins of a spheroid can be gleaned from
the detailed investigation of its stellar content and structural
properties. The central regions of galaxies are prime targets for
such investigations, as the deepest part of the gravitational well
harbors signatures of past events that played key roles in
sculpting the systemʼs present-day appearance. Nearby galaxies
are of particular interest, as their central regions can be
explored with intrinsic spatial resolutions that are not possible
for more distant objects. As a large classical elliptical galaxy in
one of the nearest galaxy groups, Maffei 1 is an important
laboratory for examining the evolution of spheroids in
moderately dense environments. A frustrating complication is
that Maffei 1 is observed through the plane of the Milky-Way,
and efforts to investigate its star-forming history (SFH) are
confounded by foreground extinction and field star
contamination.

Buta & McCall (1999) conducted the first comprehensive
survey of the photometric and structural properties of Maffei 1
and its neighbors. They detected a web of dust lanes that may

or may not be physically connected to the galaxy. They
concluded that (1) Maffei 1 has one of the largest angular
extents of any galaxy, and (2) the light profile follows an r1/4

law, making it a “pure” elliptical galaxy.
Davidge & van den Berg (2001) and Davidge (2002)

observed Maffei 1 with adaptive optics (AO) systems in the
near-infrared (NIR) to characterize the photometric properties
of the brightest resolved asymptotic giant branch (AGB) stars.
Davidge (2002) found that the K-band luminosity function (LF)
of the brightest stars in the outer regions of the galaxy matches
that found in NGC 5128, and argued that these bright AGB
stars are probably among the most metal-rich members of an
old population. Davidge & van den Berg (2005) searched for
globular clusters belonging to Maffei 1, and measured a cluster
specific frequency that is comparable to that in other elliptical
galaxies in low density environments. Candidate blue globular
clusters were also found, hinting at recent star-forming activity.
In addition, Davidge (2002) discovered a blue nucleus in the
central <1 arcsec (<16 pc) that is a source of Hα emission
(Buta & McCall 2003). Fingerhut et al. (2003) found that Hβ in
Maffei 1 has an equivalent width of 3.6Å in absorption, which
is greater than what is seen in the vast majority of nearby ealy-
type galaxies (e.g., Trager et al. 1998).
Wu et al. (2014) resolved red giant branch (RGB) and AGB

stars in Hubble Space Telescope (HST) images of Maffei 1.
While the primary goal of their study was to estimate the
distance to Maffei 1 using the brightness of the RGB-tip, their
observations also provide insights into stellar content. The
brightest AGB stars in their (F110W, F110W–F160W) color–
magnitude diagram (CMD) of Maffei 1 have intrinsic bright-
nesses that are ∼1 mag fainter in F110W than those in an M31
bulge field (Figure 11 of Wu et al. 2014). If the evolved red
stellar content of the M31 bulge is similar to that of other
spheroids (e.g., Davidge 2002), and if the brightest stars in the
M31 bulge CMD are not disk interlopers, then this difference in
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First MOAO science paper published 



Upcoming	
  PI	
  type	
  instrument
IRD:	
  	
  Infrared	
  Doppler	
  Spectrograph	
  	
  	
  (PI:	
  M.	
  Tamura	
  at	
  Univ.	
  of	
  Tokyo)

Fiber 

(Comb)

Fiber 

(star)

Overview of the IRD instrument

Coudé Room

Spectrometer system

(Coudé room)

Fiber injection system

(AO bench)

spectrometer

Laser frequency comb

(IR Observing floor)

Laser Comb

Resolution: R=70000

Wavelength: 0.97-1.75um

Cryo: 70K (detector), 200K (optics)

Mode scrambler

Star light

From AO

Slide from T. Kotani

Next Sato-san’s talk for more detail.

• 2016.1 IRD was shipped from Mitaka to IfA, Hilo
• 2016.3 Detector installation and test at IfA
• 2016.3 Coude room renovation 
• 2016.5  Installation at the summit
• 2016.7  First light 



Upcoming	
  PI	
  type	
  instrument
CHARIS:	
  	
  Coronagraphic	
  High	
  Angular	
  ResoluEon	
  Imaging	
  Spectrograph	
  
(PI:	
  J.	
  Kasdin	
  at	
  Princeton	
  Univ.,	
  collaboraEon	
  with	
  NAOJ)

2 

! Major Science Objective: 
!  Spectral characterization 

!  Exoplanets 

!  Disks  

!  Brown dwarfs  

!  IWA = 3 λ/D = 90 mas 

!  2.07”x2.07” FOV 

!  R~19, J+H+K Band 

!  65-70% Throughput 

!  15% (10% K) Atmosphere � Detector 

!  R~70-90: J,H, and K Bands 

!  55-60% Throughput 

!   ~15% Atmosphere � Detector 

!  Technology Contributions: Crosstalk Mitigation, New Dispersion Modes/Materials 

The CHARIS IFS 

CHARIS 
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Slide from T. Groff



Upcoming	
  PI	
  type	
  instrument
CHARIS:	
  	
  Coronagraphic	
  High	
  Angular	
  ResoluEon	
  Imaging	
  Spectrograph	
  
(PI:	
  J.	
  Kasdin	
  at	
  Princeton	
  Univ.,	
  	
  collaboraEon	
  with	
  NAOJ)
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Current State and Commissioning Plan 

CHARIS is undergoing testing 
•  Flat Fielding with H2RG 
•  Crosstalk Verification 
•  Software tests of Linux-based  

H2RG control 
•  Data Pipeline Final Design 
•  Dispersion Profiles 
•  Qualification of L-BBH2 prism 

Right: Simulation of a dispersed image 
•  CHARIS is built to work with the SCExAO FOV 
•  Wavefront requirements are designed for SCExAO  

coronagraphic image 
•  CHARIS is intended to augment the work done by 

SEEDS and Subaru exoplanet studies 
•  Delivery is scheduled for end of April 
•  Commissioning through July 2016 

Slide from T. Groff



Proposed	
  PI	
  type	
  instruments

Mid-Infrared Multi-field Imager for gaZing at the UnKnown Universe 

Acceptance Review 2015/08/25 
MIMIZUKU team 

Current�Status�:�Towards�Cool�
Down�Test�#5
� Installation�and�Assembly�of�
components�completed�
yesterday,�except�for
� Collimator�lenses
� Grisms +�order�sort�(OS)�filters
� BB�Filters�for�the�red�arm
� Dichroic�Mirror
,�which�will�be�installed�in�the�next�
coolͲdown�test�in�October

� Now�vacuuming�for�coolͲdown�
test�#5
� PreͲcooling�will�start�on�next�
Monday�(24�Aug)

2015/8/20

SWIMS	
  –	
  NIR	
  wide	
  field	
  mulE-­‐color	
  imager	
  and	
  MOS	
  muE-­‐color
(PI:	
  K.	
  Motohara	
  at	
  Univ.	
  of	
  Tokyo)

-­‐ 3’.3	
  x	
  6’.6	
  FOV	
  at	
  Subaru	
  
-­‐ Simultaneous	
  two-­‐band	
  imaging	
  at	
  NIR	
  (zJ	
  and	
  HK)	
  
-­‐ Wider	
  spectral	
  coverage	
  than	
  MOIRCS	
  
-­‐ Proposed	
  to	
  ship	
  the	
  instrument	
  to	
  Subaru	
  on	
  July.	
  
-­‐ Proposed	
  First	
  light	
  wll	
  be	
  at	
  the	
  end	
  of	
  2016.	
  

Konishi-­‐san’s	
  poster

TAO	
  6.5m	
  telescope’s	
  facility	
  instruments. -­‐ Provide	
  opportuniEes	
  for	
  iniEal	
  instrument	
  test
-­‐ Perform	
  early	
  science	
  with	
  Subaru

MIMIZUKU	
  –	
  MIR	
  mulE-­‐filed	
  imager	
  and	
  spectrograph

(PI:	
  T.	
  Miyata	
  at	
  Univ.	
  of	
  Tokyo)

-­‐ Wider	
  wavelength	
  coverage	
  than	
  COMICS:	
  2-­‐26	
  micron
-­‐ Field	
  stacker	
  enables	
  precise	
  photometry	
  in	
  mid-­‐

infrared	
  by	
  simultaneously	
  observing	
  science	
  and	
  
reference	
  objects	
  in	
  the	
  discrete	
  two	
  fields	
  

• Acceptance review for SWIMS/MIMIZUKU has been conducted on Aug. 2015
• SWIMS/MIMIZUKU has not been approved as PI type instruments (reviewing process is ongoing)

Kamizuka-­‐san’s	
  poster



Tentative Schedule of the PI type instruments

• There will be a lot of new instrument activities in 2016 at Subaru 
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Carry-in proposal 
Proposal is reviewed based on:
• Science merit
• Feasibility
• Impact to the observatory

- Infrastructure
- Man power

• Budget
• Schedule

If the carry-in proposal is approved,
• Subaru will support its installation and engineering observation.
- Less supported by the observatory compared to the facility instrument.

• Science time is not guaranteed                                                   
(PI team have to apply for the open use time).



Review	
  process	
  aner	
  the	
  approval	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
of	
  the	
  instrument

• The	
  PI	
  is	
  occasionally	
  requested	
  to	
  submit	
  the	
  status	
  report,	
  which	
  will	
  be	
  
reviewed	
  by	
  the	
  internal	
  review	
  commioee.	
  

-­‐ Readiness	
  review:

• before	
  shipping	
  to	
  Hawaii

• before	
  transporEng	
  to	
  the	
  summit

-­‐ Engineering	
  acceptance	
  review

• before	
  starEng	
  engineering	
  observaEon.

-­‐ Final	
  acceptance	
  review	
  

• before	
  starEng	
  science	
  observaEons.



Applying open use time
Requirement
• A	
  fact	
  sheet	
  that	
  summarizes	
  the	
  readiness	
  and	
  the	
  performance	
  

• It	
  must	
  be	
  provided	
  by	
  the	
  PI	
  team	
  before	
  the	
  deadline	
  of	
  the	
  proposal	
  submission.
• Referees	
  will	
  assess	
  the	
  feasibility	
  of	
  the	
  proposed	
  science	
  based	
  on	
  the	
  fact	
  sheet.

• Instrument	
  operators	
  must	
  be	
  provided	
  by	
  the	
  PI	
  team	
  for	
  engineering	
  and	
  science	
  obs.
-­‐ Subaru	
  does	
  not	
  provide	
  a	
  support	
  astronomer	
  for	
  the	
  PI	
  instrument.

Who	
  can	
  apply?
• Not	
  only	
  the	
  PI	
  team,	
  but	
  also	
  general	
  users	
  can	
  use	
  the	
  PI	
  type	
  instrument.

• General	
  users	
  have	
  to	
  obtain	
  permission	
  from	
  the	
  PI.	
  
• Subaru	
  strongly	
  recommends	
  the	
  PI	
  team	
  open	
  their	
  instrument	
  to	
  general	
  users.	
  

ex.) K3DII IFS


