
NEUTRINO PHYSICS 
Second edition 

Edited by Klaus Winter 
CERN, Geneva 

Щ CAMBRIDGE 
UNIVERSITY PRESS 

\ 



Contents 

Preface xi 

Preface to the second edition xiii 

List of contributors xv 

1 History 1 

1.1 On the earlier and more recent history of the neutrino 1 
W. Pauli 

1.2 Inverse ß process 23 
B. Pontecorvo 

1.3 Neutrino recoils following the capture of orbital electrons in 37Ar 28 
G. W. Rodeback and J. S. Allen 

1.4 Detection of the free neutrino: A confirmation 38 
C. L. Cowan Jr. et al. 

1.5 Electron and muon neutrinos 42 
B. Pontecorvo 

1.6 Feasibility of using high-energy neutrinos to study 
the weak interactions 49 
M. Schwartz 

1.7 Observation of high-energy neutrino reactions and the 
existence of two kinds of neutrinos 51 
G. Danby et al. 

1.8 Neutrino interactions in the CERN heavy liquid bubble chamber 66 
M. M. Block et al. 

1.9 Spark chamber study of high-energy neutrino interactions 75 
/ . K. Bienlein et al. 

1.10 Search for intermediate boson production in high-energy 
neutrino interactions 85 
G. Bernardini et al. 

1.11 Search for elastic muon-neutrino electron scattering 95 
F. J. Hasert et al. 

1.12 Observation of neutrino-like interactions without muon 
or electron in the Gargamelle neutrino experiment 100 
F. J. Hasert et al. 

vn 



Vlll Contents 

2 Intrinsic properties of neutrinos 104 

2.1 Particle-antiparticle properties of neutrinos 104 
B. Kayser 

2.2 Searching for double beta decay 113 
H. V. Klapdor-Kleingrothaus 

2.3 Direct measurement of the neutrino masses 127 
E. Holzschuh 

2.4 Neutrino mixing 149 
S. Bilenky 

2.5 How many generations of fermions? 165 
A. Blondel and D. Denegri 

2.6 Electromagnetic properties of neutrinos 186 
W. J. Marciano and A. Sirlin 

2.7 Astrophysical and cosmological constraints to neutrino properties 196 
E. W. Kolb, D. N. Schramm, and M. S. Turner 
References 220 

3 Theory of the interaction of neutrinos with matter 230 
L. Maiani 

3.1 Introduction 230 
3.2 The basic elements of the standard electroweak theory 230 
3.3 Lepton and quark families 240 
3.4 Low-energy interactions 248 
3.5 Neutrino-lepton cross sections 259 
3.6 Neutrino-hadron scattering 265 
3.7 High-energy behavior and unitarity limits 279 
3.8 Coherent effects in neutrino propagation through matter 284 

References 296 

4 Experimental studies of the weak interaction 299 

4.1 Structure of the charged weak current 299 
K. Kleinknecht 

4.2 Neutrino reactions and the structure of the neutral weak current 326 
K. Winter 

4.3 The weak bosons W and Z 381 
K. Einsweiler and L. Rolandi 

4.4 Precision tests of the electroweak theory 398 
G. Altarelli and F. Caravaglios 
References 409 



Contents ix 

5 Study of nucleon structure by neutrinos 417 
M. Diemoz, F. Ferroni, E. Longo, M. Mangano and G. Martinelli 

5.1 Foundations of neutrino-nucleon interactions 418 
5.2 The parton model in QCD 423 
5.3 Experimental results on cross sections 439 
5.4 Methods to extract structure functions from differential 

cross sections 445 
5.5 Results on structure functions 451 
5.6 QCD analysis of the data 463 
5.7 The gluon structure function 476 
5.8 QCD-based extrapolation of parton densities 478 
5.9 Neutral-current structure functions 490 
5.10 Conclusions 494 

References 494 

6 Neutrinos in astrophysics and cosmology 499 

6.1 Solar neutrinos 499 
T. Kirsten and L. Wolfenstein 

6.2 Supernovae and neutrinos 524 
Y. Totsuka and D. N. Schramm 

6.3 Massive neutrinos and cosmology 554 
S. F. Shandarin 
References 567 

Index 572 


