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ABSTRACT

The dipolar interaction is known to play an important role on the
magnetic properties of small magnetic particles. For moderate
concentrations the most noticeable effect is an increase of the
relaxation time, whereas for sufficiently dense systems some degree of
correlational order may be observed. In this paper, a mean-field
approximation is introduced to correctly account for these changes. It is
based on the interpretation of the dipolar field, produced by an
ensemble of particles, as a random field acting on a reference particle.
This field contains the statistical moments of the magnetisation of the
reference particle and is computed assuming a random spatial
distribution of the particles. The result is a new term in the free energy
of the reference particle, expressed as a cumulant expansion of the
random field, carried up to fourth-order. This model correctly predicts
both the increase in the relaxation time and a phase transition to a
ferromagnetic state for sufficiently dense systems. The dynamics is also
studied by introducing this new free energy into the Fokker-Planck
equation for the single-particle magnetic moment. The result is a non-
linear Fokker-Planck equation, which is solved numerically to illustrate

the divergence of the relaxation time at the phase transition.

ACKNOWLEDGMENTS

The author wishes to thank Professor Mario José de Oliveira for fruitful
discussions and the Brazilian funding agency FAPESP for financial

<upport.

\

https://aip.scitation.org/doi/10.1063/1.4802583 2/13


https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

REFERENCES

1. C.Bean and I. Jacobs, J. Appl. Phys. 27, 1448 (1956).
https: //doi.org /10.1063 /11722287, Google Scholar, Scitation, ISI

2. L. Néel, Ann. Geophys. 5, 99 (1949). Google Scholar

3. E.C. Stoner and E. P. Wohlfarth, IEEE Trans. Magn 27, 3475 (1991).
https: //doi.org /10.1109 /TMAG.1991.1183750 , Google Scholar,
Crossref, ISI

4. W. F. Brown, Phys. Rev. 130, 1677 (1963).
https: //doi.org /10.1103 /PhysRev.130.1677 , Google Scholar, Crossref,
ISI

5. Q. A. Pankhurst, N. K. T. Thanh, S. K. Jones, and J. Dobson, J. Phys. D:
Appl. Phys. 42, 224001 (2009).
https: //doi.org /10.1088 /0022-3727/42 /22 /224001 , Google Scholar,

Crossref, ISI

6. B. Mehdaoui, J. Carrey, M. Stadler, A. Cornejo, C. Nayral, F. Delpech,
B. Chaudret, and M. Respaud, Appl. Phys. Lett. 100, 052403 (2012).
https: //doi.org /10.1063 /1.3681361 , Google Scholar, Scitation, ISI

7 R. K. Gilchrist, R. Medal, W. D. Shorey, R. C. Hanselman, J. C. Parrott,
nd C. B. Taylor, Ann. Surg. 146, 596 (1957).

\

https://aip.scitation.org/doi/10.1063/1.4802583 3/13


https://doi.org/10.1063/1.1722287
http://scholar.google.com/scholar?hl=en&q=%0A%0AC.+Bean+and+I.+Jacobs%2C+J.+Appl.+Phys.+27%2C+1448+%281956%29.+10.1063%2F1.1722287+
https://aip.scitation.org/doi/10.1063/1.1722287
https://aip.scitation.org/servlet/linkout?suffix=c1/c1_1&dbid=128&doi=10.1063%2F1.4802583&key=A1956WF82900010
http://scholar.google.com/scholar?hl=en&q=%0A%0AL.+N%C3%A9el%2C+Ann.+Geophys.+5%2C+99+%281949%29.+
https://doi.org/10.1109/TMAG.1991.1183750
http://scholar.google.com/scholar?hl=en&q=%0A%0AE.+C.+Stoner+and+E.+P.+Wohlfarth%2C+IEEE+Trans.+Magn+27%2C+3475+%281991%29.+10.1109%2FTMAG.1991.1183750+
https://aip.scitation.org/servlet/linkout?suffix=c3/c3_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1109%2FTMAG.1991.1183750
https://aip.scitation.org/servlet/linkout?suffix=c3/c3_1&dbid=128&doi=10.1063%2F1.4802583&key=A1991GP59300002
https://doi.org/10.1103/PhysRev.130.1677
http://scholar.google.com/scholar?hl=en&q=%0A%0AW.+F.+Brown%2C+Phys.+Rev.+130%2C+1677+%281963%29.+10.1103%2FPhysRev.130.1677+
https://aip.scitation.org/servlet/linkout?suffix=c4/c4_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRev.130.1677
https://aip.scitation.org/servlet/linkout?suffix=c4/c4_1&dbid=128&doi=10.1063%2F1.4802583&key=A19631496C00014
https://doi.org/10.1088/0022-3727/42/22/224001
http://scholar.google.com/scholar?hl=en&q=%0A%0AQ.+A.+Pankhurst%2C+N.+K.+T.+Thanh%2C+S.+K.+Jones%2C+and+J.+Dobson%2C+J.+Phys.+D%3A+Appl.+Phys.+42%2C+224001+%282009%29.+10.1088%2F0022-3727%2F42%2F22%2F224001+
https://aip.scitation.org/servlet/linkout?suffix=c5/c5_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1088%2F0022-3727%2F42%2F22%2F224001
https://aip.scitation.org/servlet/linkout?suffix=c5/c5_1&dbid=128&doi=10.1063%2F1.4802583&key=000271519000005
https://doi.org/10.1063/1.3681361
http://scholar.google.com/scholar?hl=en&q=%0A%0AB.+Mehdaoui%2C+J.+Carrey%2C+M.+Stadler%2C+A.+Cornejo%2C+C.+Nayral%2C+F.+Delpech%2C+B.+Chaudret%2C+and+M.+Respaud%2C+Appl.+Phys.+Lett.+100%2C+052403+%282012%29.+10.1063%2F1.3681361+
https://aip.scitation.org/doi/10.1063/1.3681361
https://aip.scitation.org/servlet/linkout?suffix=c6/c6_1&dbid=128&doi=10.1063%2F1.4802583&key=000300065300042
https://doi.org/10.1097/00000658-195710000-00007
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

Google Scholar, Crossref, ISI

8. W.T. Coffey and Y. P. Kalmykov, J. Appl. Phys. 112, 121301 (2012).
https: //doi.org /10.1063 /1.4754272 , Google Scholar, Scitation, ISI

9. W.T. Coffey, Y. P. Kalmykov, and J. T. Waldron, The Langevin
Equation. With Applications to Stochastic Problems in Physics,
Chemistry, and Electrical Engineering, 2nd ed. (World Scientific
Publishing Co, Pte. Ltd., Singapore, 2004), p. 678. Google Scholar,

Crossref

10. W.T. Coffey, J. Magn. Magn. Mater. 131, L301 (1994);
https: //doi.org /10.1016 /0304-8853(94)90272-0 , Google Scholar,
Crossref
W. T. Coffey, D. S. F. Crothers, Y. P. Kalmykov, E. S. Massawe, and J.
T. Waldron, Phys. Rev. E 49, 1869 (1994);
https: //doi.org /10.1103 /PhysRevE.49.1869 , , Google Scholar,
Crossref, ISI
W. T. Coffey, D. S. F. Crothers, Y. P. Kalmykov, and S. V. Titov, Phys.
Rev. B 64, 012411 (2001); https: //doi.org /10.1103 /PhysRevB.64.012411
, » Google Scholar, Crossref
W. T. Coffey, D. Crothers, Y. P. Kalmykov, and P. Déjardin, Phys. Rev.
E 71, 062102 (2005); https: //doi.org /10.1103 /PhysRevE.71.062102
Google Scholar, Crossref
W. T. Coffey, D. Crothers, J. Dormann, Y. P. Kalmykov, E. Kennedy,
and W. Wernsdorfer, Phys. Rev. Lett. 80, 5655 (1998);
https: //doi.org /10.1103 /PhysRevLett.80.5655 , , Google Scholar,

N __ ____ 0O TOT

\

https://aip.scitation.org/doi/10.1063/1.4802583 4/13


https://doi.org/10.1097/00000658-195710000-00007
http://scholar.google.com/scholar?hl=en&q=%0A%0AR.+K.+Gilchrist%2C+R.+Medal%2C+W.+D.+Shorey%2C+R.+C.+Hanselman%2C+J.+C.+Parrott%2C+and+C.+B.+Taylor%2C+Ann.+Surg.+146%2C+596+%281957%29.+10.1097%2F00000658-195710000-00007+
https://aip.scitation.org/servlet/linkout?suffix=c7/c7_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1097%2F00000658-195710000-00007
https://aip.scitation.org/servlet/linkout?suffix=c7/c7_1&dbid=128&doi=10.1063%2F1.4802583&key=A1957WF46600007
https://doi.org/10.1063/1.4754272
http://scholar.google.com/scholar?hl=en&q=%0A%0AW.+T.+Coffey+and+Y.+P.+Kalmykov%2C+J.+Appl.+Phys.+112%2C+121301+%282012%29.+10.1063%2F1.4754272+
https://aip.scitation.org/doi/10.1063/1.4754272
https://aip.scitation.org/servlet/linkout?suffix=c8/c8_1&dbid=128&doi=10.1063%2F1.4802583&key=000312829400001
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2004&pages=678&author=W.+T.+Coffeyauthor=Y.+P.+Kalmykovauthor=J.+T.+Waldron&title=The+Langevin+Equation.+With+Applications+to+Stochastic+Problems+in+Physics%2C+Chemistry%2C+and+Electrical+Engineering
https://aip.scitation.org/servlet/linkout?suffix=c9/c9_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1142%2F5343
https://doi.org/10.1016/0304-8853(94)90272-0
http://scholar.google.com/scholar?hl=en&q=%0A%0AW.+T.+Coffey%2C+J.+Magn.+Magn.+Mater.+131%2C+L301+%281994%29%3B+10.1016%2F0304-8853%2894%2990272-0+
https://aip.scitation.org/servlet/linkout?suffix=c10/c10a&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2F0304-8853%2894%2990272-0
https://doi.org/10.1103/PhysRevE.49.1869
http://scholar.google.com/scholar?hl=en&q=%0AW.+T.+Coffey%2C+D.+S.+F.+Crothers%2C+Y.+P.+Kalmykov%2C+E.+S.+Massawe%2C+and+J.+T.+Waldron%2C+Phys.+Rev.+E+49%2C+1869+%281994%29%3B+10.1103%2FPhysRevE.49.1869+
https://aip.scitation.org/servlet/linkout?suffix=c10/c10b&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevE.49.1869
https://aip.scitation.org/servlet/linkout?suffix=c10/c10b&dbid=128&doi=10.1063%2F1.4802583&key=A1994NC46500018
https://doi.org/10.1103/PhysRevB.64.012411
http://scholar.google.com/scholar?hl=en&q=%0AW.+T.+Coffey%2C+D.+S.+F.+Crothers%2C+Y.+P.+Kalmykov%2C+and+S.+V.+Titov%2C+Phys.+Rev.+B+64%2C+012411+%282001%29%3B+10.1103%2FPhysRevB.64.012411+
https://aip.scitation.org/servlet/linkout?suffix=c10/c10c&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.64.012411
https://doi.org/10.1103/PhysRevE.71.062102
http://scholar.google.com/scholar?hl=en&q=%0AW.+T.+Coffey%2C+D.+Crothers%2C+Y.+P.+Kalmykov%2C+and+P.+D%C3%A9jardin%2C+Phys.+Rev.+E+71%2C+062102+%282005%29%3B+10.1103%2FPhysRevE.71.062102+
https://aip.scitation.org/servlet/linkout?suffix=c10/c10d&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevE.71.062102
https://doi.org/10.1103/PhysRevLett.80.5655
http://scholar.google.com/scholar?hl=en&q=%0AW.+T.+Coffey%2C+D.+Crothers%2C+J.+Dormann%2C+Y.+P.+Kalmykov%2C+E.+Kennedy%2C+and+W.+Wernsdorfer%2C+Phys.+Rev.+Lett.+80%2C+5655+%281998%29%3B+10.1103%2FPhysRevLett.80.5655+
https://aip.scitation.org/servlet/linkout?suffix=c10/c10e&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevLett.80.5655
https://aip.scitation.org/servlet/linkout?suffix=c10/c10e&dbid=128&doi=10.1063%2F1.4802583&key=000074313000049
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

Ve Lo \/Ull\/], L e LV Le U\szI..I. ulll, CLLINL L. L .I.\ul.l.l.l.].l.\\}v, L l.l.]k)u AN Ve LI 'U,

054401 (2009); https://doi.org /10.1103 /PhysRevB.79.054401 , ,
Google Scholar, Crossref

Y. P. Kalmykov, W. T. Coffey, U. Atxitia, O. Chubykalo-Fesenko, P.-M.
Déjardin, and R. W. Chantrell, Phys. Rev. B 82, 024412 (2010).

https: //doi.org /10.1103 /PhysRevB.82.024412 , , Google Scholar,

Crossref

11. D. A. Garanin and O. Chubykalo-Fesenko, Phys. Rev. B 70, 212409
(2004). https: //doi.org /10.1103 /PhysRevB.70.212409 ,
Google Scholar, Crossref, ISI

12. J. L. Garcia-Palacios and D. A. Garanin, Phys. Rev. B 70, 064415
(2004); https: //doi.org /10.1103 /PhysRevB.70.064415 ,
Google Scholar, Crossref
J. L. Garcia-Palacios and P. Svedlindh, Phys. Rev. Lett. 85, 3724
(2000); https: //doi.org /10.1103 /PhysRevLett.85.3724 , ,
Google Scholar, Crossref
J. L. Garcia-Palacios and F. J. Lazaro, Phys. Rev. B 58, 14937 (1998).
https: //doi.org /10.1103 /PhysRevB.58.14937 , , Google Scholar,
Crossref, ISI

13. Y. P. Kalmykov and S. Titov, Phys. Rev. Lett. 82, 2967 (1999).
https: //doi.org /10.1103 /PhysRevLett.82.2967 , Google Scholar,

Crossref

14, A. Lyberatos and R. W. Chantrell, J. Appl. Phys. 73, 6501 (1993);
https: //doi.org /10.1063 /1.352594 , Google Scholar, Scitation

v

https://aip.scitation.org/doi/10.1063/1.4802583 5/13


https://doi.org/10.1103/PhysRevB.79.054401
http://scholar.google.com/scholar?hl=en&q=%0AW.+T.+Coffey%2C+P.-M.+D%C3%A9jardin%2C+and+Y.+P.+Kalmykov%2C+Phys.+Rev.+B+79%2C+054401+%282009%29%3B+10.1103%2FPhysRevB.79.054401+
https://aip.scitation.org/servlet/linkout?suffix=c10/c10f&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.79.054401
https://doi.org/10.1103/PhysRevB.82.024412
http://scholar.google.com/scholar?hl=en&q=%0AY.+P.+Kalmykov%2C+W.+T.+Coffey%2C+U.+Atxitia%2C+O.+Chubykalo-Fesenko%2C+P.-M.+D%C3%A9jardin%2C+and+R.+W.+Chantrell%2C+Phys.+Rev.+B+82%2C+024412+%282010%29.+10.1103%2FPhysRevB.82.024412+
https://aip.scitation.org/servlet/linkout?suffix=c10/c10g&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.82.024412
https://doi.org/10.1103/PhysRevB.70.212409
http://scholar.google.com/scholar?hl=en&q=%0A%0AD.+A.+Garanin+and+O.+Chubykalo-Fesenko%2C+Phys.+Rev.+B+70%2C+212409+%282004%29.+10.1103%2FPhysRevB.70.212409+
https://aip.scitation.org/servlet/linkout?suffix=c11/c11_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.70.212409
https://aip.scitation.org/servlet/linkout?suffix=c11/c11_1&dbid=128&doi=10.1063%2F1.4802583&key=000226111400015
https://doi.org/10.1103/PhysRevB.70.064415
http://scholar.google.com/scholar?hl=en&q=%0A%0AJ.+L.+Garcia-Palacios+and+D.+A.+Garanin%2C+Phys.+Rev.+B+70%2C+064415+%282004%29%3B+10.1103%2FPhysRevB.70.064415+
https://aip.scitation.org/servlet/linkout?suffix=c12/c12a&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.70.064415
https://doi.org/10.1103/PhysRevLett.85.3724
http://scholar.google.com/scholar?hl=en&q=%0AJ.+L.+Garcia-Palacios+and+P.+Svedlindh%2C+Phys.+Rev.+Lett.+85%2C+3724+%282000%29%3B+10.1103%2FPhysRevLett.85.3724+
https://aip.scitation.org/servlet/linkout?suffix=c12/c12b&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevLett.85.3724
https://doi.org/10.1103/PhysRevB.58.14937
http://scholar.google.com/scholar?hl=en&q=%0AJ.+L.+Garc%C3%ADa-Palacios+and+F.+J.+L%C3%A1zaro%2C+Phys.+Rev.+B+58%2C+14937+%281998%29.+10.1103%2FPhysRevB.58.14937+
https://aip.scitation.org/servlet/linkout?suffix=c12/c12c&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.58.14937
https://aip.scitation.org/servlet/linkout?suffix=c12/c12c&dbid=128&doi=10.1063%2F1.4802583&key=000077460000052
https://doi.org/10.1103/PhysRevLett.82.2967
http://scholar.google.com/scholar?hl=en&q=%0A%0AY.+P.+Kalmykov+and+S.+Titov%2C+Phys.+Rev.+Lett.+82%2C+2967+%281999%29.+10.1103%2FPhysRevLett.82.2967+
https://aip.scitation.org/servlet/linkout?suffix=c13/c13_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevLett.82.2967
https://doi.org/10.1063/1.352594
http://scholar.google.com/scholar?hl=en&q=%0A%0AA.+Lyberatos+and+R.+W.+Chantrell%2C+J.+Appl.+Phys.+73%2C+6501+%281993%29%3B+10.1063%2F1.352594+
https://aip.scitation.org/doi/10.1063/1.352594
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42

15.

16.

17.

Phys. Rev. B 72, 172410 (2005).
https: //doi.org /10.1103 /PhysRevB.72.172410 , , Google Scholar,
Crossref, ISI

I. S. Poperechny, Y. L. Raikher, and V. I. Stepanov, Phys. Rev. B 82,
174423 (2010); https://doi.org /10.1103 /PhysRevB.82.174423 |
Google Scholar, Crossref, ISI

Y. L. Raikher and V. I. Stepanov, J. Magn. Magn. Mater. 320, 2692
(2008); https: //doi.org /10.1016 /j.jmmm.2008.05.041, ,

Google Scholar, Crossref, ISI

Y. L. Raikher and V. I. Stepanov, J. Exp. Theor. Phys. 107, 435 (2008).
https: //doi.org /10.1134 /S51063776108090112 , , Google Scholar,

Crossref

N. A. Usov, J. Appl. Phys. 107, 123909 (2010);

https: //doi.org /10.1063 /1.3445879 , Google Scholar, Scitation, ISI
N. A. Usov and Y. B. Grebenshchikov, J. Appl. Phys. 105, 043904
(2009); https: //doi.org /10.1063/1.3078174 , , Google Scholar,
Scitation, ISI

N. A. Usov and Y. B. Grebenshchikov, J. Appl. Phys. 106, 023917
(2009). https: //doi.org /10.1063 /1.3173280 , , Google Scholar,
Scitation, ISI

S. V. Titov, P.-M. D¢jardin, H. El Mrabti, and Y. P. Kalmykov, Phys.
Rev. B 82,100413-R (2010);
https: //doi.org /10.1103 /PhysRevB.82.100413 , Google Scholar,

Crossref

I Titnv HH Karhlarhi V D Kalmxilbawvy and AT T (OAaffaxr Dhyie Rav R

v

https://aip.scitation.org/doi/10.1063/1.4802583

The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

6/13


https://doi.org/10.1103/PhysRevB.72.172410
http://scholar.google.com/scholar?hl=en&q=%0AU.+Nowak%2C+O.+Mryasov%2C+R.+Wieser%2C+K.+Guslienko%2C+and+R.+W.+Chantrell%2C+Phys.+Rev.+B+72%2C+172410+%282005%29.+10.1103%2FPhysRevB.72.172410+
https://aip.scitation.org/servlet/linkout?suffix=c14/c14b&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.72.172410
https://aip.scitation.org/servlet/linkout?suffix=c14/c14b&dbid=128&doi=10.1063%2F1.4802583&key=000233603500018
https://doi.org/10.1103/PhysRevB.82.174423
http://scholar.google.com/scholar?hl=en&q=%0A%0AI.+S.+Poperechny%2C+Y.+L.+Raikher%2C+and+V.+I.+Stepanov%2C+Phys.+Rev.+B+82%2C+174423+%282010%29%3B+10.1103%2FPhysRevB.82.174423+
https://aip.scitation.org/servlet/linkout?suffix=c15/c15a&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.82.174423
https://aip.scitation.org/servlet/linkout?suffix=c15/c15a&dbid=128&doi=10.1063%2F1.4802583&key=000284305800007
https://doi.org/10.1016/j.jmmm.2008.05.041
http://scholar.google.com/scholar?hl=en&q=%0AY.+L.+Raikher+and+V.+I.+Stepanov%2C+J.+Magn.+Magn.+Mater.+320%2C+2692+%282008%29%3B+10.1016%2Fj.jmmm.2008.05.041+
https://aip.scitation.org/servlet/linkout?suffix=c15/c15b&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2Fj.jmmm.2008.05.041
https://aip.scitation.org/servlet/linkout?suffix=c15/c15b&dbid=128&doi=10.1063%2F1.4802583&key=000258395400027
https://doi.org/10.1134/S1063776108090112
http://scholar.google.com/scholar?hl=en&q=%0AY.+L.+Raikher+and+V.+I.+Stepanov%2C+J.+Exp.+Theor.+Phys.+107%2C+435+%282008%29.+10.1134%2FS1063776108090112+
https://aip.scitation.org/servlet/linkout?suffix=c15/c15c&dbid=16&doi=10.1063%2F1.4802583&key=10.1134%2FS1063776108090112
https://doi.org/10.1063/1.3445879
http://scholar.google.com/scholar?hl=en&q=%0A%0AN.+A.+Usov%2C+J.+Appl.+Phys.+107%2C+123909+%282010%29%3B+10.1063%2F1.3445879+
https://aip.scitation.org/doi/10.1063/1.3445879
https://aip.scitation.org/servlet/linkout?suffix=c16/c16a&dbid=128&doi=10.1063%2F1.4802583&key=000279993900091
https://doi.org/10.1063/1.3078174
http://scholar.google.com/scholar?hl=en&q=%0AN.+A.+Usov+and+Y.+B.+Grebenshchikov%2C+J.+Appl.+Phys.+105%2C+043904+%282009%29%3B+10.1063%2F1.3078174+
https://aip.scitation.org/doi/10.1063/1.3078174
https://aip.scitation.org/servlet/linkout?suffix=c16/c16b&dbid=128&doi=10.1063%2F1.4802583&key=000263803300051
https://doi.org/10.1063/1.3173280
http://scholar.google.com/scholar?hl=en&q=%0AN.+A.+Usov+and+Y.+B.+Grebenshchikov%2C+J.+Appl.+Phys.+106%2C+023917+%282009%29.+10.1063%2F1.3173280+
https://aip.scitation.org/doi/10.1063/1.3173280
https://aip.scitation.org/servlet/linkout?suffix=c16/c16c&dbid=128&doi=10.1063%2F1.4802583&key=000268613000100
https://doi.org/10.1103/PhysRevB.82.100413
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+V.+Titov%2C+P.-M.+D%C3%A9jardin%2C+H.+El+Mrabti%2C+and+Y.+P.+Kalmykov%2C+Phys.+Rev.+B+82%2C+100413%E2%80%93R+%282010%29%3B+10.1103%2FPhysRevB.82.100413+
https://aip.scitation.org/servlet/linkout?suffix=c17/c17a&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.82.100413
https://doi.org/10.1103/PhysRevB.72.134425
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42

18.

19.

a3

s 4 v

Google Scholar, Crossref

P. M. D¢jardin, Y. P. Kalmykov, B. E. Kashevsky, H. El Mrabti, I. S.
Poperechny, Y. L. Raikher, and S. V. Titov, J. Appl. Phys. 107, 073914
(2010); https: //doi.org/10.1063/1.3359722 , , Google Scholar,
Scitation

H. E. Mrabti, S. V. Titov, P.-M. Dé¢jardin, and Y. P. Kalmykov, J. Appl.
Phys. 110, 023901 (2011). https: //doi.org /10.1063 /1.3605536 , ,

Google Scholar, Scitation

G. T. Landi, J. Appl. Phys. 111, 043901 (2012);

https: //doi.org /10.1063 /1.3684629 , Google Scholar, Scitation, ISI
G. T. Landi, J. Magn. Magn. Mater. 324, 466 (2012);

https: //doi.org /10.1016 /jjmmm.2011.08.022 , , Google Scholar,
Crossref

G. T. Landi and A. F. Bakuzis, J. Appl. Phys. 111, 083915 (2012);

https: //doi.org /10.1063 /1.4705392 , , Google Scholar, Scitation, ISI
G. T. Landi and A. D. Santos, J. Appl. Phys. 111, 07D121 (2012);

https: //doi.org /10.1063 /1.3676416 , , Google Scholar, Scitation

G. Landi, J. Magn. Magn. Mater. 326, 14 (2013).

https: //doi.org /10.1016 /j.jmmm.2012.08.034 , , Google Scholar,
Crossref, ISI

E. L. Verde, G. T. Landi, J. A. Gomes, M. H. Sousa, and A. F. Bakuzis, J.

Appl. Phys. 111, 123902 (2012); https: //doi.org /10.1063 /1.4729271 ,
Google Scholar, Scitation, ISI

E. L. Verde, G. T. Landi, C. A. S. M, A. L. Drummond, J. A. Gomes, E.
D. Vieira, M. H. Sousa, and A. F. Bakuzis, AIP Adv. 2, 032120 (2012).

4~ a4~~~ #a f—— e — o~ o~ —_ - P— - —_— - a RS-

https://aip.scitation.org/doi/10.1063/1.4802583

The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

713


https://doi.org/10.1103/PhysRevB.72.134425
http://scholar.google.com/scholar?hl=en&q=%0AS.+Titov%2C+H.+Kachkachi%2C+Y.+P.+Kalmykov%2C+and+W.+T.+Coffey%2C+Phys.+Rev.+B+72%2C+134425+%282005%29%3B+10.1103%2FPhysRevB.72.134425+
https://aip.scitation.org/servlet/linkout?suffix=c17/c17b&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.72.134425
https://doi.org/10.1063/1.3359722
http://scholar.google.com/scholar?hl=en&q=%0AP.+M.+D%C3%A9jardin%2C+Y.+P.+Kalmykov%2C+B.+E.+Kashevsky%2C+H.+El+Mrabti%2C+I.+S.+Poperechny%2C+Y.+L.+Raikher%2C+and+S.+V.+Titov%2C+J.+Appl.+Phys.+107%2C+073914+%282010%29%3B+10.1063%2F1.3359722+
https://aip.scitation.org/doi/10.1063/1.3359722
https://doi.org/10.1063/1.3605536
http://scholar.google.com/scholar?hl=en&q=%0AH.+E.+Mrabti%2C+S.+V.+Titov%2C+P.-M.+D%C3%A9jardin%2C+and+Y.+P.+Kalmykov%2C+J.+Appl.+Phys.+110%2C+023901+%282011%29.+10.1063%2F1.3605536+
https://aip.scitation.org/doi/10.1063/1.3605536
https://doi.org/10.1063/1.3684629
http://scholar.google.com/scholar?hl=en&q=%0A%0AG.+T.+Landi%2C+J.+Appl.+Phys.+111%2C+043901+%282012%29%3B+10.1063%2F1.3684629+
https://aip.scitation.org/doi/10.1063/1.3684629
https://aip.scitation.org/servlet/linkout?suffix=c18/c18a&dbid=128&doi=10.1063%2F1.4802583&key=000300948600058
https://doi.org/10.1016/j.jmmm.2011.08.022
http://scholar.google.com/scholar?hl=en&q=%0AG.+T.+Landi%2C+J.+Magn.+Magn.+Mater.+324%2C+466+%282012%29%3B+10.1016%2Fj.jmmm.2011.08.022+
https://aip.scitation.org/servlet/linkout?suffix=c18/c18b&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2Fj.jmmm.2011.08.022
https://doi.org/10.1063/1.4705392
http://scholar.google.com/scholar?hl=en&q=%0AG.+T.+Landi+and+A.+F.+Bakuzis%2C+J.+Appl.+Phys.+111%2C+083915+%282012%29%3B+10.1063%2F1.4705392+
https://aip.scitation.org/doi/10.1063/1.4705392
https://aip.scitation.org/servlet/linkout?suffix=c18/c18c&dbid=128&doi=10.1063%2F1.4802583&key=000303598800083
https://doi.org/10.1063/1.3676416
http://scholar.google.com/scholar?hl=en&q=%0AG.+T.+Landi+and+A.+D.+Santos%2C+J.+Appl.+Phys.+111%2C+07D121+%282012%29%3B+10.1063%2F1.3676416+
https://aip.scitation.org/doi/10.1063/1.3676416
https://doi.org/10.1016/j.jmmm.2012.08.034
http://scholar.google.com/scholar?hl=en&q=%0AG.+Landi%2C+J.+Magn.+Magn.+Mater.+326%2C+14+%282013%29.+10.1016%2Fj.jmmm.2012.08.034+
https://aip.scitation.org/servlet/linkout?suffix=c18/c18e&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2Fj.jmmm.2012.08.034
https://aip.scitation.org/servlet/linkout?suffix=c18/c18e&dbid=128&doi=10.1063%2F1.4802583&key=000310916000003
https://doi.org/10.1063/1.4729271
http://scholar.google.com/scholar?hl=en&q=%0A%0AE.+L.+Verde%2C+G.+T.+Landi%2C+J.+A.+Gomes%2C+M.+H.+Sousa%2C+and+A.+F.+Bakuzis%2C+J.+Appl.+Phys.+111%2C+123902+%282012%29%3B+10.1063%2F1.4729271+
https://aip.scitation.org/doi/10.1063/1.4729271
https://aip.scitation.org/servlet/linkout?suffix=c19/c19a&dbid=128&doi=10.1063%2F1.4802583&key=000305832100076
https://doi.org/10.1063/1.4739533
http://scholar.google.com/scholar?hl=en&q=%0AE.+L.+Verde%2C+G.+T.+Landi%2C+C.+A.+S.+M%2C+A.+L.+Drummond%2C+J.+A.+Gomes%2C+E.+D.+Vieira%2C+M.+H.+Sousa%2C+and+A.+F.+Bakuzis%2C+AIP+Adv.+2%2C+032120+%282012%29.+10.1063%2F1.4739533+
https://aip.scitation.org/doi/10.1063/1.4739533
https://aip.scitation.org/servlet/linkout?suffix=c19/c19b&dbid=128&doi=10.1063%2F1.4802583&key=000309388800020
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42

20. J. L. Dormann, F. D'Orazio, F. Lucari, E. Tronc, P. Prené, J. P. Jolivet,

21.

22.

23.

24.

25.

D. Fiorani, R. Cherkaoui, and M. Nogues, Phys. Rev. B 53, 14291
(1996). https: //doi.org /10.1103 /PhysRevB.53.14291 , Google Scholar,
Crossref, ISI

S. H. Masunaga, R. F. Jardim, R. S. Freitas, and J. Rivas, Appl. Phys.
Lett. 98, 013110 (2011). https: //doi.org /10.1063 /1.3533911 ,

Google Scholar, Scitation

S. H. Masunaga, R. F. Jardim, and J. Rivas, Phys. Rev. B 80, 184428
(2009). https: //doi.org /10.1103 /PhysRevB.80.184428 ,
Google Scholar, Crossref, ISI

A. Urtizberea, A. Arizaga, N. J. O. Silva, A. Millan, F. Palacio, and F.
Luis, J. Appl. Phys. 111, 093910 (2012).
https: //doi.org /10.1063 /1.4709725 , Google Scholar, Scitation, ISI

J. Sung Lee, R. P. Tan, J. H. Wu, and Y. K. Kim, Appl. Phys. Lett. 99,
062506 (2011). https: //doi.org /10.1063 /1.3624833 , Google Scholar,

Scitation

T. Jonsson, J. Mattsson, C. Djurberg, F. A. Khan, P. Nordblad, and P.
Svedlindh, Phys. Rev. Lett. 75, 4138 (1995).

https: //doi.org /10.1103 /PhysRevLett.75.4138 , Google Scholar,
Crossref, ISI

mn ™ _ 1_ _ a1 _ _ - A xaT T/ - _ __ _ _ _ T ™1 - ™ . A - 1 ™1 — A NANOMNMNA

https://aip.scitation.org/doi/10.1063/1.4802583

The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

8/13


https://doi.org/10.1103/PhysRevB.53.14291
http://scholar.google.com/scholar?hl=en&q=%0A%0AJ.+L.+Dormann%2C+F.+D%27Orazio%2C+F.+Lucari%2C+E.+Tronc%2C+P.+Pren%C3%A9%2C+J.+P.+Jolivet%2C+D.+Fiorani%2C+R.+Cherkaoui%2C+and+M.+Nogu%C3%A8s%2C+Phys.+Rev.+B+53%2C+14291+%281996%29.+10.1103%2FPhysRevB.53.14291+
https://aip.scitation.org/servlet/linkout?suffix=c20/c20_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.53.14291
https://aip.scitation.org/servlet/linkout?suffix=c20/c20_1&dbid=128&doi=10.1063%2F1.4802583&key=A1996UQ72600051
https://doi.org/10.1063/1.3533911
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+H.+Masunaga%2C+R.+F.+Jardim%2C+R.+S.+Freitas%2C+and+J.+Rivas%2C+Appl.+Phys.+Lett.+98%2C+013110+%282011%29.+10.1063%2F1.3533911+
https://aip.scitation.org/doi/10.1063/1.3533911
https://doi.org/10.1103/PhysRevB.80.184428
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+H.+Masunaga%2C+R.+F.+Jardim%2C+and+J.+Rivas%2C+Phys.+Rev.+B+80%2C+184428+%282009%29.+10.1103%2FPhysRevB.80.184428+
https://aip.scitation.org/servlet/linkout?suffix=c22/c22_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.80.184428
https://aip.scitation.org/servlet/linkout?suffix=c22/c22_1&dbid=128&doi=10.1063%2F1.4802583&key=000272310900086
https://doi.org/10.1063/1.4709725
http://scholar.google.com/scholar?hl=en&q=%0A%0AA.+Urtizberea%2C+A.+Arizaga%2C+N.+J.+O.+Silva%2C+A.+Millan%2C+F.+Palacio%2C+and+F.+Luis%2C+J.+Appl.+Phys.+111%2C+093910+%282012%29.+10.1063%2F1.4709725+
https://aip.scitation.org/doi/10.1063/1.4709725
https://aip.scitation.org/servlet/linkout?suffix=c23/c23_1&dbid=128&doi=10.1063%2F1.4802583&key=000304109900089
https://doi.org/10.1063/1.3624833
http://scholar.google.com/scholar?hl=en&q=%0A%0AJ.+Sung+Lee%2C+R.+P.+Tan%2C+J.+H.+Wu%2C+and+Y.+K.+Kim%2C+Appl.+Phys.+Lett.+99%2C+062506+%282011%29.+10.1063%2F1.3624833+
https://aip.scitation.org/doi/10.1063/1.3624833
https://doi.org/10.1103/PhysRevLett.75.4138
http://scholar.google.com/scholar?hl=en&q=%0A%0AT.+Jonsson%2C+J.+Mattsson%2C+C.+Djurberg%2C+F.+A.+Khan%2C+P.+Nordblad%2C+and+P.+Svedlindh%2C+Phys.+Rev.+Lett.+75%2C+4138+%281995%29.+10.1103%2FPhysRevLett.75.4138+
https://aip.scitation.org/servlet/linkout?suffix=c25/c25_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevLett.75.4138
https://aip.scitation.org/servlet/linkout?suffix=c25/c25_1&dbid=128&doi=10.1063%2F1.4802583&key=A1995TF68400043
https://doi.org/10.1088/0022-3727/42/1/013001
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

\‘_‘UUU/. ILLLIJU-// \.«I.\JI.-UJ.B/ LU-LUUU/ \J U o i UILAI/ J.LA/ L/ UUUUUU )

Google Scholar, Crossref, ISI

27. N. Hayashi, K. Saito, and Y. Nakatani, Jpn. J. Appl. Phys. 35, 6065
(1996). https: //doi.org /10.1143 /JJAP.35.6065 , Google Scholar,

Crossref

28. L. Greengard and V. Rokhlin, J. Comput. Phys. 73, 325 (1987).
https: //doi.org /10.1016 /0021-9991(87)90140-9 , Google Scholar,
Crossref, ISI

29. C. Phatak, R. Pokharel, M. Beleggia, and M. De Graef, J. Magn. Magn.
Mater. 323, 2912 (2011). https: //doi.org /10.1016 /j.jmmm.2011.06.058

, Google Scholar, Crossref

30. V. Russier, C. de Montferrand, Y. Lalatonne, and L. Motte, J. Appl.
Phys. 112, 073926 (2012). https: //doi.org /10.1063 /1.4757418 ,

Google Scholar, Scitation

31. D. Kechrakos and K. Trohidou, J. Magn. Magn. Mater. 177-181, 943
(1998). https: //doi.org /10.1016 /S0304-8853(97)00762-2 ,

Google Scholar, Crossref

32. Z.Mao, D. Chen, and Z. He, J. Magn. Magn. Mater. 320, 2335 (2008).
https: //doi.org /10.1016 /j.jmmm.2008.04.118 , Google Scholar,

Crossref

7 YATarn~x M LTAlw anA LT YAT MMS5311Ax Dhvra DAy T 22 NODOTANE /DONNDN
\

https://aip.scitation.org/doi/10.1063/1.4802583 9/13


https://doi.org/10.1088/0022-3727/42/1/013001
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+Bedanta+and+W.+Kleemann%2C+J.+Phys.+D%3A+Appl.+Phys.+42%2C+013001+%282009%29.+10.1088%2F0022-3727%2F42%2F1%2F013001+
https://aip.scitation.org/servlet/linkout?suffix=c26/c26_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1088%2F0022-3727%2F42%2F1%2F013001
https://aip.scitation.org/servlet/linkout?suffix=c26/c26_1&dbid=128&doi=10.1063%2F1.4802583&key=000261761800008
https://doi.org/10.1143/JJAP.35.6065
http://scholar.google.com/scholar?hl=en&q=%0A%0AN.+Hayashi%2C+K.+Saito%2C+and+Y.+Nakatani%2C+Jpn.+J.+Appl.+Phys.+35%2C+6065+%281996%29.+10.1143%2FJJAP.35.6065+
https://aip.scitation.org/servlet/linkout?suffix=c27/c27_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1143%2FJJAP.35.6065
https://doi.org/10.1016/0021-9991(87)90140-9
http://scholar.google.com/scholar?hl=en&q=%0A%0AL.+Greengard+and+V.+Rokhlin%2C+J.+Comput.+Phys.+73%2C+325+%281987%29.+10.1016%2F0021-9991%2887%2990140-9+
https://aip.scitation.org/servlet/linkout?suffix=c28/c28_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2F0021-9991%2887%2990140-9
https://aip.scitation.org/servlet/linkout?suffix=c28/c28_1&dbid=128&doi=10.1063%2F1.4802583&key=A1987L049800006
https://doi.org/10.1016/j.jmmm.2011.06.058
http://scholar.google.com/scholar?hl=en&q=%0A%0AC.+Phatak%2C+R.+Pokharel%2C+M.+Beleggia%2C+and+M.+De+Graef%2C+J.+Magn.+Magn.+Mater.+323%2C+2912+%282011%29.+10.1016%2Fj.jmmm.2011.06.058+
https://aip.scitation.org/servlet/linkout?suffix=c29/c29_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2Fj.jmmm.2011.06.058
https://doi.org/10.1063/1.4757418
http://scholar.google.com/scholar?hl=en&q=%0A%0AV.+Russier%2C+C.+de+Montferrand%2C+Y.+Lalatonne%2C+and+L.+Motte%2C+J.+Appl.+Phys.+112%2C+073926+%282012%29.+10.1063%2F1.4757418+
https://aip.scitation.org/doi/10.1063/1.4757418
https://doi.org/10.1016/S0304-8853(97)00762-2
http://scholar.google.com/scholar?hl=en&q=%0A%0AD.+Kechrakos+and+K.+Trohidou%2C+J.+Magn.+Magn.+Mater.+177%E2%80%93181%2C+943+%281998%29.+10.1016%2FS0304-8853%2897%2900762-2+
https://aip.scitation.org/servlet/linkout?suffix=c31/c31_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2FS0304-8853%2897%2900762-2
https://doi.org/10.1016/j.jmmm.2008.04.118
http://scholar.google.com/scholar?hl=en&q=%0A%0AZ.+Mao%2C+D.+Chen%2C+and+Z.+He%2C+J.+Magn.+Magn.+Mater.+320%2C+2335+%282008%29.+10.1016%2Fj.jmmm.2008.04.118+
https://aip.scitation.org/servlet/linkout?suffix=c32/c32_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2Fj.jmmm.2008.04.118
https://doi.org/10.1103/PhysRevE.66.021405
http://scholar.google.com/scholar?hl=en&q=%0A%0AZ.+Wang%2C+C.+Holm%2C+and+H.+W.+M%C3%BCller%2C+Phys.+Rev.+E+66%2C+021405+%282002%29.+10.1103%2FPhysRevE.66.021405+
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...
TtTTrT// TTTTTTO/ TTTTTTy/ T Tty TTTT o TTT YT TS oT Ty Tt T T TTmTmT

Crossref

34. L. Kaganovskiy, D. Litvinov, S. Khizroev, and S. Wilcox, J. Appl. Phys.
110, 043901 (2011). https: //doi.org /10.1063 /1.3624619 ,

Google Scholar, Scitation

35. P. Meleneyv, Y. L. Raikher, V. Rusakov, and R. Perzynski, Phys. Rev. B
86, 104423 (2012). https: //doi.org /10.1103 /PhysRevB.86.104423 |

Google Scholar, Crossref

36. P.Jonsson and J. Garcia-Palacios, Phys. Rev. B 64, 174416 (2001);
https: //doi.org /10.1103 /PhysRevB.64.174416 , Google Scholar,
Crossref
P. Jonsson, J. Garcia-Palacios, M. Hansen, and P. Nordblad, J. Mol.
Lig. 114, 131 (2004). https: //doi.org /10.1016 /j.molliq.2004.02.010 , ,

Google Scholar, Crossref

37. M. Azeggagh and H. Kachkachi, Phys. Rev. B 75, 174410 (2007);
https: //doi.org /10.1103 /PhysRevB.75.174410 , Google Scholar,
Crossref
H. Kachkachi and M. Azeggagh, Eur. Phys. J. B 44, 299 (2005).
https: //doi.org /10.1140 /epjb /e2005-00129-0 , , Google Scholar,

Crossref

38. H. Kramers, Physica 7, 284 (1940).
https: //doi.org /10.1016 /S0031-8914(40)90098-2 , Google Scholar,

Crossref

v

https://aip.scitation.org/doi/10.1063/1.4802583 10/13


https://doi.org/10.1103/PhysRevE.66.021405
http://scholar.google.com/scholar?hl=en&q=%0A%0AZ.+Wang%2C+C.+Holm%2C+and+H.+W.+M%C3%BCller%2C+Phys.+Rev.+E+66%2C+021405+%282002%29.+10.1103%2FPhysRevE.66.021405+
https://aip.scitation.org/servlet/linkout?suffix=c33/c33_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevE.66.021405
https://doi.org/10.1063/1.3624619
http://scholar.google.com/scholar?hl=en&q=%0A%0AL.+Kaganovskiy%2C+D.+Litvinov%2C+S.+Khizroev%2C+and+S.+Wilcox%2C+J.+Appl.+Phys.+110%2C+043901+%282011%29.+10.1063%2F1.3624619+
https://aip.scitation.org/doi/10.1063/1.3624619
https://doi.org/10.1103/PhysRevB.86.104423
http://scholar.google.com/scholar?hl=en&q=%0A%0AP.+Melenev%2C+Y.+L.+Raikher%2C+V.+Rusakov%2C+and+R.+Perzynski%2C+Phys.+Rev.+B+86%2C+104423+%282012%29.+10.1103%2FPhysRevB.86.104423+
https://aip.scitation.org/servlet/linkout?suffix=c35/c35_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.86.104423
https://doi.org/10.1103/PhysRevB.64.174416
http://scholar.google.com/scholar?hl=en&q=%0A%0AP.+J%C3%B6nsson+and+J.+Garc%C3%ADa-Palacios%2C+Phys.+Rev.+B+64%2C+174416+%282001%29%3B+10.1103%2FPhysRevB.64.174416+
https://aip.scitation.org/servlet/linkout?suffix=c36/c36a&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.64.174416
https://doi.org/10.1016/j.molliq.2004.02.010
http://scholar.google.com/scholar?hl=en&q=%0AP.+J%C3%B6nsson%2C+J.+Garc%C3%ADa-Palacios%2C+M.+Hansen%2C+and+P.+Nordblad%2C+J.+Mol.+Liq.+114%2C+131+%282004%29.+10.1016%2Fj.molliq.2004.02.010+
https://aip.scitation.org/servlet/linkout?suffix=c36/c36b&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2Fj.molliq.2004.02.010
https://doi.org/10.1103/PhysRevB.75.174410
http://scholar.google.com/scholar?hl=en&q=%0A%0AM.+Azeggagh+and+H.+Kachkachi%2C+Phys.+Rev.+B+75%2C+174410+%282007%29%3B+10.1103%2FPhysRevB.75.174410+
https://aip.scitation.org/servlet/linkout?suffix=c37/c37a&dbid=16&doi=10.1063%2F1.4802583&key=10.1103%2FPhysRevB.75.174410
https://doi.org/10.1140/epjb/e2005-00129-0
http://scholar.google.com/scholar?hl=en&q=%0AH.+Kachkachi+and+M.+Azeggagh%2C+Eur.+Phys.+J.+B+44%2C+299+%282005%29.+10.1140%2Fepjb%2Fe2005-00129-0+
https://aip.scitation.org/servlet/linkout?suffix=c37/c37b&dbid=16&doi=10.1063%2F1.4802583&key=10.1140%2Fepjb%2Fe2005-00129-0
https://doi.org/10.1016/S0031-8914(40)90098-2
http://scholar.google.com/scholar?hl=en&q=%0A%0AH.+Kramers%2C+Physica+7%2C+284+%281940%29.+10.1016%2FS0031-8914%2840%2990098-2+
https://aip.scitation.org/servlet/linkout?suffix=c38/c38_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2FS0031-8914%2840%2990098-2
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022

39.

40.

41.

42.

43.

44.

45.

\

19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

S. Shtrikman and E. Wohlfarth, Phys. Lett. A 85, 467 (1981).
https: //doi.org /10.1016 /0375-9601(81)90441-2 , Google Scholar,

Crossref

R. W. Chantrell and E. Wohlfarth, J. Magn. Magn. Mater. 40, 1 (1983).

https: //doi.org /10.1016 /0304-8853(83)90002-1 , Google Scholar,

Crossref

B. U. Felderhof and R. B. Jones, J. Phys.: Condens. Matter 15, 4011
(2003). https://doi.org /10.1088 /0953-8984 /15/23 /313,

Google Scholar, Crossref

P.-M. Dejardin, J. Appl. Phys. 110, 113921 (2011).
https: //doi.org /10.1063 /1.3665886 , Google Scholar, Scitation

W. H. Press, S. A. Teukolsky, W. T. Vetterling, and B. P. Flannery,
Numerical Recipes, 3rd ed. (Cambridge University Press, New York,
2007). Google Scholar

V. Lebedev, USSR Comput. Math. Math. Phys. 15, 44 (1975).
https: //doi.org /10.1016 /0041-5553(75)90133-0 , Google Scholar,

Crossref

T. Jonsson, J. Mattsson, P. Nordblad, and P. Svedlindh, J. Magn.
Magn. Mater. 168, 269 (1997).

https: //doi.org /10.1016 /S0304-8853(96)00710-X , Google Scholar,
Crossref, ISI

https://aip.scitation.org/doi/10.1063/1.4802583

11/13


https://doi.org/10.1016/0375-9601(81)90441-2
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+Shtrikman+and+E.+Wohlfarth%2C+Phys.+Lett.+A+85%2C+467+%281981%29.+10.1016%2F0375-9601%2881%2990441-2+
https://aip.scitation.org/servlet/linkout?suffix=c39/c39_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2F0375-9601%2881%2990441-2
https://doi.org/10.1016/0304-8853(83)90002-1
http://scholar.google.com/scholar?hl=en&q=%0A%0AR.+W.+Chantrell+and+E.+Wohlfarth%2C+J.+Magn.+Magn.+Mater.+40%2C+1+%281983%29.+10.1016%2F0304-8853%2883%2990002-1+
https://aip.scitation.org/servlet/linkout?suffix=c40/c40_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2F0304-8853%2883%2990002-1
https://doi.org/10.1088/0953-8984/15/23/313
http://scholar.google.com/scholar?hl=en&q=%0A%0AB.+U.+Felderhof+and+R.+B.+Jones%2C+J.+Phys.%3A+Condens.+Matter+15%2C+4011+%282003%29.+10.1088%2F0953-8984%2F15%2F23%2F313+
https://aip.scitation.org/servlet/linkout?suffix=c41/c41_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1088%2F0953-8984%2F15%2F23%2F313
https://doi.org/10.1063/1.3665886
http://scholar.google.com/scholar?hl=en&q=%0A%0AP.-M.+Dejardin%2C+J.+Appl.+Phys.+110%2C+113921+%282011%29.+10.1063%2F1.3665886+
https://aip.scitation.org/doi/10.1063/1.3665886
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2007&author=W.+H.+Pressauthor=S.+A.+Teukolskyauthor=W.+T.+Vetterlingauthor=B.+P.+Flannery&title=Numerical+Recipes
https://doi.org/10.1016/0041-5553(75)90133-0
http://scholar.google.com/scholar?hl=en&q=%0A%0AV.+Lebedev%2C+USSR+Comput.+Math.+Math.+Phys.+15%2C+44+%281975%29.+10.1016%2F0041-5553%2875%2990133-0+
https://aip.scitation.org/servlet/linkout?suffix=c44/c44_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2F0041-5553%2875%2990133-0
https://doi.org/10.1016/S0304-8853(96)00710-X
http://scholar.google.com/scholar?hl=en&q=%0A%0AT.+Jonsson%2C+J.+Mattsson%2C+P.+Nordblad%2C+and+P.+Svedlindh%2C+J.+Magn.+Magn.+Mater.+168%2C+269+%281997%29.+10.1016%2FS0304-8853%2896%2900710-X+
https://aip.scitation.org/servlet/linkout?suffix=c45/c45_1&dbid=16&doi=10.1063%2F1.4802583&key=10.1016%2FS0304-8853%2896%2900710-X
https://aip.scitation.org/servlet/linkout?suffix=c45/c45_1&dbid=128&doi=10.1063%2F1.4802583&key=A1997XD00100006
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

© 2013 AIP Publishing LLC.

The Journal . Submit Today!
of Chemical Physics ’ : .-

40 Years of Colloidal Nanocrystals

0 O
\

https://aip.scitation.org/doi/10.1063/1.4802583 12/13


https://images.scitation.org/redirect.spark?MID=176720&plid=1816148&setID=372138&channelID=5863&CID=667538&banID=520701567&PID=0&textadID=0&tc=1&adSize=728x90&matches=%5B%22P3853P3840%22%5D&mt=1664404914135566&sw=1536&sh=864&spr=1.25&referrer=https%3A%2F%2Faip.scitation.org%2Fdoi%2F10.1063%2F1.4802583&hc=5115d6bb332131b4463f2bec1d6e0a490e300419&location=
https://publishing.aip.org/authors
https://publishing.aip.org/librarians
http://www.scitation.org/advertising
http://www.scitation.org/about
http://www.scitation.org/contact
http://www.scitation.org/help
https://publishing.aip.org/privacy/
https://publishing.aip.org/terms-of-use/
http://www.scitation.org/
https://www.facebook.com/AIPPublishing/
https://twitter.com/AIP_Publishing
https://www.linkedin.com/company/10306347
https://aip.scitation.org/doi/pdf/10.1063/1.4802583

28/09/2022 19:42 The random dipolar-field approximation for systems of interacting magnetic particles: Journal of Applied Physics: Vol 113, No...

Scitation

\

https://aip.scitation.org/doi/10.1063/1.4802583 13/13


https://aip.scitation.org/doi/pdf/10.1063/1.4802583

