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Jodie Foster as “Ellie” in Contact (3%&8kK3K » 1997)

CQ this is W-9 GFO.
- s anybody out there?

It we are alone in the Universe, then it is anawfuewcwtea{fopace
— Carl Sagan
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The Phase Diagrams of H20 and CO»
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http://chemistry.bd.psu.edu/jircitano/phase.html
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The essence of solid (terrestrial) planets
[1 Life operates on a series of chemical processes.

1 Processes in liquid forms are more efficient and stable
than those In solid or gaseous forms.

[1 Terrestrial planets serve to facilitate biological liquid
chemistry.

Chances of the life form (that we know It) are possibly
higher on terrestrial planets having a proper range of surface
temperatures (i.e., located within a certain distance range
from the host stars) and are sufficiently massive (so as to

maintain an atmosphere).
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http://www.berkeley.edu/news/berkeleyan/2003/09/10_stars.shtml
http://www.berkeley.edu/news/berkeleyan/2003/09/10_stars.shtml
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Conventional Telescope Hubble Space Telescope Keck Telescope with AO
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http://origins.jpl.nasa.gov/technology/images/tech-mirrors-br.jpg
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TESS (Transiting Exoplanet Survey Satellite)
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Lulin Observatory

Lon: 120 52' 25" E
Lat: 23°28' 07" N
Alt: 2,862 m
in central Taiwan
limited space
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
and earth sciences
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Xinglong, China, 2.16 m
Hanle, India 2.0 m

Okayama, Japan, 1.88 m

NT MHEEE
B aLp

RAF)52

WA

SA .

NSW

A% Dok | ACT
VIC

e
e
i

L]

TAS ﬁ —

Nk i ot . . .t e e S, e ot S i . et g - et . . s S

Bohyunsan, Korea, 1.8 m
Mt John, New Zealand, 1.8 m




Exoearth Discovery and Exploration Network (EDEN)

EDEN Sites and Telescopes

Kitt Peak
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The network
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Current Sites: 6
Telescopes: 8

Schulman 0.8m
Kuiper 1.5m
VATT 1.8m
Bok 2.3m
Calar*Alto 1.2m
Calar Alto 2.2m
Cassini 1.52m

* Lulin 1m

CASSINI2018-12-10 Transit Injected Lightcurve for EDEN-T2
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... habitable exoearths
around nearby M dwarfs

Exploring our neighborhood one
paradise at a time ...

PI: Daniel Apai
(U Arizona)

VATT2019-01-30 Lightcurve for EDEN-T4
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The frame-transfer CCD
cameras (SI 805 SN 1021)
can read out up to 70 Hz,
SO even very bright stars
can be studied.

5.0x10° 1.0x10* 1.5x10* 2.0x10* 2.5x%10"

Fast photometry

sandwiched by regular
“stare” observations to
detrend the light curve

L - Stellar variability with
b subsecond cadence.
s e KEERZERARETERITE?




Two-Meter Telescope

& Planned to install @Lulin, to secure the discoveries of PS1 6
hours lead time; with first-light instruments of (1) a 4-
color (rizy) simultaneous imager, (2) a /JHKimager

€ Hampered by the environment impact study, construction
permit, budget cycles ...

€ To be installed at VRTS in Chile (20217)

wHELE



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

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 Factlity ITP  priereac

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

Large Synoptic Survey Telescope (LSST)

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

30,000 deg? of the southern sky every 3 days (Fast) + special spotsin 6
filters (u, g 1 I, z, y); each visit =15 s X 2

* @ El Penodn peak, Cerro Pachon, Chile, 2682 m

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

* 15 TB/night (final 400 PB)

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

e Construction of mirror started 2007:; funded 2014; site construction
started 2015/04; first light 20207?; ten-year survey 2022/01?



Table 1. A comparison between ZTFE, LSST, and other next generation surveys in terms of scale.

Category ATLAS  ASAS-SN  Pan-STARRS ZTF LSST
Number of total sources - [ x 10° [ x 10" 1x10”° 37 %10’
Number of total detections 1 x 10" [ x 10" [ x 10" 1 x 10" 37 x 10"
Annual visits per source 1000° 1807 60° 300 100
Number of pixels [ x 10%  4x10°(x4) I x 10 6x 10 3.2x10°
CCD surface area (cm?) 90 9 1415 1320 3200
Field of view (deg?) 30 4.5 7 47 9
Hourly survey rate (deg?) 3000 960 - 3760 1000
So detection limit in r 19.3 17.3 21.5 20.5 24.7
Nightly alert rate - - - I x10°  1x10’
Nightly data rate (TB) 0.15 - - 1.4 15
Telescope (m) 0.5 4x0.14 1.8 1.2 6.5
No. of telescopes 2 (6) 5 2 1 1

¢ _in 3 filters: ” - in 6 filters: € - in 2 filters:

4 _in 2 filters: ¢ - in 5 filters

Graham+19
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Ohio State Univ. Big Ear Obs.
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Signal

bservatory picks up an

unexplained signal from the constellation

SETI CLOSE CALLS

10 0
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1977.08.15

@1420 MHz
30 times stronger
background noise

than the cosmic

ig

Bi

Sagittarius. It was never heard again.
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Project Phoenix
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http:/ /www.seti.org/science/ph-bg.html
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