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PREFACE

The 1979 Cargése Summer Institute on Quarks and Leptons was
organized by the Université Pierre et Marie Curie, Paris (M. LEVY
and J.-L. BASDEVANT), CERN (M. JACOB), the Université Catholique
de Louvain (D. SPEISER and J. WEYERS), and the Katholieke
Universiteit te Leuven (R. GASTMANS), who, like in 1975 and 1977,
had joined their efforts and worked in common. It was the 20th
Summer Institute held at Cargese and the 5th one organized by the
two institutes of theoretical physics at Leuven and Louvain-la-
Neuve.

This time, the school was dominated by the impressive advances
which were made in the field of perturbative quantum chromodyna-
mics and its applications to high energy phenomena involving
strongly interacting particles. The unification of weak and
electromagnetic interactions being well established, a new
picture in particle physics emerges wherein a possible unification
of weak, electromagnetic, and strong forces is put forward. Its
consequences were also discussed in detail. Finally, to complete
the picture of the present status of high energy physics, experi-
mentalists from the major laboratories around the world reported
on the latest developments in electron-positron scattering,
neutrino induced reactions, and hadron collisions.

We owe many thanks to all those who have made this Summer
Institute possible!

Thanks are due to the Scientific Committee of NATO and its
President for a generous grant and especially to the head of
the Scientific Affairs Division, Dr. M. DI LULLO for his
constant help and encouragements.

We also thank the "Délégation Générale d la Recherche
Scientifique et Techmique", the'Centre National de la Recherche
Scientifique” and the "Institut National de Physique Nucléaire
et de Physique des Particules" (France) as well as the National
Science Foundation (USA) for their financial assistance.

Special thanks are due to the Université de Nice for having
put at our disposal the facilities of the Institut de Cargése,



vi PREFACE
and the Université Pierre et Marie Curie, Paris, and the X.U.
Leuven for their secretarial assistance and financial support.

It is a real pleasure to thank Ms. M.-F. HANSELER and
C. DETROYE and all others from Paris, Leuven, Louvain-La-Neuve
and especially Cargése for their secretarial assistance.

We thank Ms. M.-A. JENNES for typing the manuscript, and
MM, P. DE CAUSMAECKER, J. GERIS, and R. PHILIPPE for their help
in correcting proofs and Dr. K. DERHAM (Plenum Press) for his

collaboration.

Finally, the financial contributions from the Kredietbank,
International Business Machines of Belgium, Esso Belgium, and
the Generale Bankmaatschappij are gratefully acknowledged. They
helped to give this Summer Institute a broader international

audience.

Mostly, however, we would like to thank all lecturers and
participants who came from 24 different countries: the willingness
of the former to answer all questions and the keen interest of
the latter provided the stimulus which made (we hope) this

Institute a success.

M. LEVY D. SPEISER

J.—L. BASDEVANT J. WEYERS
M. JACOB R. GASTMANS



CONTENTS

RADIATIVE CORRECTIONS TO WEAK AND ELECTROMAGNETIC
PROCESSES

M. Veltman

Introduction

The model

Self energies

Fitting parameters

Solving parameter equations
Calculation of observable effects
The unitarity limit

Unitarity limits and screening theorem
Calculation of radiative corrections
One-loop integrals

The two-point function

The functions Fj and Gj
Miscellaneous remarks

References

THE BOUND STATE PROBLEM IN QED-TAMING AND THE
BETHE-SALPETER EQUATION

D.R. Yennie

Abstract

General remarks

Primer on the Bethe-Salpeter equation
The Salpeter equation

The Gross equation

vii

—

~N w w

12
17
18
18
20
25
26
27

29
29
29
36

38
43



viii

References

QED AT HIGH ENERGIES

I.
IT.

ITT.

Iv.

R. Gastmans

Introduction

Virtual radiative corrections
Example: the vertex correction
Vacuum polarization effects
Other corrections

Soft photon bremsstrahlung
Infrared factor

The soft photon integrals
e+e~ - hadrons

Hard photon cross sections
A simple case

efe” > iy

S+ + -
ee >eeyY

V.

VI.

+ -
e e > YYyy

Phase space
Experimental cuts
Peaking regions
Integration
Numerical results

Comparison with experiment

Appendix

Footnotes and references

e+e_ COLLIDING BEAMS AND THEIR CONTRIBUTIONS TO THE

KNOWLEDGE OF QUARKS AND LEPTONS

H.L. Lynch
Preface
R = Ohadron/ouu

The ¥ family characteristics

CONTENTS

51

53

53
55
55
63
65
65

67
70
T1
71
73
Th
5
76
76
78
81
81
83
87
89

91

91
91
95



CONTENTS
_ PC —_—
Related cc states, not J =1
D-states characteristics
F-states characteristics

T: the other side of QCD, and an indication of more
to come

The T family characteristics
Recent PETRA results
R
Inclusive distributions
Jet structure and relation to new physics
What is to come?

References

SELECTED TOPICS IN e+e_ PHYSICS RESULTS

J.E. Augustin

Introduction

Experiments on e+e_ collisions
e+e— storage rings
Luminosity and backgrounds
Detectors and their limitations

Formalism of e+e_ annihilation
General formalism and inclusive cross-sections
Two-body final states
Total cross—section and R
Vector mesons

Main results in low energy e+e_ annihilation
The po and the pion form factor
e+e_ > ﬂ+ﬂ_ﬂ0: the w - ¢ system
Kaon form factors
Proton form factor in the time-like region
Four pions: ﬂ+ﬂ_ﬂ+ﬂ_ and W+W-WOWO
Search for vector meson recurrences

R and RK below 3 GeV

10k
112
126

131
135
138
138
139
141
152
152

155

155
155
155
156
158
165
165
167
168
170
17k
17
175
177
179
179
181
183



CONTENTS

Photon-photon collisions results 185
General formalism - 185
Experiments without electron tagging 186
Tagged photon-photon experiments 191

Polarization in e e rings 194
Natural radiative polarization 194
Depolarization 195
Experiments -on beam polarization 198
e+e_ collisions with transverse polarization 198
Longitudinal polarization. Polarization at LEP 201

Weak interactions in e e collisions 203

References 209

PARITY NON-CONSERVATION IN INELASTIC ELECTRON

SCATTERING
M. Borghini 211
Conclusion 218
References 218

NEUTRINO INTERACTIONS: A REVIEW OF RECENT EXPERIMENTAL

RESULTS

H. Wahl 221
Beams and detectors 222
Neutrino reactions 233
Inverse muon decay 233
Neutrino-electron scattering 235
Semileptonic interactions and the quark-parton
model 239
Muon polarization 2h1
Total cross-sections 2kl
Average structure functions oh7
Sea-quark distributions 251
The Callan-Gross relation 254

Structure functions and scale breaking 257



CONTENTS

Moment analysis of xF3
Gluon moments and x distribution
Semileptonic neutral currents

References

QUANTUM CHROMODYNAMICS AND ITS APPLICATIONS
J. Ellis and C.T. Sachrajda
1. Introduction
1.1. The theory and its motivations
1.2. Renormalization
1.3. The renormalization group equations
1.L4. Asymptotic freedom
1.5. Application to e+e_ annihilation
2. Deep inelastic scattering
2.1. Basic formalism
2.2. Light-cone behaviour
2.3. Moment sum rules
2.k, Q2 dependences of moments
2.5. Phenomenology of non-singlet moments

2.6. Probabilistic interpretation of the
leading-order predictions

3. Higher order calculations
3.1. Introduction

3.2. Calculation of the ingredients necessary to
make predictions which include the higher
order corrections

3.3. Results and an ambiguity

3.k, Bl is independent of the definition of ag

3.5. Are the effects of the higher order corrections
measurable?

3.6. Higher order corrections to singlet combinations
of structure functions

3.7. Comments
4. Hard scattering processes

4.1. Introduction

266
273
27k
281

285

285
285
290
29k
298
301
303
303
306
309
31k
319

321
32k
32k

32L
330

332

333

337
340
341
341

xi



xii

4.2. Diagrammatic approach to deep inelastic

lepton-hadron scattering

4.2.1. Equivalence of the light-cone results and

the summation of leading logarithms

4.2.2. Which regions of phase space give the

leading logarithms?

4.2.3. Some low-order diagrams

L.2.4. Higher order diagrams and the asymptotic

results

4.3. Asymptotic predictions for other hard

scattering processes

4.3.1. The Drell-Yan process

4.3.2. Inclusive production of particles and jets

with large transverse momenta

5. Beyond leading logarithms

5.1.
5.2. A simple example: the longitudinal structure

Introduction

function

5.3. General discussion

5.4. Interactions involving "spectator" partons

6. Exclusive processes

6.1. Introduction

6.2. Pion form factor in QCD

6.3. Form factors of other hadrons
6.L4. Sudakov form factor

6.5. Elastic scattering at fixed angle
T. Jeps

7.1. Introduction

T.2. Jets in QCD perturbation theory
f.3. Widths of QCD jets

T.4. Looking for QCD-jet effects
7.5. Jets in resonance decays

7.6. QCD jets in other processes

7.6.1. Deep inelastic eN, uN, or VN scattering

T7.6.2. Hadron-hadron collisions at large o

T.7. Inside QCD jets

CONTENTS

342

343

3b5
349

35k

359
359

36h
369
369

369
373
375
382
382
385
391
394
395
398
398
399
Lok
Lot
L1k
418
418
L19
Loy



CONTENTS

NEW

7.7.1. Longitudinal momentum distributions
T7.7.2. Transverse momentum distributions
7.8. How can one really test QCD?

7.8.1. Vector gluons

7.8.2. Three-gluon vertex

7.8.3. Asymptotic freedom

References

QUARKS AND LEPTONS
M.K. Gaillard and L. Maiani

1. Introduction: a glimpse of quark and lepton
history

2. Elementary properties of quarks and leptons

2.1. What do we really know?

2.2. Renormalizable gauge theories

2.3. The fermion mass matrix and the structure of
the weak currents

3. Weak interactions of b and t quarks

3.1. The weak mixing angles

3.2. Bounds on the weak mixing angles

3.3. Weak decays of b and t

3.4. Multilepton configurations in b and t decays

4. Grand unified theories

4.1. The unification of weak, electromagnetic and
strong interactions

L.2. The minimal model: SU(5)

.3. Fermion masses and constraints on the number
of generations

4.4, Proton decay
4.5. Bounds on the t—quark mass
5. Conclusions and outlook

References

xiii
L21
Lol
L25
L26
L26
L26
Lo7

L33

433
L35
L35
LL46

L5k
459
459
460
469
L73
478

478
L85

Lo
L9l
501
501
510



xiv

THE SPECTRUM OF LEPTONS AND QUARKS
J. Weyers

I. The Higgs sector

II. Masses of the quarks

The mass parameters in the QCD Lagrangian

Quark masses in QCD

IIT.

Natural symmetry

Natural flavour conservation

IV. Models for masses and mixing angles

S.
H.
M.
G.

Weinberg

Fritzsch

de Crombrugghe, H. Fritzsch
Segré et al.

References

POTENTIAL MODELS OF NEW PARTICLES
A. Martin

Historical background

Physical background

Theorems and near theorems for the Schrddinger

equation

Two applications

References

HADRON PROCESSES AT HIGH ENERGIES
H. Bdggild

I. Introduction

II. High Prp and jet physics

1. Examples of high pT experiments

2.

. o}
Inclusive T spectra

3. Correlations

3.1. x. —distributions

E

3.2. Internal jet Pp and P balance

CONTENTS

515

515
523
523
527
531
533
53k
534
536
538
541
545

549

549
549

553
555
556

559

559
560
563
566
570
573
576



CONTENTS

3.3. Symmetric triggers

3.4. Trigger side and resonances
3.5. Quantum number correlations
L. Jets

4.1. The jet cross section

4.2, Beam ratios

4.3. An example of jet analysis in pp - jet + X

5. Production of direct photons
ITTI. Heavy quarks and lepton pairs

1. Heavy quarks, charm and beauty

1.1. Direct charm observation

1.2. Indirect observations

1.3. Direct observation in mass distributions

1.4. Beauty-meson production
2. Lepton pairs and "onia'
3. Lepton pairs and the Drell-Yan process
L. Lepton pairs at large pp
IV. Conclusion

References

HYPERON DECAYS AND QCD
J.M. Gaillard

Non-leptonic decays of strange particles and QCD

AI = 1/2 rule and @ - Em decays

Parity violation in Q decays
The Q2 experiment

Q trigger and decay measurement

The main decay modes
Conclusions

References

RECENT OBSERVATIONS OF CHARMED BARYONS AND THEIR
IMPLICATIONS FOR HADRONIC PRODUCTION PROCESSES
F. Muller

580
581
585
592
594
596
596
607
612
612
613
615
615
618
621
623
630
633
63k

639

639
640
640
643
6hs
6hs
652
652

653

XV



xvi

Introduction

1.

Prehistory of charmed baryons
Theoretical Framework
Masses
Decay schemes
Production
Early coincidences for charmed baryons
Neutrino interactions
Photoproduction
Hadronic interactions

Conclusion

. Recent (1979) observations of charmed baryons

Neutrino interactions

Hadronic collisions

et e annihilation

Remarks on hadronic production processes of
charmed particles

References

THE FUTURE OF ELEMENTARY PARTICLE PHYSICS

S.L. Glashow

Prologue

The scenario of the seventeen parameters

Unification

Let the desert bloom!

Epilogue

References

INDEX

CONTENTS

653
653
653
653
656
656
657
657
657
660
660
661
661
665
679

680
685

687
687
688
693
705
711
T12

715



