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            Abstract
The transport of electrically charged quasiparticles (based on electrons or ions) plays a pivotal role in modern technology as well as in determining the essential functions of biological organisms. In contrast, the transport of magnetic charges has barely been explored experimentally, mainly because magnetic charges, in contrast to electric ones, are generally considered at best to be convenient macroscopic parameters1,2, rather than well-defined quasiparticles. However, it was recently proposed that magnetic charges can exist in certain materials in the form of emergent excitations that manifest like point charges, or magnetic monopoles3. Here we address the question of whether such magnetic charges and their associated currentsâ€”â€˜magnetricityâ€™â€”can be measured directly in experiment, without recourse to any material-specific theory. By mapping the problem onto Onsager's theory of electrolytes4, we show that this is indeed possible, and devise an appropriate method for the measurement of magnetic charges and their dynamics. Using muon spin rotation as a suitable local probe, we apply the method to a real material, the â€˜spin iceâ€™ Dy2Ti2O7 (refs 5â€“8). Our experimental measurements prove that magnetic charges exist in this material, interact via a Coulomb potential, and have measurable currents. We further characterize deviations from Ohm's law, and determine the elementary unit of magnetic charge to be 5â€‰Î¼Bâ€‰Ã…-1, which is equal to that recently predicted using the microscopic theory of spin ice3. Our measurement of magnetic charge and magnetic current establishes an instance of a perfect symmetry between electricity and magnetism.
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                    Figure 1: 
                        Magnetic Wien effect, and the detection of magnetic charge by implanted muons.
                      [image: ]


Figure 2: Exponential decay of muon spin precession in Dy2Ti2O7. [image: ]


Figure 3: 
                        A quantity that is proportional to magnetic charge conductivity in Dy
                        
                        2
                        Ti
                        
                        2
                        O
                        
                        7
                        , illustrating a non-Ohmic increase in conductivity with field.
                      [image: ]


Figure 4: Temperature dependence of the muon relaxation rate  Î»  in Dy2Ti2O7. [image: ]


Figure 5: Experimentally measured â€˜elementaryâ€™ magnetic charge  [image: ]  in Dy2Ti2O7. [image: ]
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        Editorial Summary
'Magnetricity' demonstrated in spin ice
Electric charges and currents are ubiquitous, but their magnetic counterparts are elusive. With the recent prediction, then demonstration, of the existence of magnetic 'monopoles' â€” particles with a net magnetic charge resembling a magnet with only one pole â€” in magnetically frustrated materials called 'spin ice', a system in which 'magnetricity' might be found has become available. Using the spin ice dysprosium titanate pyrochlore (Dy2Ti2O7), Bramwell et al. show that magnetic charges and their dynamics can be understood in terms of a magnetic analogue of the theory of electrolytes (substances that become ions in solution and are capable of conducting electricity). They observe real magnetic currents and determine the elementary unit of magnetic charge. The findings establish an instance of a perfect symmetry between electricity and magnetism.
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