Places to learn more:
Particle and nuclear physics links

http://pdg.lbl.gov

http://particleadventure.org

http://wwwv.slac.stanford.edu/gen/edu/aboutslac.html

http://www.bnl.gov/bnlweb/sciindex.html

http://www.bnl.gov/rhic/

http://public.web.cern.ch/public/

http://www.fnal.gov/

http://wwuw.er.doe.gov/production/henp/np/index.html

http://www.science.doe.qov/hep/index.shtm
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Inquiring minds want to know. ...

Yo! What holds It together?
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Fermi National Accelerator
Laboratory (near. Chicago)
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Event display from the SLLD
experiment at SLAC
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Large Hadron Collider




What forces exist in nature?

What is a force?

How do they interact?

How do forces change with energy or temperature?

How has the universe evolved?




x® T o R ( By

week endin
Mazs mo= 134 OTH6 £+ 00005 Mev' (5 = 1.1) 4 JUNE 2004
m g — o p = 45030 & 00005 MV
Maan life 7 = (2.4 + 06) « 10-7 5 {5 = 20 — wY(1S)
or = 261 nim
2 2 = 2
Fer ducay limiks k& particha which am net sotsblisheed, _'l tha appropnats E. C'O.an‘ .Y‘S‘}IGRO‘ E L]'fl‘ 3
Suarch sticrn (42 [xcion), and Othar Light Boson (57 Saarchas, ate). Dorjkhaidav” R. Mountain,
. Mahmood,” 5. E. Csorna,
Seab Fachor) P pas.” A. Shapiro.” W. M. Sun.”
= DECAY MODES Fration ([;/T]  Confidancs kel [Mais) 30 MaRca 1098
2y {370 £ 0002 ) %, S=1.4 Ly
ota [ L1BEE0.03) % S=1.4 6
 psitranium [ LE2 £0.20 )= 1077 67
etate— o [ %14 £030 )= 105 67 mendolia? D. Amidei™ J. Antos.?
R ot a (B2 £05 =10 —E T 8 M -’-‘Llac"'r P ;—'&_z_z1_Bzia:c]:1v:tt:|:-ﬁ
T 4y £ 3 10-8 cL—oo, i
5 wF [a] = &3 -7 L=, 7 1 MARCH 1999
8 vay < i1 nu-" CL=00%, 67
g v, < ii = 100 CL=00, 67
- #r Py < 24 « 10 CL—o, 7 1e Measurement
Ty < & = 04 CL=00, -  miokande
Charge conugation (L) or Lapton Family mambar [LF) vioksing, modes | |
¥ c £ 3d « 108 CL=om, w  low. T Kajita, JlKiIflf‘jal
pta— LF < LB « 10100 oy, w7 T R T
et LF < 34 x 10" CL=p0ry, - 26 May 1975
ptem 4 opmat LF < 172 « 1078 CL—pe, 0
+\ ‘IIIHH T TTTIN T TTTIT LU T T T T T T TTTII T TTTI UL | v ‘I"ldﬂgsﬁ'
K ischer, D, Fryberger, G. Hanson,
) | \M P . D Lyon, C. C. Morehouse,
= 2
= HEHLES, R. F. Schwitters,
) - M-ty total | =
5 wm .Tq‘:‘\...w e
’ f e word, Califormia 54305
=
5 )
° N,
R ' G. Gulhaber, J. A. Kadyk,
10 ST Trilling, J. S. Whitaker,
i | i b i
1
tifornia, Bevkeley, Califovnia 94720
10 1 10 10° 10° 10* 10° 10° 10” 10°

Laboratory beam momentum (GeV/e)

near 3005 MeV, The



Mini-Ph.D. — Quantum Mechanics 101

Lesson 1:

Size actually dees matter.



Determine the postion and velocity
of a car ... no problem
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Determine the postion and velocity
of a small particle ... no problem




Problem! Cannot have

_ perfect
Heisenberg knowledge of
uncertainty both the position

principle ® and velocity

\\ Heisenberg



T he fundamental nature of forces: virtual particles







Force Source Range Strength
Gravitation mass infinite ~ 10™°
Electromagnetism Electric  infinite 10
charge
Strong nuclear Color 10°m 1
charge
Weak nuclear Weak  10™®m 107

charge
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The Standard Model of
Particle Interactions
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http://particleadventure.org/

http://hepwww.rl.ac.uk/Pub/Phil/ppintro/ppintro.html

the Atom
Quark

Size < 107"%m

~ Nucleus
E Ske=~10"m

Size = 107"0m

If the proton and neutrans in this piclure were
10 cm across, then tha quarks and eleclrons

PL‘-—;{,-G}.
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Properties of the Interactions

The strengths of the interactions (forces) are shown relative to the strength of the eleciromagnetic force for two u quarks separated by the specified distances.

Weak Electromagnetic

Enteractm"{Electmweak} Interaction

Property

Acts on: Mass — Energy

Particles experiencing: All Quarks, Leptons Etectrically Charged

Particles mediating: t m?ﬁﬁﬂ:{éﬂed] wt w- z¢ i

- - .
10— 4 10-4 1

Strength at
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Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
These are a few of the many types of baryons.

Symbol] Name | Quark | Electric | Mass |Spin
content| charge | GeV/c? q 1
p proton uud 1 0.938 | 1/2
p lantiproton| Tud -1 0.938 | 12
n neutron udd 0 0.940 | 1/2
A lambda | wuds 0 1.116 | 1/2
Q~ | omega SSS -1 1.672 | 3/2

Mesons qq

Mesons are bosonic hadrons
These are a few of the many types of mesons.

Symbol] Name | Quark | Electric | Mass |Spin
— content| charge | GeV/c?
0\ n pion ud +1 0.140 | 0
K~ kaon su -1 0494 | O
p* tho ud +1 0.776 | 1
B | B-zero db 0 5279 | 0 |,y
Ne eta-c cC 0 2980 | 0O




Strong interactio

Hadrons

Baryons mesons

P = uud K =usortus
n = udd >\

nuclei %(0

Interaction



Quantum Chromodynamics QCD
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Particle Processes

These diagrams are an artist's conception. Blue-green shaded areas represent the cloud of gluons.

A free neutron (udd) decays to a proton
{uud), an electron, and an antineutrino
via a virtual (mediating) W boson. This
is neutron B (beta) decay.

An electron and positron
(antielectron) colliding at high
energy can annihilate to produce
BY and B” mesons via a virtual Z
boson or a virtual photon.
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Modern accelerators study processes at energies that
existed VERY early in the universe

Another form of time travel !
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Big quark-gluon proton & neutron formation of formation of star dispersion of
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What were forces like at those temperatures?

What types of particles existed?
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