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Fig. 1. Double-magnetic-center endohedral fullerene Y,Co@Cgy-Ch(1) system: (a) Endohedral fullerene Y,CyQCgyCy(1);

(b) endohedral bimetallic carbide clusters (Y,Cs).
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Table 1. Spin density distributions of the five lowest triplet states in YoCy@Cg,-Cy(1) system (without SOC).

Atom State 1 State 2 State 3 State 4 State 5
Y, 0.448 0.479 0.125 0.368 0.198
Y, 0.606 0.831 0.148 0.801 0.173

C (max) 0.058 0.046 0.059 0.042 0.066

® 2 ABERES R ARSI RS AL | BB A IE B (518 SOC)

Table 2.  Localization positions, energies and spin expectation values of the involved states in spin-switching scenario (including SOC).

Energy
State Spin localization . (S (5,7 (5, (5)
31 2.444 0.001 0.001 0.918 0.918
30 2.443 —0.003 —0.003 0.000 0.004
29 2.443 0.002 0.001 —0.918 0.918
4 Y =Y, 0.863 —0.001 —0.043 0.962 0.962
3 0.862 0.002 0.083 0.000 0.083
2 Y=Y, 0.862 —0.001 —0.040 —0.962 0.963
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Fig. 2. Ultrafast spin-switching scenario achieved in Y,Cy@Cgo-Cy(1) system under laser pulses: (a) Time evolution of the

occupation of the initial state (dashed black line), final state (solid red line), and the intermediate states (colorized solid lines)

involved in spin-switching scenario; (b) variation of the expectation values of the spin angular momentum components along the z,

y and z axis with time; (c) laser pulse envelope of the spin-switching scenario, inset represents structurally optimized endohedral
Y,C, cluster, the dashed circle represents the carbon cage; (d)energy levels of Y,Co@Cgy-Cy(1) calculated by SAC-CI (including

S0Q).
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Table 3. Spin density distribution in Y,Cy@Cgy-Cy(1) system (including SOC).

Energy/eV Y, C (max) Total spin density (C atom)
State [2) 0.862 —0.504 —0.680 —0.016 —1.062
State [11) 1.586 —0.414 —0.900 —0.032 —0.933
Difference value 0.724 0.090 —0.220 — 0.129
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Fig. 3. Ultrafast spin-transfer scenario achieved in Y,Cy@Cgy-Cy(1) system under laser pulses: (a) Time evolution of the occupation

of the initial state (dashed black line), final state (solid red line), and the intermediate states (colorized solid lines) involved in

spin-transfer scenario; (b) variation of the expectation values of the spin angular momentum components along the z, y and z axis

with time; (c) laser pulse envelope of the spin-transfer scenario, inset represents structurally optimized endohedral Y,C, cluster, the
dashed circle represents the carbon cage; (d) energy levels of Y,Cy@Cyg,-Cy(1) calculated by SAC-CI (including SOC).
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Abstract

Spin switching and spin transfer are essential prerequisites for designing the spin-logic devices based on
endohedral fullerenes. In this paper by combining the theoretical A -process model with a self-designed genetic
algorithm, we are able to theoretically observe spin-switching and spin-transfer scenarios on the subpicosecond
time scale in the endohedral fullerene Y,Cy@Cgo- Co(1) from first principles. The results show that the geometry
of the optimized enclosed Y,C, cluster is consistent with the experimental data. There exists a certain repulsive
force between the external Cgy-Ch(1) cage and the encaged cluster. However, the whole system still maintains its
integral cage structure due to the excellent stability of the fullerene. In the Y,Cy@QCgy-Cy(1) system, it is found
that the spin density is highly localized on the two Y atoms and only minimally distributed on the carbon cage.
By analyzing the spin-density distribution and the evolution of the spin expectation values as influenced by the
laser pulses, it is found that global spin switching can be achieved on the two Y atoms, while spin transfer
between the two Y atoms actually results from the redistribution of the spin density among the two magnetic
centers and the carbon cage under the action of the optimized laser pulses. The achieved spin-switching scenario
completes within about 1000 fs and its fidelity reaches 97.8%, while the obtained spin-transfer process completes
within 200 fs and its fidelity reaches 95.1%. The electron absorption spectra of the system verify that optical
transitions are possible between the main intermediate states and the initial and final states involved in the
spin-switching and spin-transfer scenarios. Therefore, by analyzing the electron absorption spectra
corresponding to the initial and final states, the energy of the laser pulses adopted for the studied spin-dynamics
process can be predicted, and the spin transferability can be evaluated. In addition, it is found that the smaller
the detuning between the required energy difference and the applied laser pulse energy is, the greater the
probability for spin switching/transfer scenarios becomes. The present results reveal the mechanisms of the
laser-induced ultrafast spin dynamics in Y,Cy@Cgy-Cs(1) and can provide a theoretical basis for designing the
spin-logic devices on realistic endohedral fullerenes.

Keywords: endohedral fullerenes, A process, spin dynamics, first-principles method
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