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EVIDENCE FOR MASSIVE NEUTRINOS



The Neutrino Revolution (June, 1998)



[W]e must help you to ensure that America continues
to lead the revolution in science and technology……..
Just yesterday in Japan, physicists announced a       
discovery  that tiny neutrinos have mass. …..but it may 
change our most fundamental theories   from the 
nature of the smallest subatomic particles  to how the 
universe itself works, and indeed how it expands. 

Clinton  on neutrino

MIT 졸업식에서 Clinton연설

(excerpted from remarks at the MIT 
commencement, June 6, 1998)



What are Neutrinos ?



Elusive ghost particle



Invented to resolve a 
puzzle……



Invention of the Neutrino

Beta decay mystery (1920년대 수수께끼):

2-body decay should give 
mono-energetic electron

But observed spectrum is continuous

b spectra were 

continuous

Beta Energy

2-body decay



Wolfgang Pauli’s solution  (1930)

Weakly interacting massless neutral fermion
(매우 약하게 상호작용하고 질량이 없는 중성인 패르미온)

In b-decay





Cowan & Reines (1956)

1995년 노벨 물리학상

“ the first detection of anti-neutrinos ``

Discovery of Neutrino





Lederman, Schwartz, Steinberger(1962)

1988년 노벨 물리학상

Discovery of Muon Neutrino 

1950년대 수수께끼 :
당시 현상은 관찰되었으나, m→e + g  

현상은 전혀 관측할 수 없었다…
m ++→ e

nepx +→+ +

forbidden



Neutrinos:

•Come in three `flavors’
•Are massless
•Interact weakly
•Cannot change flavor

All neutrinos left-handed

X

Neutrinos in the standard model

표준모형 : our best model for  the microscopic universe…





Neutrinos in the standard model

• EM interaction

• Weak interaction



Neutrinos in the standard model

• Fermi theory of weak interaction



Neutrinos in the standard model

• Fermi theory of weak interaction



Neutrinos in the standard model

• Fermi theory of weak interaction



Neutrinos in the standard model

• How neutrinos interact ?

• Weak interaction exchanging
 

0,ZW 



Neutrinos in the standard model

• Weak interaction exchanging  
0,ZW 



Neutrinos in the standard model

• Weak interaction exchanging  
0,ZW 



•Birth of Neutrinos •How many neutrinos

in our Universe?

•Neutrinos in the Universe

Big Bang



Neutrino Sources

Sun

Earth

Atmosphere

Reactors→
Cosmology

Accelerators→

Astronomy: →

Supernovae

GRBs

UHE ‘s



Neutrinos are everywhere.
Every second tens of thousands of neutrinos

are passing through our body.



그렇다고 넘어지지는 않는다



중성미자 물리학이 왜 중요해졌는가?



The Neutrino Revolution (1998-)

Neutrinos are massive. 

Neutrinos mix.

Discovery of Neutrino Oscillation

새로운 물리 이론의 단서

우주 생성 비밀의 열쇠



고에너지 중성미자는 우주론의
여러 가지 퍼즐들을 해결하는 데
결정적 역할을 할 지도 모른다 !!!



Neutrino’s are hot!

Neutrinos

from backstage to center stage

2002년 :  노벨물리학상
(Davis & Koshiba)

for detection of cosmic neutrinos



Neutrino’s are still hot!

2015년 :  노벨물리학상 : “discovery of neutrino oscillation

Kajita & Mcdonald 

Yoji Totsuka(March 6, 1942 – July 10, 2008)

“The discovery of oscillation in neutrinos was largely 
due to the work done by Professor Totsuka,” Kajita 
said.


