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Development of a User Probe for Light-On/Light-Off Magnetization Measurements in Pulsed Fields and Magnetization of Hybrid Multiferroics
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Introduction 
     The ability to make magnetization measurements at the highest available fields is at the heart of the capabilities of the LANL Pulsed Field Laboratory, and access to top scientific talent and instrumentation draw users in this area with traditional interests in superconductivity, frustration, and quantum Hall effects. One capability that has been missing is photoinduced science. Light and magnetism are well known to be intimately connected in the Prussian blues, organic biradicals, and molecule-based materials. Photoinduced effects have also been unveiled in copper oxides and manganites. In order to extend our ability to investigate the interplay between spin and light in magnetic materials, we are developing a magnetization probe with a light fiber and set of filters such that the sample can be illuminated with a laser or xenon source in situ. This will support light-on/light-off magnetization experiments in pulsed field. This capability is anticipated to be a significant new advance for the Lab as it will enable a great deal of new and important science. The probe will be available to other users once testing is complete. 

Results and Discussion
     As proof of principle, we are measuring the light on/light-off properties of two different molecule-based materials to uncover how external stimuli like magnetic field impacts functionality. The first system, 2,5-bis(4-azidophenyl)furan, displays the necessary photochemistry and has optical properties that are well-investigated by our team.1 Our plan is to compare magnetization curves of 2,5-bis(4-azidophenyl)furan both before and after irradiation. The latter is anticipated to reveal saturation and the spin gap whereas the former should be a simple diamagnet. Prior test runs using the 65 T mid-pulse magnet were promising but required a redesign of the magnetometer coil-light fiber end of the probe to provide full sample illumination and prevent contact between the tip of the light fiber and the coil. These modifications are now complete, and we anticipate that proof-of-principle measurements will be forthcoming. The second system, [(CH3)2NH2]Mn(HCOO)3 is a hybrid multiferroic with a recently discovered magnetic quantum critical transition (Fig. 1).1 Thus, in addition to providing a superb platform with which to study the traditional aspects of magnetoelectric coupling, this molecule-based multiferroic sports a quantum phase transition that can be used to tune spin-charge interactions. Findings from this effort will advance the understanding of quantum phase transitions and the development of light-induced states of matter.
	Fig. 2: Preliminary magnetization of [(CH3)2NH2]Mn(HCOO)3 taken in the 65 T mid-pulse magnet at Los Alamos. A magnetic quantum critical transition is observed near 15 T, a finding that merits additional investigation.1 The effect of illumination on the 15 T antiferromagnetic → fully polarized state transition is of future interest.   
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