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Why are we here?
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History of Life and the Human beings
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Big Bang!
Solar System formed

First life on the Earth
Plants, Fish...

Mammals Fossils
Homo sapiens

Jesus Christ was born.

Einstein was born.
You were born.

Written Documents

Videos, Pictures

You woke up this morning.

You saw this viewgraph.
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Brief History of Universe and Life
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— 14 Homo sapiens
You were born.

Solar System formed

Fossils
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~100 Billions Stars in a Galaxy
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nubpie s Law:
Expansion of the Univer

Horizon
o of Universe
Big Bang!
Sun/Earth
o
14 Billon Moving Away
Light Years at Speed of Light
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Expansion of Universe

Size
Size of _ \Time

Universe

Horizon~ cT

Beginning Today

Time
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Temperature of Universe

Temperature

Temperature = 1/Size

2.7°K

Beginning Today

Size
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Tevatron at Fermi Lab near Chicago
(1980 — 2010)
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Elementary Particles

ELECTRON

NUCLEUS

PARTICLE

QUARK



Quark Model

Proton Neutron

W W
00, @@

+2/3+2[3-13=1 +2/3-13-13=0

3/16/13

Katsushi Arisaka

14



Elementary Particles

Fermion Boson
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Three Families of Matter

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

Strong force
electromagnetjc Grand
electroweak Unification
e
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temperature (K)

Copyright @ Addison Wesley.
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Unification of Forces (1980)
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Physicists’ View of Early Universe

Fiat lux
Let there be light



Structure of DNA
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Time
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Symmetry Breaking

Simple

Symmetry
Break Down

Complex
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The Beginning

> Everything was the same > 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

O O

\ Dish

Glass of Water
by Nambu Yoichiro
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Seven Phases of Cosmic Evolution

Spontaneous Symmetry Breaking

G

0.6 PRESENT

Origin of
Particles
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First Event at LHC — Recreation of the Big Bang! (Nov 7, 2009
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Pool photo by Denis Balibouse
Scientists in Geneva on Wednesday applauded the discovery of a subatomic particle that looks like the Higgs boson.

By DENNIS OVERBYE
Published: July 4, 2012 | B 122 Comments 33



Seven Phases of Cosmic Evolution

Spontaneous Symmetry Breaking
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Origin of | | Origin of
Particles | | Structure
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Formation of Structure in the Universe

Dark Matter is required!




Baryonic <

Matter
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Cosmic Pyramid

Dark Energy
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History of the Universe

Key:

W, Z bosons NS\, photon

q quark ) meson o
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Particle Data Group, LBNL, © 2000. Supported by DOE and NSF



What is Dark Matter?
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SUSY Particles and Neutralino

Standard particles

' Quarks ‘ Leptons . Force particles
Spin  1/2 1 0
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SUSY Particles and Neutralino

SMW Neutralino

Standard particles
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Laboratori Nazionali del Gran Sasso, Italy

LNéS 1400 m Rock (3100 w.m.e)




XENON100 Detector
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XENON 100 Detector (2009)
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Where backgrounds come from?

Ultimately photon detectors are the major source of backgrounds.

’\/ /\/\ Cosmic
Underground or Rays
Under high
mountains / \
4 )

' Radio Activities
(U, Th, K...)

J Water Tank
(Liquid Scintillator)

\
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R8520
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XENON1T at LNGS
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DarkSide 5T at Gran Sasso

Inner Shell

3” PMT x 600
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Seven Phases of Cosmic Evolution

Spontaneous Symmetry Breaking

8

14 billion years ago

0.6 PRESENT

Origin of | | Origin of Origin of
Particles | | Structure Life
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Orgamc Polymers (4 5B > 4B years)
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RNA Word (4B > 3.5B years ago)

1. Organic precursor 2. RNA molecules 3. Membrane-enclosed
molecules appear. become self-replicating. pre-cells arise.
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Eukaryote (~2B years ago)
Symmetry breaking
Cell made by proteins Gene made by DNA
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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
” In particle physics.
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Seven Phases of Cosmic Evolution

Spontaneous Symmetry Breaking

8

14 billion years ago

0.6 PRESENT

Accelerator | €= Telescope —> €— Microscope —>
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Single Molecule Imaging

Nano Technology

Extracellular
Medium
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Gold nano particie (40nm)
attached to Transferrin Receptor (TfR) on Cancer Cell

20 nm

0.1ms
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Prof. Manuel Penichet (Oncology)
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UCLA Fast Bio-Imaging Group
L. Frednickson, J. Rodriguez, A. Cheng, K. Jewhurst, J. Miao, K. Arisaka



Arisaka’'s Campus-wide Collaborations
on High-Speed Bio-imaging
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User-shared Core Facility
of High-speed Microscopes at CNSI
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4D Nano Biophysics
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Seven Phases of Cosmic Evolution

Spontaneous Symmetry Breaking

8

14 billion years ago

0.6 PRESENT

Origin of | | Origin of Origin of Origin of
Particles | | Structure Life Consciousness
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Universe

-,

100 Billions Neurons 100 Billions Galaxies

New York Times 8/21/2006






Assembly of cortical circuits during development

Sensory (afferent) Neurons |

INTEGRATION
Sensory receptor o

Motor (efferent) Neurons

Brain and spinal cord

Effector \ 2 I\ y J
Peripheral nervous Central nervous
system (PNS) system (CNS)
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Human Eyes

Ciliary body
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How can I recognize a woman so far away?

> Genetically encoded?

> Learning and memory?



The Cerebral Cortex

Conscious

I
Unconscious

Subcortical areas

Thalamus
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Nature vs. Nurture

Nurture

1 2 3 4(5 6 7(8 9 10 11 12 13 14
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From No Brain to Big Brain

Paramecium (Single Cell)

TF

Zebrafish (~10,000 neurons) Rat (~10° neurons)
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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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Seven Phases of Cosmic Evolution

Spontaneous Symmetry Breaking

8

14 billion years ago

0.6 PRESENT

Origin of | | Origin of Origin of Origin of
Particles | | Structure Life Consciousness

6/26/2012 Katsushi Arisaka, UCLA 76



Why are we here?



Cyclic Model

M theory
“bang”
radiation
matter
Shadow

dark energy Universe Our
» L, Universe
contraction \

“‘crunch” Y



Are there more than
one Universe?



Linde’s Multiverse
1 by Chaotic Inflation
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Four Major Science

Origin of Particles Origin of Universe

Particle Physics

Origin of Life

Molecular Biology

Cosmology

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://lwww.physics.ucla.edu/~arisaka/home

> Lab Tours:
» Today >  Dark Matter Lab
" InJuly =  CNSI (California Nano System Institute)
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