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* General Relativity

(Einstein)

e Cosmological Principle
(The three-space of constant time are homogeneous and

isotropic, at all time)

e Particle Physics

(To describe particle content of the early universe)
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by
Steven Weinberg

Describes the history of the
early universe, and the
history of how we learned
about the early universe. e

the Origin of the Universe




BHAWEFE R H b ik

* Dy farii: e T A 3R R RRAE ©
* MTZHEIR B Yt 5 i B AR BYEL A

S TR 4




JSIKE:S

y 2R

=2
H H I_Hﬁ’ﬂﬁ




MR R ALy 7
il
AT AR

%ﬁﬁ?%@
B
= BE P HE
WHos H AR AL /Y
EAMWEER (J7)




H RS0 e S ARy

20541 TN AR
RL AL R T




7-5/\}

ks

Co
Rh
Ir

It

NdPmSm|Eu|Gd|Tb|DyHol|Er TmYb|Lu
PulAm(Cm|Bk |Cf|EsFmMdNo] Lr

J1 —— A JE T AT DAL A2
FT BA N




Helium Neon
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Quantum
Electrodynamics,
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Feynman, Schwinger, Tomonaga

1965 Nobel Prize
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Proton: Rutherford 1911
neutron: Chadwick 1932
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(Rochester, Butler,1947)  (Powell,1949)  (Neutral pion, 1950)
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/R (Gell-mann) RIFEF~ HF PionFflKionZEHi 1
T E MRS, MR 2 A/ \IE{%” (The Eightfold Way),
M BPAR 3R B %5 50 (Quark) B .

RS T BRI —F

Proton = (uud) u=up quark

Neutron= (udd) d=down quark

HAHR T (il dipions kion ...) #FREHZE TR A -

Hf(Baryon): (qqq) Gell-Mann
4+ Meson): (g ) 1969 Nobel Prize
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5 5 (Quark)

HRFAFAESX (6Fh) . 5 ()

up charm

E(up)5 5eH | (down) S5 52
JoR 0 ) 3 2L B4
M T2 R 43 o B 2H 47

FoARh S 50 RAERTRE RO 520y |down  strange  bottom
S A S k. L ) )

1974, T ZpflIRicher & ¥58%5 72 (charm quark), 11 H #:4py.
1977, Lederman % ¥ i % 7. (bottom quark).
1995, £ H 7R LT = RIS 5 (top quark).
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14 1rf (color charge).,

AT A ] BRI Z R AR R s BN A T
H 38 B axX by 448 5 77 (strong force).
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Quantum
Chromodynamics

(QCD)

HREMEH RA
Wit H e i
Gross, Wilczek,
Politzer, 1973

19734EDESY (PETRA) AR -1 4E Gross, Wilczek, Politzer,
ete” — 3jets 2004 Nobel Prize
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This is one of the “million dollar questions!”

19734EDESY (PETRA) AR -1 4E Gross, Wilczek, Politzer,
ete” — 3jets 2004 Nobel Prize
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Sizes and distance scales

107" m
0.0000001 m
One ten millionth of a meter

10'9 m
0.000000001 m

Different Kinds of Basic Matter

| | | | | | | |
100 = Chemical , B
C Elements Subatomic .
- Particles N
B 2]
Sulfur, Salt
10 = =
K Quarks i
| Earth Leptons
| AIr i
Fire Electron
1 Walner | 1 Pr'oton [ | | g
1000 0 1000 1500 1800 1900 1950 1980 2000 2020
BC AC

107 14 m
0.00000000000001 m

&

o <1018 m

0.000000000000000001 m

1019 m
0.000000000000001 m

? Farticle Physics
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Empty Space ?
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> Lots of “Emptiness”
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“Emptiness™ 1s not “void”.
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The production and properties of positrons Carl D. Anderson

Nobel Lecture, Decermber 12, 1936

i IR = = A

ZE AT RS
UL R A R R T T
S HLBPRL T 0 77 AL

=+

=t

Qe A W2 A7 A E S ) e i
1) BT (BT fRsET7 R -
2) ERATETIT, TR,

P IE 5 - SRR O K A I e s




1 )

EI, EORRSE AR R

SRR, IRV R A BAE R A
FRIEE I ) BB ¥ (B~ JEFEW/ZRhi¥) -
X LEGEA L PR SR EAORE - 4 AR AH EAE -

REZBE GBS N =il
Tevatron X4 AL AL Rk =1 HE
B W 1E U T2 5 7 A s Y
KRR T




Top Quark and Anti-Top Quark Pair
Production at Hadron Collider
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Nothing lasts for ever
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Question: How many neutrinos from the Sun are passing
through your fingernail in one second?

Answer: 40 billion! — day and night since neutrinos
can pass right through the Earth without interacting

_s
D — > R
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Neutrino

predicted by Pauli, 1933
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Just like rifle bullets, quarks and

leptons spin as they whizz along
W~
w —

Cl

+

down

The quarks and leptons can only see
W particles 1f they spin to the left!

u

rr—y

€~ Neutrino

Electroweak theory predicted a heavy version of the photon
called the Z.% which was discovered in 1983 (Rubbia, van der Meer).

This shatters mirror symmetry!
( Lee and Yang, Nobel prize 1957)
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( Stanford Linear Accelerator Center)
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v, “Tau 44" (2000)
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“down”
“strange”
“charmed”
“bottom™
“top”

-+ o0 »v o c

sVelance Quark
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Stanford Linear Accelerator Center
(Giant Electron Microscope)

(1974)
(1977) “Beauty”
1995 “Truth”
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Nambu-Goldstone ¥ {4+

(1960)
2008
Nobel
| Prize
Yoichiro
Nambu
(1961)

Jeffrey
Goldstone

Vh) = — u’H H+ A(HH)?

-

Massless NG boson

Massive scalar boson

Goldstone, Salam, Weinberg (1962)
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“We should perhaps finish with an apology and a caution.
We apologize to experimentalists for having no idea what is
the mass of the Higgs boson, unlike the case with charm,
and for not being sure of its couplings to other particles,
except that they are probably all very small.

For these reason we do not want to encourage big
experimental searches for the Higgs boson, but we do feel
that people performing experiments vulnerable to the
Higgs boson should know how it may turn up.”

J. Ellis, M.K. Gaillard, D.V. Nanopoulous,
Nucl. Phys. B 106 (1976) 292
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aiscovery of the Standara IModel
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Summary

T

o

The Standard Moc
but 1s Iimited in w!

I'he world 1s made up of quarks and leptons
I'hese particles interact through 4 different forces

el of Particle Physics works
hat 1t can do.

The Standard Moc

el of Cosmology works

our universe 1s expanding with acceleration.

We are still missing several pieces of the puzzle

Work is underway

to fill in the holes

Pretty cool stuff !
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