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, e yand particle physics are disciplines
=——thal ddress these guestions today but the
é;gi"--"gﬂ estions are very ol dé
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1S COI ted to none, New, Mmuscile... leg

Anaxagorasw., C riclude that there must exist common
streets and stone walkways wear out over

rceptible increments led to deduce
r can be broken down into invisibly small pieces

ecllpsesthey deduced:
-3’“ "’3‘& The sun is more distant than the moon and larger than earth.
-~ ATheearthis round and larger than the moon

A The showed that musical harmony is the
result of simple numerical ratios
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I'is at the center of the sola
o strated in 1 543%1@%‘, Brahe)

g

- opus, ‘ T,
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°"-‘ d of the 19 century (Boltzmann)

o ) >

J

s filled with an invisible substance which gives
> ‘ii—‘lities -
/C -‘“ Z‘q'u/re mass as a result of the Higgs field which permeates

,,?; > Universe (Glashow, Salam, Weinberg,...1970s)

- A 3&818 of reality Is number and harmony -
=3 -i\ A/mosz‘ all mathematics has some relationship to physical reality
‘,55 P_arz‘/c/es are now thought of as vibrating strings (string theory )

——)‘

'__....——-

—

The American International Club of Geneva, CERN April 14, 2008 J.R.Incandela [l



-s'u ay [ 1
»Iy""' p

-: al state of motion of objects. Movement
ontinual application of a force
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Eeasare ‘correlated with an absence of observation.
= 'Efas prevalled for over 1000 years '

= ,_,& elife) of Alexandria (6th century) realized was
wrong and came up with the right concepts of impetus and
Inertia.

A Giordano realized that stars are like our sun and could also
have planets. He was burned at the stake...
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@72/~ ~and then —  rediscovered the powerful
bservatlon and mathematical analysis.

fevolutlon |

Ga///eq_ X ded upon this to invent the modern scientific
od - Sin nplify, Hypothesize, Observe

LR
P
T

IS c
’

—
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——— AHis wr"[’ngs very clear and he made many contributions:
.._:2"‘:.“‘}_,.-—'

= 'ﬂtlme as-a coordinate, relative motion and inertia
A~ later created the 15 complete theory
A He all mechanical phenomena.

A His equations and new mathematics allowed detailed predictions.
A He also understood this was not the whole story.
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Faraday

I\/Iaxwell

._)':

ma +(—§aily complete theory of Electromagnetism.

| —
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_—r__:__h P11 Mmez, _aII comm.on SIS € W e
“"‘,'/‘QBur i could not describe all of the data in mechanical terms.

- AHe made a leap of faith and arrived at the idea of displacement current
0xB = J + (1/c) xXE/xt

AScientists began to think more abstractly.
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Michelson & M

s .

Einstein | tl seed of Ilght s constant in

lilean re relativity with important consequences

, ;;':!55 ‘W II defined
i nd tim: cannot be separated

E -—'"- mﬁves at the speed of light in 4-dimensional space-time
ﬁﬁ'héfaster you are moving, the slower time is passing.
AFor something moving at the speed of light, time stops altogether.
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Planck |
Heisenberg

| 3 ‘tiné"SUb atomic realm

ﬁow exactkFy ~what =%
Il happen.

I = miEs t o what we
'-.,

- AAT terlal partlcle has also a wavelike |dent|ty

—
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y of relativit 1do nb be ieve there
1. There mig thave been a time when only
.a  was the only guy who caught on,
». iper. But after people read the paper a lot
od the theory of relativity in one way or
%ore than twelve. On the other hand I think |

f“d_iely S R T s
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Fluctuation
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ﬂ':—m eeantlpartlcle pair can pop out of the vacuum even if the
""’"’ﬁdes are very massive - but only for a short time. Called virtual

-~ _particles.

A Real particles can also sometimes disintegrate into virtual particles for
a short time even if the virtual particles are more massive.

A Conseguence of the uncertainty principle
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Ibson & Lenard

Boltzmann

Thompson

'- \-4‘ T

Lenard d el 7, to show

Einstein - ;._, '
C. 1922) den nonstrated the
= = existence of the photon
e .
~~ A Rutherford (1910) fired alpha
='___.a.—.-—_--"f"'-'—'”lﬂc:"trt|cles at gold foils and some
- bounced back, proving the

2 existence of the nucleus
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Mok p-nuclear,
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Lthelr interactions
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,.-..‘.A_,...,. 0 much of our understandlng
1\ “*rf-x. é?é%ﬁe same at all times and all locations

NSe on of Energy and Momentum

- —
-

—

-—»~\v-~:; etry there is something that is conserved -

. “'J‘.:' - the SLib' atomlc realm we have found a number of conservation laws
’%elate not to our familiar space-time but to some other space -

e —

= sgmetimes pre.f"er s—t o as ah Al ht-e=r=h
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b9 Touaks  QCD.and 6W.S.,
Gids|aleptons  SU(3) SU2) U(1)
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T Particles
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g Nuclear Forces
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Electricity & Mognetism:
Gauge Invarignce A% e p¥ = A4y
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FERMIDNS® BOSONS
‘ Fust Sicond Third ‘ Measurement Fit |0 ™ —0M/gmes
o | Generation Generation Generation | 0 1 2 3
Top quark
z 91.1875 +0.0021 91.1874
10! i om 24952 +0.0023 24957
" 41540 0037 41477
10 Bottom quark 20.767 +0.025 20.744
Charm quark 0.01714 £0.00095 0.01640
100 | — 0.1465 +0.0032  0.1479
- 0.21629 =0.00066 0.21585
%m“ Qe ek 0.1721 £0.0030  0.1722
5 mwnquark Muon 0.0992 +0.0016  0.1037
. £ | 00707 +0.0035  0.0741
- M : 0.923 +0.020 0.935
-5 o i PP quark 0.670 £0.027 0668
e | A (SLD) 0.1513 £0.0021  0.1479
3 e 5in%07'(Q,) 0.2324 00012 02314
\/W\ — m, [GeV] 80392 0029 80371
annns I, [GeV ] 2.147 =0.060 2.091
i | T Q m, [GeV ] 1714 2.1 171.7
10 | Electron- ne&ﬂp . n;;‘:lm ) e Summer, 2006 0 1 2

| . Gluon



field theory does
=
-->~ B c0s a-loophole: 1¥f=t

_:;An U tesThe weak force, that would make it short-ranged.

"A"Fhlg is the field.

=0 0.5 Usi ng this c¢on &g patticles h
exist with masses of 80 & 91 times the mass of theproton.

0800s: They are found at CER
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P W-Boson Mass [GeV
CDF Il preliminary J'L dt =200 pb

TEVATRON 80.430 £0.040

1500

LEPZ 80.376 £ 0.033

events / 0.5 GeV

Average 80.398 £ 0.025

%*/DoF: 1.1/ 1

80.136 + 0.084

1000

NuTeV

M,, = (80493 = 48_,) MeV

LEP1/SLD 80.363 £ 0.032

500

x2dof = 86 / 48

LEP1/SLD/m, x 80.363 £ 0.020

T

80 80.2 80.4 80.6

0 — 70 80 20 100
m_(ev) (GeV)

M, [MeV]
N 91189.3 + 3.1
91186.3 + 2.8
91189.4 + 3.0
91185.3 + 2.9
’idof = 2.2/3
91187.5 £ 2.1
1.7

ommon error

91182
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