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Three experimental methods with applications in the study of collective properties and 
dynamics will be discussed. The first is an approach to femtosecond time-resolved measurements 
that allows a complete dynamical measurement in just one laser shot, enabling the study of phase 
transitions and other rearrangements even when they are irreversible or only slowly reversible [1-
4]. In recent work, we have made direct observations of photoinduced phase transitions in bismuth 
and other semimetals and in LCMO, in all cases conducting measurements well beyond the 
thresholds for transitions into long-lived nascent phases or for irreversible sample damage. 
Observations of the dynamics yields insights into the phase transition mechanisms.  

The second method is the use of strong THz-frequency fields to induce electronic and 
structural phase transitions. THz excitation pulses were used to drive the insulator-to-metal phase 
transition in VO2. The resulting change in electrical conductivity was measured with THz probe 
pulses [5], and the associated structural phase transition was monitored by time-resolved x-ray 
diffraction from the two crystalline structures [6].  

Finally, a recent demonstration of THz-driven nonlinear magnon responses will be discussed. 
We have measured 2D electron spin resonance (ESR) spectra of the ferromagnetic and 
antiferromagnetic magnon modes of YFeO3 [7], extending modern magnetic resonance to the THz 
frequency range. We also have demonstrated strong coupling between THz phonon-polariton 
waves and magnons in a hybrid waveguide structure, clearly observing magnon-polariton modes. 
Both results open new avenues for coherent control over collective spin dynamics.   
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