Preface

CONTENTS

1 FRUSTRATION - EXACTLY SOLVED
FRUSTRATED MODELS
H. T. Diep and H. Giacomini

1.1

1.2
1.3

1.4

Frustration: an introduction . . .. ... ... .......
1.1.1 Definition . . . .. ... .. ... ... ...
1.1.2 Non collinear spin configurations . ... ... .. ..
Frustrated Ising spin systems . . . . .. .. .. ... ....
Mapping between Ising models and vertex models . . . . .
1.3.1 The 16-vertexmodel . . . . . . ... ... ... ...
1.3.2 The 32-vertexmodel . . . .. ... ... .. ...,
1.3.3 Disorder solutions for two-dimensional Ising models
Reentrance in exactly solved frustrated Ising spin systems .
1.4.1 Centered square lattice . . ... ...........
1.4.1.1 Phasediagram .. ..............
1.4.1.2 Nature of ordering and disorder solutions
1.4.2 Kagomélattice . . . .. ... ... ..........
1.4.2.1 Model with nn and nnn interactions
1.4.2.2 Generalized Kagomé lattice . . ... .. ..
1.4.3 Centered honeycomb lattice . . . . ... ... ....
1.4.4 Periodically dilute centered square lattices . . . . . .
1.4.4.1 Model with three centers . . . . ... .. ..
1.4.4.2 Model with two adjacent centers . . .. ..
1.4.4.3 Model with onecenter . .. ... ......
1.4.5 Random-field aspects of the models . . . .. .. ..

xi

o0 Ot DO e



xii

2

3

Contents

1.5 Evidence of partial disorder and reentrance in other
frustrated systems . . . . . .. ... ... oo
1.6 Conclusion . . ... .. .. .. ... ...
Acknowledgements . . . . ... ... ... o L
References . . . . . . . . . . i i i

PROPERTIES AND PHASE TRANSITIONS IN
FRUSTRATED ISING SYSTEMS
Ojiro Nagai, Tsuyoshi Horiguchi and Seiji Miyashita

2.1 Imtroduction . .. ... ... ... .. .. ... ..
2.2 Ising model on two-dimensional frustrated lattice and on
stacked frustrated lattice . . ... ... ... ... .....
2.3 Ising model on antiferromagnetic triangular lattice . . . . .
2.4 Ising model on stacked antiferromagnetic
triangular lattice . . . .. ... Lo o oo
2.5 Ising model with large S on antiferromagnetic
triangular lattice . . .. ... ... ... . ...
2.6 Ising model with infinite-spin on antiferromagnetic
triangular lattice . ... ... .. ... ... ..o
2.7 Ising-like Heisenberg model on antiferromagnetic
triangular lattice . ... ... ... ... ..o
2.8 Ising model with infinite-spin on stacked antiferromagnetic
triangular lattice . . . . . .. ... oo oo L
2.9 Phase diagram in spin-magnitude versus temperature for
Ising models with spin S on stacked antiferromagnetic
triangular lattice . . . ... ... . oL
2.10 Effect of antiferromagnetic interaction between
next-nearest-neighbor spins in zy-plane . . . . ... .. ..
2.11 Three-dimensional Ising paramagnet . .. ... ... ...
2.12 Concluding remarks . . . . . ... ... .. ... ... ...
Acknowledgements . . ... ... ... ...
References . . . . . . . . . . . e

RENORMALIZATION GROUP APPROACHES
TO FRUSTRATED MAGNETS IN D=3
B. Delamotte, D. Mouhanna and M. Tissier

3.1 Imtroduction . ... .. .. ... ... . ... e



3.2

3.3

3.4
3.5

3.6

Contents

The STA model and generalization . . . . . ... ... ...
3.2.1 The lattice model, its continuum limit
and symmetries . . .. ... oo
3.2.2 The Heisenbergcase . . ... .............
323 TheXYecase ... ... v i i
3.2.4 Generalization . . ... .. ... ... .00
Experimental and numerical situations . . ... .. .. ..
331 TheXVYsystems .. ..........0c.ov...n
3.3.1.1 The experimental situation ... ... ...
3.3.1.2 The numerical situation . .. ... ... ..
3.3.1.3 Summary . .. .. .. ...
3.3.2 The Heisenberg systems . . . . ... ... ......
3.3.2.1 The experimental situation . ... ... ..
3.3.2.2 The numerical situation . .. ... ... ..
3323 Summary . .. .. ..ot
333 The N=6STA ...... ... ... .. ......
334 Conclusion . ... ........ . ... .. ...
A brief chronological survey of the theoretical approaches .
The perturbative situation . . . . ... ... .. ......
3.5.1 The Nonlinear Sigma (NLo) model approach . . ..
3.5.2 The Ginzburg-Landau-Wilson (GLW) model
approach . . . ... ... .. ... . ...
3521 TheRGflow. .................
3.5.2.2 The three and five-loop resultsin d =4 — ¢
3.5.2.3 The improved three and five-loop results . .
3.5.2.4 The three-loop resultsind=3 .. ... ..
3525 Thelarge-Nresults . . . . ... ... ....
3.5.2.6 The six-loopresultsind=3.........
3.5.3 The six-loop results in d = 3 re-examined . ... ..
35.3.1 Conclusion . .................
The effective average action method . . . . ... ... ...
3.6.1 The effective average action equation. . . . . .. ..
36.2 Properties . . . . .. .. .. e
3.63 Truncations . . . . . . « « v v v v v bt e
3.6.4 Principle of the caleulation . .. ... ........
3.6.5 The O(N)xO(2)model . . . .. ...........
3.6.5.1 The flow equations . . ... ... ......



xiv

4

Contents
3.6.6 Tests of the method and first results . . . ... ... 154
3.6.7 The physics in d = 3 according to the
NPRG approach . . .. ................ 158
3.6.7.1 The physics in d = 3 just below N.(d):
Scaling with a pseudo-fixed point and
minimum of theflow . . . .. ... ... .. 159
3.6.7.2 Scaling with or without pseudo-fixed point:
The Heisenberg and XY cases . . . . .. .. 161
3.6.7.3 The integration of the RG flow ... .. .. 164
3.6.7.4 The Heisenbergcase .. ... ........ 165
3675 TheXYecase ................. 167
368 Conclusion .. ..................... 169
3.7 Conclusion and prospects . . . .. ... ... ........ 169
Acknowledgements . . . . ... .. ... .. .., 171
References . . . ... .. ... . ... ... ... 171
PHASE TRANSITIONS IN FRUSTRATED

VECTOR SPIN SYSTEMS: NUMERICAL STUDIES 177
D. Loison

Abbreviations . . . ... ... .. o 177
4.1 Imtroduction . . . ... ... ... ... ... .. .. ..., 177
4.2 Breakdown of symmetry . ... ... ... ... ...... 178
4.2.1 Symmetry in the high-temperature region . . . . . . 179
4.2.2 Breakdown of symmetry for ferromagnetic systems . 179
4.2.3 Breakdown of symmetry for frustrated systems . .. 181
4.2.3.1 Stacked triangular antiferromagnetic lattices 181
4,23.2 bct helimagnets . . ... ... ....... 184
4.2.3.3 Stacked J;-J; square lattices . .. ... .. 185
4.2.3.4 The simple cubic Jy—J lattice . . . . . ... 185
4235 Jh=Jo-Jzlattice. .. ... ... .. ..... 186

4.2.3.6 Villain lattice and fully frustrated simple
cubic lattice . . . ... ... oL, 186
4.2.3.7 Face-centered cubic lattice (fec) . . . . . .. 187
4.2.3.8 Hexagonal-close-packed lattice (hcp) . . . . 187
4239 Pyrochlores . . ... ... .......... 188
4.2.3.10 Other lattices . . . . ... ... ... .... 188

42311 STAR lattices . . . . . ... . ... ..... 188



4.4
4.5

Contents xv

4.2.3.12 Dihedral lattices Vno . . . . . . . ..o 189
4.2.3.13 Right-handed trihedral lattices V33 . . . . . 189
4.2.3.14 P-hedral lattices Vyop . . . .. . ... ... 190
4.2.3.15 Ising and Potts—Vy model . . ... .. .. 190
4.2.3.16 Ising and Potts—Vyomodel . . ... .. .. 191
4.2.3.17 Landau~Ginzburg model . . . . . .. .. .. 191
4.2.3.18 Cubic term in Hamiltonian . . .. ... .. 191
4.2.3.19 Summary . . .. ... 192
4.3 Phase transitions between two and four
dimensions: 2<d<4 .. .. ... . . ... e 192
4.3.1 O(N)/O(N —2) breakdown of symmetry ... ... 193
43.1.1 Fixedpoints . . . . . ... ... ... .... 193
4.3.1.2 MCRG and first-order transition . ... .. 195
4.3.1.3 Complex fixed point or minimum in the flow 196
4314 Experiment . ................. 200
4315 Valueof N, . ... ... ... ... . .... 201
4.3.1.6 Phase diagram (N,d} . . . ... ... .. .. 202
4.3.1.7 Renormalization-group expansions . . . . . 202
4.3.1.8 Short historical review . . . .. ... .. .. 204
4.3.1.9 Relations with the Potts model . . . . . .. 205
4.3.2 O(N)/O(N — P) breakdown of symmetry for d =3 . 206
4.3.3 Zr®SO(N)/SO(N —1) breakdown of symmetry for
d=3 . . e e 207
434 Z3®SO(N)/SO(N ~1) breakdown of symmetry for
d=3 . .. e 208
435 Z,®O(N)/O(N — 2) and other breakdown of
symmetryind=3 . ........... ... .... 208
Conclusion . . . ... .. . . . e 209
O(N) frustrated vector spinsind=2 . .. ......... 210
4.5.1 Introduction . ..................... 210
4.5.2 Non frustrated XY spin systems . ... ....... 210
4.5.3 Frustrated XY spin systems: Zo ® SO(2) . ... .. 210
4.5.4 Frustrated XY spin systems: Z3 ® SO(2) . .. ... 213
4.5.5 Frustrated XY spin systems: Z; ® Z2 ® SO(2) and
Z3®Za®8S0(2) . . . .. e 214
4.5.6 Frustrated Heisenberg spin systems: SO(3) . . . .. 214



























