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® 1920-1927 — Charles Drummond Ellis establish continuous
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® 1924 — Slater, Bohr, Kramers,
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1924 - Bohr, Kramers, Slater
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® 1933 - Fermi gave the name “Neutrin0” 1@y siam B K EiFH~
® 1934 - Fermi's theory P BIRRE (s=1/2)

£ = ZE(Bun)(&r) + hel

where G = 107> /m? is the Fermi Constant.

Spin structure already require 4 fermions
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® 1942 - K [REF{ZFk proposed by Kan Chang Wang ( £/28 )
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® 1897 — Radioactivity (3 decay) discovered by Becquerrel

® 1911 — (Lise Meitner and Otto Hahn) & 1912 (Jean Danysz)
— Kinetic spectrum

® 1915 — Noether Theorem (published in 1918)

® 1920-1927 — Charles Drummond Ellis establish continuous
spectrum

® 1924 — Bohr, Kramers, Slater - energy non-conservation

® 1928 — Dirac Equation
® 1930 — Pauli’s proposal of a neutrino

©1932 - EXg& (MEFHIT) 74% (XTF RaE BI&EL: B 4Y
#igay PR

® 1942 - K BEEF{ZJX proposed by Kan Chang Wang ( Ei£8 )

® 1956 - Reines & Cowan detected reactor anti-neutrino

® 1956 - FHE. MIRTIREFIATIE, REREIIERT LN

SERE (FBUEHZRFR) KPR F2EFR2024 @ B 12



i L

Tsung-Dao Lee Institute

:g 10 entire spectrum S region close to endpoint
&= =,

TE:L o /08

@ 08 E

=

@ 2 06 mivg) =0 eV

8 06 _

Té 04 I

0.4 only 2x 1013 of
02 I decays in last 1eV
interval
mive)=1eV :
0.2 0 =
i i
o Ll | | ] 3 -2 -1 ]
2 6 10 14 18
Electron-energy E [keV] - Eﬂ [eV]
IRELAND UNITED NETHERLANDS BELARUS
KINGDOM : POLAND
0 200 -~ =
Km 41 e UKRAINE
.& ool : Danube River
Ocean L, ;
¢ i ! '__-_:-_ L RY
-_._.: :,)T prot g

Black Sea

Tyrrhenian
Sea

{EEE/REFE Y Katrin 318

TURKEY

Mediterranean Sea

SERE (FBUEHZRFR) HIXKPIHFEIFR2024 @ B 13



A @M

Tsung-Dao Lee Institute

R FiR7

SERE (FBUEHZRFR) HIXKPIHFEIFR2024 @ B 14



RFYIRIRESREY A

=R¥EalF (FKF) gi*ﬁ E1lﬁ J :|

Bl | =22 Mevic? =128 Ge\jc? =173.1 Gevic? 0 125.n9|5e-1.r,rc‘

w23 2/3 23 L e

= @ |- @|-@| @ © |y 7
t J o J i J e AL

=4.7 MeVlc? =95 Melc? =418 Gejc? (i

BF
1/3 : -1/3 143 1o _—“
Yo | T ®| =
LT J__v -
“" RAARE{ER )

i
2=

2

12 j‘ 1/2
%

-
'-H
 —
M~
ﬁ
'-H
ﬁt

(

<1.7 MeMfe?

4]
E% 1/2 Yﬁ 12 12 -
; BARRF u'#'ﬁl? T*’-Piﬁ?J Wiﬁ ?

=15.5 MeWjc =80.39 GeVic

| SSHRE(EA |

1
1

“Hfﬂiﬁ ’

PNFRES555EE(E

ulf"

Tsung-Dao Lee Institute

SERE (FBUEHZRFR) KPR F2EFR2024 @ B

!

15



BZASFRIRNF Ay

Tsung-Dao Lee Institute

SR

cu="
-

.....
......
- -
- -
. -
ae*
- an®
.......
.....
-
e
----

-
.
-

.
-----
an=®
....

.....
"
--------
.............
......

......
.....
...............
e
an®

---------

..........
-------
........
-------
......

GEONEUTRINOS V

sWLT A

SERE (FBUEHZRFR) HIXKPIHFEIFR2024 @ B 16



KR vs BEF  0.01% K* Eatlryl

Tsung -Dao Lee Institute

358 mg /100gm
1 million neutrinos/day

312 mg / 100gm

485 mg / 100gm

beta decay 89% (Ca) and
electron capture 11% (Ar)
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4H — *He + 2e™ + 2u,

200,000 years
Photon
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Neutrinos zip though quickly
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Neutrino Oscillation ( R{FHEF )
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[Kayser, https://arxiv.org/abs/hep-ph/0506165]
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PHYSICAL REVIEW D VOLUME 17, NUMBER 9 1 MAY 1978

Neutrino oscillations in matter

L. Wolfenstein
Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213
(Received 6 October 1977; revised manuscript received 5 December 1977)

The effect of coherent forward scattering must be taken into account when considering the oscillations of
neutrinos traveling through matter. In particular for the case of massless neutrinos for which vacuum
oscillations cannot occur, oscillations can occur in matter if the neutral current has an off-diagonal piece
connecting different neutrino ‘types. Apphcatlons discussed are solar neutrinos and a proposed experiment
involving transmission of neutrinos through 1000 km of rock.

Ve e

<

)

MM
= +V
i 2F,

SERE (FBUEHZRFR) IXPRHFEEFR2024 @ B 32




YR E M HRIR 7 AT

Tsung-Dao Lee Institute

- . MM
H = +V
\./ 2L,
W
/\ Am? | —cos?20 sin 260 10
; s _ + Vw
e Ve 4F sin 20 cos 260 00

(ERFR N\ #iE

&mﬁ{ —cos 20y sin 20y, Virr /2
Hy = 15 99 0 — W/ = cos 20
sin 20 cos 20,y Am2/4E
2 _ . . ™
ﬂmM :&m \/Slﬂ 29—"(00826‘—33)2 SlIl2 ZHM — 1 HM — —
4
sin? 26

. _
sin“ 20y = , ‘B L.A
\ M7 5in? 20 + (cos 20 — )2 j MARES!

SERE (FBUEHZRFR) HIXKPIHFEIFR2024 @ B 33




Number of Events

ASPRFER ’““

Ge, Hag|wara, Okamura, Rott (20 | 2)

c0sO,=-1.0 S
c0s0,=-0.95 al _ cose, - 100
12
1 F
10
g <
'E 8 ]
2 | |
6 N |
c0s0,=-0.40 5 ﬁﬁ/f{‘f gzgf:g:gg\-
wuti-cey ‘[l et LT
50 T T T T T T 3 cos6, = -0.20
(a) FCe (b)(FC+PCp| =
401 i { 1 o o1 oz 03 04 05 06 07 08 08 1
- X = d/(2"R*[cose, )
ot} 1 } Ll
2“{{ { “{} 1 FRAANDRFEHFFEES
o 4 | bfstE, RERRMEAR!
0—1 ] (1) ] 1/_1 I (1) I :
cos® cos®

FAE (FBUEtF) HIXKPIHFEIFR2024 @ B 34



i L

Tsung-Dao Lee Institute

APARNFE AR

140} l Density [g/'cm’l —_

120} -

100} ; &\ "hl' m m
8o} . tBE LL] 1I3Z

60} -

: | TSMEET
ool _ XX
06—7060 200 300 400 500 600 70C

Radius [10% km]

NE/Ny

14 T T T | T T T [ IE T T [ T T

nf (b)

10 -

8 I Vp

6 |- Va Yy —~
4t ]
2F v, i

5 v 5 0 3 1 1 1 | 1 L 1 l |' 1 1 | 1 1 1 | 1 1 1
“ 0 20 40 60 80 100
Smirnov [1609.02386] N/Np [em™]

SERE (FBUEHZRFR) HIXKPIHFEIFR2024 @ B 35



HRIAKXPHPRHFEX AT

Tsung-Dao Lee Institute

@ ﬁutrino \
& neutrlno
+
\ proton

Deuteron o
: neutron
ﬁectron neutrino Cerenkov Light

v, " elactron s

=
—>»>
Q \>‘ I %8¢ el

@ Deuteron protons/

2002 & SNO ZI8FRIAAKFHE
FHRHFTR T HERE

Herbert Hwa-sen Arthur B.
Chen (PREERR) McDonald

SERE (FBUEHZRFR) HIXKPIHFEIFR2024 @ B 36



RNFIRHS R

Normal Ordering (best fit) Inverted Ordering (Ax* = 7.0)
bfp +1c0 30 range bfp +1c 30 range
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o
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=
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10—5 evz = —0.20 * — O. =020 ) — O.
Am?
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Daya Bay heralded a new era of precision measurement in 2012!
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Gonzalez-Garcia, Maltoni & Schwetz [2111.03086]

Kam-Biu Luk @ Neutrino 2022
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AIFE & LHC in 2012 Da:é[:‘[;;:

® Higgs boson = electroweak symmetry breaking & mass. ~ O(100)GeV
® QCD ( EF®E71F ) = majority of mass.

® The world seems not affected by the tiny
neutrino mass?

@ Neutrino mass = Mixing

@ 3 Neutrino = possible CP violation

o CP violation = Leptogenesis

o = Matter-Antimatter Asymmetry

@ There is something left in the Universe.

o EW Baryogenesis is not enough.

LHC @ July 4, 2012
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Dark Energy Electrons (Matter)

Accelerated Expansion

Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Energy
{mini Big Bang)

Inflation

Known and
unknown particles

Quantum B
Fluctuations 3

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

® Primordial asymmetry diluted by Inflation ( &#iHI2it )

® Starting from symmetric phase

® \Why still some asymmetry?

e Something is wrong! 10,000,000,001
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EFHHT, B

FHEHEAR {gﬁg
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EFHRETR
i |
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HF ERMBERH
£ Lo
® Interference between tree & loop diagrams ln, by

[ = rtree + rloop(+5D: _I_CSM)

[ = rtree 33 rloop(_5D; _5M)

The matter-antimatter asymmetry needs
Dirac/Majorana CP phases.

Yanagida Fukugita
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Pion Accelerator Neutrino Beam Concept

Il neutrino or
proton muon ¥ heutring or

accelerator pion 10 PeV pions killer antineutrino types
'If |‘I g
target muons and e
10 PEIV r"rt‘e:'“ muon neutrinos 0.01 -10
Aeeeleraie kiloparsec

FEASIBILITY OF USING HIGH-ENERGY NEUTRINOS TO STUDY THE WEAK INTERACTIONS

M. Schwartz™
Columbia University, New York, New York Phys.Rev.Lett. 4
(Received February 23, 1960) (1960) 306-307

THEORETICAL DISCUSSIONS ON POSSIBLE HIGH-ENERGY NEUTRINO EXPERIMENTS*

T. D. Lee

ﬁﬂi_s 1%#1:?*%'5 Columbia University, New York, New York

EHInESR PR F and Phys.Rev.Lett. 4
C. N. Yang (1960) 307-311

Institute for Advanced Study, Princeton, New Jersey
(Received February 23, 1960)
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5% : BaEnE https://tdli.sjtu.edu.cn/CN/customize/436?columnld=35
IXIFE0FFINI T , SRFIE N FYIEH RIS B FIHEISE

R F 2R F IR ERBERIEE MM EENRE RN . PHFRES5HBEFER | B FEILEERNT
R, @IEEMELIRMAIFRRRGLF. 24T , BIEEPHMFRLLEE T EBHRERENE — TR R —F T
IR5— X2 RBRKEXEANESS , HTF2015F K IETU/RYIRESE R | pas B HinEREITIEM ANEE
%R, T ERERAASNTERUFYIELRNEEH , ERZ. FEESHIRTIRHEASEENEE P FSERE
2, B—TESEaMRNEN , —EaHNiHENE QP F R FIE R EF A R.

19595118248 , (LI KFYIRR T X T FRIWIMES ( coffee hour) k£ , FELERESISRARITE
S HEERRINSSHEIFARISCE N E. ESNNSEEIFRAMAS , EErILUEE AR 1933F IR ZEAREEF
A.LURERE-B8- D5 7-AAIL1S8FEIMV-ARSIBIC X MR IIERST, M , A TFHUEXESIES
KEEE  FEENZLILH KA. XERSHEAEBEFAARREERF THENERN K ESHETE
Higpiafil, 2EHF—TIRASBHEEFANTRENR  UASHESEENKERT. SREFEBEXLEFTEAX
R T EEEILER T EE T EMNSTALF |, BiERF. B, kT F. 2FFE, BXEHEEIELIBREET
fEFEEEEIER |, KiER RN ERNSHEERETIN , AI——HWER,

BATFITELRME , B THEERZ ( Melvin Schwartz ) WX o]@EAIEZIEE, HXRE LERZZR
REIRT , P FRES55HEER , FTUARABR BB HEEEFANEEEERNTIA , RERNSBESEAN
IBPAEIRH. SAPRFSSIEEMEHIESRS , BIENPRFEARERESACTEE, HUNGMENERZERR
BT FEHERMNSBIE , MEBUEWR TIXMEEEHIESHD , BREESFEIHTERIEERZNIEE, ~AAZE
FI1960F3H15H |, e %Z. FEBEMMIRTE (WEFFIEHRE) ( Physical Review Letters ) EARTHAE
HEERNE
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Modern Physics Letters A | Vol. 27, No. 12, 1250077 (2012) | Research Papers @ Full Access
DEMONSTRATION OF COMMUNICATION USING NEUTRINOS

D. D. STANCIL, P. ADAMSON, M. ALANIA, L. ALIAGA, M. ANDREWS, C. ARAUJO DEL CASTILLO, L. BAGBY, ). L. BAZO ALBA, A. BODEK, D. BOEHNLEIN, R. BRADFORD,
W. K. BROOKS, H. BUDD, A. BUTKEVICH, D. A. M. CAICEDO, D. P. CAPISTA, C. M. CASTROMONTE, A. CHAMORRO, E. CHARLTQON, ... See all authors

https://doi.org/10.1142/S0217732312500770
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AN/SPS-67
Surface Search Radar
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How did we get here?

NEWS NEUTRINO DETECTORS
Moscow 06:05 U.S. Gould m m m Of reumm , m of (btm

https://indico.cern.ch/event/849464/
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® 1951 - Reines (Nuclear weapon expert) meet Cowan at airport

BURIED SIGNAL
LINE FOR
TRIGGERING RELEASE

77 TS
.

\VACUUM

PUMP
SUSPENDED VACUUM
DETECTOR e LINE
VACUUM
TANK FEATHERS AND

FOAM RUBBER

Reines’ Nobel Lecture, 1995
https://www.nobelprize.org/prizes/physics/1995/reines/lecture/
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® 1956 - Reines & Cowan detected reactor anti-neutrino

Photomultiplier

.F'

e*e:*.

wC’jw’. /1;‘

Port from
nuclear -~ |j\=
reactor
Neutrino
flux
10" fem™-s

Step 1:

V. + p—n + e~
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Water target with

scintillator plus

Cd(Cl,
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Delayed coincident
detection of ¥ from """y
with pair of ¥'s from

¢ — ¢ annihilation.

Step 2:

08 109 109
Cd— Cd*— Cd + v

64
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