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Il Introduction
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S | ro57) (e +27)|SR) : e Balanced description of strong and weak correlations is still challenging.
?R i o , e This time, we report that a modified version of the coupled cluster (CC) theory
o |SR) (e ==])|SR) O named CCSDO, which was rediscovered by Scuseria Group [2], is outstanding
ISB) ssm) among the theories proposed for describing strong correlation. Weak correlation
IéR> [SR) ISR) [X) s, is supplemented to CCSDO in the F12 scheme [3].
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e With adoption of the conventional equation-of-motion scheme, the theory called

Schematic time evolution of potential energy “EOM-CCSDO0-F12"” can describe S1/So conical intersections (CoIns) as well.

surfaces during an excited-state dynamics [1].

Conical intersections between excited

states described by non-unitary

Strong correlation (multiconfigurational e We are developing an algorithm to correct the topology of Colns between

, , truncated EOM-CC/CCLR have ) h
character) is required for the ground state to topological defect. excited states. Once the algorithm has been adopted to EOM-CCSDO-F12, the
simulate the dynamics passing a S,/S, conical theory can describe arbitrary CoIns without introducing active space.

intersection (Coln).

***Similarity between CCSDO [2] and PHF by Hirao and Nakatsuji [4]

ICCSDO IProjected Hartree-Fock (PHF) theory
Doubles excitation of the coupled-cluster singles and doubles (CCSD) In the cluster expansion expressed by the Thouless theorem or
Is de-coupled to the spin-singlet and triplet pairs. The triplet-pair unitary transformation, which are equivalent, the single-excitation
doubles excitation is dropped. operator is spin-adopted, utilizing the Pauli matrices.
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| ) =exp(T; + [HF) T, = Wl-’OSl-’ + W”. w Wi, € C
abP la T=X,y,Z
2 ~ 2 z sat _ L a4 _
ijab Si,y = —CaO'yCi (y = 0,1(x), 2(y), 3(2))
A P ) V2
P, =—=(CiaCip + CioC; C.
J la™jp ~+ _ (AT st \ & [ lia
\/— C,=(Cau Clp).Ci= A
ip
N a ¢at a The ansatz optimized in a symmetry-projected variational space
[PHF2) = Nggexp (z WL,OSiﬂ) @), Wiz € C overcomes the restricted Hartree-Fock (RHF) stability dilemma while
@&mm=m solving the symmetry dilemma. One of the possible PHF theories gives
— — — an ansatz which shares the leading configurations with CCD!
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**EOM-CCSDO0-F12

Since CCSDO is approximately equivalent to one of the PHF theories, Here is preliminary EOM-CCSDO0-F12 curves for the nitrogen (N2) and
CCSDO barely describes weak correlation. Weak correlation is azomethane (H3C-N=N-CHs3) molecules. The S1/So Coln is expected to
supplemented to CCSDO in the F12 scheme [3]. be corrected in the coming updated implementation.

|CCSDO—F12> = exp (Tl + T[O] 1+ R\]_ 1+ R\Z) |HF> -lf)170.: - . 1 . . | I‘é‘é‘-;%ég _' _ 4 EOM-CCSDO-F12(SP ansatz)
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®EOM-CC under the orthogonality condition derived by Kjgnstad [5]

1)Solve normal EOM-CC, Hr'") = w,r\). T = exol =) . exo T A, = f — (HF|A|HF

2)if TrpL) = 0 for every K # L then xp(=T)Hyexp(T) (HF|H|HF)
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