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IRCS

The Infrared Camera and Spectrograph
for the Subaru Telescope

Alan Tokunaga
Institute for Astronomy, Unw. of Hawat

Naoto Kobayashi
National Astronomical Observatory, Japan

1 Introduction.

The IRCS team consists of the authors, Y. Kobayashi (NAQJ), T. Maihara (Kyoto Univ.),
T. Nagata (Nagoyva Univ.), K. Hodapp (IfA), J. Hora (IfA), J. Rayner (IfA), and D. Warren
(Aerospace Corporation).

Our general objectives in the design and construction of the IRCS are:

1. Provide a general-purpose facility camera and spectrograph for 1-5 pm. The original
concept for the IRCS was to make a very simple spectrograph with a slit-viewing
camera. The IRCS is presently very complex; however this will permit much more
complete observations to be made with the IRCS.

2. Take advantage of the tip-tilt secondary and adaptive optics system of the Subaru
Telescope. The IRCS is optimized for 2 pm since at this wavelength we expect to
be able to see most deeply into dark molecular clouds and active galaxies as well as
observe high redshift galaxies. The IRCS is not fully-optimized for diffraction-limited
imaging, since this work will be done with CIAO. Also, the IRCS is not fully-optimized
for wide-field imaging, since this work will be done by the OHS camera.

3. Use the 1024x1024 InSb array (named ”Alladin”). This is the largest infrared array
format that will be available in the near future, and the IRCS will take advantage of
this new technology.

4. Provide the opportunity to make quick changes in the observational program to take
advantage of good weather or seeing conditions. If queue scheduling is implemented,
the IRCS will be able to work on a very diverse set of projects without any instrument
change.

There are two primary scientific objectives of the IRCS. The first objective is under-
standing the origin of stellar masses and solar systems. We can take advantage of the high
spatial resolution of the Subaru telescope to study the morphology of circumstellar material
around young stars and the frequency of companions. With high resolution spectroscopy, we
can study the dynamics of the gas in the inner disks of young stars. The second objective
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is understanding the evolution of galaxies. With the high spatial resolution of the IRCS, we
can study in detail AGN/starburst galaxies, especially those enveloped in dust. Extensive |GHT FROM i iiRes
- 5 k . . “ REFLECTIVE SLIT

imaging and spectroscopic survey of merging active galaxies can be undertaken to under- L

stand the evolution and energy sources of these galaxies. We can take advantage of the large

collecting area of the telescope to study the distribution and nature of high redshift galax-
ies using imaging and low resolution spectroscopy. We expect observe the highest redshift
objects in the K-band (2.2 pum).

FILTER WHEELS

MOV ING FOLD MIRRORS

FOLD MIRROR
60 MAS LIGHT PATH

2 Optical Layout.

The IRCS is composed of 3 sections: (1) the foreoptics; (2) the camera section, and (3) the
spectrograph section. The foreoptics consists of the beamsplitter, the compensator, and the
Offner relay. The beamsplitter transmits the infrared light and reflects the optical light to -

the Wave-Front Sensor of the Adaptive Optics System. The compensator provides optical

compensation for the aberrations introduced by the beamsplitter substrate. The Offner relay

provides a 1:1 relay of the telescope image plane onto the slit of the spectrograph. It also

moves the telescope focal plane to a more convenient position. 5 *

MEXT ASST| W ese3 foarp 01/03s99 L CAMIRA OP1IEY

PUPIL VIEWER LIGHT PATH @\ | T
The |camera section] provides two pixels scales for imaging and for slit- viewing. One 23 MAS LIGHT PATH ~
of the essential functions is to provide slit-viewing while taking spectra with the spectro- y yyyyyy o
graph section. The camera section also provides direct imaging (with the slit replaced by a 4., "E?"“’“ ,:: T";,‘,.":”
mirror), and low and moderate- resolution spectra with grisms. When used with the grisms,
there will be a reflective slit provided by the slit wheel. The optical layout of the camera Figure Nes Crlinomiseeticn
section is shown in Figure 1.

The Lspectrograph sectionJ consists of a cross-dispersed echelle spectrograph that is LIGHT REFLECTED FROM SLIT
optimized for the K-band. The entire K-band can be observed with two echelle positions. 12 haMERn SEUTIEN \/
At the L-band and M-band, multiple positions for the echelle and cross-disperser will be ECHELLE
needed, but not all wavelengths can be observed. The optical layout of the spectrograph
section is shown in Figure 2.

4 FROM FORE-OPTICS

IR ARRAY

SLIT WHEEL

3 Major Instrument Specifications.

Pixel scales | X"

Camera no. 1 | 23 milli-arcsec/pixel T
Camera no. 2 | 60 milli-arcsec/pixel

FILTER WHEEL
| Spectrograph | 75 milli-arcsec/pixel | Lk

The 23 milli-arcsec/pixel scale will properly sample the diffraction-limited core of a stellar SPECTROGRAPH CAMERA LENSES

source at 2.2 pm. The 60 milli-arcsec/pixel scale will provide a suitable pixel scale for imaging COLL IMATOR

with the tip-tilt secondary at 2.2 um. There will also be a pupil-viewer in the camera section ﬁ Smah] Pl e m o
to provide alignment to the telescope and to check the telescope emissivity. The spectrograph S STl Tk ISF'EER,“
pixel scale was chosen to provide double-sampling of the smallest slit and to provide sufficient PR TR E) T H

sky in-between the orders (5-9 arcsecs). Figure 9. Soect —_
. Spectrograph section




Grisms (for the camera section)

[ Grism | A [ A/AN]
Grism no. 1 1-2.5 pm 600
Grism no. 2 | J,H,K bands | 1900
Grism no. 3 L band 1400

The available slit widths and lengths will range from 0.10-0.9 arcsec and 24-61 arcsec
respectively. Grisms no. 1 and 2 may be used together for a cross- dispersed mode at 1-2.5
pm. This will permit a spectrum at 1-2.5 pm to be obtained at 2000 resolving power in
single exposure.

Spectrograph section

Wavelength range 1-5.6 pm
Minimum slit width 0.15 arcsec
Maximum resolving power || 20,000 with the 0.15 arcsec slit.
Echelle grating 31.6 lines/mm, 63°.5 blaze angle
Cross-disperser 42.2 lines/mm, 24° blaze angle

The available slit widths and lengths will range from 0.15-0.60 arcsec and 4.8 9.6 arcsec
respectively. The H band can be obtained each in one exposure. The J, H, and K bands
will require two echelle grating positions for each band. The L and M bands will require
multiple echelle and cross-disperser positions for each band. Slit widths up to 0.9 arcsec will
be available (with lower resolving power).

Calculated limiting magnitudes

signal-to-noise= 3, 1 hour integration

Band J H K L M

Center wavelength 1.22 ym | 1.65 pm | 2.18 pm | 3.55 pm | 4.77 pm
Camera 25.4 24.2 23.8 19.2 16.2
Grism (R=500) 22.8 22.3 21.8 —_— —_
Grism (R=2000) 21.6 241 20.6 — —
Grism (R=1000) e e — 16.5 —
Spectrograph (R=20,000) 18.8 18.3 17.8 14.5 12.0

These calculations are for point sources and involve many assumptions. Wherever pos-
sible we have used conservative assumptions. Camera no. 1 and 2 have approximately the
same limiting magnitudes for point sources. The actual sensitivity for the spectrograph sec-
tion will depend on where the wavelength falls within an order; the calculation above is only
a rough estimated sensitivity.

4

L,

IRCS

£X1T WINDOW TO WFS BOX

ENTRANCE WINDOW

MOUNT ING BRACKET

VACUUM JACKET

REF: S00-016 (02/02/96)
OPTICAL-LAYOUT-6

Figure 3. the external structure

Status.

The optical design has been completed and the mechanical design is being made final.
Of particular importance for the mechanical design is the mechanical rigidity that is
required. Figure 3 shows the external structure of the IRCS. Figure 4 shows the
external structure of the IRCS attached to the Instrument Container top plate.

. External interfaces to the Subaru software and electronics environment is being de-

fined. We expect to begin detailed programming and electronics hardware develop-
ment to begin in the summer of 1996.

One of the greatest concern is the procurement of the 1024 x1024 Alladin array. The
availability of the Alladin array is not fixed at the present time. In the next 3-5
months a definite plan for obtaining the array is expected.

. At the present time, our plan is to complete the cryostat about July 1997, complete

the optics and electronics by Dec. 1997, begin laboratory testing in Feb. 1998, and
delivery of the instrument to Hilo in Dec. 1998.
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Second Announcement
The Seventh Asian-Pacific Regional Meeting of the IAU

August 19 (Mon) - 23 (Fri), 1996
Pusan National University
Pusan, (South) Korea

February, 1995

Dear Colleague:

The preparations for the 7th Asian-Pacific Regional Meeting of the IAU to be
held in Pusan, Korea at Pusan National University from August 19 to: 23, 1296
are proceeding in good order. We are pleased to confirm more than 20 invited
talks and receive more than 100 contributed papers to be presented in the
Meeting so far. We expect there will be about 40 invited talks, about 150
contributed papers, and about 300 participants.

This announcement contains updated information concerning the Meeting
including general information, scientific program, and other matters.
It also contains policy on the financial support for travel and living

expenses.

The registration & accommodation reservation form, the financial support
request form, and the abstract form for the contributed papers are attached

at the end. If you have any question in filling in and submitting these forms,

do not hesitate to contact the LOC secretariat at the below address.
We look forward to seeing you in Pusan this summer.
Yours sincerely,

Hyung Mok Lee, Chairperson

Scientific Organizing Committee:

M. Lee (Korea, Chairperson), G. Al (China),
Andersen (IAU, ex officio),

Budding (New Zealand), S. M. Chitre (India),
S. Chun (Korea), L. Cowie (US),

Hidayat (Indonesia), S. Ikeuchi (Japan),

B. Li (China), J. Monaghan (Australia),
Mould (Australia), J. V. Narlikar (India),
Okamura (Japan), H. M. Tovmassian (Armenia),
Yuan (China)

NUNLOWRmEym

Local Organizing Committee:

H. B. Ann (Pusan Nat. Univ., Chairperson),

H. Kang (Pusan Nat. Univ., Secretary) .,

J. M. Kim (Pusan Nat. Univ.), K. S. Kim (Kyunghee Univ.),

S. S. Kim (Pusan Nat. Univ.), B.-C. Koo (Seoul Nat. Univ.),

D. Ryu (Chungnam Nat. Univ.), K. W. suh (Chungbook Nat. Univ.),
D.-J. Song (Korean Astro. Obs.), T.-S. Yoon (Kyungpook Nat. Univ.)

contact Address:

Secretariat, IAU Regional Meeting
Dept. of Earth Sciences

Pusan National University

Pusan, 609-735

Korea (South)

phone: +82-51-510-2702 (1626 for message)

fax: +82-51-513-7495
email: iauap@astrophys.es.pusan.ac.kr
WWW http://mercury.es.pusan.ac.kr/IAUap/IAUap.html

GENERAL INFORMATION
Location

The meeting will be hosted by Pusan National University. The venue for the
meeting will be Main Conference Auditorium in the Administration Building
of the University. Other facilities in the same building will be used for
conference office, poster sessions and other business meetings.

Transportation

Pusan, located in the southeastern tip of the Korean Peninsula, is the
second largest city in Korea. It can be conveniently reached by air
through the Kimhae International Airport, by sea through the Pusan
Passenger Ferry Terminal, or by land.

There are numerous flights between major cities of Japan and Pusan's
Kimhae International Airport by Korean Air, Asiana Air, and Japan Air.
Participants from most countries other than Japan are likely to arrive
in Korea through Seoul Kimpo International Airport. Although there are
several ways to travel to Pusan from Seoul, flying is the most
convenient way because you can change planes at Kimpo Airport fairly
easily. Two Korean carriers, Korean and Asiana Airlines, serve between
Seoul and Pusan very frequently (more than 30 round trips per day).
When you book your flight to Korea, you are advised to include the
domgsFlc portion. Korean carriers provide the domestic portion without
additional charge, if you take an international flight with them.

From Seoul to Pusan (Kimhae Int. Airport) is a 40 minutes flight.

;f you wish to take trains or express buses, please let the LOC know
in advance so we can assist you.

Accommodation

The hotels cloge to Pusan National University are medium or small ones.
Thus we are going to reserve blocks of rooms at several different
hotels. Economical, but more convenient type of accommodation is the
student'g dormitory at the University. There is no private bathroom in
the dormitory, but it is 5 minutes walk from the meeting location. Here
are the choices of the types of accommodation. .

Hotels: Th§ price range of hotels is from $55 - $90 per room per night
(singles and doubles). If you want to share the room, please give
us the name of your roommate in the booking form. Otherwise,

we are not going to assign any roommate Most hotels a
we. ' » re locate
within 15 minutes by bus or subway. ?




Dormitory: $26 per room per night. Share policy is the same as the above. SCIENTIFIC PROGRAM
Meals
The price for meals is not included in the accommodations. There are Session code
numerous restaurants close to the campus. The meal price ranges from
$4 to $10. 1. Sun and Solar System
la. Sun
Tours 1b. Solar System
We are going to arrange a few tours. The Korea Astronomy Observatory 2. Stellar Astronomy
will sponsor a trip to Mt. Bohyun-san Observatory in the afterncon 2a. Stellar atmosphere, structure, and evolution
of August 21 (Wednesday). A recently built 1.8 m reflecting telescope 2b. Degenerate stars and pulsars
is the main facility of the observatory. There will be no scientific 2c. Intrinsic variables, cataclysmic variables, novae, and supernovae

2d. Accretions and accretion disks
3. Interstellar Medium and Galactic Astronomy
3a. General interstellar medium

session during this trip. This will be free of charge.

For those who want to do sightseeing, we will arrange two trips:

(1) August 20 (Tuesday) afternoon: A half day trip to nearby Buddhist 3b. Planetary nebulae and supernova remnants
Temples. There are numerous temples throughout the country. Two 3c. Molecular c}ouds and HII regions
very prominent temples are very close from Pusan National University: 3d. Star formation, young stars, T Tauri stars, and H-H objects
Pomosa and Tongdosa. They are both more than 1000 years old. 3e. Globular clusters and stellar dynamics
The charge for this trip to two temples will be approximately $15 3f. Milky Way and galactic center
and tickets can be purchased at the registration desk. 4. Extragalactic Astronomy and Active Galactic Nuclei
4a. Elliptical, spiral, and irregular galaxies
(2) August 21 (Wednesday): A whole day trip to Kyungju, an ancient 4b. Active galaxies
capital of Shilla dynasty for more than 1000 years. This city is 4c. Quasars
full of ancient remains of culturally rich Shilla dynasty 4d. Evolution of galaxies and clusters of galaxies
(56 BC - 935 AD). The price for this trip will be approximately 5. Large Scale Structure and Cosmology
$30, including box lunch. The tickets will be available at the 5a. Intergalactic medium
registration desk. Note that There will be a half-day (Morning) session 5b. Large scale structure

5c. Early universe and cosmology
5d. Gravitational lensing
S5e. Gravity

on this date.

Banguet : )
There will be a conference banquet at a Dongrae Tourist Hotel Restaurant 6. High Energy Astrophysics
on August 22 (Thursday). The cost for the banquet will be approximately fa. Cosmic ray astronomy
$20 per person and tickets will be available at the registration desk. 6b. Gamma ray astronomy

6c. Relativistic astrophysics
7. Instruments

Summary of Events:
7a. General

August 18, evening: Opening reception at PNU
[Free of Chargel 8. History and Education
August 20, Afternoon: Tour to near Buddhist temples. 8a. History of astronomy
(approximately $15). 8b. Astronomy education
August 21, whole day: A day trip to Kyungju 9. Miscellany
(approximately $30).
August 21, afternoon: Tour to Mt. Bohyun Observatory Tentative list of invited speakers and titles of their talks.
[Free of Charge]
August 22, evening Conference Banguet 1. Sun and Solar System
(Approximately $20) T. Watanabe (Japan): Results from the YOKOH satellite
G. Ai (China, SOC): TBA
Visas C. Fang (China): Spectral Diagnostics of Energetic Particles in Solar
A valid passport is required for entry into South Korea and participants Flares
from most countries also require a visa. Consult with the Korean Embassy in S. Eghamberdiev (Uzbekistan): International Helioseismological
your Country. ’ IRIS project
S. J. Kim (Korea): TBA
H. S. Yun (Korea): TBA

2. Stellar Astronomy

E. Vishniac (USA): Magnetic Fields in Stars and Disks

A. Ray (India) : Evolution of stars leading to type II Supernovae
- the role of weak interaction mediated reactions.

D. Manchester (Australia) : Pulsars

K. Sato (Japan) : Mechanism of collapse-driven Supernova

: and neutrino emission
E. Budding (New Zealand, SOC): TBA

W. Tobin (New Zealand): Eclipsing binaries in the Magellanic Clouds

36 Inte;stellar Medium and Galactic Astronomy
C. Heiles (USA): The Galactic magnetic field

—24— —25—



P. McGregor (Australia):A Varying Mass-To-Light Ratio In The
Galactic Center Cluster
Y.-W. Lee (Korea): TBA
g. §. Hong (Korea): TBA
Extragalactic Astronomy and Active Galactic Nuclei
Fabbiano (USA): TBA
Inoue (Japan): VSOP: Space VLBI Project
Colless (Australia): First results from the 2dF galaxy redshift survey
Hunstead (Australia): The damped Lyman alpha absorption systems:
probes of galaxy evolution at high redshift
Mould (Rustralia, SOC): The Extragalactic Distance Scale
Yuan (China): Resonance Excitation and Spiral-ring Structure
of Disc Galaxies
A. Petrosian (Armenia):Present status of the studies of
Markarian galaxies
H. Tovmassian (Armenia): Observation of OB Stellar Associations with
the Space Telescope Glasar
D.-W. Kim (Korea): TBA
Large Scale Structure and Cosmology
Varun Sahni (India): Dynamical and statistical aspects of the
formation of large scale structure
5.V. Dhurandhar (India): Gravitational Waves: Sources and Detectors
K. Subramanian (India) : The generation of large scale magnetic field
in galaxies

PEREQG,

SIS

g. Ikeuchi (Japan, S0OC) : Evolution of the Universe Probed by Quasar
Absorption Systems.

J. Narlikar(India,SOC): Alternative Cosmology

R. Cannon ({Australia): TBA

L. Cowie (USA): TBA

S. M. Chitre (India, SOC): TBA

J. Ibrahim (Indonesia): TBA

J. Hesser (Canada): Formation of the Galaxy

S. J. Rey (Korea): TBA

High Energy Astrophysics

L. Drury (Ireland): TBA

I. Axford (New Zealand): Cosmic ray or Solar wind

R. A. Sunyaev (Russia): Observational Properties of Accreting Black
Holes in X-ray Binaries. Results of Granat and Mir Kvant

Spacecrafts
Instruments
M. Iye (Japan): Japan 8m telescope: SUBARU project
M. Doi (Japan): Wide-field imaging with mosaic CCD cameras
H. Inoue (Japan) : Results from the ASCA Satellite
<. Okamura (Japan,SOC) : Sloan Digital Sky Survey
v. Kozai (Japan): TAMA 300 Project

History and Education

D. V. Duc (Vietnam): Physics Research and Education at Vietnam
National Institute of Physics

E. Parsamian (Armenia): TBA

R. K. Kochhar (India): Astronomy in India: A Historical Perspective

5. Isocbe: An important role of astronomy to educate global
environmental problems

C. Park (Korea): TBA

Contributed papers

The subjects to be discussed in the meeting include all areas of astronomy,
astrophysics, and related topics. Authors should send abstracts using

the abstract form attached at the end. Please classify your paper according
to the session code listed in scientific program above and £fill the
appropriate session code in the "category" space in the abstract form. The
abstract should be written in plain text or in plain TeX formats and should
not exceed more than one page in length.

AlSQ please indicate your preference for oral or poster presentation. Onl
limited num?er of papers will be assigned to oral sessions and the rést tg
poster sgss;ons. Oral presentations will be approximately 10 to 15 minut

in duration. The lecture room will be equipped with a 35 mm slide proje is
and a standard overhead projector. Individual poster papers will bg JeeEer
allotted a.space of approximately 1 m by 1 m. Other interactive audio/
visual equipment will be available upon request. °

Deadline of abstract submission: May 31, 1996

Proceedings

Proceedings will be published as a suppl i
1 plementary issue of
Korean Astronomical Society. Y B AR

OTHER MEETINGS

During Fhe meeting, there will be many lively meetings on special topics
along with t@e scientific sessions. We will reserve several small seminar
rooms for this purpose. The subjects brought up so far include:

1) Radio ?requency allocation in Asian-Pacific region.
2) Establishment of Asian-Pacific astronomical journal.
3) Collaboration in space astronomy programs.

Please let the SOC know in advance if i i i
yvou wish to have disc i
other than those list above. peston sessions

POLICY FOR FINANCIAL SUPPORT

We hope to ?e able to provide support to as many participants as possible
put thelava}lable funds for financial support are limited. Our policy '
is to d15t¥1bute the funds on the ‘needy’ basis. Participants are encouraged
to use their own funds, if possible, so that we can support other s

participants with more needs. Please note that i
i i the ‘full su '
provided only for exceptional cases. ehs Wi be

In the financial support request fo
: rm attached at the end, please i i
the estimated amount of expenses necessary. : Pl

REGISTRATION

Registration Fees
Early Registration (before May 31, 1996)
Regular: $100 (US Dollar)
Student: $50 (US Dollar)
Late Registration (after June 1, 1996)
Regular: $120 (US Dollar)
Student: $60 (US Deollar)

IMPORTANT DATES

M : i
arch 31, 1996: Deadline for the receipt of the financial support

request form.
Notification of financial support.
Deadline for the receipt of early registration and
the accommodation reservation form.
Deadline for the receipt of abstracts from
.t@e participants wishing to present papers.
Ma1¥1ng of the third (and final) announcement.
Regl§tration desk opens at Pusan Nat. Univ.
Meeting sessions at Pusan Nat. Univ.

May 1, 1996:
May 31, 1996:

May 31, 1996:
June 30, 1996:

August 18, 1996:
August 19 - 23, 1996:



The Seventh Asian-Pacific Regional Meeting of the IAU

REGISTRATION FORM
(deadline: May 31)

If you wish to participate the Meeting, please £fill this form.

LAST NAME:

FIRST NAME AND MIDDLE INITIAL:

INSTITUTION:

ADDRESS:

E-MAIL ADDRESS:

PHONE NUMBER:

FAX:

Paper presentation:

__ I wish to present a contributed paper.
__ I will not present a paper.

Accommodation:

__ Hotel:
Occupancy
__ Single
__ Double (Roommate: )
Rate
___ Best (around $90 per room per night; $50 deposit)
___ Medium (around $65 per room per night; $50 deposit)
___ Cheaper (around $55 per room per night; $50 deposit)

___ Dormitory: ($26 per room per night; $26 deposit)
Occupancy
__ Single
__ Double (Roommate: )

I will find one by myself.

Arrival date and time

Departure date

Tours: (Please check here if you wish to participate in the tours. The tickets

will be sold during the conference.
___ A half day trip to Buddhist temples on August 20.
__ A day trip to Kyungju on August 21.
A half day trip to Mt. Bohyun Observatory on August 21.

Payment information:

Registration:
Early Registration Fee (before May 31):.
Regular: $100 Student: $50 (US Dollar)
Late Registration Fee (after May 31):
Regular: $120 Student: $60 (US Dollar)
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