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HSC team
Andromeda Subary

2.3 million light years telescope
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alaxy Cluster MACS J1149+2223 High-Redshift Galaxy MACS11489-JL

¢ - i ‘ .
galaxy @ 13.3 billion light years
A Distant Gravitationally-Lensed Galaxy at Redshift = 9.6 Hubble Space Telescope * ACS » WFC:Z
NASA / ESA / STScl/ J. Hora [Harvard-Smitsonian CfA) ssc2012-12:



“Wall” @ 13.8 Blyrs

with a telescope
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Dark Matter



1
VT solar
system

Jupiter

Orbital Speed [km/s]

Uranus

Neptune pluto

10 20 30 40 _ —
Distance from Sun [AU] |

MASTEROIC

23-47 - ZF

Earth revolves around the Sun at 30 km/s



2 hundred billion solar system revolves at 220 km/s
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Cheshire cat
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|mage invisible dark matter

more than 80% of matter in the Universe is not atoms
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DES mass map




Large-scale map of dark matter

~100 square degrees
will cover x10 by 2019

XMM magLimit=24.5 rO=1.5 gauss (satoshi 2017/02/01 16:42:45)
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Dark Matter
is our Mom

without dark matter with dark matter



| Reenacting the Big Bang with Cal Marching Band
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It is probably WIMP
(Weakly Interacting
Massive Particle)

Stable heavy particle
produced in early
Universe, left-over from
near-complete
annihilation
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Muon Detectors Tile Calorimeter Liquid Argon Ca
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Berlioz “Les Troyens™ in Valencia
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Can we make it?
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Key: W, Z bosons \/\, photon

q quark ) meson ? galaxy
g gluon ) # ® baryon i
* star

@ electron ion
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tri atom black . (Ge
V neutrino hole | Particle Data Group, LBNL, © 2008. Supported by DOE and NSF V)
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Anti-matter
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anti-matter at use
Positron Emission Tomography (PET)
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Lawrence Berkeley
National Laboratory



PUMP
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Emmc
300 million times more efficient
than regular gasoline



| New

e
Bestselling Author of The Da Vinet Codi

® FEuropean Laboratory
CERN

® A scientist produced
a quarter gram of
antj-matter without
thgknowledge of the
Difector General

® fall§ into wrong hands!

billion trillion
trillion dollars
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Early Universe

1,000,000,002

matter anti-matter
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Current Universe

us

matter anti-matter
We won! But why!?
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Beginning of Universe

1,000,000,001

matter anti-matter
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fractlon of second later

|
1 000,000,002 «

martter anti-matter
turned a billionth of anti-matter to matter
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Universe Now

us

matter anti-matter
This must be how we survived the Big Bang!
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matter & anti-matter!
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How do we reshuffle
matter & anti-matter?

® neutrinos have no electric charge

® anti-neutrino may turn into neutrino
V2V

® neutrinos are our father?

Fukugita Yanagida



Neutrinos morph
flavors
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Nobel Prize in Physics 2015




Kajita (Super-K) can taste
strawberry, not chocolate




Kajita (Super-K) can taste
strawberry, not chocolate




Kajita (Super-K) can taste
strawberry, not chocolate




Kajita (Super-K) can taste
strawberry, not chocolate




Kajita (Super-K) can taste
strawberry, not chocolate




Kajita (Super-K) can taste
strawberry, not chocolate




Kajita (Super-K) can taste
strawberry, not chocolate




Kajita (Super-K) can taste
only strawberry, not chocolate

He tastes only a half of the size!
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Flavor Transformation



KamLAND
control room



KamLAND 08 .

BERKELEY CENTER FOR
THEORETICAL PHYSICS

neutrinos do oscillate!

1.2 [ previous o o KamLAND data

[ reactor experiments [ Neutrino oscillation with real reactor distribution
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EXxcitement 2002

| o | KamLAND
® CP violation in neutrino sector may be SNO

observable with conventional technique 2017
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Fate of the Universe



speed up!

Cosmic Expansion

Big Rip?
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Gravity only pulls
Something is pushing the expansion
» Ihe biggest mystery in modern physics!

2011 Nobel Prize in Physics




NHK Science Zero 2010.9.4
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NHK Science Zero 2010.9.4
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atoms
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dark
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dark
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Need funding ASAP!



6 48 3.6

Population (in millions)

Need a census
to understand
our future

Japan - 2016 Fariale United States Population (2010)
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DES, PAU, Euclid, LSST
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