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Section One

F-undamentals




The Atom

" Structure within
the Atom
Quark

Size < 10°1°m

Electron
Size < 1078 m '

Neutron
and
Proton

Size ~ 10715
Atom ,
Size = 1071%m ;
If the protons and neutrons in this picture were 10 ¢cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

http://CPEPweb.org



The Four Fundamental Forces

Gravitational

Mass - Energy Flavor Electric Charge
All Quarks, Leptons | Electrically charged
e W w0 |
0.8
1072
107

force carriers
BOSONS sin-o0. 1,2

See Residual Strong
Interaction Note

Color Charge

Quarks, Gluons Hadrons

Gluons Mesons
Not applicable

to quarks

Not applicable

to hadrons 20

http://CPEPweb.org



Elementary MatteParticles of the Standard Model

Leptons spm— 1/2 Quarks spm 1/2
' o ~ Approx.. |
:F,la.v.o,r_ . Mass2 Electrlcv Havor | Mace Electrlc
~ GeV/c chargeg 2 | Gewcz “ charg‘e |

. sleciion U up 0.003 2/3

neutrino

€ electron |0.000511 d down 0.006 -1/3
maon <0.0002 C charm 2/3

M neutrino

JL muon 0.106 S strange -1/3

p_ tau : T to
T neutrino P

7T tau ; b bottom

http://CPEPweb.org



Light Hadrons (Particles Made of Quarks)

/
~ Baryons qqq and Antibaryonsgqq = Mesons qq
Baryons are fermionic hadrons. G Mesons are bosonic hadrons.
Thennnaboutﬂt)typosofbaryom ' Thmanabout‘lmtyposofmesons

Spln

.f Quark Electrlc Mass ' Quark Electric Mass
4 bake] Na._mn contont dmargq GeV/c?

Symbol Name content  charge (-iow:z Spln

proton

anti-
proton

neutron

lambda

Free neutrons are “radioactive”. They will decay
by the Weak Nuclear Force into a Proton, an
Electron and an Antineutrino in about ten minutes.
These particles were NOT “inside” the neutron.
The Weak force mutates a down type quark into an
up type quark while releasing two leptons.

The proton is the lightest member of the Baryon
family. It has nothing else available to decay into!

-
http://CPEPweb.org



RadiativeShielding & Charge Renormalization
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Quantum Mechanics says that Short Distances correspond to High Energies. Also, truly empty space violates the
Uncertainty Principle. The quantum vacuum polarizes, and all measurements of charge vary with the interaction




Grand Unification and Proton Decay

Unification of Running Coupling Constants

T T T T T T T T T T T T T T T T T %

Standard Model

World Averoges
ay(M,)=0.1234£0.006
sin'Og =0.2324£0.0005

LI B T W B B L I L B L L B Y )

Minimal
Supersymmetric
Model

1/a{u)=127.9402
P Y Y (Y Y Y TP TP Y Y Y Y Y Y Y Y |

N

10° 10" 10"
Interaction Energy (GeV)

M, ~ 10 GeV
e+

X

p_’_\__”o

7/B = 4.5 X 1()??*1'7‘\*0;11‘5 SU(5)
7/B > 8.4 x 10%*years SK I+ II

- -

PN Y Y Y Y Y Y Y BN NN SN NN SN Y N Yy
10° 10° 10%
Interaction Energy (GeV

M, ~ 106 GeV
d

. ST V4

W H TeV scale masses

- K+

7/B = 10*~%°years SUSY
7/B > 2.3 x 10**years SK I

T (e*n®) = 103° years

Slide Courtesy of Ed Kearns




Motivations forSupersymmetry

Detection of Supersymmetric Particles is a key motivating goal of the Large Hadron Collider.



