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Introduction: Quantum spin fluctuations provide information about spin correlations, squeezing, and
entanglement in quantum materials. However, conventional measurements often average over large
ensembles, making few-spin correlations difficult to access. New approaches combining near-field THz
excitation and nanoscale spin detection are needed to probe these fluctuations.

Objective: Develop nanoscale spin-sensitive photocurrent detection to probe local quantum spin fluctuations
and correlations. Explore magnon squeezing and entanglement through complementary magneto-T1Hz 2D
coherent spectroscopy under magnetic field and high pressure.

High-order THz nonlinear magnonics revealed by THz 2D coherent
spectroscopy (THz-2DCS)
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This work establishes the experimental platform required for the
proposed quantum spin fluctuation measurements.
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Proposed Work: Nanoscale photocurrent detection of
quantum spin hoise

Motivation: Quantum spin fluctuations encode many-body correlations,
sqgueezing, and entanglement. However, directly detecting these fluctuations
with nm spatial resolution and few-spin sensitivity remains challenging.

Approach: Use a metallic tip with THz near-field excitation and B field to
drive spin-polarized carriers. Measure spin-sensitive current fluctuations to
probe quantum spin noise with ~20 nm resolution, /(t) ~ Iy + & I;,(t).

Metallic tip + THz + B field = spin-polarized carriers =2 spin-sensitive current 2
spin-dependent current fluctuations =2 signatures of squeezing & entanglement.

Innovation: Combine nanoscale spin-sensitive photocurrent detection with
near-field THz excitation under B field to access local guantum spin

fluctuations with few-spin sensitivity. e e
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Complementary Work: Single-shot magneto-THz 2DCS of
magnon squeezing and entanglement

Motivation: Magnon squeezing and entanglement reflect quantum
correlations in spin excitations. Directly resolving them and their ultrafast
dynamics under magnetic field and high pressure remains challenging.

Approach: Use single-shot magneto-THz 2DCS to resolve higher-order spin
correlations and track signatures of magnon squeezing and entanglement at
THz frequencies and sub-picosecond time scales.

Innovation: Extend THz 2DCS to single-shot measurements under magnetic
field and high pressure to probe higher-order magnon correlations,
squeezing, and entanglement.
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Potential impact: advance nanoscale quantum sensing and precision metrology, spin-based quantum information, and ultrafast spintronic technologies.

Demonstrated nanoscale spin-sensing capabilities &
preliminary results

Our previous measurements demonstrate nanoscale (~20 nm) detection of
spin-polarized edge currents under magnetic field, establishing the
experimental capability for proposed quantum spin-noise measurements.

Spin-polarized topological edge states in ZrTe,
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Nanoscale near-field images of spin-polarized edge currents
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