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Sewing the fabric of spaceti
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By convention there is color,

By convention sweetness,

By convention bitterness,

But in reality there are atoms and space.

-Democritus (c. 400 BCE) (&&= F4%)
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« Joseph Thomson (1906 Nobel) &3 7 B FhEERR
%Hg SRIZNAT, ANET SR AT HH R B R

[George Thomson (1937 Nobel) iERR TH FiEztE. (B F4758t)]

. ,554@ (Rutherford, 1908 Nobel) SLI&iFRR T R F &
EZEEFP-

. 1932% ., Chadwick (1935 Nobel) £8 7 F,

(,5 FIRSELE, I/RIEERY)
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History of the Universe
:_._l: EEI H,‘J blj =2 P‘c‘.,e\eﬁ*m‘s

Key: W, Z bosons A\ photon

q quark ) meson galaxy
| . -

g gluon k) # * baryon * -

€ electron
[Lmuon Ttau ke

black
V neutrino @m , hole
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28 F (Hadron)

Baryon (E-F)




i+ (Neutrino)

E%?Bﬁ?ﬁ%ﬁ‘]%¥, SFmuon, tauF, T5ZEH
1 S

19304, only known particle: electron & proton
Beta Decay (4 #| 53)

Helium-3 (1, 2)

Tritium (2, 1) Recoil nucleus and

electron separate
—> with equal and
opposite momentum.

‘e



mF  (Neutrino)

3 ARTMPMFRIZ

g Observed Expected Helium-3 (1, 2)
S spectrum of electron
E energies energy
3 Tritium (2, 1)
g T Electron and
—_—> neutrino share
§ . the available
‘A/ A energy.
Energy O

Endpoint of Electron Antineutrino
spectrum



FHrF (Neutrino)

Wolfgang Pauli 1930

Letter to the physical Institute of the Federal
Institute of Technology. Zurich

The Desperate Remedy

4 December 1930
Gloriastr.
Zurich
Physical Institute of the
Federal Institute of Technology (ETH)
Zurich
Dear radioactive ladies and gentlemen,

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 I
wish to call neutrons, whlch have spin 1/2 and obey the
exclusion principle, and additionally differ from light quan-




i+ (Neutrino)

19324, Chadwick £ T7dF,

Paulii#fg “neutron” #Fermigg gl “little neutral one” |, g h4 K&
Ay

“Neutrino”



i+ (Neutrino)

Solvay 1933 Physics Conference (Brussels, Belgium)
Pauli & & T B9 A L Fi% 18

=

'tq-

Dire
Lawrence

Fermi l 8
Heisenberg ,' 3
\ 10
| R G ]
: -

Schrodinger

De . Leitner
Broglie



¥ ;28 (Kan-Chang Wang)

TizExFiREH BKE FERERNPRF-

A Suggestion on the Detection of the Neutrino

KAN CHANG WANG

Department of Physics, National University of Chekiang Tsunyi,
Kweichow, China

October 13, 1941

T is known that the presence of the neutrino cannot be
detected by its own ionization effect. It appears that

the only hope of getting evidence of its existence is by .
measuring the recoil energy or momentum of the radio- 15%F /7, Re”:]\eiﬂ] .
active atom. Crane and Halpern! have, by measuring the COWOHEIJJEH:LZ l 5\%1}(, £
momentum and energy of the emitted g-ray and the recoil 1956 FEFRNE] T HRF,
atom with a cloud chamber, obtained evidence pointing B2 T 1995F1INobel 4

toward the existence of the neutrino. However, owing to B,

the smallness of the ionization effect of the recoil atom, it
seems worth while to consider a different method of
detecting it.



Fermion and Boson
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Fermion and Boson
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Fermion and Boson

6 4

|

\I.?:

FPaUli~ A= [RIE

A
AEFPaUlifHHE R IE




Fermion and Boson
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WERN: 5150, F71, RE, &
fmFms, 4%, ZRE;FH, FHE, ..

MiHERBEIEH:

5173
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Carrlgg Graviton Photon Gluon

(mnot yet observed)

Quarks and
Charged Leptons
and W__ W

Quarks
and Gluons

| THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE [
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Electricity

Magnetism

ElectroMagnetism|
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Light
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ELEMENTARY
PARTICLES

K,_"

Symmetry:

SU(3)c x SU(2), x U(1)y
H_J S ~ J
QCD Electroweak

l

Spontaneously Broken
to QED

BEH: XF
sBEEER: BRF
SHEEER: W, IrhEEeF



To reach the perfect worlds, better to understand our diverse world
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A DI 3 R FR A AR B

W, ZhEagET BT, KE%, TE%, QuihlT SHTER
BRI T R A

Measurement Fit

m, (GeV] 91.1875+0.0021 91.1875 |
I, (GeV] 2.4952 + 0.0023 2.4960 mm
O, [ND) 41.540 + 0.037 41.478 —
R, 20.767 + 0.025 20.742 —
A 0.01714 + 0.00095 0.01636 — B
Al(RP) 0.1465 0.0032 0.1477 mm Eﬁ%*ﬂ'\‘] OOGev‘F
R, 0.21638 + 0.00066 0.21579 — .
R, 0.1720 + 0.0030  0.1723 0.1 %U\Fﬂ%}ﬁ%ﬁi‘(j% °
AL 0.0997 + 0.0016  0.1036 T ——————
ALC 0.0706 + 0.0035  0.0740 —
A, 0.925 + 0.020 0.935 wm
A 0.670 + 0.026 0.668 )
A(SLD) 0.1513 + 0.0021 0.1477 T——
sin O (Q 0.2324 0.0012 0.2314 ===
My [GeV] 80.426 + 0.034 80.385 —————
I'y [GeV] 2.139 + 0.069 2.093 ju—
m, [GeV] 174.3 + 5.1 174.3
sin H_._{\‘N) 0.2277 0.0016 0.2229 ——
"



The “God” Particle: Higgs

Higgs #iF R FHIEIR ERE B E A

it IR HHIgOs M TR A T MBI AR th A %5 &
AT ERE R

BX i & B 7 x3 4L (the Large Hadron Collider) IE 2
T F#xHiggsmE 3L
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Dark Energy
Accelerated Expansion

ANterglow Light
Pattern Dark Ages Development of
/ Galaxies, Planets, etc,

SMART IS THE NEW SEXY,

18t Stars
about 400 million yrs.

Big Bang Expansion

13.7 bilion years

EANETRIFEFRG: BETHHIN, BRTHREIA, RTERME

B AR |




& (dark matter)

observed
e}

expected
from

M33 rotation curve

B (R heke £

| Fritz Zwicky

1933

Vera Rubin
1970’s
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WIMPs and Neutrons
scatter from the
Atomic Nucifs
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COUPP & WARP
« XENON

Techniques:
Cryogenic (Ge, Si etc.)
Solid Scintillator (Nal, Csl)
Noble Liquids (LXe, LAr)
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Low- energy photonS POSithl‘lS
Quar ks B S\ e

Medium-energy Electrons

gamma rays
—a ;! l l Neutrlnos

Leptons% ‘
’ Antiprotons

rali |
neutralinos Bosons /\/W\/VV\/W\/\/\:,rotons

Decay process mm—)

Supersymmetric ’

EYREFTEFERFEERBEY, ERRF, XF, AT
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The Large Hadron Collider

LHC - B CERN

ozaloint 8 -5 ATLAS ALICE
;, Point 1 “= Point 2
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LHC

« The “God” Particle: Higgs#iF
° H_EL!I:%Js'
« FHREMRFTF
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The Golden Age
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