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0 To patrol the entire observable sky (3m) several times a month

0 An array of 4 telescopes, located in Hawaii, each of D=1.8 m,
equipped with a 1.4 gigapixel camera of an Orthogonal
Transfer Array CCD detector (= 40 cm square focal plane)
=>» 7 square-degree FOV with 0.26"” pixels

O Detection of moving, transient, 1 Wide-Field Imaging
and variable celestial objects

ToRE [d Short Duty Cycle
down to very faint limits

_ _ [ Efficient Operations
[ Very deep cumulative sky images


http://www.ntu.edu.tw/chinese/PageN.php
http://www.sinica.edu.tw/index_c.shtml

Wide-Field Optics



http://pan-starrs.ifa.hawaii.edu/public/images-hires/telescope_schematic.jpg

Status of the PS1 System

O Science Consortium operational starting 1 Jan 2009

O Commissioning starting mid-March 2009

O Full survey started May 2010, for duration of 3 years

O Different data release policy (immediate, 1 year, > 3 year)

[0 The Taiwan team has joined, in addition to science
verification, in the SW pipeline developments, data
quality assessment, the Image Processing Pipeline, the
Moving Object Processing System, and Published
Science Processing Subsystem, etc.

O Heavy involvements in solar-system science (Trojans,
TNOs); fast turn-around follow-up observations of PS1
NEOQOs, and comets; lowest-mass members in star clusters;
stellar variability, and large-scale structure



PS1 at 500 days: g,r,i,z,y, band sky coverage and stack
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Palomar Transit Factory

PTF is finding:
1 transient per 20 minutes
1 strong variable per 10 minutes
There are ~ 200 — 300 transients accumulated
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NCU-CalTech Collaboration

PTF science

solar-system objects; stellar activity;
variable stars, cosmological transients, etc.

Development of SED machines; partnered with
Instrument Technology Research Center (ITRC) in
Taiwan; NCU responsible for SEDM software and
analysis pipelines

Possibilities with PTF Il or other big-telescope
projects

To bootstrap Taiwanese OIR astronomy (the TANGO
program)



Image slicing ®© ~ , - Spectrograph
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Focal plane: Spectrograph input Detector
lenslet array (pupil images)

A large FOV IFU and a “rainbow”
camera set for efficient calibration

Scaled Flux (erg s cm™ A™)

SNR per resolution element

bt B LD

6000
Wavelength (A)

R~100 sufficient for classification

SNR per magnitude




Status of the Lulin 2 m Telescope

O PS1 and PTF will find many
peculiar objects/phenomena, and
Lulin will follow them up timely

=» Secure the discoveries

O Equipped with niche instruments, k&
the Lulin 2 m will be very
competitive scientifically

[ Telescope is already, stored In a
warehouse In Talwan

O ...the site is not; recently cleared
the environmental impact study.

O Funding request being resubmitted
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Made by Nishimura


http://www.facebook.com/photo.php?pid=78689&id=100000681517914




First-Light Instrument

® Four-Color Simultaneous Imager

v’ Deep- and fully-depleted CCDs
v'r,i, 2,y bands

=» Simultaneous colors up to 1 micron,
suitable for variability study against a
varying sky

Conceptual Design of the Instrument

-

signal from telescope

DM1

DM5\'

i filter
DM2 |:|
=-r=
S NnlrmEe
| r [ z
i 1
r filter ccpz |
1 computer
[ —Jccor | ¢
Z' filter ' ' H
"""" o :
\ D ------- : : E
CCD3 ! ' L
—1 yfilter v-4--- M-Front2
"""" =™ MESSIAS
| |CCD4 j= === o
__________________ 1

QE (%)

Optical Design

7500

Fully depleted CCD

Spectral Response Characteristics of BI-CCD Without Window No-DC Bias at Reom Temperature

100
FDCCD
0 R Tevaa / L
R A e e T
a0 ¥ i », Suly
.jdt.! s " =
70 f w Y l_\
s A
&0 = NtypelPchb-13-1200umiProcessA H—x -
Iy & Ntype/Pch9-13-71200um/ProcessB LY
1 ¥ & Ntype/Pch8-17-*/200umiProcessC \ W
50 i 7 —=— Ptype/Deep2B & ']
i 1K -' —a— Ptype/ST| AR Y )
N " L
40 — "
0 i L A h‘-_;i =
Rl T T T 7 i W
£ ] J _/'.\:\ l
20 £ 1 -
- T3 .
0 (:(‘D !\\t ::!__
N l'._"---l-ln— | | ‘ile‘_‘.l i
200 300 400 500 600 T00 800 900 1000 1100 1200

Wave Length (nm)




— Dichroic Mirror C —

Incident angle: 37.5 deg.
Total Reflectance & Transmittance]
R > 95% @550 - 675 nm

Ch2.
° e array size: 30.6mm x 61.2mm T> 954 @705 - 900nm
focal ratio: /8 T = 50% @690n:
AR coating on back surface: Pan-STARRS r filter
R < 1.5% ©550-900nm (80mm x 50mm x t6mm}

~Dichroic Mirror A —
Pan-STARRS i filter Incident angle: 30 deg.
{80mm x 50mm x t6mm Total Reflectance & Transmittance]
° cht R > 95% 0550 - 800 nin
array size: 30.6mm x 61.2mm Ligs 5905: ggf‘*g“’ 1050nm
focal ratio: /8 = S
- 21481 i AR coating on back surface:
R < 1.5% @550-1050nm

Pan-STARRS Y filter
(80mm x 50mm x t6mm,

filter cassette (Y) Chd;
array sizo: 30.6mm x 61.2mm
focal ratio: /8

needs a telescope to adaptto ...

Pan-STARRS z filter
(80mm x 50mm x t6mm)

—TDichoc minor B

A Incident anle: 30 deg
Total Reflectance & Transmittancel

R > 95% @800 - 930 nm

T> 954 @960 - 1050nm

T =504 @945nm
AR coating on back surface

R < 1.5% 8960-1050nm

array size: 30.7mm x 61.dmm
focal ratio: /8

NCUcam-1 First-Light Image
Central Part of Emission Nebula M8 (Lagoon Nebula)
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Instrument: Lulin 1-m Telescope + NCUcam-1
Filters: PS1 r' (60 sec x 8), i' (60 sec x 8), z' (90 sec x 8)
Wavelength (nm) Field-of-view: 26.4 arcmin x 13.2 arcmin
Date/Time: 14:53:42 — 15:37:02 on 06 July 2011 (UT)
Observers: Kinoshita Daisuke, Wu Ching-Huang, Chen Tse-Chuan, Shen Pei-Hsien, Huang Ru-Huei
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== Standard Silicon AstroBB e Deep Depletion SiAstroBB = Deep Depletion Si Astro ER1



Instrument
Lab

Prof. IKEDA Yuji, Kyoto Sangyo U (opt. design of 4-color imager)
Prof. KAWABATA Koji, Hiroshima U (advises on CCD imager dev.)
Prof. YOSHIDA Michitoshi, Hiroshima U (advises on CCD imager dev.)

Prof. YANAGISAWA Kenshi, OAO/NAQJ (advises on simultaneous imager dev.)

Prof. SAKO Takashi, STE Lab. Nagoya U (advises on CCD imager dev.)

Prof. SATO Shuji, Nagoya U (general advises on inst. dev.)

Mr. KAWAI Toshihide, Nagoya U (advises on materials, machining, etc.)

Prof. MIYATA Takashi, U of Tokyo (advises on CCD imager dev.)

Prof. SAKO Shigeyuki, U of Tokyo (advises on CCD imager dev.)

Prof. MINEZAKI Takeo, U of Tokyo (advises on CCD imager dev.)

Mr. ZENNO Takahiro, Nagoya U (advises on control software dev.)

Prof. TAKATA Masayuki, U of Electro-Communications (simultaneous control of multiple cameras)
Prof. WEI Ming-Zhi, UCSC (Ucam controler)



Triple-ranged simultaneous 3-color Polarimeter

HLTau =~ ; : B L
| r"‘if SR
HL Tau (B=16.02, K=7.41)
TRIPOL images taken with Polarization Pol Angle
the LOT in August 2011 8 15.01+/-0.62 84 +/- 01
% 14.17 +/- 0.23 87 +/- 01
i 14.19 +/- 0.25 .88 +/- 0.0
XZ Tau (B=10.4, K=7.29)
g 1.48 +/-0.18 .77 +/- 03
- 1.29 +/-0.11 .65 +/- 02

Developed by S. Sato _
i’ 1.51 +/-0.10 -75 +/-01




NCU/Lulin NIR Camera

@ Hawaii-2 RG 2048 x 2048 pixels
€ 13 um pixels

& JHKs filters

€ LOTFOV=15.8’

@ Expected delivery end of 2012
@ To be adapted to the 2 m later

H2RG GBA

SIDECAR ASIC in LGA Package




Conclusions

The Lulin 2 m telescope, though with a tough
start, will be stalled in a few years.

Meanwhile, our participation in PS1, PTF, etc, will
continue to produce good science, particularly in
time-domain phenomena. PS1TW has been a

key member in the inner solar system discoveries.

We are building up OIR instrumentation
capability.

We are keen to collaborate on mid- to large-sized
telescopes.



