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Magnetic quadrupolar spin structure realized in square cupola antiferromagnets A(TiO)Cu4(PO4)4 

(A = Sr, Ba, Pb) introduces intriguing magnetoelectric response and has been intensively 

investigated using microscopic measurement techniques, including neutron diffraction and NMR 

studies [1-4]. The low-field magnetic structure is modified by applying fields higher than ~15 T 

and accordingly modified magnetoelectric responses have been observed [5]. However, the 

magnetic structures in the field-induced state have not been investigated as the magnetic field 

required to induce metamagnetism exceed the limitation of conventional superconducting 

magnets. In this study, we study the field-induce magnetic states in Pb(TiO)Cu4(PO4)4 by 

performing NMR measurement in pulsed fields [6]. We observed a clear splitting in the NMR 

spectrum at ~29 T applied along the [001] direction, at which a dielectric anomaly was observed 

but its origin has not been identified [7]. Combined with the cluster and classical mean-field 

theories, we suggest the magnetic structure of the Phase III, which appears before the full 

saturation.  
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