
Contents 

Preface 

Chapter 1. Dynamical Origins 
1.1. The Flow of Time in Quantum Theory 
1.2. Causality and Interactions 
1.3. Semigroups of Endomorphisms 
1.4. Existence of Dynamics 

Part 1. Index and Perturbation Theory 

Chapter 2. .^-Semigroups 
2.1. The CAR/CCR Flows 
2.2. Cocycle Perturbations 
2.3. Measurability and Continuity of Cocycles 
2.4. Concrete Product Systems 
2.5. Units and the Numerical Index 
2.6. Computation of the Index 
2.7. Type and Decomposability 
2.8. The Gauge Group G(a) 
2.9. Pure ^-Semigroups and Absorbing States 
2.10. Notes and Remarks 

Chapter 3. Continuous Tensor Products 
3.1. Tensor Product Systems 
3.2. Representations of Product Systems 
3.3. The Continuous Fock space L2(E) 
3.4. Multipliers of (0, oo) 
3.5. The Classifying Semigroup £ 
3.6. Units, Dimension, and Index 
3.7. Additivity of the Index 
3.8. Automorphisms and the Gauge Group 
3.9. Notes and Remarks 

Chapter 4. Spectral C*-Algebras 
4.1. Regular Representation of C*{E) 
4.2. Irreducibility 
4.3. Nuclearity 
4.4. Wiener-Hopf Perturbations and Stabilization 
4.5. Amenability I 
4.6. Amenability II 

v 

1 
1 
5 
9 

13 

17 

18 
19 
27 
31 
33 
41 
45 
53 
56 
59 
64 

66 
67 
70 
72 
74 
77 
83 
87 
93 
99 

101 
101 
112 
116 
117 
121 
125 



CONTENTS 

4.7. Infinitesimal Description of C*{E) ^ 
4.8. Decreasing Weights ™ 
4.9. State Space of C*(E) ^ r 
4.10. Existence of E0-Semigroups 14l> 

4.11. Simplicity 
4.12. The C*-Algebras Wn ^ 
4.13. Notes and Remarks ^ 

Part 2. Classification: Type I Cases 161 

Chapter 5. Path Spaces 162 
5.1. Definitions and Examples 162 
5.2. Additive Forms and their Exponentials 166 
5.3. Exactness of Additive Cocycles 172 
5.4. Strongly Spanning Sets 178 
5.5. Classification of Metric Path Spaces 180 
5.6. Exponentials of Metric Path Spaces 196 

Chapter C. Decomposable Product Systems 199 
6.1. Continuity of the Modulus 202 
6.2. Decomposable Vectors 205 
6.3. Continuity and Normalization 207 
6.4. Continuous Logarithms 210 
6.5. Infinite Divisibility 215 
6.6. Existence of Measurable Propagators 223 
6.7. Applications to Product Systems 225 
6.8. Classification of E0-semigroups 232 
6.9. Notes and Remarks 233 

Part 3. Noncommutative Laplacians 235 

Chapter 7. CP-Semigroups 236 
7.1. Basic Properties 238 
7.2. Harmonic Analysis of the Commutation Relations 240 
7.3. Examples: CCR Heat Flow, Cauchy Flow 242 
7.4. Generators and the Domain Algebra 248 
7.5. Further Discussion of Examples 252 
7.6. Notes and Remarks 253 

Chapter 8. CP-Generators and Dilation Theory 254 
8.1. Dilation and Compression 255 
8.2. Moment Polynomials 257 
8.3. The Hierarchy of Dilations 260 
8.4. Generators of CP-Dynamics 265 
8.5. Existence of C*-Dilations 269 
8.6. Existence of W*-Dilations 274 
8.7. Examples of Dilations 279 
8.8. Type I Part of an Eo-Semigroup 281 
8.9. More on Minimality 284 
8.10. Units of CP-Semigroups and Their Dilations 293 



CONTENTS IX 

8.11. Pure CP-Semigroups and Their Dilations 299 
8.12. Notes and Remarks 302 

Chapter 9. Index Theory for CP-Semigroups 304 
9.1. Metric Operator Spaces 304 
9.2. Compositions of Completely Positive Maps 308 
9.3. Numerical Index 312 
9.4. Index of the Dilation 319 
9.5. Notes and Remarks 323 

Chapter 10. Bounded Generators 324 
10.1. Geometry of the Symbol 324 
10.2. Perturbations, Rank of the Symbol 333 
10.3. Computation of Units 338 
10.4. Completeness of the Covariance Function 345 
10.5. Subordinate CP-Semigroups 348 
10.6. Type of the Minimal Dilation 351 
10.7. Notes and Remarks 354 

Part 4. Causality and Dynamics 355 

Chapter 11. Pure Perturbations of CAR/CCR Flows 356 
11.1. Constructions in Matrix Algebras 357 
11.2. Ergodicity Versus Purity in Matrix Algebras 3G3 
11.3. Existence of Cocycle Perturbations 367 
11.4. Notes and Remarks 372 

Chapter 12. Interaction Theory 374 
12.1. Index and the Existence of Dynamics 374 
12.2. Eigenvalue Lists of Normal States 376 
12.3. Towers: Convergence of Eigenvalue Lists 378 
12.4. The Interaction Inequality 385 
12.5. Notes, Remarks, Problems 387 

Part 5. Type III Examples 389 

Chapter 13. Powers' Examples 390 
13.1. Quasi-free States of the CAR Algebra 390 
13.2. Examples Based on Quasi-free States 393 
13.3. Role of Toeplitz and Hankel Operators 397 
13.4. A Trace Formula 402 
13.5. Almost Invariant Subspaces 403 
13.6. The Nonexistence of Units 406 
13.7. Notes and Remarks 411 

Chapter 14. Tsirelson-Vershik Product Systems 412 
14.1. Correlation Functions and Quasi-orthogonality 412 
14.2. Gaussian Spaces 415 
14.3. Equivalence Operators on Gaussian Spaces 417 
14.4. The L2 Space of a Measure Class 419 



X CONTENTS 

14.5. Product Systems of Type III 423 
14.G. Notes and Remarks 425 

Bibliography 427 

Index 431 


