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Particle Physics - a Sequence of Spectroscopies

e " Excitation of the 2536 A Resonanc Line of Mercury”
Franck /Hertz 1914

Bohr — ATOMIC SPECTROSCOPY

e "Disintegration of Elements by High Velocity Pro-
tons”

Cockeroft / Walton 1932
pli — aa : NUCLEAR SPECTROSCOPY

e "Total Cross-Sections of Positive Pions in Hydrogen”
Anderson/Fermi/Long/Nagle 1952

ATt — pr . HADRON SPECTROSCOPY

e The charming "November Revolution”
Ting et al., Richter et al. 11.11.1974

J /¥ — ce: QUARK SPECTROSCOPY

|

Sam Ting and Burt Richter: Nobel 1976



Particles or People?

Visit in the fall of 1976 to Moscow

Vv (V U, ,C B
w Vladimir Michailovitch Popow (Turok)
leptons quarks T : What are you doing?

M : | am investigating particles.

T : Are these of interest?

M : Yes very much, we just have
restored lepton-quark symmetry.

T : May be you are right, but you
know what, | find people much
more interesting..
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Particles and People

QED
Weak neutral currents

A few partons

Some thoughts on what follows



Quantum Electrodynamics [QED]

Lyp = UDW + mWY + (DA)* + eAWW

ol

e propagator e mass photon interaction

>vw\< virtual particles: quantum theory

Diagrams

>"’O"“< M perturbative QED Rules
Integrals

Lamb shift: 1947

Renormalisation

Sin-ltiro Tomonaga, Julian Schwinger, Richard Feynman: Nobel 1965
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f Decay and Weak Currents

Bohr: E not conserved ?

Heisenberg: space-time not continuous ?

Pauli: a new particle - neutrino ?

“A Tentative Theory of 3 Decay” : rejected for publication by “Nature”

4 fermion theory - Fermi
Short range of weak force.
Cross section of pointlike
interaction divergent

with rising energy.

Charged virtual particle -
intermediate vector boson

damps cross section (W)
Oskar Klein: Electro-Photons (1938)

Discovery of the v

Fred Reines, Clyde Cowan
Savannah River Reactor
vp—ne* 1956




Neutral Currents?

Carlo Rubbia
ICHEP Chicago 1972

“Neutral currents and
other forbidden processes”

v A charged S
ia current event x
% in a bubble

chamber P




The Discovery of Neutral Currents

enuine NC signal
g g v
- =

-

/
. ~<

fake CC “neutron” background

Y, T TR
X

/ NC: seen before Gargamelle, but misinterpreted

Measured in HPWF experiment but mis-simulated

active chamber volume Discovered in 1973 at CERN: 1st HEP seminar...



Electroweak Theory

ANNALEN DER PHYSIK

VIERTE FOLGE. LAND 59.

1. Eine neue Erweiterung der Relatiritdtstheorie;

von H, Weyl.

gauge invariance

Elektcon und Gravitation. L
Von Hermann Weyl in Princeton, N. J.
(Eingegangen am 8. Mei 1929).

U(1) ; covariant derivative

C.N. Yang and R.L. Mills.
Conservation of Isotopic Spin
and Isotopic Gauge Invariance.

Phys. Rev.,96:191, 1954,

SU(2) doublets

Hagen, Brout, Englert, Kibble,
Goldstone,... ~1964
P.Higgs Phys.Lett. 12(64)132
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The triumph of the electroweak theory

. E° SLAC-PUB-2148
.f) —_ W-S - (e-)R July 1978
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Parity violation in Bi atom (Novosibirsk), yZ interference in muon scattering and e* e-
Habilitation 1984



The Discovery of the W and Z Bosons (1983)

“We have two tasks: kill Weinberg Salam, kill QCD”
Carlo Rubbia: 1978 BCDMS meeting at Dubna.
The failure to fulfill his task made Carlo famous...

dN/ dm (events / 4 GeV/c?)

Carlo Rubbia: Nobel lecture 1984
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Invariant mass of |"1” pairs

Simon van der Meer
Stochastic Cooling:
Ingenuitive method
to deliver luminosity

S.vd Meer: Nobel 1984
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Constituent Quarks
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Murray Gell-Mann Nobel 1969

Predicted 1962 by Gell-Mann: M=1685 MeV

“ The paper looks crazy, but if | accept it and it is nonsense,
everyone will blame Gell-Mann and not Physics Letters.
If | reject it and it turns out to be right, | will be ridiculed.”

Observed 1964 at BNL: M=1686 +12 MeV

Georg Zweig too young?



2 mile e LINAC ~ 20 GeV at SLAC/Stanford
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0’/ GeV?

Quark density F, depends on parton momentum only

Proposal was for a:
“general survey of the basic cross-sections
which will be useful for future proposals”!

Caltech group under B.Barish left, as the cross
section was expected to be small, the radiative
corr’s large and the experiment to take long..

Feynman (partons), Bjorken (scaling) ...

J.Friedman, H.Kendall and R.Taylor Nobel 90




Gluons - a triumph of Quantum Chromodynamics

e* 9
¥ %
9

3 jets discovered at PETRA/DESY

10  10° 107 1
Q' =10 GeV?

—— ZEUS-JETS fit
[] tot. uncert.

H1 PDF 2000
I tot. exp. uncert.
[ model uncert.

The gluon dominance as
discovered at HERA/DESY
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Fig. 14 Four-body versus three-body mass distribu-
tion for the six W » tb candidate events.
The effective mass of the lepton, the lower
Ey jet, and the transverse component of
the neutrino is plotted against the mass of
the lepton, two-jet, transverse neutrino
system. The four-body mass peaks at the W
mass. The three-body mass clusters around
a common value of ~ 40 GeV/c2. The curves
show the expected [9] distributions, taking
into account the experimental resolution.
Allowance should be made for a systematic
error arising from uncertainties in the jet
reconstruction (* 10 GeV/c?)

ICHEP Leipzig 1984: Discovery of top (UA1)
Certain things went wrong in East Germany

Number of events

Top Quark
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FERMIONS
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Standard Model of
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Sheldon Glashow, Steven Weinberg, Abdus Salam

8.December 1979@Stockholm and soon after at CERN

The SM cannot be right GUT - SU(5) Preons. SU(8)

Too many parameters Proton decay q,| symmetry

Artificial fine tuning 5in2=0.2 Extra dimensions
The prison of eg=2nn.

Making do w/o top low T, E Magnetic monopoles

Beyond the soon Standard Model

How can one unify all interactions, are there more and do more/less particles exist?



CANADA

gy \ l.

atmospheric neutrinos solar neutrinos reactor neutrinos
accelerator neutrinos

JPARC, Japan: precision measurement of neutrino mixing parameters (+U.Liverpool)



Great Expectations

FUNDAMENTAL THEORETICAL QUESTIONS

M. Froissart, Rapporteur

ICHEP 1966
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Fig. 1-1. Logical map of "Fundamental"
concepts.

For the TeV scale:

‘The Higgs’ to determine mass of W,Z,..
but all we really know is that

the 4-IVB interaction diverges ~ E?

and M, > 114 GeV (LEP)

More Higgs particles, in SUSY
[avoids Higgs mass term divergence]

No Higgs particles, in Technicolour
[avoid unitarity limit violation]

Extra Dimensions and String Theory
[reminds on Heisenberg, Weyl, ..]

Unparticles
[reminds on Ether]

ES8
[reminds on E6]

A few years before quarks and the November revolution

A few years before the LHC has explored the TeV scale




The Large Hadron Collider
LHC: 7000 * 7000 GeV2 pp [AA] from 2008 onwards

LHC - B CERN
szl oINt 8 T ATLAS

e Point 1

€<liurg =

University of Liverpool engaged.
8.6 km

LHeC ep 20



The ATLAS Experiment at the LHC

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Worldwide collaboration of ~ 150 institutes
and 1900 physicists and engineers to explore
the physics at the accelerator energy frontier
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Challenges Engineers Adventures

Upgrade Design&Installation Operation

Zeuthen Silicon detector arrived at H1

r

Joachim Meissner, noble,
and the art of workshops.




Feynman’s Wisdom

H— vy ttH — 1t bb — blv bjj bb qqH — qqut
g Y o 4 T
Nuﬂ\ b »
H W.Z
b @/ H
w.z H
No S 0 \.f\/\_,hl’ b ’/ \I T

The 3rd family and the gluon may be there to uncover the Higgs mechanism ILC - Linear Collider e*e-

30km superconducting GDE 07

‘I would like to quote Feynman in a recent interview to the “Omni” magazine: “As long as it
looks like the way things are built with wheels within wheels, then you are looking for the
innermost wheel - but it might not be that way. in which case you are looking for whatever the

hell it is you find!“. In the same interview he remarks “a few years ago I was very sceptical about

the gauge theories... I was expecting mist. and now it looks like ridges and valleys after all.”

Cited: Abdus Salam
Nobel Lecture 1979



The fascinating background
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Particle Data Group, LBNL, © 2000. Supported by DOE and NSF




The Need to Understand

Fritz Bernhard Enrico Fermi



The Need to Think




In particle physics you rarely walk alone

Thanks to my family Anna-Dorothea, Fritz, Uta, Anna, Felix, Mascha, Daniela, Sebastian, Wolfgang, Katharina

my teachers G.Sack, F.Bernhard, C.J. Biebl, K.Lanius, |.Savin, S.Bilenky, C.Rubbia, F.Eisele, E.Gabathuler

my colleagues Alberto, Jim, Joel, Martin, Peter, Rainer, Sasha, llja, Tim, John, Ferdi, Emmanuelle, Paul, Fabiola..
and many new and old friends around Phil and elsewhere



People - the last day of HERA




backup



The QCD Lagrangian

j ... quark flavours  a,b,c ... 3 colours M,V ... space-time

F.Wilczek, Physics Today, August 2000.
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