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Why are we here? 
Origin of Universe and Ourselves 



11/27/2012 Katsushi Arisaka, UCLA 2 
Why are we here? 	
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Solar System	


Sun  Earth 
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Andromeda 

~100 Billions Stars in a Galaxy 
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Hubble Deep Field 
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Red shift  
up to ~10 

~100 Billion Galaxies	


Hubble Deep Field 
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Hubble’s Law: 
Expansion of the Universe	


Sun/Earth	


Horizon  
of Universe 

Moving Away  
at Speed of Light 

14 Billon 
Light Years 

Big Bang! 
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Expansion of Universe 

Time 

Size 
Size of 

Universe 

Today Beginning 
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Temperature of Universe 

Size 

Temperature 

Today Beginning 

Temperature = 1/Size 

2.7oK 



  Tevatron at Fermi Lab near Chicago 
(1980 – 2010) 

6km Circumference 
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Elementary Particles 



Quark Model 
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u 
u d 

Proton 

u 
d d 

Neutron 

+ 2/3 + 2/3 – 1/3 = 1 + 2/3 – 1/3 – 1/3 = 0 
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Unification of Forces 

1032 

 
?? 

1029 

Electro-Weak 
Unification 

100 GeV 1016 GeV 1019 GeV 



11/27/2012 Katsushi Arisaka, UCLA 14 

Unification of Forces 
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Grand 
Unification 

100 GeV 1016 GeV 1019 GeV 

1032 1029 
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Unification of Forces 

1032 

 
Planck Epoch 

1029 

100 GeV 1016 GeV 1019 GeV 
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Hubble Deep Field Physicists’ View of Early Universe 

Fiat lux 
Let there be light  
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Structure of DNA 

3 billion base pairs 
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Symmetry Breaking 
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The Beginning 

Ø Everything was the same ↔ Perfect symmetry. 
§ All the particles are the same as photons. 
§ All four forces are the same. 

Ø The Universe was 10 dimension. 

 3  Space     Flattened 
 1  Time 
      3  Strong Force 
 6    2  Weak    Compacitified 
      1  Electro-Magnetic 
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Seven Phases of Cosmic Evolution 

14 billion years ago 

Origin of 
Particles 

Spontaneous Symmetry Breaking 
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CERN and LHC in Geneva 

27km Circumference 
7+7=14 TeV 
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LHC Tunnel with Magnets 
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CMS Collaboration (1993 ~) 
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CMS 
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CMS Barrel Yoke 
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Installing muon Detectors 
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Katsushi Arisaka, UCLA 
Sept 15, 2008 Issue 

Particle 
detectors 
constructed 
at Westwood, 
now at LHC, 
CERN 
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First Event at LHC – Recreation of the Big Bang!   (Nov 7, 2009) 
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News release on July 4th ! 



Higgs particle à 2 gamma rays 
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Seven Phases of Cosmic Evolution 

14 billion years ago 

Origin of 
Particles 

Origin of 
Structure 

Spontaneous Symmetry Breaking 
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Dark Matter is required!	
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Formation of Structure in the Universe 

Dark Matter is required!	




Cosmic Pie Chart 
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WARP 



XENON100 Detector 
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170 kg 
(50 kg) 



XENON100 Detector (2009) 



XENON 1T at Gran Sasso 
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Xe 
2.5 ton 
(1 ton) 

1 m 

10 m 

Water 

3” PMT x 250 



11/27/2012 Katsushi Arisaka, UCLA 41 

Seven Phases of Cosmic Evolution 

14 billion years ago 

Origin of 
Particles 

Origin of 
Structure 

Origin of  
Life 

Spontaneous Symmetry Breaking 



Organic Polymers (4.5B à 4B years) 
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RNA Word　(4B à 3.5B years ago) 
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Eukaryote (〜2B years ago) 
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10 – 50 µm 

Up to ~2 m long 

2 nm　wide 

Cell made by proteins Gene made by DNA 
Symmetry breaking	
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How to observe the “Origin of Life” 

Ø Exactly the same way as we look for 
the “Origin of Universe”	


	
    Telescope　↔　Microscope 
  

Ø We must look for “Live Life” 

Ø Take advantages of the state of art 
“Photon Detectors” in particle physics. 

 
	




46 

Accelerator Microscope Telescope 

Seven steps of cosmic evolution 

14B years ago 

Spontaneous Symmetry Breaking 
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The H33D 
detector 

attaches to a 
standard 

fluorescence 
microscope 

Laser 

It will permit to 
track multicolor 

qdot-labeled 
proteins in live 
cells virtually 

background-free 

Single Molecule Imaging 

Prof. Shimon Weiss 

Particle Physics 
Detector 

Nano Technology 
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Gold nano particle (40nm)  
attached to Transferrin Receptor (TfR) on Cancer Cell 

Prof.	
  Manuel	
  Penichet	
  (Oncology)	
  

(10,	
  000	
  frame/sec) 



Arisaka’s Campus-wide Collaborations  
on High-Speed Bio-imaging  

California Nano Systems Institute 
(CNSI, Laurent Bentolila) 

Dept. of Chemistry & Biochemistry 
(Shimon Weiss) 

Dept. of Surgical Oncology 
(Manuel Penichet) 

Dept. of Physics & Astronomy 
(Dolores Bozovic, Mayank Mehta) 

Dept. of Neurology & Neurobiology 
(Carlos Portera-Cailliau, 
Jack Feldman, Tom Otis,  
Joshua Trachtenberg) 

Dept. of Electrical Engineering 
(Bahram Jalali) 
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Industrial Partners 
(Hamamatsu Photonics, 
Photron, Leica, Spectra Physics) 
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Seven Phases of Cosmic Evolution 

14 billion years ago 

Origin of 
Particles 

Origin of 
Structure 

Origin of  
Life 

Origin of  
Consciousness 

Spontaneous Symmetry Breaking 
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Brain     　Universe 

New York Times 8/21/2006 

100 Billions Galaxies	
100 Billions Neurons	
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Ca2+ Signal in cultivated Rat’s Brain  



Assembly of cortical circuits during development 
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Human Eyes 
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How can I recognize a woman so far away? 

Ø Genetically encoded? 
Ø Learning and memory? 

 



Nature vs. Nurture 
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Nature Nurture 



In vivo calcium imaging of neuronal activity 



300 µm 

Barrel Cortex 
Layer 2/3 
 
150 µm deep 
 
 
240 fps 
Raw Data 
 
(x3 faster 
than real) 

In vivo calcium imaging of Barrel Cortex of Mouse 

Beam 1 
(0 ns) 

Beam 2 
(+3 ns) 

Beam 3 
(+6 ns) 

Beam 4 
(+9 ns) 



In vivo calcium imaging of Barrel Cortex of Mouse 

300 µm 

Barrel 
Cortex 
Layer 2/3 
 
150 µm 
deep 
 
 
After 
averaging 
 
(x3 faster 
than real) 
  

58 neurons 
 
(~100 billons 
neurons 
in our brain) 
 



Origin of the Brain 

Ø Brains were evolved for animals to predict 
necessary motions for survival. 
§  Find preys 
§ Escape away from predators 
§  Find mates for sex 

Ø  A brain “consciously” makes the best decision 
at a given time. 

Ø Complex activities of brains are the results of 
evolution of life.  
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Activity of (excitatory) pyramidal neurons in CA1 
depends on rat’s position: place cells 

Hippocampus has a cognitive map of space 

Mayank	
  Mehta	
  (Physics,	
  Neurology)	
  



Learning and Memory by Hippocampus  

After learning Before learning 

Motion Direction 

Mayank Mehta (UCLA)  62 



Virtual Reality Experiment on Awake Rats 
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Olfactory 
Stimulator Mayank Mehta 

Daniel Aharoni 
Bernard Willers 
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Seven Phases of Cosmic Evolution 

14 billion years ago 

Origin of 
Particles 

Origin of 
Structure 

Origin of  
Life 

Origin of  
Consciousness 

Spontaneous Symmetry Breaking 
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Why are we here? 	
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Shadow 
Universe Our 

Universe 
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Are there more than 

one Universe? 
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Linde’s Multiverse 
by Chaotic Inflation 
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There may be ~100 Billion Universes.	




Summary 

Ø Why are we here? 
§ Endless symmetry breaking à Cosmic evolution 
§ Extreme fine tuning required. 

Ø  We are so fortunate to be here today. 
§ Shadow universe? 
§ Multiverse? 

Ø This talk is available at my home page 
§  http://home.physics.ucla.edu/~arisaka/home/ 
§ Under “Presentations” 
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