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physicists asks simple and 
profound questions

How did the Universe begin?
What is its fate?

What is it made of?
What are its basic laws?

Where do we come from?



Religions



Philosophy



Evolutionary biology





Subaru
8.2m tall and wide

LHC
27 km all around



Andromeda
2.3 million light years

HSC team
Subaru 

telescope



cluster of galaxies 
2.1 billion light years

Abell 2218 



galaxy @ 13.3 billion light years



Picture of Big Bang

You can never “see” beyond this wall
with a telescope

Temperature variation ~ 1/100,000



telescope

Big Bang predicts H:He ~ 3:1
agrees with observations

accelerators
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the Sun is getting
lighter by

4 million tons
every second

a hundred trillion
neutrinos go through

our body every second

How does the Sun shine?

proton

4He

+ 2e+ + 2ne + 25MeV

E=mc2



Super-Kamiokande



evidence

SuperKamiokande

burning atoms in the Sun produces neutrinos
trillions through our body every second

in pitch darkness
1000 m underground



Feb 23
1987

160,000 light years

noise
too high

mandatory
retirement

distant stars also
burn atoms

tremendous 
luck



hydrogen
helium

carbon
nitrogen
oxygen

iron

neutrinos

160,000 light years

We are star dust

?



merger of neutron stars





GW170817



— Robert Quimby (SDSU) — 3
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fate of the Sun 
in 4.5 billion years



exoplanets
• thousands of 

candidates now

Credit: NASA Ames/Wendy Stenzel

Credit: NASA/Kepler mission/Wendy Stenzel

提供：国立天文台



electron

quarks

atom

nucleus

neutron
proton

Higgs boson



Redo the Big Bang!

LHC





theory：1964

design：1984

construction：1998

discovery of Higgs boson
2012.7.4







ATLAS detector



Higgs boson decays into two photons



Universe is filled with Higgs
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宇宙のあらゆる場所，あなたの眼の前
にすら，「ヒッグス粒子」が満ちている
　素粒子物理学の標準モデルでは，もう一つ未発見の素粒子
の存在が予言されています。それが「ヒッグス粒子」です。

　標準モデルによると，宇宙空間のあらゆる場所，真空や物
質の内部にさえ，ヒッグス粒子が満ちていると言います＊。
魚が周囲に満ちている水の存在に気づかないであろうよう
に，ヒッグス粒子はあらゆる場所に満ちているため，私たち
はその存在に気づいていないのです。

　ヒッグス粒子は，あらゆる素粒子の「重さ（質量）」を生
みだす源だと考えられています。標準モデルによると，本来，
あらゆる素粒子は質量がゼロだと考えられているのです。質
量とは，「物体の動かしにくさ」（より正確には「加速のしに
くさ」）を意味します。質量の小さな（軽い）ピンポン球は，
小さな力でも，いきおいよく動かすことができます。しかし
質量の大きな（重い）砲丸は，大きな力を加えないと，いき
おいよく投げることはできません。

　ヒッグス粒子が空間に満ちているため，素粒子が動こうと
すると，ヒッグス粒子と衝突してしまうことがあります。こ
れを素粒子の質量，すなわち，動かしにくさの起源だと考え
るわけです。質量が大きい（重い）素粒子ほど，ヒッグス粒
子と頻

ひん
繁
ぱん
にぶつかることになります。

ヒッグス粒子がなかったら，私たちは存在できない
　一方，光子のような質量ゼロの素粒子は，ヒッグス粒子と
衝突しません。光が自然界の最高速度（光速，秒速約 30万
キロメートル）で進めるのは，このためです。

　逆にいえば，光子は真空中を光速以下で進むことはできま
せん。光子は，生まれた瞬間から光速で動きつづける運命な
のだといえます。ヒッグス粒子がなければ，私たちの体をつ
くっている電子などの素粒子も，光速で進んでしまい，その
場に留まっていられなくなります。物体の構造が保たれてい
るのは，真空にヒッグス粒子が満ちているおかげなのです。
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●●●●
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Part 2 素粒子論入門
ヒッグス粒子①

＊： 真空に満ちているのは「ヒッグス場」で，加速器を使ってヒッグス場から
たたき出される（次ページ参照）のが「ヒッグス粒子」と使い分ける方が，
より正確ですが，この記事では「ヒッグス粒子」で統一することにします。
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電子

光子

ウィークボソン（Ｗ粒子）

真空に満ちたヒッグス粒子

Particles slow down Without Higgs,
we evaporate in

a billionth of a second



Spin
• every elementary particles spin forever
• electrons, photons, quarks, ....
• only Higgs boson doesn’t spin
• Faceless!  A spooky particle
• I had proposed “Higgsless theories”
• Is it the only one?
• does it have siblings? relatives?  
• Maybe it’s spinning in extra dimensions?
• maybe composite?
• why did it freeze in?



Dark Matter



28,000 lyrs

solar system revolves at 220 km/s
what is pulling us inside?

a hundred billion 
stars



true nature of galaxies
100k lyrs

>M lyrs

dark matter

stars



cluster of galaxies

Abell 2218
2.1B lyrs





image invisible dark matter

 45more than 80% of matter in the Universe is not atoms



two clusters collided at 4500km/sec
4B lyrs away



Dark Matter 
is our Mom

without dark matter with dark matter

10–5



largest 3D map ever

8 Billion lyrs1 Billion lyrs
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Indeed,  
dark matter is our Mom!

3D map of dark matter

3D map of galaxies

3D map of galaxies

2D map of galaxies



Reenacting the Big Bang with Cal Marching Band



M87 galaxy



6.5 billion times the mass of the Sun

photon ring

event horizon

but the M87 galaxy weighs as much as 2 trillion Suns



What is dark matter?

• not atoms

• not dark stars

• not even black holes

• not neutrinos

• everything “known” doesn’t work!



WIMPs

• It is probably WIMP 
(Weakly Interacting 
Massive Particle)

• Stable heavy particle 
produced in early 
Universe, left-over from 
near-complete 
annihilation



Can we make it?

E=mc2



LHC

Huge efforts over last months to prepare for high lumi and pile-up expected in 2012: 
� optimized trigger and offline algorithms (tracking, calo noise treatment, physics objects)  
    Æ mitigate impact of pile-up on CPU, rates, efficiency, identification, resolution  
� in spite of x2 larger CPU/event and event size Æ we do not request additional computing  
     resources (optimized computing model, increased fraction of fast simulation, etc.) 

The BIG  
challenge  
in 2012:  
PILE-UP 

ZÆ μμ 

ZÆ μμ event from 2012 data with 25 reconstructed vertices 

2012: ~30 events/xing  
at beginning of fill  
with tails up to ~ 40.  
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2011: average  
12 events/xing,  
with tails up to ~20 

pick up tens out of million billions



Intl Linear Collider

LHC

ILC

p p

e+ e-





http://sumire.ipmu.jp/pfs/intro.html
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Prof. Dr. Ralf Bender

http://sumire.ipmu.jp/pfs/intro.html


380k yrs

13.8B yrs

CMB

陽子
ヘリウム

２陽電子

２ニュートリノ

陽子
ヘリウム

２陽電子

２ニュートリノ

3m
in10 –10 sec

a trillionth sec

DMHiggsinflation



Inflation



fly-by simulation based on real data

about ten trillion times faster than light
practically the same no matter how far you go



How do they know 
each other?

• Like having discovered 
two remote islands in 
very different parts of 
the world, but people 
speak the same 
language

• we suspect they were 
together at some point



The Hot 
Big Bang

telescope

gravitational waves

            Inflation



vacuum is active

http://www.youtube.com/watch?v=uxlOMa6pdr4

http://www.youtube.com/watch?v=uxlOMa6pdr4


Seeds for structure

�E�x & ~c
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Inflation

Dark Matter

10–5
10+10



Inflation is Dad 
Dark Matter is Mom



380kyr

13.8Byr

CMBνdark matter
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physicists ask simple but 
profound questions

How did the Universe begin?
What is its fate?

What is it made of?
What are its basic laws?

Where do we come from?


