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Scientific Report
The nine week financial support offered to me by the ESF financed the first part of a seven month stay in the Rudolph Peierls Centre for Theoretical Physics at the University of Oxford.

I have now been in Oxford for almost three months and during this time I have been following closely my proposed project. This involved the study of “symmetry sustaining” phase transitions in so called spin ice materials (such as Ho2Ti2O7 and Dy2Ti2O7) in the presence of a magnetic field. This project is motivated by earlier work [1] where we identified a phase transition in a model pyrochlore system with a magnetic field directed along the [100] crystal direction. Since arriving in Oxford I have understood that this symmetry sustaining phase transition is not actually first order, as was previously suggested. Rather, it is of the Kasteleyn type [2]. It seems that the first order nature of the transition observed in [1] is due to loss of ergodicity at low temperature. This is specifically because all low energy excitations are collective, where as early simulations used a local stochastic algorithm that only move one degree of freedom at a time. We are at the present developing a non-local “ring” algorithm to combat this non-ergodicity and preliminary results favour the Kasterleyn transition scenario. This work is performed in close collaboration with Roderich Moessner and Claudio Castelnovo of other University of Oxford and Ludovic Jaubert, a graduate student from ENS Lyon who has recently begun his thesis under my direction. This development has interesting consequences for comparison with experiment. The above transition, observed in the model system is not observed in experiment [3] although the system, Ho2Ti2O7 does have very interesting non-equilibrium dynamics in the presence of a field that we can now interpret as being due to a remnant's of the transition. I have made several trips to University College London to discuss these points with Steven Bramwell and Andrew Wills. The work, in collaboration with Moessner, Castelnovo and Jaubert will lead to a publication in the near future.

In a related project I have been discussing pyrochlore antiferromagnetic systems with uniaxial bond distortion, as would be the case if the pyrochlore compounds undergo uniaxial compression. I have established by numerical simulation that these systems do have first order transitions, similar to the proposed transitions in [1]. In the presence of a field conjugate to the order parameter, the first order transition terminates in a critical end point that is a Kasteleyn transition. This work is in collaboration with John Chalker and student Tim Saunders from Theoretical Physics. The transitions here are related to first order transition observed in the spin ice compound Ti2Sn2O7 [4]. I am confident that this work will lead to an interesting publication.

Together with Andrew Wills of University College London we have been discussion the layered kagomé antiferromagnet, Iron Jarrosite. This system has an unusual spin glass transition at low temperatures that we have been interpreting in terms of an anisotropic kagomé antiferromagnet [5]. We have begun writing up a paper combining experimental data on spin glass transition temperature variation with anisotropy energy scale and numerical simulation.

One consequence of activities in geometrically frustrated magnetism is the study of entropy at low temperatures. Macroscopic ground state degeneracy leads to extensive ground state entropy and violation of the third law of thermodynamics. Together with Bramwell, Wills and Peter Schiffer of Pennsylvania State University we have been investigating the entropy at low temperature of disorder driven frustrated systems (spin glasses). They have started a series of experiments on spin ½ spin glass CuGa2O4 [6], while I have begun computer simulations on Edwards-Anderson spin glasses. Early results suggest that the entropy is not removed from the low temperature (out of equilibrium) state of such a system.  

Finally, I have begun writing a paper with Bramwell and Andrea Taroni, student at University College London on the effects of 4-fold crystal field perturbations in XY like two-dimensional magnetism. Although this is not strictly a frustrated magnetism problem it is an experimentally relevant subject in magnetism that has interested me for many years. We have performed computer simulations and a renormalization group calculation that identify a regime of non-universal critical exponents, as first proposed in [6]. We have related theoretical predictions to a whole series of experimental compounds.

In conclusion, the first part of my stay in Oxford has been rich and diverse. I have begun a series of different collaborations that are already baring fruit in terms of publications. I am confident that the second half of my stay will see the completion of a large number of these projects.

Financial report

At the beginning of my trip I took a one way car trip with my family (2 adults, 2 children) from Lyon to Oxford, distance 1100 km with cross channel ferry from Dunkirk to Dover:

Distance 1100 km (Car, Renault Scenic essance, 8 Ch, Reg 3639 XA 69)

Peage:  €54.70 (euros)

Meals: €34.90 (euros) + £34.40 (pounds)

Hotel: £75.00 (pounds)

Ferry crossing Dunkirk-Dover: €156,83 (euros)
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