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Introduction to Physics Research 
Origin of Universe and Ourselves 
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Why are we here? 	




v 
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Solar System	


Sun  Earth 
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History of Life and the Human beings 
Time  

10B years 

1Billion 

100M 

10M 

1Million 

100,000 

10,000 

1,000 

100 

10 

1 year 

100 days 

10 days 

1 day 

10 hours 

1 hour 

10 minutes 

1 minute 

Big Bang! 
Solar System formed 
First life on the Earth 
Plants, Fish… 
Mammals 
Homo sapiens 

You were born. 

Jesus Christ was born. 

You woke up this morning. 

You saw this viewgraph. 

Einstein was born. 

Fossils 

Written Documents 

Videos, Pictures 
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Brief History of Universe and Life 

1B years 

Big Bang! 

Solar System formed 

First life on the Earth 

Homo sapiens 
You were born. 

First Galaxy formed 
0 

Time  
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Plants, Fish… 

Telescopes 

Fossils 
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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 
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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 
~ √Time 

Horizon  ~ cT 

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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Elementary Particles 

Charge 

+2/3 

-1/3 

0 

-1 

Fermion      Boson 
Charge 

0 

0 

0 
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+ Anti-particles 
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Elementary Particles and Forces 
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Unification of Forces (1980) 

103
2 

102
9 

Grand 
Unification 

1032 1029 

100 GeV 1016 GeV 1019 GeV 
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Unification of Forces (1980) 

 
Plank Epoch 

100 GeV 1016 GeV 1019 GeV 

1032 1029 
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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 

Symmetry 
Break Down 

Simple 

Complex 

Time  
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14 

1B years 
0 
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The Beginning 

 Everything was the same àPerfect symmetry. 
 All the particles are the same as photons. 
 All four forces are the same. 

 The Universe was 10 dimension. 

 3  Space     Flattened 
 1  Time 
      3  Strong Force 
 6    2  Weak    Compacitified 
      1  Electro-Magnetic 
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Spontaneous Symmetry Breakdown  
at a Dinner Table 

Dinner Table 

Dish 

Glass of Water 
by Nambu Yoichiro 
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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 Barrel Yoke 
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Installing muon Detectors 
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Sept 15, 2008 Issue 

Particle 
detectors 
constructed 
at Westwood, 
now at LHC, 
CERN 
 



First Event at LHC – Recreation of the Big Bang!   (Nov 7, 2009) 
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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!	
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Cosmic Pyramid 　	


Dark 
Matter 

Dark Energy 

Gas, 
Dust 

Star 
Metal 0.03% 

0.5% 0.4% 

4.2% 

 
23% 

73% 

Baryonic 
Matter 
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What is Dark Matter? 
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SUSY Particles and Neutralino 
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Spin      1/2          1          0 



SUSY Particles and Neutralino 
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Neutralino 

Spin      1/2          1          0                           0          1/2       1/2 

Super Symmetry 



KK Photon 

Our 3D Space 
(= Brane) 

Extra 
Dimensions 

Bulk 

Extra Dimensions 
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WARP 



XENON100 Detector 
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170 kg 
(50 kg) 



XENON100 Detector (2009) 



Underground	
  or	
  
Under	
  high	
  
mountains	
  

	
  

Detector	
  

6/26/2012 

Water Tank 
(Liquid Scintillator) 

Where backgrounds come from? 

Cosmic	
  
Rays	
  

Radio	
  Ac6vi6es	
  
(U,	
  Th,	
  K…)	
  

Ultimately photon detectors are the major source of backgrounds. 
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Comparison of Photon Detectors from Hamamatsu 

R8520 
1 inch 

R11065 (Ar)  
R11410 (Xe) 

3 inch 
  

QUPID 
3 inch  

U/Th ~ 1 mBq 

U/Th ~ 5 mBq 

U/Th ~ 0.1 mBq 

XENON10 
XENON100 

XENON1T 
DarkSide50 

MAX 
XAX 

Knudsen 4-147 



Full Liquid Xenon System 

Control 
Panel Recirculation 

Rack 

Xenon Bottle 

Recirculation 
Pump 

Getter 

PAB A719  



Xe 
2.5 ton 
(1 ton) 

1 m 

10 m 

Water 
3” PMT x 250 

XENON1T at LNGS 
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DarkSide 5T at Gran Sasso 
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40Ar 
5 ton 

(3 ton) 

2 m 

Water 

Liq. Scinti. 

3” PMT x 600 

10 m 
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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) 



RNA Word　(4B à 3.5B years ago) 

6/26/2012 Katsushi Arisaka, UCLA 53 



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” 

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


	
    Telescope　vs.　Microscope 
  

 We must look for “Live Life” 

 Take advantages of the state of art 
“Photon Detectors” in particle physics. 
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Accelerator Microscope Telescope 

Seven Phases of Cosmic Evolution 

1/9/2013 Katsushi Arisaka 

14 billion 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 

Katsushi Arisaka, UCLA 



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) 



User-shared Core Facility 
of High-speed Microscopes at CNSI 

4D Nano Biophysics 

Tour in July 
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ICMOS	
  Camera	
  
(Photron	
  SV200i)	
  

EMCCD Camera 
(Ando iXon 897) 

Confocal	
  Spinner	
  
(Yokogawa	
  CSU-­‐X1)	
  

High-­‐speed	
  Confocal	
  Microscope	
  with	
  ICMOS	
  at	
  CNSI	
  

Leica Microscope 

(1,000	
  frame/s) 

Laurent Bentolila (CNSI) 
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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? 

 Genetically encoded? 
 Learning and memory? 

 



Thalamus Subcortical areas 

4 
2/3 

5 
6 

The Cerebral Cortex 
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7 

Conscious 

Unconscious 



Nature vs. Nurture 
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Nature Nurture 



From No Brain to Big Brain 

C. elegans  (302 neurons) 

Zebrafish  (~10,000 neurons) 

Paramecium  (Single Cell) 

Bullfrog  (~107 neurons) 

Rat  (~108 neurons) 



Introduction 



Why C. Elegans ?  

 Why are we here? 
 C. Elegans is a half way from the big bang to 

the human being 

 Origin of Life 
 C. Elegans is the simplest animal from the 

complete genetic information (97 Mbp) to the 
entire cell structure (959 cells) 

 Origin of consciousness 
 C. Elegans is the simplest animal with known 

neural network (302 neurons) 
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Tree diagrams of evolution 
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Human 

~2B years ago（Eukaryote) 

~3.8B year ago（First Life) 

〜2M years ago 

Katsushi Arisaka 

Plants Animals 



High-content behavioral analysis 



Auto Tracking 
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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.	




Four Major Science 

Origin of Particles  
Particle Physics 

 

Origin of Universe  
Cosmology 

 

Origin of Life 
Molecular Biology 

 

Origin of 
Consciousness 
Neurophysics 
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Welcome to Physics World at UCLA 

 Feel free to stop by my office any time. 
  Katsushi Arisaka 
  Knudsen 4-145 
  (310) 825-4925 
  arisaka@physics.ucla.edu 

 This talk will be posted at:  
     http://www.physics.ucla.edu/~arisaka/home 
 
 Lab Tours: 

  Today   à  Dark Matter Lab 
  In July  à  CNSI (California Nano System Institute) 

Katsushi Arisaka, UCLA 


