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The Incredible and Magnificent Universe




Astrophysics Drivers for THz Sensors

THz is the primary freq. for line and continuum radiation from cool
(5-100 K) gas (atoms and molecules) and dust.
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(from Tom Phillips, IEEE Proc., 80, no. 11, 1992).

Cosmic Microwave Background
was detected by Arno Penzias and
Rob Wilson in 1964 by using a
Dicke Radiometer with perfectly
fitted Planck Blackbody radiation
temperature at 2.7K
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 F % ig & TheExpanding Universe

Universe started from a “Big Bang”!
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14 billion years ago
woarmmnio . . 0.6 PRESENT

Origin of Origin of Origin of Origin of
Particles Structure Life cConsciousness

Courtesy Katsushi Arisaka



Introduction

Cosmological Observations
Particle Physics

WIMP Detection
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Introduction Cosmological Observations

Particle Physics
WIMP Detection

Evidence for Dark Matter 2 & = ¥ eiiifdg

Galactic Rotation Curves Gravitational Lensing

uminous disk
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Kevin Lung Direct Detection of Dark Matter
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Physicists’ View of Early Universe
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And God said:
“Let there be light.”

Light and Truth ! (#1# %, Genesis 1:3)
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http://upload.wikimedia.org/wikipedia/en/c/ce/University_of_California_Seal.svg
http://upload.wikimedia.org/wikipedia/en/0/07/Yale_University_Shield_1.svg

=]
0
=
=
e
=
il
O
o
m
=
o
(
=
o
=4
o
b
=1
=
=
-0
il
-
-0
"
i

Molecule



Human Migration from Africa from One Mother
Eve, based on Mito
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Only with 150,000 years history.
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Dendrites
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Cell body
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~micrometer scale



100 Billions Neurons 100 Billions Galaxies

New York Times 8/21/2006
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Zebrafish (~10,000 neurons) Rat (~102 neurons)



Sensory Input and Decision Making in Brain

Sensory (afferent) Neurons I

INTEGRATION

= o

Sensory receptor

| Motor (efferent) Neurons

Brain and spinal cord

Effector \ - J\ - 4

Peripheral nervous Central nervous
system (PNS) system (CNS)
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~100M photo receptors

Choroid

Retina

Ciliary body
1/22/2012 Katsushi Arisaka, UCLA
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1 Tera-Hertz = 10*%/sec (one trillion times per sec)

US National GDP $14.2 trillion
(Courtesy JPL) 18
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How can I recognize a person so far away?

> Genetically encoded? FEEFE%1?

> Learning and memory? ECIEFISRE 7



~10,000 Hair Cells
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Dolores Bozovic (Physics)

_ _ Molecular

Human auditory Cross-section of Hair mechano-
system the cochlear bundle transduction

machinery
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Meredith LeMasurier and Peter G. Gillespie, Neuron, Vol. 48,2005
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nerve ending

Cuticular Lt
plate | Belt
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nerve ending

Mechanical Motion
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Action Potential Propagation
in Hair Cell

Receptor in Synapse

Action Potential Propagation
Into Dendrite



KB4 Mystery of Hearing

* Extremely wide dynamic range in amplitude.
— 108 compressed to 100
— Smallest amplitude is 0.3 nm

* Extremely wide frequency range.
— 20 Hz - 20 kHz

* Dynamic range of 1000 0 = k

» Corresponding to 108 in k m
— Selectivity of 0.2%

* up to 5 kHz

— How can the brain handle up to 20 kHz?
 Missmatch to the speed of action potential of 1 kHz
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Thalamus Subcortical areas

Katsushi Arisaka 25 1/22/2012



Assembly of rat’ s cortical c:|rcu:|;s Eun:ng 5eveiopment

How/when do neurons establish networks? -> Symmetry Breaking
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Carlos Portera-Cailliau
(Neurology)

Miller, 1981
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Computer (Watson) Human Brain
Key Unit Transistor Neuron
No. of units ~10° (~10%) ~ 10"
Connection Copper Wire Axon + Dendrite
No. of Connections ~ 10 (~10"3) ~ 10"
Signal Carrier Electrons lons (Na+, Ca+, K+)
Clock Speed ~ 1 GHz ~ 1 kHz
Method Sequential Parallel Processing

Who Build Human Operation System?
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20W, “3D ~200W, “2D”
~100B Neural Cells ~3B Logic
(~1T Transistors) Transistors

We are power constrained and must learn from nature
® Make density our friend at less power per transistor — e.qg.
parallelism =» Density is performance

Collaborate to Innovate ™




For you created my
inmost being; you
knit me together in
my mother’s womb.

| praise you
because | am
fearfully and
wonderfully made;
your works are
wonderful, | know
that full well.
(Psalm 139: 13-14)
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(3 &% 2 = 3:14)
God said to Moses, “| am who | am.” Exodus 3:14

T F R é d
The left hand side of
The righ

t hand side of
Chinese character “GoD”
means statement.

Chinese character
“God” means
revelation.

PRSI UL, HaAR el LEP P 7 oo, IR 0 R, fg.;{-',
FHrg 2, RV UEEE, A gvRE (RS F 1:20)

For the invisible things of him since the creation of the world are
clearly seen, being perceived through the things that are made,
even his everlasting power and divinity; that they may be without

excuse. (Romans 1:20) .
1
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Open my eyes that | may see wonderful things in your law. | am a stranger on
earth; do not hide your commands from me.
(Psalm 119:18) 32
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(9 % 4% 3 1:1-4)

In the beginning was the Word, and the Word was
with God, and the Word was God. He was with God
in the beginning. Through him all things were made;
without him nothing was made that has been made.
In him was life, and that life was the light of man.
(John 1:1-4)
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The word became flesh and made dwelling among us. We have

seen his glory, the glory of one and only Son, who came from
the Father, full of grace and truth. (John 1:14)
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For all have sinned and fall short of glory of God, and justified
freely by his grace through the redemption that came by Christ
Jesus. God presented him as a sacrifice of atonement, through
faith in his blood. He did this to demonstrate his justice,
because in his forbearance he had left the sins committed

beforehand unpunished. (Romans 3:23-25) 36
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The true light that gives light to everyone was coming into
the world. He was in the world, and though the world was
made through him. He came to that which was his own, but
his own did not receive him. Yet to those who did receive
him, to those who believed in him name, he gave the right to
become children of God. (John 1:9-12)
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| am the way and the truth and the life. No one comes to
the Father except through me. (John 14:6)

ALGHH G EES . AARG A KRR RA AR
SRR FIZHT, AEIFRIGREAR. (HEBIDRDE)
I am the vine; you are the branches. If a man remains in me

and | am in him, he will bear much fruit; apart from me you
can do nothing. (John 15:5)

38
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| am the bread of life. He who comes to me will never go

hungry, and he who believes in me will never be thirsty.
(John 6:35)

AFR Fack PREN T AT HE R, QBEF S Sk (§
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| am the light of the world. Whoever follows me will never
walk in darkness, but will have the light of life. (John 8:12)

MBI, 4y N BRAMARRTT  » RRE, EFLN
A AR, (NE11F25-268)

| am the resurrection and the life. He who believes in me
will live, even though he dies; and whoever lives and
believes in me will never die. (John 11:25-26)

39
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But whose delight is in the law of the Lord,
and who meditates on his law day and night.
He is like a tree planted by streams of water,
which yields its fruit in season, whose leave
does not wither- whatever they do prospers.
(Psalm 1:2-3)
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