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The most abundant particle in the universe: 336 / cm®
(together with the particle of light, the photon)

Mass terms in the In original SM v only left-handed: v, ?
Standard Model: - difficult to account for mass term:
coupling to the Higgs Yukawa coupling to the Higgs
— did not exist in the SM
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The Desperate Remedy

4 December 1930
Gloriastr.

Physical Institute of the

Federal Institute of Technology (ETH)

Zirich

Dear radioactive ladies and gentlemen,

As the bearer of these lines, to whom I ask you to listen
graciously, will explain more exactly, considering the
‘false’ statistics of N-14 and Li-6 nuclei, as well as the
continuous PB-spectrum, I have hit upon a desperate remedy O
to save the “exchange theorem”* of statistics and the energy
theorem. Namely [there is] the possibility that there could
exist in the nuclei electrically neutral particles that T O
wish to call neutrons,* which have spin 1/2 and obey the
exclusion principle, and additionally differ from light
ta in that they do not travel with the velocity of
The mass of the neutron must be of the same order
tude as the electron mass and, in any case, not

understandable by the assumption that in B decay
is emitted together with the electron, in such a
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Reines remarked that before his and
Cowan’s work, a “big” physics experiment
might use a one-liter detector. It was their
background in weapons research---. that
emboldened Reines and Cowan to tackle
such a large increase in experimental scale
(2 x 200L).

%E%.‘—% L HEE:l:I %/ﬁ\gll
X

dx.doi.org/10.1103/PhysRevFocus.19.13
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1995 Nobel Prize
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- Low endpoint energy around 18.6 keV
- Superallowed transition

SH
. e, @ Benefits from tritium:
\4.6_ - Short lifetime of 12.3 years

3He



Matter Generation

L ol al
¢ 17 10® 10" 10”10t 0%
Mass (eV)



IERFHF, FREAF
Weyl Spinors



1955: Ray DavisS3-3 FH{F

- v, +37 Cl - e~ +37 Ar (-0.8MeV)
s KR7EE, ANBER

J. o PUEALER (COLRIAETEREIR)

fkFEmgitE, FA RPN
1. 5/ He SUFNARME, SURZEBUE Ar
2. BArEHe BEFENE
3. FHAEEITHEEURARTNREE

e~ +37 Ar - v, +37 Cl (+0.8MeV 35K)
3800LUFALIRMEE R T RV - TR
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FMRATFIERDRIFT P FIEL

PHYSICAL REVIEW VOLUME 105, NUMBER § MARCH 1,

Parity Nonconservation and a Two-Component Theory of the Neutrino

T. D. LeE, Columbia University, New York, New York
AND

C. N. Yaxg, Institute for Advanced Study, Princeton, New Jersey
(Received January 10, 1957; revised manuscript received January 17, 1957)

A two-component theory of the neutrino is discussed. The theory is possible only if parity is not conserved
in interactions involving the neutrino. Various experimental implications are analyzed. Some general re-
marks concerning nonconservation are made.

Dirac
Neutrino wave functions need four components.

T.D. Lee & C.N. Yang

Neutrino mass is zero and its wave functions
need only two components. Weyl-Fermion

1957

27/79



SRESSE
SAtRlL

o Dirac 5125 Weyl ZEXKF

=B34

iy 401 — my )= 0

Dirac A= Dirac
pizlic3 Ei=gan Spinor

hiF

FHIERS
HF

EZTHE
FREFTIR
Al-al v

SaIE -
B+ 1y éhxﬁpl,"'zZP%QZZ%

Atk

SRR .
Python 1 1)/ aaal/)R —ML — 0

SciPy

Paul Dirac

Il
o

Weyl Spinor

Hermann Weyl
28 /79



BHEBHH
Sktel

AR

=B34

SSHEEERZ
R

PRF

FHIERS
HF

FEHRE
REIRR
I-al v
gy
SRS
KfEdL
ERDE
Python 318

SciPy

EFRPHT

T H CP T

BFRBPHT

29/79



1959: FR R A PFHAY = 5EH/

FERFHTEFAR |

- KEMEREZK?
* KFEEEMBRER ?
© KBEBAFHT IR A Y




SRRB LA
5Kk
P=2:37
Photons take a long and tortuous path
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Neutrinos zip though quickly
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Hans Bethe 1967 Nobel Prize
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7K Cherenkov SLL5 : (BZR)# X
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® Zero neutrino mass
® |ee-Yang's two-component Weyl-Fermion v model: explain the P-violation.
® Inherited by the standard model (Weinberg)
® Broken by solar (Homestake, Gallex/GNO/SAGE, SNO+), atmospheric
(SuperK) and reactor neutrino (KamLAND) disappearance
ST-AW ® Motivation: origin of the tiny non-zero mass, Majorana Fermion by GUT see-saw.
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® 7ero neutrino mass

® |ee-Yang's two-component Weyl-Fermion v model: explain the P-violation.
® Inherited by the standard model (Weinberg)
® Broken by solar (Homestake, Gallex/GNO/SAGE, SNO+), atmospheric
(SuperK) and reactor neutrino (KamLAND) disappearance
ST-AW ® Motivation: origin of the tiny non-zero mass, Majorana Fermion by GUT see-saw.

Mass ordering

e Neutrino mass by quantum interference
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SciPy: Scientific Python

* SciPy £ NumPy RYEM FHRERNBETTERX

scipy.cluster
scipy.constants
scipy.fftpack
scipy.integrate
scipy.interpolate
scipy.io
scipy.linalg
scipy.ndimage
scipy.odr
scipy.optimize
scipy.signal
scipy.sparse
scipy.spatial
scipy.special
scipy.stats

SciPy

Vector quantization / Kmeans
Physical and mathematical constants
Fourier transform

Integration routines

Interpolation

Data input and output

Linear algebra routines

n-dimensional image package
Orthogonal distance regression
Optimization

Signal processing

Sparse matrices

Spatial data structures and algorithms
Any special mathematical functions
Statistics
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