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Efficient Relativistic Quantum Theory and Its Analytical Energy Gradient Scheme for Large Molecule 
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	Simultaneous considerations of both relativistic and electron correlation effects are essential in order to perform electronic state calculations for all the elements in the periodic table. In this study, we propose an efficient and accurate two-component relativistic scheme for large molecule. This scheme is a local unitary transformation (LUT) method [1,2] based on an infinite-order Douglas-Kroll-Hess (IODKH) scheme for many-electron systems [3,4], which gives close energies to four-component Dirac-Coulomb ones even in super-heavy elements. The LUT method, which utilizes the locality of relativistic effect, reproduces the total energies obtained by conventional methods with less than 1 millihartree deviations. Furthermore, the scaling for the prodution of two-component Hamiltonain is linear with respect to the system size, with a small prefactor. This LUT method is also combined with the linear-scaling divide-and-conquer (DC)-based Hartree-Fock [5,6] and electron correlation methods, such as the second-order Møller-Plesset [7] and the coupled cluster thoeries [8]. Numerical assesments confirm the accuracy and efficiency of the method, which achieves overall linear-scaling with a small prefactor for accurate relativistic electron correlation calculations [9].
	We also developed the analytical energy gradient of the IODKH Hamiltonian. In addition, the extension of the LUT method realizes the efficient geometry optimization including accurate relativistic effects [10]. We will show the effectiveness in comparison with other two-component and four-component relativistic methods.
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