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IPMU initiatives in
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Studylng the Universe -
~: Undérground

HItOShI Murayama (IPMU Tokyo & Berkeley)
. Physics Colloquium, BNL, Oct 16,2008
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¢ The spacetime itself is
«stretching, galaxies
R dragged away
e Universe getting colder -
as, it expands g
® |t was much hotter
~earlier: Big Bang
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Cosmig Questions
for ‘
*What is the Universe made of?
What is.Dark Matter?
| ,'.I.Did ne.utrincss form galaxies!?

Where did the Anti-Matter go?

Where dic.l we come from?
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»

A false-color computer reconstruction of the dark
matter mass per area in the cluster CL0024+1654,
seen in projection. This mass, over 300 million trillion
times the mass of the Earth, is responsible for the
cosmic mirage. Individual galaxies

in the cluster appear as mass pinnacles.
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without dark matter-

i Wi'thdut Dark Matter . ' With Dark Mattér
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Search for MACHOs
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® [t must be WIMP (Weakly *
~ Interacting Massive

 FParticle)

‘® Stable heavy particle
“produced in early
Universe, left-over from
hedtcomplete annihilation
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Quantu% .Dimensib,n.

The best candidate
ssuggested by-string

_ theory: supersymmetsy

every particle has anti-
matter counterpart:,
doubled the number

The lightest
superparticle is stable,
neutral, weakly .
Interacting

= 'Dark Matter candidate

Nature may do it again,*

matter anti-matter

- +
particles e/v e/v
~ ~+

super- & ..
partners .-~
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Go underground!

COSIMIC rays
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BESTSELLING AUTHOR OF DIGITAL FORTRESS

| DANBROWN

;. - . - -

. "“A breathless, real-time adventure...Exciting, fast-paced,
¢ with an unusually high 1Q.” —San Francisco Chronicle
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Matter and Anti-Matter
Early Universe

1,000,000,001 1,000,000,000

matter
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Matter and Anti-Matter
Current Universe
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maltter
The Great Q\nnihilation
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.Baryg-.Genesis X

® How did we survive the Great Annihilation?

- ® Anti-matter looks like an exact mirror of matter

»
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® How did we survive the Great Annihilation?
- ® Anti-matter looks like an exact mirror of matter
" ® Wiy then was matter chosen over anti-matter?

. @ .Somehow,a billionth of afiti-matter was’
~ | transformed to matter to create the imbalance.

T nobody has seen matter and anti-matter
transforming to each other...
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T Proton Decay

‘@ |If matter and anti-matter .
s transform to each o6ther,

maybe p—¢'+light S [ o
p’ hydrogen (matter) '
“Fempositromn (anti-matter), *
A Happe'ns less than:once

SSeevery $0°> years .
'@ May happen more than | ‘
once a year if you have 10%¢ * 3

Sy diFogen atoms
=2 million"ton of wager
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. Proton Decay

‘@ [f matter and anti-matter .
. transft?rm to each other,
maybe p=¢ +light —  ** w0 ¢
p’ hydrogen (matter) '
elmpositromn (anti-matter), *
e Happe‘ns less than-once
SSeevery $0°> years .
'@ May happen more than
~ once a year if you have |0°°
“hydrogen atoms
‘=2 million'ton of wager
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If matter and anti-matter .
transft?rm to each other,

maybe p=¢ +light —  ** w0 ¢
hydrogen (matter) '

Bpositrom (anti-matter), *

Happe‘ns less than-once
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.. pihydrogen (matter)

Seevery $8°3 years
'® May happen more than

Progn Deca

‘!'.Itn-" “FIH

® |f matter and anti-matter
transform to each 6ther,

maybe p— ¢ +light

. »
»

-

® Happens less than once

once a year if you have |10°°

flydrogen atoms
~a'million"ton of wager
® *Huge underground expt!




‘Neutrinoless -
Double-beta Decay

e Can anti-matter turn into
s _smatter!

;- ® \Maybe anti-neutrino ¢an _*
5 turre into neutrino '
_ becadse they don’t darry
o “electricity!

® OUBBinn—ppee” W|th
no neutrinos

® SO rare, can be detected
only in'quiet l{nderground ’
" e enwronment
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e Can anti-matter turn into
~_smatter! dnt '
. ® ‘Maybe anti-neutrino ¢an % . |
turre into neutrino '

‘Neutrinoless -
Double-beta Decay
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~ eleetricity!
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S(lbtle,. Differencé,

Is gnti-matter the exact
2 mitror. of matter?

+ @ |f yes, no hope of our

\ survival
» . ' »
+« ® Neutrinos were
“discovered to morph .’
from-one type to
another -

® Do anti-neutrinos
T morph. the saffie way?
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G rowing Community
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e Where should this exciting
science to study the
universe underground
doné?

e _Initially many possible

- sites |

® South Dakota state = *
legislature committed
$36 million |

® ‘down to one in 2007:

Homestake &



National Science Foundation e

HOME | FUNDING | AWARDS | DISCOVERIES | NEWS | PUBLICATIONS | STATISTICS | ABOUT | FastLane

Press Release 07-075
Team Selected for the Proposed Design of the Deep Underground

Science and Engineering Laboratory

DUSEL 7277000500 at Homestake, SD

’
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An artist's rendition of the proposed Deep Underground Science and Engineering
Laboratory design.
Credit and Larger Version

July 10, 2007



A Lotof Science |

Deep Underground Science
DUSEL and Engineering Laboratory @t HOmeStake, SD

Engineering

6 %2 Empire State
Buildings
for scale

Geoscience

Shallow
Lab
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Cosmic Questions
for

What is the Universe made of?

What is Dark Matter!?
Did neutrinos form galaxies!?

Where did the Anti-Matter go!?

Where did we come from?

We need to go underground to _.
answer the cosmic questions!

Captivate the young minds,
nurture the next generation
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