
11:15AM S36.00001: Forbidden Transitions in Molecular Nanomagnets* [Invited]   JONATHAN FRIEDMAN (Presenter),
Department of Physics and Astronomy, Amherst College — Selection rules typically arise from the constraints imposed by
conservation laws. In electron-spin resonance spectroscopy, the standard single-photon-transition selection rule Δm = 0,±1
arises from angular momentum conservation. Such selection rules can be lifted when the magnetic quantum number of
the spin system under study is not a good quantum number. In molecular nanomagnets (MNMs), magnetic anisotropy can
lead to a preferred (easy) axis of orientation for the molecule’s spin, giving rise to an anisotropy barrier between “up” and
“down” states. In addition, transverse anisotropy breaks the system’s symmetry, leading to state mixing and tunneling
between spin states. Thus, tunneling can lead to the observation of forbidden transitions that strongly violate selection
rules. I will report studies by my group of two MNMs that exhibit such highly forbidden transitions. In the Ni4 MNM, a spin-
4 system, we observe single-photon transitions in which the magnetic moment changes by as much as ~7 hbar, nearly
reversing the molecule’s spin [1]. In addition, we observe direct transitions between tunnel-split states in this MNM,
allowing us to precisely determine its transverse anisotropy [2]. In the Cr7Mn MNM, a spin-1 system, there is a large tunnel
splitting lifting the zero-field ground-state degeneracy. The two lowest states then have the structure of an atomic-clock
transition in which the transition frequency is to first order independent of magnetic field, making the system largely
immune to the decohering effects of external-field fluctuations. We find that the decoherence time T2 is enhanced by a
factor of three in the vicinity of this clock transition in Cr7Mn. 
 
[1] Y. Chen, et al., Phys. Rev. Lett. 117, 187202 (2016). 
[2] C. A. Collett, et al., Phys. Rev. B 94, 220402 (2016).

*Work supported by NSF grants DMR-1310135 and DMR-1708692.

11:51AM S36.00002: Coherent manipulation of three spin qubits in a GdW30 single-ion magnet* [Invited]   FERNANDO
LUIS (Presenter), Instituto de Ciencia de Materiales de Aragón (ICMA), Consejo Superior de Investigaciones Científicas (CSIC), MARK D
JENKINS, Kavli Institute of Nanoscience, Delft University of Technology, YAN DUAN, Instituto de Ciencia Molecular (ICMol), Universidad
de Valencia, JUAN JOSE GARCIA-RIPOLL, Instituto de Física Fundamental, Consejo Superior de Investigaciones Científicas (CSIC),
ALEJANDRO GAITA-ARIÑO, CARLOS GIMENEZ-SAIZ, Instituto de Ciencia Molecular (ICMol), Universidad de Valencia, PABLO J
ALONSO, Instituto de Ciencia de Materiales de Aragón (ICMA), Consejo Superior de Investigaciones Científicas (CSIC), ALBERTO
CASTRO, Instituto de Biofísica y Física de Sistemas Complejos (BIFI), Universidad de Zaragoza, DAVID ZUECO, Instituto de Ciencia de
Materiales de Aragón (ICMA), Consejo Superior de Investigaciones Científicas (CSIC), EUGENIO CORONADO, Instituto de Ciencia
Molecular (ICMol), Universidad de Valencia — Implementing quantum computation with spins faces the challenge of increasing
the number of qubits while keeping errors under control. Even the simplest algorithm implies coupling two or more qubits
in a controlled manner. However, dipolar interactions are also an important source of decoherence [1]. Here, we explore a
way to scale up quantum resources, without introducing additional decoherence, by integrating several electron spin
qubits in a single magnetic ion with spin S > ½. This approach is illustrated with a [Gd(H2O)P5W30O110]12- polyoxometalate
single-ion magnet [2]. Electron paramagnetic resonance experiments have been performed on molecules diluted in a
crystal of the diamagnetic isostructural derivative [Y(H2O)P5W30O110]12-. The seven allowed transitions between the
2S+1=8 spin states have been separately addressed and its spin coherence T2 and spin-lattice relaxation T1 rates

measured. Rabi oscillations have been observed for all transitions. The spin states of each Gd3+ ion can then be mapped
onto the states of three addressable qubits (or, alternatively, of a d = 8-level molecular “qudit”), for which the seven
allowed transitions form a universal set of operations. Within this scheme, one of the coherent oscillations observed
experimentally provides an implementation of a controlled-controlled-NOT (or Toffoli) three-qubit gate. We also propose a
way to implement a simple quantum error correction code using this single-ion "processor". Our findings [3] open
prospects for developing more complex and robust quantum computation schemes based on molecular spin qubits. 
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