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How did the Universe begin?
What is its fate?

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

Why do we exist?









electron

quarks

atom

nucleus

neutron
proton

number of protons determines 
the chemical element



only hydrogen and helium
right after the Big Bang
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built inside stars
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Why does the Sun shine?

Darwin:
given geological 
information and evolution 
of life, it must be older 
than 300 million years

Lord Kelvin:
the Sun can’t possibly
shine more than
20 thousand years



E=mc2

the Sun is getting
lighter by

4 million tons
every second

a hundred trillion
neutrinos go through

our body every second

burning atoms?

proton

4He

+ 2e+ + 2ne + 25MeV



How to see
invisible neutrinos



Super-Kamiokande



evidence

SuperKamiokande

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

in pitch darkness
1 km underground



fate of the Sun





new stars are born



planets

• more than 2000 
candidate extrasolar 
planets 

• some of them “Earth-
like”

• possibly with liquid 
water

• life????



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
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telescope

3 m
in

atoms built in Big Bang
H:He ~ 3:1 in mass

agrees well with observation!

use particle accelerator



electron

quarks

atom

nucleus

neutron
proton

number of protons determines 
the chemical element

Higgs boson



redo the Big Bang!

LHC





many accelerators
at hospitals



theory：1964

design：1984

construction：2001

discovery of Higgs boson
2012.7.4





conceived back in 1984



ATLAS detector





ATLAS detector





collision of protons

ATLAS experiment

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)  
     mitigate impact of pile-up on CPU, rates, efficiency, identification, resolution  
 in spite of x2 larger CPU/event and event size  we do not request additional computing  
     resources (optimized computing model, increased fraction of fast simulation, etc.) 

The BIG  
challenge  
in 2012:  
PILE-UP 

Z μμ 

Z μμ event from 2012 data with 25 reconstructed vertices 

2012: ~30 events/xing  
at beginning of fill  
with tails up to ~ 40.  

37 

2011: average  
12 events/xing,  
with tails up to ~20 

look for tens of cases out of a quadrillion collisions





Peter Higgs blessing
leader of the ATLAS group

Fabiola Gianotti



God particle?

Goddamn particle!



Universe is filled with Higgs

• Higgs bosons fill up space

• slows down every elementary 
particles from speed of light

• otherwise no atoms, no us!

• without it we evaporate in a 
nanosecond

• created order in the Universe

• our existence relies on it
• What is it exactly??

we got only started with this question
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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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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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ウィークボソン（Ｗ粒子）

真空に満ちたヒッグス粒子



Universe got cooler

disorder　　　　 ⇒ 　　　　order

4 quadrillion degrees



Why don’t we notice?

• just like the air
• ancient people didn’t know 

that we live in the air
• flow = wind makes us 

notice something is there
• but can’t make the Higgs 

bosons flow because they 
are frozen rigidly

• the only way: strike it hard 
to take one out



nuclei
electrons

atoms



Spin

• every elementary particles spin forever
• electrons, photons, quarks, ....
• only Higgs boson doesn’t spin
• faceless!
• I had proposed “Higgsless theories”
• spooky particle
• does it have siblings? relatives?  
• maybe composite?
• why did it freeze in?



maybe Higgs boson
spins in extra 
dimensions of space?



ILC

• elementary particles

• well-defined energy, 
angular momentum

• uses its full energy

• can produce particles 
democratically

• can capture nearly full 
information

LHC

ILC

p
p

e+ e-











Multiple Wavebands
in Astronomy



Telescopes vs 
Accelerators

aim need telescopes accelerators

probe deeper better 
resolution

better 
mirrors, CCD

higher energy

better image
better 

exposure

larger 
telescopes, 
more time

more 
powerful 
beams 

(luminosity)
full 

understanding
multiple 
probes

visible, radio, 
infrared, UV, 
X-ray, gamma

protons, 
electrons, 
neutrinos



LHC vs ILC
(oversimplified)

total energy 14TeV 0.5-1 TeV

usable energy a fraction full

beam proton (composite) electron (point-like)

signal rate high low

noise rate very high low

analysis easy to spot particles nearly all particles

events lose info along the beams capture the whole

status being upgraded finished design



Lyn Evans
the man who
built the LHC

Mar 27, 2013



380,000 

yrs

13.8 Byrs

CMBHiggs

a quadrillionth

of a second
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since Oct 2007



Oct 2007



Oct 2008



Oct 2009



Oct 2010



Oct 2011



Oct 2012

picture will be taken on Oct 19



58Asahi TV



How did the Universe begin?
What is its fate?

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

Why do we exist?


