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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 
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1Million 
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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 
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Plants, Fish… 

Telescopes 

Fossils 



11/14/12 Katsushi Arisaka 6 

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 
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Elementary Particles 

Charge 

+2/3 

-1/3 

0 

-1 

Fermion      Boson 
Charge 

0 
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0 

±1 

+ 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 
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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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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 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 
 



First Event at LHC – Recreation of the Big Bang!   (Nov 7, 2009) 
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News release on July 4th ! 
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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 

11/14/12 Katsushi Arisaka 38 



3/8/2007 Katsushi Arisaka 39 

What is Dark Matter? 

Ø Must be a heavy particle 
§ Only weakly interacting. 
§ Gravitationally attracted. 

Ø Candidates 
§ “MACHO” (Massive Compact Halo Objects) 

• →Baryonic Dark Matter  
§ Heavy Neutrino 

• →Hot Dark Matter 
§ “WIMP” (Weakly Interacting Massive Particle” 

• →Cold Dark Matter 



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 
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WARP 



XENON100 Detector 
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170 kg 
(50 kg) 



XENON100 Detector (2009) 



Underground	  or	  
Under	  high	  
mountains	  

	  

Detector	  

11/14/12 

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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Quartz 

Photo Cathode 
(-6 kV) 

APD (0 V) 

Quartz 

Quartz 

Al coating 

APD (0 V) 

Photo Cathode 
(-6 kV) 

Structure and Electron Trajectories of 3” QUPID 
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Mechanical Samples on Base plate 



Dark Matter Lab at PAB 

Artin Teymourian   



14cm 15 cm 30 cm 

Comparison of Detector Size 
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XENON100 
170 kg 
(50 kg) 

XENON10 
14 kg 

(5.4 kg) 

30 cm 20 cm 

ZEPLIN-II 
31 kg 

(7.2 kg) 

30 cm 

2 m 

2 m 

XAX 
19 ton 

(10 ton) 

2017 

1 m 

1 m 

XENON1ton 
2.7 ton 
(1 ton) 

2014 

60 cm 

40 cm 

XENON100+ 
250 kg 

(100 kg) 

2011 2009 2007 2006 



50 

XENON1T 

Alex’s Project 



4m 
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MAX Detector (G3) 

Xe 
20 ton 

(10 ton) 

2 m 

40Ar 
70 ton 

(50 ton) 

3” QUPID x 595 (Top) 
3” QUPID x 595 (Bottom) 

3” QUPID x 2644 (Top) 
3” QUPID x 2644 (Bottom) 
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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) 
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Eukaryote (〜2B years ago) 

11/14/12 Katsushi Arisaka,UCLA 55 

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. 
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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) 
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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 



11/14/12 Katsushi Arisaka, UCLA 62 

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? 

 



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 
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Mutiphoton Microscope 

Katsushi Arisaka,UCLA 

880 nm 440 nm 

500 – 600 nm 

Two Photon 
Excitation 

Conventional 
Confocal 

500 – 600 nm 



In vivo calcium imaging of neuronal activity 



Adrian Cheng  
(Physics) 

 
Tiago Goncalves,  
Peyman Golshani,  

Carlos Portera-Cailliau 
(Neurology) 

3D Structure of  
Barrel Cortex  

of Mouse 

150 µm deep 



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) 
 



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)  



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.	



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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