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Major Goals:  This worked concerned the development of a new kind of spectrometer for characterization of 
materials with interesting quantum mechanical correlations.  Quantum materials as such are one of the most 
interesting areas of modern condensed matter physics.   Strong interactions and topological effects conspire to give 
novel material properties that have no precedent.  They are likely to find use in the next generation of devices.   
The science pursued in the context of this research will enable these advances.  However, despite the 
overwhelming interest in these systems, it is increasingly clear that we do not have the experimental tools to 
properly characterize many of their properties.   For instance, one of the most notable aspects of many topological 
spin systems is that they possess ``fractionalized" particles.   In such systems, the conventional particles and 
excitations of the material fractionalize into multiple parts.   In 1D this fractionalization is quite natural, but in higher 
dimensional ``spin-liquids" it is controversial.   However even in 1D, we do not have the proper techniques to 
measure many of the properties of fractionalized particles and manipulate them.  In conventional linear 
spectroscopy, we measure only broad ``continuum" lineshapes in candidate systems that prevent the direct 
detection of individual particles and obscure their properties if they exist.



In this regard, I propose that the new technique of 2D-THz spectroscopy may give unique insight into many of 
these material systems.   2D-THz spectroscopy is a ``pump" and ``probe" techniques in which sequential THz 
pulses will be used to interrogate the non-linear response of materials.  In 2D spectroscopy in general, one excites 
the system at one frequency, probes at another, and ultimately plots a 2D spectrum of the response along 
excitation and probe frequency axes.  However, unlike most pump-probe measurements the system is excited 
coherently and so one can discriminate homogeneous and inhomogeneous broadenings and explicitly probe the 
couplings between excitations.  It its optical and NMR versions it has revolutionized the study of electronic and 
vibrational couplings in solids, liquids, biological and molecular systems.  Nonlinear two-dimensional (2D) 
spectroscopy in the ultrafast time domain has also become an essential tool for unravelling the dynamics and 
couplings of elementary excitations in condensed-phase systems.  The realization of 2D spectroscopy in the THz 
regime is made possible by the recent development of high-intensity THz pulses in a tabletop setting.  The 
development of 2D-THz will be the development of what is essentially a form of THz range electron spin 
resonance.

Accomplishments:  We have constructed this system and it works as intended.   We have no published papers 
yet, but are currently taking extensive data on topological materials.
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Training Opportunities:  Two students and one postdoc were involved with building this system and received 
training on ultrafast and intense spectroscopies.

Results Dissemination:  No papers have resulted yet, but I have give a talk at UCLA on the method.
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