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By USA National Academies of Sciences, Engineering, & Medicine
c 1970 R MR CRRME (1972) : VLA, (HST)

« 1980 £ R @R ~r K4 (1982) : VLBA

s ANHEIHEYTEZEHI (1991) : Great Observatories

« FHHALMR CER XM E (2001) : JWST « ALMA
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https://www.aip.org/fyi/2023/astro2020-decadal-survey-arrives-priorities-major-facilities
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Lulin Observatory

Lon: 120" 52' 25" E

Lat: 23728 07" N

Alt: 2.862 m
in central Taiwan
limited flat areas

Sky 21.28 mag/sq"

Data: 1,450 hrs/yr

One-Meter
(TAOS 50 cm X 4)
SLT 40
LWT40
L35

Experiments of
meteorology, space R et G 3
and earth sciences i e W G W e T
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Discovery of Comet Lulin Discovery of supernovae

Ground support of space programs



Panoramic Survey Telescope And Rapid
Response System (Pan-STARRY) ~ Dreemast

PS1 + PS2 Haleakala, HI, USA
D=1.8 m; 1.4 Gpix

Etendue=50 m*deg?
(84 for Subaru/HSC; 319 for LSST)

Iwicky Transient Facility (ITF) DR1GIPAC |

Palomar, CA, USA ‘
3750 sq deg an hour to 20.5 mag

48 (1.2 m) sky survey 47 sq deg
60” (1.5 m) classification SEDM
200” (5 m) spectroscopy



http://ps1sc.org/Description.shtml
http://ps1sc.org/Description.shtml
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Maunakea Observatory

Subaru Keck 1 & I wrr
e ) o
Submillimeter Valley e s "’* S ORUT
» UKIRT Gemini
UHH24

Active member in East Asian Observatory
O Operations of the JCMT Summit
0 Share use of the CFHT, SMA

O Collaboration with the Subaru
O Allocated time on the UKIRT
O (IR camera) on the UH88

©Richard Wainscoat




George E. Brown, ]r.
Near-Earth Object Survey Act

(2005 A A MR K B) ——

NASA AKX H—FWHH
(1) 4##EZ NEOs g7 ;
(2) B A ELMFTEE
(3) K#E (BL#EL) FE

HE: £ D FAHRHRELARIMOAR (ERE
MK EE ) > WA H RN

1.3 AU ¢y NEOs > ¥ Ll1g3 (detect) ~ 35 it
(track) « 74k (catalog) » Hik bk
(characterization) > #9094 5% %

Near-Earth Object
Survey and Deflection
Analysis of Alternatives

Report to Congress

S

March 2007
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K& A (1920-
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http://upload.wikimedia.org/wikipedia/commons/1/14/GeorgeBrown.gif
http://upload.wikimedia.org/wikipedia/commons/1/14/GeorgeBrown.gif
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http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php
http://www.sinica.edu.tw/index_c.shtml
http://www.sinica.edu.tw/index_c.shtml

NI THAL

Institute for Astronomy
University of Hawai'i at Manoa
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HAWAIIAN ISLANDS

Haleakala
Observatory

Mauna BEfa
Observafories
Astronomers' Mlid-level Facility
& Visitor Information Station

Institute for
| Astronomy
il L University of
L
Hilo ' Hawai'i at Hilo
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World’s largest digital
camera (1.4 Gpix)
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PS4— Mauna Kea, Hawalii

PS1- Haleakala, Maui-
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40 000 —

30 000 —

20 000 —

10 000 —

Cumulative Number Discovered

Near-Earth Asteroids Discovered

H Al
140m+
B 1km+

Most recent discovery: 2023-May-22

0
1980

| [
1990 2000 2010
Discovery Date

https://cneos.jpl.nasa.gov/stats/

— 40 000

— 30 000

— 20 000

— 10 000

2020

Alan Chamberlin (JPL/Caltech)

https://en.wikipedia.org/wiki/Near-Earth_object

Near-Earth Asteroids Discovered

Total per Size Bin (as of 2019-Nov-02)
8 000 —

6 368

Total Discovered

0-30 30-100 100-300 300-1000 1000+

Estimated Diameter (m)
https://cneos.jpl.nasa.gov/stats/ Alan Chamberlin (PL/Caltech)



https://en.wikipedia.org/wiki/Near-Earth_object

Near—Earth Asteroid Discoveries by Survey
All NEAs (as of 2023-Mar-24)

30001 ~3000 M LINEAR
0 NEAT
B GSpacewatch
2500 — 2500 LONEOS
B Catalina
-E 2000 2000 M Pan-STARRS
E B NEOWISE
& W ATLAS
i Ll 1500 | Other-US
E [0 Others
Z 1000 ~1000
500 —_-III ~ 500
L =0
1995 2000 2005 2010 2015 2020
https:/ /cneos jpl.nasa.gov/stats/ Discovery Date Alan Chamberlin {JPL/Caltech)
Near-Earth Asteroid Discoveries by Survey
~1km and larger NEAs (as of 2023-Mar-24)
100 100
B LINEAR
0 MNEAT
80 B Spacewatch
LOMEOS
B Catalina
E B Fan-S5TARRS
E e B NEOWISE
& W ATLAS
_E B COther-US
E 40 [ Others
2
~20
=0

1995 2000 2005 2010 2015 2020
https:/ fcneos. jpl.nasa.gov/stats/ Discovery Date Alan Chamberlin (JPL/Caltech)
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International Astronomical Search Collaboration
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All-Taiwan Asteroid Search Campaign
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Moving Needles in a Haystack === Finding Asteroids in Pan-STARRS Images

Jin, Ruo-Lan (&75R5 ) 1, Dah-Lih You (5K 77) 2 & Shih-chao Lin ( #k1-#H) 3
! Taipei First Girls Senior High 2 Chang-Hua Senior High 3 National Dali High

Between March 28 and May 20, 2011, there is a Pan-STARRS Asteroid Search Campaign using images taken by
the 1.8-m PSI1 telescope located on Haleakala, Maui, in Hawaii, USA. The campaign is organized by the
International Astronomical Search Collaboration (IASC) and in the current campaign drews 32 participating
schools from Taiwan, Brazil, Bulgaria, Germany, Poland, Turkey and United States. Each school was paired

with an oversea partner to work on the same set of 4-5 images every week.

In Taiwan, 3 high schools participated, B 177 X H 55, #2{bE 7, and Jb—22H1. The students are C. Yang &
H. Zeng & Y. Jhao from Chang-Hua, fE2 | (Shung-ding Chen), Z5F% /i (Yi-hsiung Huang), #E24 (Hsueh-

Yy N

min Lin), #RIEFSE (Zhi-yu Lin), 2275 (Zi-chin Li), fREZE (Tsung-yu Chen), & Z£{f5% (Chung-lin Tsai)
from Dali, and ;5% /X (Shen, Liang-Shin), 4= (Chuang, Ya-Chung), 5&¥& (Chang, Hsuan), $R35E32

(Lin,Hsiao-Jou), &= ¢EHT (Huang, Yu-Sin), & Z2{#F%x (Tsai, Jia-Rong) from Taipei.

In the campaign, our students competed and collaborated with fellow teammates and with international teams,
analyzed the images to make preliminary new identifications of asteroids, and combined local resources to
secure the discoveries. Overall, our students excelled, and our efforts were acclaimed by the organizing
committee. Students were thrilled about the experience. Here we report our results in the campaign.




Education and Public Outreach

2010 December 18, 19 --- A workshop to introduce ALMA and PS1 to
more than 200 teachers from every corner of the 1sland; teacher working
groups to develop relevant classroom materials

2011 May International Astronomical Search Consortium

Moving Needles in a Haystack —~
Finding Asteroids in Pan-STARRS
ReoLan Fin (5 #W), Dab-Lib You (2% 1), Shib-Chso Lin {4k L)
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2019-11-05 Wide media coverage
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Al SRS PE I EELE S 09:30-09:55 w3l
A2 SRR S PR L ) L LE 09:55-10:00 B 5
A3 TR L 10:00-10:20 B3R E (AD)
A4 Byt rALmBrESRT S 10:20-10:40 “ %4k 4% (B1)
A5 SN FH kb P 10:40-11:00 Break
Bl S N T L 11:00-11:20 AR 4R%E (B4)
B2 GILT A Rl S P £ 11:20-11:40 a3 (A2)
B3 LA RS P de 1550 AMEBMAXE
B4 P T L P | GRS RIS R RI004)
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16:00-16:10 EE s

Next 2023.10 and 2024.04




School Full Name
1 National Chang-Hua Senior High School
2 Taiper Municipal Chenggong High School
3 National Chia-Y1 Senior High School
4 National Chiayi Girls' Senior High School
5 National Chung-Hsing Senior High School
6 Kaohsiung Municipal Chungshan Senior High School
7 Kaohsiung Municipal Cianjhen Senior High School
8 New Taipe1 Municipal Dan Feng Senior High School
9 Taipei Private Dongshan High School
10 Taichung Municipal Feng Yuan Senior High School
11 National Fengshan Senior High school
12 New Taipei Municipal Jinhe High School
13 Taipei JingMei Girls High School
14 Kaohsiung Municipal Kaohsiung Girls' Senior High School
15 National Kinmen Senior High School
16 National Lo-Tung Senior High School
17 Taipei Municipal Nan-Hu Senior High School
18 The Aftiliated Senior High School of NCHU
19 The Affiliated Zhongli Senior High School of NCU
20 The Affiliated Senior High School of NKNU
21 The Affiliated High School of NTNU
22 Kaohsiung Municipal Rueisiang High School
23 Taichung Municipal Taichung First Senior High School
24 Taipei Municipal Wanfang Senior High School
25 Taipei Municipal YuCheng Senior High School
26 New Taipe1i Municipal Zhonghe Senior High School
27 Taiper Municipal Zhonglun High School
28 Taipe1 Municipal Zhongshan Girls High School

School Name
Changhua Senior High
Chenggong Senior High
Chia Y1 Senior High
Chiay1 Girls' Senior High
Chung-Hsing Senior High
Chungshan Senior High
Cianjhen Senior High
Dan Feng Senior High
Dongshan Senior High
Feng Yuan Senior High
Fengshan Senior High
Jin Ho Senior High
JingMei1 Girls Sentor High

Kaohsiung Girls' Senior High

Kin Men Senior High
Lo-Tung Senior High
Nan-Hu High

NCHU Senior High
NCU Senior High
NKNU Senior High
NTNU Senior High
Rueisiang High
Taichung First Senior High
Wanfang Senior High
Yu Cheng Senior High
Zhonghe Senior High
Zhonglun High
Zhongshan Girls High

Contact Teacher email
Dah-Lih You
Yi-Jhen Huang
Huang Kuan-fu
Ying-Lin Chen
Hsin-Pe1 Lee, Ms
Kun-Huang Kuo
Yu-Hung Liu
CY Hsu
Ching-Chuan Hung, Mr
Yung-Shun Chen
Min-Sheng Chin
Cora Chou
Yuting Ho
Meng-Hsien Shen
Lee Yu-Hsien
Ching-Y1 Su
Chang-Jen Wu
Shih-Chao Lin
Hui-Chun Huang, Ms
Ching-Li You
YT Yeh
Yu-Ju Liang
Ting-Shuo Yeh
Yi-Chen Chiu
Tsui-Ping Hung
Po-Jian Chiu
Shih-Y1 Lin
Yuan-Shu Chang, Ms
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Siding Spring, Australia, 3.9 m
Mt Timau, Indonesia 3.8 m
Devasthal, India, 3.6 m
Gaomeigu, China 2.4 m

Doi Inthanon, Thailand 2.4 m
Xinglong, China, 2.16 m, 4 m
Hanle, India 2.0 m

Okayama, Japan, 3.8 m
Bohyunsan, Korea, 1.8 m

Mt John, New Zealand, 1:8 m
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http://www.facebook.com/photo.php?pid=78689&id=100000681517914
http://www.facebook.com/photo.php?pid=78689&id=100000681517914
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The Vera C. Rubin Observatory
Legacy Survey of Space and Time (LSST)

O 7 L& F| Cerro Pachdn (ElI=2715m) ; K RE £ 5 1%
O 4% 0 1% 8.4 m; /H# 3200 megapixels

O & #8 | & 37 billion stars and galaxies B {i & # = &
O %10 million alerts, 1000 pairs of exposures, 20 TBE{ 3
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Legacy Survey ol Space and Time (LSST) -- Rubin Observatory

v'D=8.4 m, 3-mirror design
v'FOV=3.5 deg dia. (Wide), Etendue =319 m*-deg J&f{
v'3.2 Gpix CCD camera 0.2” pixels (0.7 seeing)

v'30,000 deg? of the southern sky every 3 days (Fast) + special spots in 6
filters (u, g,7,i,z,v); each visit = 15 s x 2 {Je 2

v @ El Pefion peak, Cerro Pachon, Chile, 2682 m

v'Ten-year survey: 800+ visits per spot, r~24.5/visit; r~27.8 stacked
v'5 Mn images; 7 Tn sources; 5 Bn galaxies (Deep) &

v'15 TB/night (final 400 PB)

v Immediate data release; expecting ~10,000 transient alerts per visit

v'Construction of mirror started 2007; funded 2014 site construction
started 2015/04; first light 2024 (?)
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