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In this talk recent results from quantum control experiments with trapped ions, doped solids, and 

superconducting qubits are reported. They include demonstration of broadband composite pulses 

– trains of pulses with well-defined relative phases – for complete (X gates) and partial 

(Hadamard and general rotation gates), which cancel the experimental errors to an arbitrary 

order [1-3]. Alternatively, narrowband composite pulses which squeeze excitation to an 

arbitrarily narrow parameter range, are used for spatial localization in doped solids and accurate 

phonon counting in trapped ions [3-6]. The composite idea is extended to new, very efficient 

dynamical decoupling sequences [7,8]. Another example is the newly proposed quantum control 

technique of polychromatic pulse trains – sequences of pulses of appropriately chosen different 

frequencies [9]. In another set of experiments, we have observed the counterintuitive 

phenomenon of power narrowing with driving pulses of Lorentzian shape – the squeezing of the 

excitation line profile when the Rabi frequency increases – by as much as a factor of 10 [10], 

potentially enabling new quantum sensing tools. 

 
 

References 

[1] J. Randall, A. M. Lawrence, S. C. Webster, S. Weidt, N. V. Vitanov, and W. K. Hensinger, Generation of high-

fidelity quantum control methods for multi-level systems, Phys. Rev. A 98, 043414 (2018). 

[2] M. Duwe, G. Zarantonello, N. Pulido-Mateo, H. Mendpara, L. Krinner, A. Bautista-Salvador, N. V. Vitanov, K. 

Hammerer, R. F. Werner, C. Ospelkaus, Numerical optimization of amplitude-modulated pulses in microwave-

driven entanglement generation, Quantum Sci. Tech 7, 045005 (2022). 

[3] B.T. Torosov and N.V. Vitanov, Experimental demonstration of composite pulses on IBM's quantum computer, 

Phys. Rev. Appl. 18, 034062 (2022). 

[4] B.T. Torosov and N.V. Vitanov, Narrowband composite two-qubit gates for crosstalk suppression, Phys. Rev. A 

107, 032618 (2023). 

[5] Markus Stabel, Niels Joseph, Nikolay V. Vitanov, and Thomas Halfmann, Spatial confinement of atomic 

excitation by composite pulses in a doped solid, Phys. Rev. A 110, 023526 (2024). 

[6] Marion Mallweger, Milena Guevara-Bertsch, Boyan T. Torosov, Robin Thomm, Natalia Kuk, Harry Parke, 

Christan F. Roos, Gerard Higgins, Markus Hennrich, and Nikolay V. Vitanov, Motional-state analysis of a trapped 

ion by ultranarrowband composite pulses, Phys. Rev. A 110, 053103 (2024). 

[7] G. T. Genov, D. Schraft, N. V. Vitanov, and T. Halfmann, Arbitrarily accurate pulse sequences for robust 

dynamical decoupling, Phys. Rev. Lett. 118, 133202 (2017). 

[8] Xinxing Yuan, Yue Li, Mengxiang Zhang, Chang Liu, Mingdong Zhu, Xi Qin, Nikolay V. Vitanov, Yiheng Lin, 

and Jiangfeng Du, Preserving multi-level quantum coherence by dynamical decoupling, Phys. Rev. A 106, 022412 

(2022). 

[9] S.S. Ivanov, B.T. Torosov and N.V. Vitanov, High-fidelity quantum control by polychromatic pulse trains, 

Phys. Rev. Lett. 129, 240505 (2022). 

[10] I.S. Mihov and N. V. Vitanov, Defying Conventional Wisdom in Spectroscopy: Power Narrowing on IBM 

Quantum, Phys. Rev. Lett. 108, 020802 (2024). 


