Universiteit

4 Leiden
The Netherlands

Topological phases and phase transitions in magnets and ice
Keesman, R.

Citation
Keesman, R. (2017, June 7). Topological phases and phase transitions in magnets and ice.
Casimir PhD Series. Retrieved from https://hdl.handle.net/1887/49403

Version: Not Applicable (or Unknown)
) Licence agreement concerning inclusion of doctoral thesis in the
License:

Institutional Repository of the University of Leiden
Downloaded from: https://hdl.handle.net/1887/49403

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/49403

Cover Page

The handle http://hdl.handle.net/1887/49403 holds various files of this Leiden University
dissertation.

Author: Keesman, R.

Title: Topological phases and phase transitions in magnets and ice
Issue Date: 2017-06-07


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/49403
https://openaccess.leidenuniv.nl/handle/1887/1�

References

(1]

7]

(8]

(9]

R. Keesman, A. O. Leonov, P. van Dieten, S. Buhrandt, G. T
Barkema, L. Fritz, and R. A. Duine, Degeneracies and fluctuations of
Néel skyrmions in confined geometries, Phys. Rev. B 92, 134405 (2015),
ARXIV:1506.00271 [COND-MAT.MES-HALL].

R. Keesman, M. Raaijmakers, A. E. Baerends, G. T. Barkema,
and R. A. Duine, Skyrmions in square-lattice antiferromagnets,
Phys. Rev. B 94, 054402 (2016), ARX1v:160%.03688 [COND-MAT.MES-HALL).

R. Keesman, ]. Lamers, R. A. Duine, and G. T. Barkema, Finite-size
scaling at infinite-order phase transitions, J. Stat. Mech., 093201 (2016),
ARXIV:1605.08876 [COND-MAT.STAT-MECH].

R. Keesman and ] Lamers, Numerical study of the F model
with domain-wall boundaries, Phys. Rev. E 95, 0652117 (2017),
ARXIV:1702.05474 [COND-MAT.STAT-MECH].

R. Keesman, G. T. Barkema, and D. Panja, Dynamical eigen-
modes of star and tadpole polymers, |. Stat. Mech., P02021 (2013),
ARXIV:1210.077/ [COND-MAT.SOET].

R. Keesman, G. T. Barkema, and D. Panja, Dynamical eigen-
modes of a polymerized membrane, |. Stat. Mech., P04009 (2013),
ARXIV:1242.102/ [COND-MAT.SOET].

Nobelprize.org, The 2016 Nobel Prize in Physics - Press Release,
(2016).

A. D. McNaught and A. Wilkinson, Compendium of Chemical Termin-
ology (Wiley, 1997).

P. Zinn-Justin, Quantum Field Theory and Critical Phenomena (Oxford
University Press, Oxford, 1989).

89


http://dx.doi.org/10.1103/PhysRevB.92.134405
http://arxiv.org/abs/arXiv:1506.00271
http://dx.doi.org/ 10.1103/PhysRevB.94.054402
http://arxiv.org/abs/arXiv:1603.03688
http://dx.doi.org/ 10.1088/1742-5468/2016/09/093201
http://arxiv.org/abs/1605.08876
http://dx.doi.org/ 10.1103/PhysRevE.95.052117
http://arxiv.org/abs/1702.05474
http://stacks.iop.org/1742-5468/2013/i=02/a=P02021
http://arxiv.org/abs/arXiv:1210.0774
http://stacks.iop.org/1742-5468/2013/i=04/a=P04009
http://arxiv.org/abs/arXiv:1212.1024
https://www.nobelprize.org/nobel_prizes/physics/laureates/2016/press.html

90 References

[10] V. L. Berezinskil, Destruction of Longrange Order in
One-dimensional and Two-dimensional Systems hav-
ing a Continuous Symmetry Group I Classical Systems,
Soviet Journal of Experimental and Theoretical Physics 32, 493 (1971).

[11] V. L. Berezinskii, Destruction of Long-range Order in
One-dimensional and Two-dimensional Systems Possess-
ing a Continuous Symmetry Group. Il Quantum Systems,
Soviet Journal of Experimental and Theoretical Physics 34, 610 (1972).

[12] . M. Kosterlitz and D. J. Thouless, Ordering  metfasta-
bility and phase fransitions in {wo-dimensional systems,
Journal of Physics C: Solid State Physics 6, 1181 (1973).

[13] M. E.]. Newman and G. T. Barkema, Monte Carlo Methods in Statistical
Physics (Clarendon Press, Oxford, 1999).

[14] E. Marinari and G. Parisi, Simulated Tempering: A New Monte Carlo
Scheme, Europhys. Lett. 19, 6 (1992), ARX1V:HEP-LAT/9205018.

[15] ]. W. Gibbs, Elementary Principles in Statistical Mechanics (Charles
Scribner’s Sons, New York, 1902).

[16] A Papoulis, Probability, Random Variables and Stochastic Processes,
2nd ed. (McGraw-Hill, New York, 1984).

[17] R. Y. Rubinstein and D. P. Kroese, Simulation and the Monte Carlo
Method (Vol. 707) (John Wiley & Sons, Hoboken, New Jersey, 2011).

[18] M. Michel, S C. Kapfer, and W. Krauth, General-
ized event-chain Monte Carlo: Constructing  rejection-
free  global-balance  algorithms  from  infinitesimal  steps,
The Journal of Chemical Physics 140, 054116 (2014), 10.1063/1.4863991,
ARXIV:1300.7748 [COND-MAT.STAT-MECH].

[19] N. Metropolis, A. W. Rosenbluth, M. N. Rosenbluth, A. H. Teller, and
E. Teller, Equation of State Calculations by Fast Computing Machines,
The Journal of Chemical Physics 21, 1087 (1953).

[20] H. G. Katzgraber and S. Trebst and D. A. Huse and M.
Troyer, Feedback-optimized parallel tempering Monte Carlo,
J. Stat. Mech., P03018 (2006), ARX1V:COND-MAT/060208F.


http://www.jetp.ac.ru/cgi-bin/dn/e_032_03_0493.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_034_03_0610.pdf
http://stacks.iop.org/0022-3719/6/i=7/a=010
http://dx.doi.org/ 10.1209/0295-5075/19/6/002
http://arxiv.org/abs/arXiv:hep-lat/9205018
http://dx.doi.org/10.1063/1.4863991
http://arxiv.org/abs/arXiv:1309.7748
http://dx.doi.org/ 10.1063/1.1699114
http://stacks.iop.org/1742-5468/2006/i=03/a=P03018
http://arxiv.org/abs/arXiv:cond-mat/0602085

References 91

[21] A. E. Ferdinand and M. E. Fisher, Bounded and Inhomogen-
eous Ising Models. I Specific-Heat Anomaly of a Finite Lattice,
Phys. Rev. 185, 832 (1969).

[22] J. P. Valleau and D. N. Card, Monte Carlo Estim-
ation of the Free Energy by Multistage  Sampling,
The Journal of Chemical Physics 57, 5457 (1972).

[23] A. M. Ferrenberg and R. H. Swendsen, Optimized Monte Carlo data
analysis, Phys. Rev. Lett. 63, 1195 (1989).

[24] T. W. B. Kibble, Topology of cosmic domains and strings,
Journal of Physics A: Mathematical and General 9, 1387 (1976).

[25] W. H. Zurek, Cosmological experiments in superfluid helium?
Nature 317, 505 (1985).

[26] K. Binder, Finite size scaling analysis of ising model block distribution
functions, Zeitschrift fiir Physik B Condensed Matter 43, 119 (1981).

[27] Nobelprize.org, Pierre Curie - Biographical, (2016).

28] I. Dzyaloshinskii, A thermodynamic theory of
“weak” ferromagnetism of antiferromagnetics,
Journal of Physics and Chemistry of Solids 4, 241 (1958).

[29] T. Moriya, Anisotropic Superexchange Interaction and Weak Ferro-
magnetism, Phys. Rev. 120, 91 (1960).

[30] J. D. Bernal and R. H. Fowler, A Theory of Water and Ionic Solu-
tion, with Particular Reference to Hydrogen and Hydroxyl Ions,
The Journal of Chemical Physics 1, 515 (1933).

[31] L. Pauling, The structure and entropy of ice and of other
crystals with some randomness of afomic arrangement,
Journal of the American Chemical Society 57, 2680 (1935).

[32] G. Algara-Siller, O. Lehtinen, F. C. Wang, R. R. Nair, U. Kaiser, H. A. Wu,
A. K. Geim, and I. V. Grigorieva, Square ice in graphene nanocapillar-
ies, Nature 519, 443 (2015), ARX1v:1412.7408 [COND-MAT.MES-HALL).

[33] E. H. Lieb, Residual Entropy of Square Ice, Phys. Rev. 162, 162 (1967).


http://dx.doi.org/10.1103/PhysRev.185.832
http://dx.doi.org/ 10.1063/1.1678245
http://dx.doi.org/10.1103/PhysRevLett.63.1195
http://stacks.iop.org/0305-4470/9/i=8/a=029
http://dx.doi.org/10.1038/317505a0
http://dx.doi.org/ 10.1007/BF01293604
http://www.nobelprize.org/nobel_prizes/physics/laureates/1903/pierre-curie-bio.html
http://dx.doi.org/10.1016/0022-3697(58)90076-3
http://dx.doi.org/ 10.1103/PhysRev.120.91
http://dx.doi.org/10.1063/1.1749327
http://dx.doi.org/10.1021/ja01315a102
http://dx.doi.org/ 10.1038/nature14295
http://arxiv.org/abs/arXiv:1412.7498
http://dx.doi.org/10.1103/PhysRev.162.162

92 References

[34] TH.R. Skyrme, A unified field theory of mesons and baryons,
Nuclear Physics 31, 556 (1962).

[35] S. L. Sondhi, A. Karlhede, S. A. Kivelson, and E. H. Rezayi, Skyrmions
and the crossover from the integer to fractional quantum Hall effect
at small Zeeman energies, Phys. Rev. B 47, 16419 (1993).

[36] U. A. Khawaja and H. Stoof, Skyrmions in a ferromagnetic
Bose-Einstein condensate, Nature 411, 918 (2001).

[37] L. S. Leslie, A. Hansen, K. C. Wright, B. M. Deutsch, and
N. P. Bigelow, Creation and Detection of Skyrmions in a
Bose-Einstein Condensate, Phys. Rev. Lett. 103, 250401 (2009),
ARXIV:0910.40948 [COND-MAT.QUANT-GAS].

[38] A. N. Bogdanov, U. K. Roéf3ler, and A. A. Shestakov, Skyrmions in
nematic liquid crystals, Phys. Rev. E 67, 016602 (2003).

[39] P. ]. Ackerman, R. P. Trivedi, B. Senyuk, J]. van de Lagemaat,
and [ 1. Smalyukh, Two-dimensional skyrmions and other
solitfonic structures in confinement-frustrated chiral nematics,
Phys. Rev. E 90, 012505 (2014), ARX1v:1612.09045 [COND-MAT.SOET].

[40] A. O. Leonov, I. E. Dragunov, U. K. Réf3ler, and A. N. Bogdanov, The-
ory of skyrmion states in liquid crystals, Phys. Rev. E 90, 042502 (2014),
ARXIV:1407.7409 [COND-MAT.MES-HALL).

[41] A. Bogdanov and A. Hubert, Thermodynamically
stable  magnetic vortex  states in magnetic  crystals,
Journal of Magnetism and Magnetic Materials 138, 255 (1994).

[42] S. Mihlbauer, B. Binz, F. Jonietz, C. Pfleiderer, A. Rosch, A. Neubauer,
R. Georgii, and P. Boni, Skyrmion Lattice in a Chiral Magnet,
Science 323, 915 (2009), ARX1v:0902.41968 [COND-MAT.STR-EL.

[43] C. Pappas, E. Lelievre-Berna, P. Falus, P. M. Bentley, E. Mosk-
vin, S. Grigoriev, P. Fouquet, and B. Farago, Chiral Paramag-
netic Skyrmion-like Phase in MnSi, Phys. Rev. Lett. 102, 197202 (2009),
ARXIV:0902.360% [COND-MAT.OTHER].


http://dx.doi.org/ 10.1016/0029-5582(62)90775-7
http://dx.doi.org/10.1103/PhysRevB.47.16419
http://dx.doi.org/ 10.1038/35082010
http://dx.doi.org/ 10.1103/PhysRevLett.103.250401
http://arxiv.org/abs/arXiv:0910.4918
http://dx.doi.org/ 10.1103/PhysRevE.67.016602
http://dx.doi.org/10.1103/PhysRevE.90.012505
http://arxiv.org/abs/arXiv:1612.09015
http://dx.doi.org/ 10.1103/PhysRevE.90.042502
http://arxiv.org/abs/arXiv:1407.7409
http://dx.doi.org/ 10.1016/0304-8853(94)90046-9
http://dx.doi.org/ 10.1126/science.1166767
http://arxiv.org/abs/arXiv:0902.1968
http://dx.doi.org/10.1103/PhysRevLett.102.197202
http://arxiv.org/abs/arXiv:0902.3603

References 93

[44]

[45]

[46]

[47]

[48]

[49]

[50]

X. Z. Yu, Y. Onose, N. Kanazawa, ]. H. Park, J. H. Han, Y. Mat-
sui, N. Nagaosa, and VY. Tokura, Real-space observation of a two-
dimensional skyrmion crystal, Nature 465, 901 (2010).

F. Jonietz, S. Miihlbauer, C. Pfleiderer, A. Neubauer, W. Miinzer, A. Bauer,
T. Adams, R. Georgii, P. Béni, R. A. Duine, K. Everschor, M. Garst, and
A. Rosch, Spin Transfer Torques in MnSi at Ultralow Current Densit-
ies, Science 330, 1648 (2010), ARX1v:1012.3496 [COND-MAT.STR-EL)|.

A. Fert, V. Cros, and J. Sampaio, Skyrmions on the frack,
Nature Nanotechnology 8, 152 (2013).

N. Romming, C. Hanneken, M. Menzel, J. E. Bickel, B. Wolter, K. von
Bergmann, A. Kubetzka, and R. Wiesendanger, Writing and Deleting
Single Magnetic Skyrmions, Science 341, 636 (2013).

S. Emori, U. Bauer, S-M. Ahn, E. Martinez, and G. S. D. Beach,
Current-driven dynamics of chiral ferromagnetic domain walls,
Nature Materials 12, 611 (2013), ARX1V:1302.2257 [COND-MAT.MTRL-SCI].

K.-S. Ryu, L. Thomas, S-H. Yang, and S. Parkin, Chiral spin torque at
magnetic domain walls, Nanotechnology 8, 527 (2013).

K-S Ryu, S-H. Yang, L. Thomas, and S. Parkin, Chiral
spin torque arising from proximity-induced magnetization,
Nature Communications 5, 3910 (2014).

J.. H. Franken, M. Herps, H. ] M. Swagten, and
B. Koopmans, Tunable chiral spin texture in mag-
netic domain-walls, Scientific Reports 4, 5248 (2014),

ARXIV:1/04.204F [COND-MAT.MES-HALL)].

S-G. Je, D-H. Kim, S-C. Yoo, B.-C. Min, K.J. Lee, and S-
B. Choe, Asymmetric magnetic domain-wall motion by the
Dzyaloshinskii-Moriya interaction, Phys. Rev. B 88, 214401 (2013),
ARXIV:1307.008/ [COND-MAT.MTRL-SCI].

A. Hrabec, N. A. Porter, A. Wells, M. ]. Benitez, G. Burnell, S. McV-
itie, D. McGrouther, T. A. Moore, and C. H. Marrows, Meas-
uring and ftailoring the Dzyaloshinskii-Moriya interaction in per-
pendicularly magnetized thin films, Phys. Rev. B 90, 020402 (2014),
ARXIV:1402.5410 [COND-MAT.MTRL-SCI|.


http://dx.doi.org/10.1038/nature09124
http://dx.doi.org/10.1126/science.1195709
http://arxiv.org/abs/arXiv:1012.3496
http://dx.doi.org/10.1038/nnano.2013.29
http://dx.doi.org/10.1126/science.1240573
http://dx.doi.org/10.1038/nmat3675
http://arxiv.org/abs/arXiv:1302.2257
http://dx.doi.org/10.1038/nnano.2013.102
http://dx.doi.org/10.1038/ncomms4910
http://dx.doi.org/10.1038/srep05248
http://arxiv.org/abs/arXiv:1404.2945
http://dx.doi.org/ 10.1103/PhysRevB.88.214401
http://arxiv.org/abs/arXiv:1307.0984
http://dx.doi.org/ 10.1103/PhysRevB.90.020402
http://arxiv.org/abs/arXiv:1402.5410

94

[54]

[56]

[60]

61]

62]

References

G. Chen, T. Ma, A. T. N'Diaye, H. Kwon, C. Won, Y. Wu, and A. K.
Schmid, Tailoring the chirality of magnetic domain walls by interface
engineering, Nature Communications 4, 2671 (2013).

S. Heinze, K. von Bergmann, M. Menzel, ]. Brede, A. Kubet-
zka, R. Wiesendanger, G. Bihlmayer, and S. Bluagel, Spontan-
eous atomic-scale magnetic skyrmion lattice in two dimensions,
Nature Physics 7, 713 (2011).

I. Kézsmdrki, S. Borddcs, P. Milde, E. Neuber, L. M. Eng, J. S. White,
H. M. Ronnow, C. D. Dewhurst, M. Mochizuki, K. Yanai, H. Nakamura,
D. Ehlers, V. Tsurkan, and A. Loidl, Néel-type skyrmion lattice with
confined orientation in the polar magnetic semiconductor GaV,Ss,
Nat Mater 14, 1116 (2015), ARX1V:1502.08049 [COND-MAT.MTRL-SCI].

S. Banerjee, J. Rowland, O. Erten, and M. Randeria, Enhanced Stability
of Skyrmions in Two-Dimensional Chiral Magnets with Rashba Spin-
Orbit Coupling, Phys. Rev. X 4, 031045 (2014).

S. Buhrandt and L. Fritzz Skyrmion lattice phase in three-
dimensional chiral magnets from Monte Carlo simulations,
Phys. Rev. B 88, 195137 (2013), ARX1v:1304.6580 [COND-MAT.STR-EL.

S. D. Vi, S. Onoda, N. Nagaosa, and J. H. Han, Skyrmions and
anomalous Hall effect in a Dzyaloshinskii-Moriya spiral magnet,
Phys. Rev. B 80, 054416 (2009), ARX1v:0903%.3272 [COND-MAT.STR-EL].

M. N. Wilson, A. B. Butenko, A. N. Bogdanov, and T. L.
Monchesky, Chiral skyrmions in cubic helimagnet films:
The role of wuniaxial anisotropy, Phys. Rev. B 89, 094411 (2014),
ARXIVi4341.1194 [COND-MAT.MES-HALL).

S. X. Huang and C. L. Chien, Extended Skyrmion Phase in Epitaxial
FeGe(111) Thin Films, Phys. Rev. Lett. 108, 267201 (2012).

M. N. Wilson, E. A. Karhu, A. S. Quigley, U K. Rofdler, A. B.
Butenko, A. N. Bogdanov, M. D. Robertson, and T. L. Monchesky,
Extended elliptic skyrmion gratings in epitaxial MnSi thin films,
Phys. Rev. B 86, 144420 (2012).


http://dx.doi.org/10.1038/ncomms3671
http://dx.doi.org/10.1038/nphys2045
http://dx.doi.org/10.1038/nmat4402
http://arxiv.org/abs/arXiv:1502.08049
http://dx.doi.org/ 10.1103/PhysRevX.4.031045
http://dx.doi.org/10.1103/PhysRevB.88.195137
http://arxiv.org/abs/arXiv:1304.6580
http://dx.doi.org/ 10.1103/PhysRevB.80.054416
http://arxiv.org/abs/arXiv:0903.3272
http://dx.doi.org/ 10.1103/PhysRevB.89.094411
http://arxiv.org/abs/arXiv:1311.1191
http://dx.doi.org/ 10.1103/PhysRevLett.108.267201
http://dx.doi.org/10.1103/PhysRevB.86.144420

References 95

[63]

[65]

[69]

[70]
[71]

M. N. Wilson, E. A. Karhu, D. P. Lake, A. S. Quigley, S. Meynell,
A. N. Bogdanov, H. Fritzsche, U. K. Rofler, and T. L.
Monchesky, Discrete helicoidal states in chiral magnetic thin films,
Phys. Rev. B 88, 214420 (2013), ARX1V:41305.5196 [COND-MAT.MES-HALL.

H. Du, D. Liang, C. Jin, L. Kong, M. J. Stolt, W. Ning, J. Yang, VY. Xing,
J. Wang, R. Che, ]. Zang, S. Jin, Y. Zhang, and M. Tian, Electrical
probing of field-driven cascading quantized fransitions of skyrmion
cluster states in MnSi nanowires, Nat Commun 6, 7637 (2015),
ARXIV:1504.04018 [COND-MAT.MES-HALL).

H. Du, R. Che, L. Kong, X. Zhao, C. Jin, C. Wang, J. Yang, W. Ning,
R. Li, C. Jin, X. Chen, ]. Zang, Y. Zhang, and M. Tian, Edge-mediated
skyrmion chain and its collective dynamics in a confined geometry,
Nat Commun 6, 8504 (2015), ARX1V:1505.04032 [COND-MAT.MES-HALL].

N. Romming, A. Kubetzka, C. Hanneken, K. von Bergmann,
and R. Wiesendanger, Field-Dependent Size and Shape of
Single Magnetic ~ Skyrmions, Phys. Rev. Lett. 114, 177203 (2015),
ARXIVi1504.0157% [COND-MAT.MES-HALL).

M. Beg, R. Carey, W. Wang, D. Cortés-Ortunio, M. Vousden,
M.-A. Bisotti, M. Albert, D. Chernyshenko, O. Hovorka, R. L.
Stamps, and H. Fangohr, Ground state search, hysteretic beha-
viour, and reversal mechanism of skyrmionic textures in con-
fined helimagnetic nanostructures, Scientific Reports 5, 17137 (2015),
ARXIV:1312.7605 [COND-MAT.MTRL-SCI].

R. E. Troncoso and A. S. Nunez, Thermally assisted current-
driven skyrmion motion, Phys. Rev. B 89, 224403 (2014),
ARXIV:1402.1501 [COND-MAT.MES-HALL).

S. Rohart and A. Thiaville, Skyrmion confinement in ultrathin film
nanostructures in the presence of Dzyaloshinskii-Moriya interaction,
Phys. Rev. B 88, 184422 (2013), ARX1V:1310.0666 [COND-MAT.MES-HALL)|.

A. O. Leonov, (2011).

S. A. Meynell, M. N. Wilson, H. Fritzsche, A. N. Bogdanov,
and T. L. Monchesky, Surface twist instabilities and skyrmion


http://dx.doi.org/10.1103/PhysRevB.88.214420
http://arxiv.org/abs/arXiv:1305.5196
http://dx.doi.org/10.1038/ncomms8637
http://arxiv.org/abs/arXiv:1504.04918
http://dx.doi.org/10.1038/ncomms9504
http://arxiv.org/abs/arXiv:1505.04932
http://dx.doi.org/10.1103/PhysRevLett.114.177203
http://arxiv.org/abs/arXiv:1504.01573
http://dx.doi.org/10.1038/srep17137
http://arxiv.org/abs/arXiv:1312.7665
http://dx.doi.org/ 10.1103/PhysRevB.89.224403
http://arxiv.org/abs/arXiv:1402.1501
http://dx.doi.org/ 10.1103/PhysRevB.88.184422
http://arxiv.org/abs/arXiv:1310.0666

96

[72]

[74]

[75]

[76]

[79]

References

states in chiral ferromagnets, Phys. Rev. B 90, 014406 (2014),
ARXIV:1405.5275 [COND-MAT.MES-HALL)|.

A. Rolddan-Molina, M. J. Santander, A. S. Nufiez, and J. Ferndndez-
Rossier, Quantum theory of spin waves in finite chiral spin chains,
Phys. Rev. B 89, 054403 (2014), ARX1V:1314.2695 [COND-MAT.MES-HALL].

A. Rolddn-Molina, M. J. Santander, A. S. Ntfiez, and J. Ferndndez-
Rossier, Quantum fluctuations stabilize skyrmion textures,
Phys. Rev. B 92, 245436 (2015), ARX1V:1502.04950 [COND-MAT.MES-HALLY.

N. Kanazawa, M. Kubota, A. Tsukazaki, Y. Kozuka, K. S. Takahashi,
M. Kawasaki, M. Ichikawa, F. Kagawa, and Y. Tokura, Discretized topo-
logical Hall effect emerging from skyrmions in constricted geometry,
Phys. Rev. B 91, 041122 (2015), ARX1V:1504.03290 [COND-MAT.STR-EL.

M. Lee, W. Kang, Y. Onose, Y. Tokura, and N. P. Ong, Unusual Hall Effect
Anomaly in MnSi under Pressure, Phys. Rev. Lett. 102, 186601 (2009),
ARXIV:0811.3146 [COND-MAT.STR-EL].

A. Neubauer, C. Pfleiderer, B. Binz, A. Rosch, R. Ritz, P. G. Niklow-
itz, and P. Boni, Topological Hall Effect in the A Phase of MnSi,
Phys. Rev. Lett. 102, 186602 (2009), ARX1v:0902.19%3 [COND-MAT.STR-EL].

M. E. Knoester, ]. Sinova, and R. A. Duine, Phenomeno-
logy of current-skyrmion interactions in thin films with per-
pendicular magnetic anisotropy, Phys. Rev. B 89, 064425 (2014),
ARXIV:1310.2850 [COND-MAT.MES-HALL.

C. Moreau-Luchaire, C. Moutafis, N. Reyren, ]. Sampaio, F. Vaz, C. A,
N. Van Horne, K. Bouzehouane, K. Garcia, C. Deranlot, P. War-
nicke, P. Wohlhiiter, J.-M. George, M. Weigand, ]. Raabe, V. Cros,
and A. Fert, Additive interfacial chiral interaction in multilayers
for stabilization of small individual skyrmions at room temperature,
Nat Nano 11, 444 (2016), ARX1v:1607.02958 [COND-MAT.MTRL-SCI].

J. Iwasaki, M. Mochizuki, and N. Nagaosa, Current-induced
skyrmion dynamics in constricted geometries, Nat Nano 8, 742 (2013),
ARXIV:1310.1655 [COND-MAT.MES-HALL.


http://dx.doi.org/ 10.1103/PhysRevB.90.014406
http://arxiv.org/abs/arXiv:1405.5275
http://dx.doi.org/10.1103/PhysRevB.89.054403
http://arxiv.org/abs/arXiv:1311.2695
http://dx.doi.org/ 10.1103/PhysRevB.92.245436
http://arxiv.org/abs/arXiv:1502.01950
http://dx.doi.org/ 10.1103/PhysRevB.91.041122
http://arxiv.org/abs/arXiv:1501.03290
http://dx.doi.org/10.1103/PhysRevLett.102.186601
http://arxiv.org/abs/arXiv:0811.3146
http://dx.doi.org/10.1103/PhysRevLett.102.186602
http://arxiv.org/abs/arXiv:0902.1933
http://dx.doi.org/10.1103/PhysRevB.89.064425
http://arxiv.org/abs/arXiv:1310.2850
http://dx.doi.org/10.1038/nnano.2015.313
http://arxiv.org/abs/arXiv:1607.02958
http://dx.doi.org/ 10.1038/nnano.2013.176
http://arxiv.org/abs/arXiv:1310.1655

References 97

[80]

[81]

82]

[86]

J. Iwasaki, M. Mochizuki, and N. Nagaosa, Universal current-
velocity relation of skyrmion motion in chiral magnets,
Nat Commun 4, 1463 (2013), ARX1V:1207.322/ [COND-MAT.STR-EL)].

I. RaiCevié, Dragana Popovi¢, C. Panagopoulos, L. Benfatto,
M. B. Silva Neto, E. S Choij, and T. Sasagawa, Skyrmi-
ons in a Doped Antiferromagnet, Phys. Rev. Lett. 106, 227206 (2011),
ARXIV:1006.48941 [COND-MAT.STR-EL).

T. Ollikainen, E. Ruokokoski, and M. Mbottonen, Creation
and dynamics of two-dimensional skyrmions in antiferromag-
netic spin-1 Bose-Einstein condensates, Phys. Rev. A 89, 033629 (2014),
ARXIV:1310.0209 [COND-MAT.QUANT-GAS].

T. Okubo, S. Chung, and H. Kawamura, Multiple-q States and
the Skyrmion Lattice of the Triangular-Lattice Heisenberg Antifer-
romagnet under Magnetic Fields, Phys. Rev. Lett. 108, 017206 (2012),
ARXIV:1100.6161 [COND-MAT.STAT-MECH].

H. D. Rosales, D. C. Cabra, and P. Pujol, Three-sublattice
skyrmion crystal in the antiferromagnetic triangular lattice,
Phys. Rev. B 92, 214439 (2015), ARX1V:1507.05109 [COND-MAT.STR-EL.

Z. Liu and H. lan, Numerical studies on antiferromagnetic
skyrmions in nanodisks by means of a new quantum sim-
ulation approach, Chemical Physics Letters 649, 135 (2016),
ARXIV:1601.05170 [COND-MAT.MES-HALL].

A. N. Bogdanov, U K. Rofdler, M. Wolf, and K.-H. Miller, Mag-
netic structures and reorientation transitions in noncentrosym-
metric uniaxial antiferromagnets, Phys. Rev. B 66, 214410 (2002),
ARXIV:COND-MAT/0206201.

A. Bogdanov and A. Shestakov, Vortex states in antiferromagnetic crys-
tals, Physics of the Solid State 40, 1350 (1998).

J. Barker and O. A. Tretiakov, Static and Dynamical Proper-
ties of Antiferromagnetic Skyrmions in the DPresence of Ap-
plied Current and Temperature, Phys. Rev. Lett. 116, 147203 (2016),
ARXIV:150K.06150 [COND-MAT.MES-HALL)].


http://dx.doi.org/ 10.1038/ncomms2442
http://arxiv.org/abs/arXiv:1207.3224
http://dx.doi.org/ 10.1103/PhysRevLett.106.227206
http://arxiv.org/abs/arXiv:1006.1891
http://dx.doi.org/10.1103/PhysRevA.89.033629
http://arxiv.org/abs/arXiv:1310.0269
http://dx.doi.org/10.1103/PhysRevLett.108.017206
http://arxiv.org/abs/arXiv:1109.6161
http://dx.doi.org/ 10.1103/PhysRevB.92.214439
http://arxiv.org/abs/arXiv:1507.05109
http://dx.doi.org/10.1016/j.cplett.2016.02.054
http://arxiv.org/abs/arXiv:1601.05170
http://dx.doi.org/10.1103/PhysRevB.66.214410
http://arxiv.org/abs/arXiv:cond-mat/0206291
http://dx.doi.org/10.1134/1.1130556
http://dx.doi.org/ 10.1103/PhysRevLett.116.147203
http://arxiv.org/abs/arXiv:1505.06156

98 References

[89] X. Zhang, Y. Zhou, and M. Ezawa, Antiferromagnetic Skyrmion: Sta-
bility, Creation and Manipulation, Scientific Reports 6, 24795 (2016),
ARXIV:1504.01198 [COND-MAT.MES-HALL.

[90] H. Velkov, O. Gomonay, M. Beens, G. Schwiete, A. Brataas,
J. Sinova, and R. A. Duine, Phenomenology of current-induced
skyrmion motion in antiferromagnets, New ]. Phys. 18, 075016 (2016),
ARX1V:1604.05712 [COND-MAT.MES-HALL.

[91] E. M. Lifshitz and Pitaevskii L. P., Statistical Physics, Part 2, Course of
Theoretical Physics Vol. 9 (Pergamon, Oxford, 1980).

[92] P. Minnhagen, The two-dimensional coulomb gas, vortex unbinding,
and superfluid-superconducting films, Rev. Mod. Phys 59, 1001 (1987).

[93] R. ]. Baxter, Exactly Solved Models in Statistical Mechanics (Dover
Publications, New York, 2007).

[94] M. N. Barber, Phase transitions and critical phenomena, (Academic
Press, 1983) Chap. Finite-size scaling, p. 146.

[95] V.-D. Hsieh, VY-J. Kao, and A. W. Sandvik, Finite-size scal-
ing method for the Berezinskii-Kosterlitz—Thouless transition,
J. Stat. Mech., PO9001 (2013), ARX1v:1302.2900 [COND-MAT.STAT-MECH)].

[96] C.J. Hamer and M. N. Barber, Finite-size scaling in Hamiltonian field
theory, ]. Phys. A: Math. Gen. 13, L169 (1980).

[97] C. ]. Hamer and M. N. Barber, Finite-lattice methods in quantum
Hamiltonian field theory: I O(2) and O(3) Heisenberg models,
]. Phys. A: Math. Gen. 14, 259 (1981).

[98] R. Kenna, The XY model and the Berezinskii—-Kosterlitz—Thouless
phase transition, Ann. MCFA 1V, phy4 (2005), ARX1v:COND-MAT/0512356.

[99] R. H. Swendsen, Monte Carlo studies of the interface roughening trans-
ition, Phys. Rev. B 15, 5421 (1977).

[100] H. Hu, Y. Deng, and H. W. ]. Blote, Berezinskii-Kosterlitz-Thouless-
like percolation transitions in the two-dimensional XY model
Phys. Rev. E 83, 011124 (2011), ARX1V:1010.3075 [COND-MAT.STAT-MECH].


http://dx.doi.org/10.1038/srep24795
http://arxiv.org/abs/arXiv:1504.01198
http://dx.doi.org/10.1088/1367-2630/18/7/075016
http://arxiv.org/abs/1604.05712
http://dx.doi.org/10.1103/RevModPhys.59.1001
http://dx.doi.org/ 10.1088/1742-5468/2013/09/P09001
http://arxiv.org/abs/1302.2900
http://dx.doi.org/10.1088/0305-4470/13/5/011
http://dx.doi.org/10.1088/0305-4470/14/1/025
http://arxiv.org/abs/cond-mat/0512356
http://dx.doi.org/ 10.1103/PhysRevB.15.5421
http://dx.doi.org/10.1103/PhysRevE.83.011124
http://arxiv.org/abs/arXiv:1010.3075

References 99

[101] H. W. ]. Bléte and M. P. Nightingale, Antiferromagnetic tri-
angular Ising model: Critical behavior of the ground state,
Phys. Rev. B 47, 15046 (1993).

[102] G. Mazzeo, G. Jug, A. C. Levi, and E. Tosatti, Sublattice order
parameter in the BCSOS model: a finite-size Monte Carlo study,
]. Phys. A: Math. Gen. 25, 1L967 (1992).

[103] M. Weigel and W. Janke, The square-lattice F model revis-
ited: a loop-cluster update scaling study, ]Phys. A 38, 7067 (2005),
ARXIV:COND-MAT/0501222.

[104] E. H. Lieb, Exact solution of the F-model of an antiferroelectric,
Phys. Rev. Lett. 18, 1046 (1967).

[105] H. van Beijeren, Exactly solvable model for the roughening transition
of a crystal surface, Phys. Rev. Lett. 38, 993 (1977).

[106] Bernard Nienhuis, Critical behavior of two-dimensional spin models
and charge asymmetry in the Coulomb gas, ]. Stat. Phys. 34, 731 (1984).

[107] R.  Savit, Duality in field theory and statistical systems,
Rev. Mod. Phys 52, 453 (1980).

[108] R. ]. Baxter, Spontaneous staggered polarization of the F-model,
]. Stat. Phys. 9, 145 (1973).

[109] R. ]. Baxter, Spontaneous staggered polarization of the F-model,
]. Phys. C: Solid State Phys. 6, L94 (1973).

[110] F. Rys, Uber ein zweidimensionales klassisches Konfigurationsmodell,
Helv. Phys. Acta 36, 537 (1963).

[111] V. Korepin and P. Zinn-Justin, Thermodynamic limit of the
six-vertex model with domain wall boundary conditions,
J. Phys. A: Math. Gen. 33, 7053 (2000), ARXIV:COND-MAT/0004250.

[112] P. Zinn-Justin, The Influence of Boundary Conditions in the Six-Vertex
Model, (2002), ARXIV:COND-MAT/0205102.


http://dx.doi.org/10.1103/PhysRevB.47.15046
http://dx.doi.org/ 10.1088/0305-4470/25/15/012
http://dx.doi.org/ 10.1088/0305-4470/38/32/002
http://arxiv.org/abs/cond-mat/0501222
http://dx.doi.org/ 10.1103/PhysRevLett.18.1046
http://dx.doi.org/ 10.1103/PhysRevLett.38.993
http://dx.doi.org/10.1007/BF01009437
http://dx.doi.org/ 10.1103/RevModPhys.52.453
http://dx.doi.org/ 10.1007/BF01016845
http://dx.doi.org/ 10.1088/0022-3719/6/5/004
http://dx.doi.org/ 10.5169/seals-113387
http://dx.doi.org/10.1088/0305-4470/33/40/304
http://arxiv.org/abs/cond-mat/0004250
http://arxiv.org/abs/cond-mat/0205192

100 References

[113] D. Allison and N. Reshetikhin, = Numerical study of
the ©6-vertex model with domain wall boundary con-
ditions, Ann. Inst. Fourier (Grenoble) 55, 1847 (2005),
ARXIV:COND-MAT/050231 4.

[114] T. S. Tavares, G. A. P. Ribeiro, and V. E. Korepin, The entropy of
the six-vertex model with variety of different boundary conditions,
J. Stat. Mech., PO6016 (2015), ARX1vV:41501.02848 [COND-MAT.STAT-MECH].

[115] T. S. Tavares, G. A. P. Ribeiro, and V. E. Korepin, In-
fluence of boundary conditions on bulk properties of
six-vertex model, J. Phys. A: Math. Theor. 48, 454004 (2015),
ARXIV:1500.00%2/ [COND-MAT.STAT-MECH].

[116] H. J. Brascamp, H. Kunz, and F. Y. Wu, Some rigorous results for the
vertex model in statistical mechanics, |. Math. Phys. 14, 1927 (1973).

[117] J. Lamers, A pedagogical introduction to quantum integrabil-
ity with a view fowards theoretical high-energy physics,
PoS Modave2014, 001 (2014), ARX1v:1504.06805 [MATH-PH].

[118] S. K. Jain, V. Juri¢i¢, and G. T. Barkema, Boundaries determine the form-
ation energies of lattice defects in two-dimensional buckled materials,
Phys. Rev. B 94, 020102 (2016), ARX1v:1607.03638 [COND-MAT.MTRL-SCI].

[119] V. E. Korepin, Calculation of norms of bethe wave functions,
Commun. Math. Phys. 86, 391 (1982).

[120] W. H. Mills, D. P. Robbins, and H. Rumsey, Altern-
ating sign  matrices and descending plane  partitions,
]. Combin. Theory Ser. A 34, 340 (1983).

[121] G. Kuperberg, Another proof of the alternating sign
matrix conjecture, Inter. Math. Res. Notes 1996, 139 (1996),
ARXIV:MATH/g712207 [MATH.CO)].

[122] D. Bressoud, Proofs and Confirmations: The Story of the Alternat-
ing Sign Matrix Conjecture (Cambridge University Press, Cambridge,
1999).


http://dx.doi.org/10.5802/aif.2144
http://arxiv.org/abs/cond-mat/0502314
http://dx.doi.org/10.1088/1742-5468/2015/06/P06016
http://arxiv.org/abs/1501.02818
http://dx.doi.org/10.1088/1751-8113/48/45/454004
http://arxiv.org/abs/1509.06324
http://dx.doi.org/10.1063/1.1666271
http://inspirehep.net/record/1341317?ln=en
http://arxiv.org/abs/1501.06805
http://dx.doi.org/10.1103/PhysRevB.94.020102
http://arxiv.org/abs/1607.03638
http://dx.doi.org/10.1007/BF01212176
http://dx.doi.org/ 10.1016/0097-3165(83)90068-7
http://dx.doi.org/ 10.1155/S1073792896000128
http://arxiv.org/abs/math/9712207

References 101

[123] N. Allegra, J. Dubail, J-M. Stéphan, and J. Viti, Inhomogeneous field
theory inside the arctic circle, ]. Stat. Mech.: Theor. Exp., 053108 (2016),
ARXIV:1512.02872 [COND-MAT.STAT-MECH].

[124] 1. Kostov, Three-point function of semiclassical states at weak coupling,
J. Phys. A: Math. Theor. 45, 494018 (2012), ARX1V:1205.4412 [HEP-TH].

[125] V. Jiang, S. Komatsu, [. Kostov, and D. Serban, Clustering
and the three-point function, ] Phys. A: Math. Theor. 49, 454003 (2016),
ARX1V:1604.03575 [HEP-TH].

[126] A. G.Izergin, Partition function of the six-vertex model in finite volume,
Sov. Phys. Dokl. 32, 878 (1987).

[127] A. G. Izergin, D. A. Coker, and V. E. Korepin, Determinant formula for
the six-vertex model, |. Phys. A: Math. Gen. 25, 4315 (1992).

[128] P. Zinn-Justin, Six-vertex model with domain wall boundary
conditions and one-matrix model, Phys. Rev. E 62, 3411 (2000),
ARXIVIMATH-PH/0005008.

[129] P. Bleher and V. Fokin, Exact solution of the six-vertex model
with domain wall boundary conditions. disordered phase,
Commun. Math. Phys. 268, 223 (2006), ARXIV:MATH-PH/0510033.

[130] P. Bleher and K. Liechty, Exact solution of the six-vertex model
with domain wall boundary conditions. antiferroelectric phase,
Commun. Math. Phys. 286, 777 (2009), ARX1v:0904.3088 [MATH-PH].

[131] P. Bleher and T. Bothner, FExact solution of the six-

vertex ~model with domain  wall boundary  conditions.
critical line between disordered and antiferroelectric
phases, Random Matrices: Theory Appl. 01, 1250012 (2012),

ARX1V:1208.6276 [MATH-PH].

[132] P. Bleher and K. Liechty, Random Matrices and the Six-Vertex Model
(AMS, Providence, RI, 2013).

[133] O. F. Syljudsen and M. B. Zvonarev, Directed-loop monte carlo
simulations of vertex models, Phys. Rev. E 70, 016118 (2004),
ARXIV:COND-MAT/0401401.


http://dx.doi.org/10.1088/1742-5468/2016/05/053108
http://arxiv.org/abs/1512.02872
http://dx.doi.org/ 10.1088/1751-8113/45/49/494018
http://arxiv.org/abs/1205.4412
http://dx.doi.org/10.1088/1751-8113/49/45/454003
http://arxiv.org/abs/1604.03575
http://dx.doi.org/10.1088/0305-4470/25/16/010
http://dx.doi.org/10.1103/PhysRevE.62.3411
http://arxiv.org/abs/math-ph/0005008
http://dx.doi.org/10.1007/s00220-006-0097-y
http://arxiv.org/abs/math-ph/0510033
http://dx.doi.org/10.1007/s00220-008-0709-9
http://arxiv.org/abs/0904.3088
http://dx.doi.org/ 10.1142/S2010326312500128
http://arxiv.org/abs/1208.6276
http://dx.doi.org/ 10.1103/PhysRevE.70.016118
http://arxiv.org/abs/cond-mat/0401491

102 References

[134] L. F. Cugliandolo, G. Gonnella, and A. Pelizzola, Six-vertex
model with domain wall boundary conditions in the Bethe-
Peierls approximation, ]. Stat. Mech.: Theor. Exp., 06008 (2015),
ARXIV:1501.00883 [COND-MAT.STAT-MECH].

[135] I. Lyberg, V. Korepin, and J. Viti The density profile of the
six vertex model with domain wall boundary conditions, (2016),
ARXIV:1612.00758 [COND-MAT.STAT-MECH].

[136] W. Jockusch, ]. Propp, and P. Shor, Random domino tilings and the
arctic circle theorem, (1998), ARX1V:MATH/9801068.

[137] K. Johansson, The arctic circle boundary and the airy process,
Ann. Prob. 33, 1 (2005), ARXIV:MATH/0%06216.

[138] P. L. Ferrari and H. Spohn, Domino tilings and the six-vertex
model at its free fermion point, ]. Phys. A: Math. Gen. 39, 10297 (2006),
ARXIV:COND-MAT/0605406.

[139] F. Colomo and A. G. Pronko, The limit shape of large al-
ternating sign  matrices, SIAM ]. Discrete Math. 24, 1558 (2010),
ARX1V:0803.2697 [MATH-PH].

[140] F. Colomo and A. G. Pronko, The arctic curve of the domain-wall six-
vertex model, ]. Stat. Phys. 138, 662 (2010), ARX1v:0907.126/ [MATH-PH].

[141] F. Colomo, A. G. Pronko, and P. Zinn-Justin, The arctic curve of
the domain-wall six-vertex model in its anti-ferroelectric regime,
J. Stat. Mech.: Theor. Exp., L03002 (2010), ARX1v:1001.2189 [MATH-PH].

[142] F. Colomo and A. G. Pronko, Thermodynamics of the Six-Vertex
Model in an L-Shaped Domain, Commun. Math. Phys. 339, 699 (2015),
ARXIV:1501.0%135 [MATH-PH].

[143] C. Nisoli, R. Moessner, and P. Schiffer, Colloquium:  Arti-
ficial spin ice: Designing and imaging magnetic frustration,
Rev. Mod. Phys. 85, 1473 (2013), ARX1V:1306.0825 [COND-MAT.MES-HALL.

[144] E. H. Lieb and F. Y. Wu, Phase Transitions and Critical Phenomena,
(Academic Press, London, 1972) Chap. Two-dimensional Ferroelectric
Models.


http://dx.doi.org/10.1088/1742-5468/2015/06/P06008
http://arxiv.org/abs/1501.00883
http://arxiv.org/abs/1612.06758
http://arxiv.org/abs/math/9801068
http://dx.doi.org/ 10.1214/009117904000000937
http://arxiv.org/abs/math/0306216
http://dx.doi.org/ 10.1088/0305-4470/39/33/003
http://arxiv.org/abs/cond-mat/0605406
http://dx.doi.org/10.1137/080730639
http://arxiv.org/abs/0803.2697
http://dx.doi.org/ 10.1007/s10955-009-9902-2
http://arxiv.org/abs/0907.1264
http://dx.doi.org/10.1088/1742-5468/2010/03/L03002
http://arxiv.org/abs/1001.2189
http://dx.doi.org/ 10.1007/s00220-015-2406-9
http://arxiv.org/abs/1501.03135
http://dx.doi.org/ 10.1103/revmodphys.85.1473
http://arxiv.org/abs/1306.0825

References 103

[145] E. H. Lieb, Exact solution of the two-dimensional slater Kbp model of
a ferroelectric, Phys. Rev. Lett. 19, 108 (1967).

[146] P. Bleher and K. Liechty, Exact solufion of the six-vertex model
with domain wall boundary conditions. critical line between
ferroelectric and disordered phases, ]. Stat. Phys. 134, 463 (2009),
ARX1V:0802.0690 [MATH-PH].

[147] K. Eloranta, Diamond ice, ]. Stat. Phys. 96, 1091 (1999).

[148] G. Kuperberg, Symmetry classes of alternating-sign matrices under
one roof, Ann. of Math. 156, 835 (2002), ARXIV:MATH/000818}.

[149] J. M. Maillet and J. Sanchez de Santos, Drinfel'd twists and algebraic
Bethe ansatz, in L. D. Faddeev's Seminar on Mathematical Physics,
Translations Series 2, Vol. 201, edited by M. Semenov-Tian-Shansky
(AMS, Providence, RI, 2000) ARX1V:0-ALG/9612012.

[150] J. G. Propp and D. B. Wilson, Exact sampling with coupled
markov chains and applications to statistical mechanics,
Random Struct. Algor. 9, 223 (1996).

[151] J. Propp and D. Wilson, Coupling from the past: a user’s guide, in
Microsurveys in Discrete Probability, Discrete Math. Theoret. Comput.
Sci., Vol. 41, edited by D. Aldous and J. Propp (AMS, Providence, RI, 1998)
pp. 181-192.

[152] J.-S. Wang, R. H. Swendsen, and R. Kotecky, Three-state antiferromag-
netic potts models: A monte carlo study, Phys. Rev. B 42, 2465 (1990).

[153] G. T. Barkema and M. E. ]. Newman, Monte carlo simulation of ice
models, Phys. Rev. E 57, 1155 (1998), ARX1V:COND-MAT/g706419o0.

[154] A. Edelman and M. La Croix, The Singular Values of the GUE
(Less is More), Random Matrices: Theory Appl. 04, 1550021 (2015),
ARXIV:1410.7065 [MATH.PR].


http://dx.doi.org/10.1103/PhysRevLett.19.108
http://dx.doi.org/ 10.1007/s10955-009-9688-2
http://arxiv.org/abs/0802.0690
http://dx.doi.org/10.1023/A:1004644418182
http://dx.doi.org/ 10.2307/3597283
http://arxiv.org/abs/math/0008184
https://inspirehep.net/record/427652
http://arxiv.org/abs/arXiv:q-alg/9612012
http://dx.doi.org/10.1002/(SICI)1098-2418(199608/09)9:1/2<223::AID-RSA14>3.0.CO;2-O
http://dx.doi.org/ 10.1103/PhysRevB.42.2465
http://dx.doi.org/10.1103/PhysRevE.57.1155
http://arxiv.org/abs/arXiv:cond-mat/9706190
http://dx.doi.org/ 10.1142/S2010326315500215
http://arxiv.org/abs/1410.7065




