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Prof. Wu Yuefang (1936-2024)

Prof. Neal Evans (Texas): “When I heard of
her passing, my thoughts flashed to the time
she appeared at my office in Austin to work

¥ with me for 6 months. Somehow, she found a
way to stay for about 2 years, working
tirelessly to learn and explore. She had
enormous will power to achieve her goals.”

https://kiaa.pku.edu.cn/info/1031/9850.htm
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History and Philosophy
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Scientific Method

Prior approach: rationalism
® Reason alone is the chief source of knowledge

® Alternative was/is faith

Empiricism: use observations to test

Logic common to both




CEIE

Telescope: Jupiter’s moons!

a different solar system
(sort-of)

Gravity: drops two balls of
different masses, hit the
ground at the same time




Scientific method: testing!

Formulate a question

Hypothesis: guess at explanations

Prediction: what does the hypothesis predict?
Testing: obtain data from real world

Analysis: apply test to predictions

Dissemination: let others know



Scientific method: modern tweaks

Replication: can others repeat experiment?

External review: acceptance by others
includes twitter, facebook

Uncertainty: data has errors!

Data recording/sharing: papers, github
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WHELET(S
the biggest questions?




What are the biggest questions?

e Does God exist?

(Or, why/how does the universe exist?)

* What happens to us when we die?

* Isthere [intelligent] life out there?



What are the biggest questions?

e Does God exist?

(Or, why/how does the universe exist?)

* What happens to us when we die?

* Isthere[intelligent] life out there?

Only question that might be answerable
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Map of canals on Mars
Giovanni Schiaparelli, 1877




MARTIANS BUILD TWO IMMENSE CANALS IN TWO YEARS

Vast Engineering Works Accomplished In an Incredibly
Short Time by Our Planetary Nelghbors---
Wonders of the September Sky.
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E.T. or hoax:

Dcu\dcs—old mystery
resurfaces with film
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VIOLATORS WILL VANISH
WITHOUT A TRACE



Search for Extra-Terrestrial Life (SETI)

« Began in ~1960s
e TV still new

« Radio signal for decades

 Radio telescopes!
* New technology
* Lots of photons
* No absorption in
Interstellar medium
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The WOW signal

e Strong, narrowband radio signal
detected on August 15, 1977

e | asted 72 seconds

e Not repeated again

Problems with SETI

e Not repeatable

e No firm test (scientific method)
e \Weird signals occur frequently

e No good way to guess the right
frequency to search for a signal

nature International weekly journal of science

Home ’ News & Comment ‘ Research | Careers & Jobs | Current Issue ‘ Archive ‘ Audio & Video ‘ For A

Archive Volume 521 Issue 7551

Research Highlights: Social Selection

< 8

Microwave oven blamed for radio-telescope signals

Studies about mysterious signals and super-strong spider silk triggered online chatter.

Chris Woolston

08 May 2015

) poF | 9, Rights & Permissions

A report! on the surprising origins of rogue
signals picked up by a radio telescope simmers
on social media, while researchers on the web
commented on an amazing feat of arachnid
ingenuity — spinning graphene-laced silk.

After more than four years of searching,
researchers using the Parkes radio telescope in
New South Wales, Australia, have identified the

source of some mysterious signals: a microwave
oven in the facility’s break room. The news

quickly spread on Twitter. Karina Voggel, an
astronomy PhD student at the European

John Sarkissian/CSIRO/JPL/NASA
A microwave oven at the Parkes radio telescope
in Australia was nabbed as the source of elusive
signals.




Ongoing SETI in the radio

e Secondary science for FAST radio telescope near Guizhou

e Primary science of Arecibo Telescope in Puerto Rico (funded in part by Yuri Milner)
e Arecibo Telescope collapsed

e Three Body Problem (Liu Cixin)




We have even sent a few signals...

Earth to globular cluster M13:
We could hear back in about 42,000 years!



Scientific search

for extraterrestrial life

® SETI: radio signals

® Searching and characterizing extrasolar planets

® A search for lifein our own solar system




Habitable (liquid water) zone




When did life arise on Earth?

solar system begins accreting
Earth forms
possible sterilizing impacts

period of heavy bombardment
_—

oldest Earth rocks oldest eukaryotic fossils
carbon isotope evidence of life

oxygen accumulates in atmosphere

first fossil microbes present

time, billions of years ago

Cambrian explosion of animal diversity hominids

' 4 . K-T event appear
plants and fungi colonize land mammals and dinosaurs appear
mammals

animals colonize land dinosaurs prominent prominent
Bl ;

Paleozoic Mesozoic Cenozoic eras

Cambrian  Ordovician Silurian Devonian ~ Carboniferous Permian  Triassic Jurassic Cretaceous Tertiary
R 0 | AT Y0 O ) IS gy | Sy § O 1 (g g A N F Oy g O Ry A ' 7y B 6 o Sy I||||/_I
500 400 300 200 100 / 0
Quaternary

periods

time, millions of years ago




Tree of Life

Bacteria Archaea Eukarya
halobacterium slime animals
methano- molds

‘s bacterium
cyano- \ gram-positive

bacteria \ bacteria

purple
bacteria

fungi

entamoebae

thermo-
plasma

methano- plants

coccus o
ciliates

flagellates

common ancestor

® Mapping genetic
relationships has led
biologists to discover
this new “tree of life.”

® Plants and animals
are a small part of the
tree.

® Suggests likely
characteristics of
common ancestor.



How life emerged on earth

® |ife arose at least 3.85 billion years ago, shortly after end of
heavy bombardment

® |ife evolved from a common organism through natural
selection, but we do not yet know the origin of the first
organism

® Necessities of life: Nutrients, energy (out of thermodynamic
equilibrium), and liquid water



Because of an extended cold
spell, oceans start freezing.

growing
polar caps

volcanic
outgassing

Snowball Earth

5o €0, cycle in ocean stops; CO, trong greenhouse effect mel
Lowered reflectivity causes ou('f 3239(! by volcano li }Ju idls up Sw(nr:fb;;;a Lf}: t\'(r,(’bcui‘. zb -
. - . vy _.“ I,_I ’J;_ I. L n.‘ L . o ,‘ 1r-‘ f ( PN ) :‘ l' '
further cooling, ending in ¥ Lo o S e TR
wothouse Earth.

“snowball Earth.”

© 2006 Pearson Education. Inc., publishing as Addison Wesley

CG, cycle restarts, pulling CO,
back into oceans, reducing
greenhouse effect to normal.




regional glaciation === global glaciation - oxygen level
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N is the
number of

The Drake Equation

Guesstimate the potential number
of extraterrestrial civilizations in our galaxy

N = N xF xF xF xL/L

N, isthe F| is the Fi is the L( is the i.s is the
numberof fractionof fractionof fraction of typical life-  typical life-

civilizations starsinthe starswith  habitable  life-bearing time of a time of a
in the Milky Milky Way. habitable  planets planets civilization  star (10

Way today.

planets. with life. where intel- in years. billion years
ligent civili- for Sun-like
2ell 0.57 zations arise. stars).




Planet-finding techniques

Radial Velocity: measure the gravitational pull of the planet on the star
Transit: planet passes in front of a star

Direct imaging (directly detect the planet; hardest, but possibly most
Important in search for life)
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Secondary eclipse

Observe exoplanet’s
thermal radiation
disappear and reappear

Primary eclipse
Exoplanet’s size relative to star

See star's radiation transmitted
hrough the planet’s atmosphere




Oxidizing Reducing
half-reaction half-reaction

€O — CO, €0, — €O

CH,0 — CO, CO, —+ CH,0
H, — 2H" 2H' = H,
2NH, — N, N, — NH,
HS = 5§ S = HS
CH, — €O, ' €O, — CH,
HS- — SOZ- SO — Hs-

CH, — CH,0 CH,O0 — CH,
NH, — NO; NO; — NH,

| Fe*'[erganic) — Fe®*" . Fe3* — Fe?** [organic)

NO; — NO; NO; — NO:

NO; — NH,

.... =
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Optical Telescopes: TESS

® Some (~5) small, mid-sized telescopes in space

® Kepler(2013): stared at same region of sky for 3 years to
look for exoplanet transits (dips in light curve)

® TESS: All-sky search for exoplanets
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Kepler-186 System
f bcd e

Solar System

Planets and orbits to scale




TRAPPIST-1 System /%(ations

Star and orbits shown in scale
Planets enlarged approximately 7,600x

Relative scale
of Earth




Exoplanets are common!

Mass — Period Distribution 18 Dec 2014
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Are habitable planets likely?

Planet temperature:
stellar irradiation, atmosphere

Star with
mass ;5 Mgy,

Star with
mass ; Mg,,

Solar System




Greenhouse effect: keeps planets warm

Incoming solar Outgoing
Reflected solar radiation longwave
radiation 341.3W m™2 radiation
101.9W m 238.5Wm™

Reflected by
clouds and Atmospheric
atmosphere Emitted by

atmosphere &

Absorbed by
atmosphere

g

30

Reflected by

surface . BeAY 333
23 i .
J : Back
radiation

333

Absorbed by Thermals transpiration radiation  Absorbed by
surface

Evapo- Surface Ca™ + 2HCO;3

—
surface  CaCO; + CO, + H,0

+ H,0 weathering
L

Ca** + 2HCO; + SiO,

CaCO; + SiO, a0
(2

metamorphism &
S S\)\od\)/
CaSio; + CO,




Stellar effective temperature, T4 (K)

Stellar effective temperature, T4 (K)
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Life changes its
environment

* Life needs a suitable
environment to flourish.

* Feedback on
environment/atmosphere

Intensity (photons um~' m=2 hour™)

* Changes: biosignature, a sign
of the presence of life

* Oxygen in Earth’ s atmosphere
is a biosignature of life.
Looking from afar, we cannot
see plants and bacteria
directly, but we can infer the
presence of photosynthetic life
if there is atmospheric oxygen.
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dinosaurs

aerpbic metabolism
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Habitability in the future

Extremely Large Telescopes

James Webb Space
Telescope

* NASA/ESA



Optical Telescopes:
Chinese Space Station Telescope

Planned for 2024
Hubble-sized telescope
Much wider field of view

Powerful new
iInstrumentation

CSST PKU Science Center!



Is life common?

N = N xF xF xF xL/L

N is the N, isthe F is the Fl is the Fi is the Lc is the Ls is the
numberof numberof fractionof fractionof fraction of typical life-  typical life-
civilizations starsinthe starswith  habitable  life-bearing time of a timeof a

inthe Milky Milky Way. habitable  planets planets civilization  star (10

Way today. planets. with life. where intel- in years. billion years
ligent civili- for Sun-like
zations arise. stars).




Is life common?

N = N xF xF xF xL/L

N is the N, isthe F is the Fl is the Fi is the Lc is the Ls is the
numberof numberof fractionof fractionof fraction of typical life-  typical life-
civilizations starsinthe starswith  habitable  life-bearing time of a timeof a
inthe Milky Milky Way. habitable  planets planets civilization  star (10
Way today. planets. with life. where intel- in years. billion years
ligent civili- for Sun-like
zations arise. stars).

Testable! Look in our own solar system



s life

® Testable! Look in our own sol

® Europa and Enceladus: water worlds
® Europa, moon of Jupiter
® Enceladus, moon of Saturn

® Titan: moon of Saturn, thick methane atmosphere+ground
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History of Mars

Lost most of atmosphere, life long ago?

4.54 Ga 0.54 Ga

Earth HADEAN ARCHEAN PROTEROZOIC PHANEROZOIC

.6 Ga ~3.5 Ga ~3.0 Ga

PRE-

Mars NOACHIAN NOACHIAN HESPERIAN AMAZONIAN

_ CRUST FORMATION

Volcanism R = THARSIS FORMATION
W HESPERIAN RIDGED PLAINS

BOREALIS?
< HELLAS (DEFINES START OF NOACHIAN PERIOD)

Impactors < I1SIDIS
% ARGYRE

] B ELEVATED IMPACTOR FLUX

e
Surface -

Alteration W DORSA ARGENTEA FORMATION

B B Fe/Mg PHYLLOSILICATES

Aqueous W AIPHYLLOSILICATES
Mineralogy

SULFATES AND EVAPORITES
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Enceladus: moofo Saturn




1-1SS IMme

NI

Cass

Cassini image (brightness enhanced)
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Global Ocean on
Saturn’s Moon
ENCELADUS

Ice crust

Global ocean

Rocky core

South polar region
with active jets

* Thickness of layers is not to scale




R

° o Enceladus "Cold Geyser"” Model

H,O vapor plus ice particles

HOlce T=~77K

Vent to surface

Pressurized Liquid H,O Pocket T=273 K
I ! . l Hydrothermal Circulation
& Convecting Ice

Tidal Heating Hot Rock Tidal Heating



Europa: ice moon of Juputer ‘ ,

Y.
Very young surface BTy l
(no craters)

Galileo Galilei
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Europa Missions

Europa Clipper: NASA, launch: 2023

Confirm ice shell+ocean

Study geology, composition of ice/ocean (incl. biosignatures)
$2B USD

JUICE: ESA, launchin 2022

Focus on Ganymede, but two flybys of Europa in 2029

Europa Lander: NASA, under study. Need to first evaluate whether
can land (jagged ice)



Titan: 2nd |3

I I ’

Atmosphere
Liquid water layer

Silicate core )
igh-pressure

visible 938nm methane




Titan’s a
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The Huygens pro on Titan




Titan: 2"9 l[argest moon in solar system

Atmosphere composition from descent

120-130 km
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Images from

‘Drainage Patterns

Evidence for
liguid methane
on the surface

15 cm (6 inches) , b\ Heating of the




Panspermia

® Seeding life on another planet

® Even if chemistry for life is rare, collisions are common

¢ QOrintentional




® These genetic studies Me earliest life

on Earth may have resembled the bacteria today
found near deep ocean volcanic vents (black
smokers) and geothermal hot springs .




’

Tube-worms around black-smokers







A possible Enceladus (or Europa) mission

First: Where is the water?
At South Pole tiger stripes
1-5okm deep

How to reach water
Fly through plumes

Land safely near the plume (not easy because the surface is rough) and
then drill (hot brick?)

Staged approach

Saturn orbiter with multiple flybys provides detailed maps; then an
Enceladus orbiter and lander; finally, mobility to explore with a rover

Tests for life

Microscopy, culture a sample, labeled nutrients, identify life molecules:
amino acids, polypeptides, polysaccharides, lipids, nucleic acids and DNA



Upcoming planetary missions

® Venus: NASA (2021) selected two missions for ~2030
® Dragonfly: drone toTitan!

® Europa Clipper: flybies of Europa

® Jupiterlcy Moons (JUICE): ESA (=European NASA)

® ESA: Comet Interceptor (2029)



. . I‘_I.ll .
Change missions (¥ %)
Chang’e 1, 2 (2007, 2010): Lunar orbiter
Chang’e 3 (2023): Lunar lander and Yutu rover
Chang’e 4 (2018): first landing on far side of moon
Chang’e 5 (2020): Lunar lander and sample return

Chang’e 6 (2024): Lunar lander and sample return

Chang’e 7 (2024): Drone! (without atmosphere)

Building to robotic lunar base and manned mission



Planetary missions from China

Tianwen-1 (X [0]2021): Mars lander, Zhurong rover
ZhengHe: sample return mission from comet

Mars sample return missions

Gan De (2030): Jupiter orbiter (and Callisto lander?)
Mission to Uranus (2030s)?

Other missions may include leaving the solar system


https://en.wiktionary.org/wiki/%E5%A4%A9
https://en.wiktionary.org/wiki/%E9%97%AE

Crewed space missions

® Space Station
International Space Station
Tiangong Space Station

® Moon | |
Apollo program: Six US missions (last in 1972)
Chinese Lunar Exploration Program: 2030s

® Chinese-Russian base on moon?

® Mars—160 times further than moon at closest approach
US plans in mid-2030s, but unfunded
China plansin 2033



Fermi’s paradox:
where are the aliens?

THE FLAKE EQUATION

< | <Prev > |
THE FLAKE. EQUATION:
FRACTION OF PECALE WITH

FRACTION OF PEOPLE WHO AVERFGE. NUMBER  THE MEANS AND MOTWATION
IMAGINE AN AUEN ENCOUNTER  PRORABILITY  OF PEOPLE EACH TU SHARE THE STORY WITH

BEUSE THE(RE(RAZY OR  THAT THEYLL FRENDTEUS THIS A WIPER AUDIENCE (BLOGS,
WANT TO FEEL SPECIAL TEL SOMEONE  “FIRSTHAND' ACCOUNT  RORUMS, RERIRTERS)

A . - P
P=W*(G*M)« K ~FE «F DA ~ 10000
(7:000,000,000) ('/‘owo) ('/,o(m) ('/.o) (0) ('0) ("710) (“400)
i o

WORLD FRACTON OF PEOPLE WHO AVERAGE PROBARILITY THAT ANY
NUMBER PETAIS NOT FIMMNG THE

PORPULATION  MISINTERPRET A PHYSICAL
OF PEDPLE  NARRATIVE WILL BE REVISED

OR PHYSIOLOGICAL EXPER)

EVEN WITH CONSERVATIVE GUESSES FDR THE VALVES OF THE. VARIABLES, THIS SUSRESTS THERE MUSTRE A HUGE
NUMBER OF CREDIBLE-SOUNDING AUEN SIGHTINGS QUT THERE, AVAILABLE TO ANYONE WHO WANT D BELIEVE!




Fermi’s pM:

where are the aliens?

e \\e are alone (rare Earth theory)
e |nterstellar travel is not possible

e An extraterrestrial policy of non-intervention




US nuclear weapons test, Bikini Atoll
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Moore’s Law
computer power doubles every 2 years

Moore’s Law — The number of transistors on integrated circuit chips (1971-2016) SIS

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are
strongly linked to Moore's law.
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An inferstellar as Mmuamudad
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Large Synopftic Survey Telescope

Very large imager, all-sky every few nights

Many more weird extra-solar asteroids in future!

20 TB/night; total survey: 15 PetaBytes
Processed using 950 TeraFlops of computing




What i1s our future?

Stephen Hawking: “We are ;"\
running out of space and the only :;’

places to go to are other worlds.
It is time to explore other solar
systems. Spreading out may be
the only thing that saves us from
ourselves. | am convinced that
humans need to leave Earth.”

Elon Musk: “Either we spread earth to other planets, or we risk
going extinct. An extinction event Is inevitable and we're
Increasingly doing ourselves in. The goal [of SPACEX] is to
Improve rocket technology and space technology until we can send
people to Mars and establish life on Mars.”



|s a search for biomarkers correct?

If we succeed as a species, we will
spread across the nearby galaxy

But... 1t will be machines, not us

. ~
.- ’ ) j,

She’s an alien from ’ v

outer space, she’s a ‘: - , .

cyber girl without a

face. | ‘
.-x & ' A |
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“To serve man”

® History of inter- and intra-
species interactions is not great

Population Collapse in Mexico

N
LX)

<1520 Smallpox (~8 million deaths)

<« 1545 Cocoliztli (~12-15 million deaths

1576 Cocoliztli (~2 million deaths)
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Life in the Universe

e Does life exist? biggest solvable guestion
e Many books and movies: how would we respond to intelligent life?
e Science Fiction: often statements about our own world
e We might want to avoid i

- S o "WE COME IN PEACE!I"
e Scientific searches: —Pizarts \

® biomarkers on exoplanets

e fossil record on Mars
P 4
e Subsurface oceans on
Enceladus and Europa
* (SETI)

e How do we get off our planet?
* And protect ourselves from comets and asteroids!
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