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The spectroscopic view

Enrico Fermi: Nobel 1935

John Cockroft and Ernest Walton: Nobel 1951

Gustav Hertz: Nobel 1925

Sam Ting and Burt Richter: Nobel 1976

Particle Physics - a Sequence of Spectroscopies



Particles or People?

 νe       νµ               u      c
 e      µ              d      s(   ) (   )      (   ) (   )

leptons        quarks

Visit in the fall of 1976 to Moscow
Vladimir Michailovitch Popow (Turok)

T : What are you doing?

M : I 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, I find people much
    more interesting..



Particles and People

QED

Weak neutral currents

A few partons

Some thoughts on what follows



Quantum Electrodynamics [QED]

Sin-Itiro Tomonaga, Julian Schwinger, Richard Feynman: Nobel 1965

! 

L
QED

= "D"+ m""+ (DA)
2

+ eA""

e propagator      e mass        photon                interaction

virtual particles: quantum theory 

perturbative QED

Lamb shift: 1947

Renormalisation

Diagrams
Rules
Integrals



 β Decay and Weak Currents

Bohr: E not conserved ?
Heisenberg: space-time not continuous ?
Pauli: a new particle - neutrino ?

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) Fred Reines, Clyde Cowan

Savannah River Reactor
νp→ne+ 1956

Discovery of the ν

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



Neutral Currents?

A charged
current event
in a bubble
chamber

Carlo Rubbia 
ICHEP Chicago 1972

“Neutral currents and
other forbidden processes”

?



The Discovery of Neutral Currents

genuine NC signal

fake CC “neutron” background

NC: seen before Gargamelle, but misinterpreted

Measured in HPWF experiment but mis-simulated

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



Electroweak Theory

gauge invariance

U(1) ; covariant derivative

 SU(2) doublets 

Hagen, Brout, Englert, Kibble,
Goldstone,… ~1964
P.Higgs Phys.Lett. 12(64)132

 Mass to the W,Z 

one charge, A

3 Pauli Matr. W±,0

Mixing angle

W mass

Z mass



The triumph of the electroweak theory

Parity violation in Bi atom (Novosibirsk), γZ interference in muon scattering and e+ e-

Habilitation 1984

Nobel
 1979
   to
Glashow
Weinberg
Salam



The Discovery of the W and Z Bosons (1983)

Carlo Rubbia: Nobel lecture 1984

“ 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… 

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

S.vd Meer: Nobel 1984



The Z Boson as measured at LEP (e+e-)

“selfcoupling”
of ZWW 



Constituent Quarks

K-

Ω-

K+

π-

K0
Predicted  1962 by Gell-Mann: M=1685 MeV

Observed 1964 at BNL: M=1686 ±12 MeV

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

Luiz Alvarez Nobel 1968

Murray Gell-Mann Nobel 1969

Georg Zweig too young?



Partons

2
F

22
GeV/Q

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 

2 mile e LINAC ~ 20 GeV at SLAC/Stanford

Quark density F2 depends on parton momentum only 



Gluons - a triumph of Quantum Chromodynamics

3 jets discovered at PETRA/DESY

The gluon dominance as
discovered at HERA/DESY



Top Quark

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

D0 & CDF: Mt =170.9 ±1.8 GeV
Prediction (h.o.+Z): 174 ±  4 GeV  

who ordered t? elusive: 10-26 s

Tevatron



The standard model
2007



The standard model
1967



Sheldon Glashow, Steven Weinberg, Abdus Salam
8.December 1979@Stockholm and soon after at CERN

The SM cannot be right
Too many parameters
Artificial fine tuning 

Making do w/o top 

GUT - SU(5)
Proton decay
sin2Θ=0.2
The prison of
low T, E

Preons. SU(8)
q,l symmetry
Extra dimensions
eg=2πn
Magnetic monopoles

Beyond the soon Standard Model
How can one unify all interactions, are there more and do more/less particles exist?



Neutrino Mass and Oscillations

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



Great Expectations

A few years before quarks and the November revolution

ICHEP 1966

‘The Higgs’ to determine mass of W,Z,..
but all we really know is that
the 4-IVB interaction diverges ~ E2

and MH  > 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]

E8
   [reminds on E6]
… 

A few years before the LHC has explored the TeV scale

For the TeV scale:



The Large Hadron Collider

ATLAS

LHC: 7000 * 7000 GeV2 pp [AA] from 2008 onwards

LEP e+e-  89-00
LHC pp 08-30
LHeC ep 20-30?

 University of Liverpool engaged.



The ATLAS Experiment at the LHC

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



Atlas photo

University of Liverpool - SCT.
part of inner track Silicon det.



 Challenges                     Engineers                Adventures

Water damaged FST wafer

Zeuthen Silicon detector arrived at H1

Water and electric remote connection

Joachim Meissner, noble,
and the art of workshops. 

Upgrade                                                        Design&Installation                                  Operation



Feynman’s Wisdom

Cited: Abdus Salam
Nobel Lecture 1979

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

30km superconducting GDE 07



Particles and the Universe
The fascinating background



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, I.Savin, S.Bilenky,  C.Rubbia, F.Eisele, E.Gabathuler
my colleagues Alberto, Jim, Joel,  Martin, Peter, Rainer, Sasha, Ilja, Tim, John, Ferdi, Emmanuelle, Paul, Fabiola..
                                                and many new and old friends around Phil and elsewhere

The last meeting at HERA/H1  1.7.2007



People - the last day of HERA



backup



The QCD Lagrangian

j j ……  quark flavoursquark flavours            a,b,c a,b,c …… 3  3 colourscolours       μμ,,νν  ……  space-timespace-time

F.F.WilczekWilczek, , Physics TodayPhysics Today, August 2000., August 2000.



coz

Outer z Drift Chamber of H1

Achim, we are sorry we got the
wrong wire, can you/we rewire?
A: “Yes, but it takes 2 months”.


