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Universe (宇宙）
• 宇　：　Space 

• 宙　：　Present, Past, Future (Time) 

• 往古来今宙謂、四方上下宇謂（「淮南
子」、斉俗訓）　 

• Space Time : 時空
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• 1.Big Bang 
• 2. Big Bang Nucleosynthesis (Birth of Elements) 
• 3. The Birth of the First Star 
• 4. Galaxies Formation 
• 5. Solar System forms 
• 6. The oldest life-form appears on the Earth 
• 7. The first animals appeared 
• 8. Animals begin colonization of land 
• 9. Extinction of Dinosaurs 
• 10. Modern Human-being appears

The Top 10 Biggest Events in the Universe
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Cosmic Calendar 
Universe (13.8Gyr) in One Year

•1. Big Bang                                       Jan 1st  0:00:00 
•2. Big Bang Nucleosynthesis 
•3. First Star  
•4. Galaxy Formation 
•5. Birth of the Solar System 
•6. First Life Form 
•7. First Animal 
•8. Land Colonization 
•9. Extinction of Dinosaurs 
•10. Modern Human

Jan 1st 0:00:00.00000001
Jan 1st 10:00:00
May 1st
Aug 30th : 4.6 billion years ago
Sep 28th
Dec 16th
Dec 20th
Dec 29th
Dec 31st 23:59:36.9
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Travel in Space

• Q. Suppose the Size of the Sun is a Quarter 
Coin, what are the distances to the planets?
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Sun 
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Mercury R=1.0 m (0.387AU)
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Venus R=1.86 m (0.723AU)
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Earth R=2.58 m (1.00AU)
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Mars R=3.97 m (1.524AU)
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Mars Satellite Phobos
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Asteroids

1921: 1,000 
1981: 10,000 
2000: 100,000

2022-06-12 GAIA DR3 
154,721 Asteroids
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154,721 Asteroids
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446 Near Earth Asteroids 
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Hunting for Supernova using  
Subaru Hyper-Suprime Cam

But they happen to find a killer asteroid
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Jupiter R=13.4 m (5.203AU)
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Deep Impact in 1992
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Juno Mission
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Jupiter’s Satellite Europa
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　Saturn R=24.6 m (9.54AU)
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Uranus R=49.48 m (19.18AU)
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　Nepture R=77.55 m (30.06AU)
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Pluto R=101.7 m (39.44AU)
Hubble Space Telescope Image
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Pluto R=101.7 m (39.44AU)

New Horizons
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Pluto R=101.7 m (39.44AU)
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Dwarf Planets
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Beyond Solar System  
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Nearest Star : Cen α

• Q. If the size of the Sun is a quarter coin 
sitting at LBNL, where is  Cen α? 

• 1. :  Cafeteria (1/4 mile) 
• 2. :  UC Berkeley Campus (1/2 mile)  
• 3. :  San Francisco Pier 39 (16 miles) 
• 4. :  San Jose Airport (50 miles) 
• 5. :  Los Angeles (380 miles)
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Cen α : 4.3 Light Years
• How long does it take to travel to Cen α with the 

fastest airplane on the Earth?  
    (X-15 Mach 6.3) 
• 1.  5.5 yrs 
• 2.  55 yrs 
• 3.  550 yrs 
• 4.  5,500 yrs 
• 5.  550,000 yrs
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Milky Way Galaxy I
• How many stars do we have in our Galaxy? 
• 1. : 2,000 
• 2. :  20,000 
• 3. :  200,000 
• 4. :  200,000,000 
• 5. :  200,000,000,000
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Our Galaxy II
• Suppose the size of a star is a grain of salt. 
   200 billion grains of salt would fill up : 
• 1.  a cup 
• 2.  a bucket 
• 3.  a car 
• 4.  a truck 
• 5.  an olympic size pool 
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1.8 billion Stars are observed 

But it’s only 1% of Milky Way Stars (200 Billion)

1,811,709,711 Stars 
June 13th 2022 Release
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• Q. Suppose the size of our Milky Way Galaxy 
is a quarter coin.  What is the distance to the 
Andromeda Galaxy? 

• 1.  40 cm 
• 2.  4 m 
• 3.  San Francisco 
• 4.  New York 
• 5.  Tokyo

Nearest Galaxy : Andromeda
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Colliding Galaxies
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Colliding Galaxies: Observation
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Deep Space



QuarkNet 2022



QuarkNet 2022



Blackhole Image in M87 
by Event Horizon Telescope



Supermassive Black Hole 
At the Center of Milky Way

2.6 million solar mass black hole 

2022 May EHT Press Release

2020 Nobel Prize



Blackhole-Black Hole Merger 
by Gravitational Wave 2017 Nobel Prize



Blackhole-Black Hole Merger 
by Gravitational Wave 

90 Events are reported as of Today



Exoplanet Discoveries 
4884 planets today



Biggest Discovery in Astrophysics 
in the last 30 years => Dark Energy



Dark Energy 
Discovery of Accelerating Universe 

Nobel Prize in Physics 2011

• 70% of Energy in the Universe today, is in the form of 
mysterious Dark Energy which is causing the acceleration 
of the expansion of the universe.  We don’t know what it is



Adventure of Luis Alvarez (1911-88)



Dinosaur extinction

Dinosaur Extinction  
Key Signature : Iridium 

with Walter Alvarez (Geology)



Thesis Advisor : Richard Muler 
Grad Student : Saul Perlmutter 

PhD Thesis 
“An Astrometric Search for a Stellar 
Companion to the Sun” PhD 1986

Hunting for Killer Astroids but happened to find supenovae 



Q: How fast the Universe is Expanding? 
Type Ia Supernova Cosmology

1910-1995

Phillips Relation (1993)
Brightness is Constant

Chandrasekah Mass Limit

Type Ia Supernova
always explodes at

1.4 Solar Mass



Supernvoa Cosmology Project (SCP) 
Phillips (’93), Hubble Space Telescope(’90), 10m Keck 

Telescope (’92) , VLT & Subaru (’98)

 Saul Perlmutter



Supernova Cosmology Project 
1986-1992



Discovery of Dark Energy (SCP 1997)

Gerson Goldhaber  
Λ is needed！ 
1997  Sep 24th

Einsteins Equation 

z:Redshift

m: Observed 
Brightness

Observed magnitude (Brightness)
 is a function of cosmological model



Discovery of Dark Energy (SCP 1997)

Gerson Goldhaber  
reported non-zero Λ  
on 24th in Sep ’97

Omega m  : Density of 
Matter

N : Number of 
Supernova

z:Redshift

m: Observed 
Brightness



Discovery of Accelerating Universe 
Breakthrough of the Year in 1998!

Our Universe expands forever! 
In fact, the expansion is accelerating now!

Science 1998



HST Cluster SN Survey

HST             Keck             VLT         Subaru

SNIa Spectral Diversity 

Nao Suzuki & SCP 
PI: Saul Perlmutter



Dark Energy 
Discovery of Accelerating Universe 

Nobel Prize in Physics 2011

• 70% of Energy in the Universe is in the 
form of mysterious Dark Energy

2σ (95.4 %) in 1997

5σ in 
Suzuki et al

2011

5σ = 99.99994%







Mysterious Expansion of the Universe 
Deceleration to Acceleration 

Dark Energy is not well understood…
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HSC SNIa Cosmology for Dark Energy
Subaru HSC Discovery Hubble Space Telescope

Spectrum

GTC

VLTKeck

Spectroscopic Follow-up by International Collaborators 
Berkeley Lab (US), LPNHE (Paris), Barcelona (Spain), 
Lancaster (UK) , Australian National University

Visible Wavelength Image Infrared Wavelength Image

HSC17aqzh

SN Classification  
& Trigger z=1.315

9.07billion lys
HSC Observation

AAT

GTCGemini

Subaru

HSC17aqzh

Precise Dark Energy 
Measurement: ΩM vs. w

HSC SNIa Light Curve: z=1.34

SNIa Planck CMB

ΩM

W



Alvarez’s Dream 
on Pyramids comes true in 2017

Science, 167, 832 (Feb 1970)

Detected!!! Nature Nov 2017



Probe the status of Nuclear Fuels inside the system

Toshiba Press Release

Alvarez’s idea is applied to Fukushima 
 Nuclear Power Plant Disaster (2011)

LBNL Team Members



Future Prospects 
Big Data grows Bigger Quickly

TMT 30m
JWST Space Telescope  

2021

WFIRST/Roman 2027

LSST

Euclid 202320TB/Day



JWST Press Release July 12th! 



Gold Primary Mirror

Gold : 48.25g, 1000 Angstrom thick



Gold is made in  
“Neutron Star Merger” (GW170817) 

Gravitational Wave Detection





Great Discoveries are waiting for you!

Primordial Blackhole

Habitable Planets Galactic Supernova



But it is in the doing, in the process of working together to 
explore the universe that we learn to truly appreciate each 

other, and to enjoy each other's company and ... spark, as all 
humans should be appreciated. – And that, too, is exhilarating.

In other words: We mortal, limited humans joining together in teams 
from around the world, and in time across civilizations, become 
capable – in our case, capable of just glimpsing one additional bit of 
how the universe works. It is exhilarating, 




