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The intermediate Hamiltonian (IH) Fock space (FS) Couplkdter (CC) scheme for the (2,0) sector, reported rec¢hllys introduced to study double electron attached

states. The method has a useful feature that when appliée towubly ionized atoms or molecules™?)

It provides

a characteristics of the neutral systers (This

approach is particularly advantageous in the studies gbtibential energy curves (PECs) for the alkali metal diméys). The closed sheld/ e, molecule dissociates
into open shell fragments which makes it difficult to generaarrect PECs with the closed shell methods. However, thelgdonized M el system provides a very

convenient reference dissociating into the closed shaginfrents {/e*). Thus when applying the (2,0) FSCC scheme to study the P&Qhé /e~ ions we obtain
a correct description of the alkali metal dimers in the whalege of the interatomic distances. An important featurtnefmethod is its formulation via intermediate

Hamiltonian formalism which eliminates the well known dedricies of the standard FS approach like, e.g. intrudee

olem. In the current work we study the

potential energy curves for the ground and excited statéiseati>, Na, and K, dimers. In all cases we are able to compute the smooth PEGsdarhole range of

Interatomic distances from equilibrium to the dissociationit. The other advantage of the approach is its rigoroms-extensivity allowing to reproduce the atomic
excitation energies at the infinite interatomic distance.
[1] M. Musiat, "Multireference Fock space coupled clustezthod in the effective and intermediate Hamiltonian for({(h®) sector”,

J. Chem. Phys., 136, 134111 (2012).

. THEORY

EOM-CC for DEA

(DH|D) (D[H|T)
(TH|D) (TH|T)

H =

e THel — similarity transformed Hamiltonian

DEA: D= &3, T =@abc

Variants:
e DEA-EOM-CCSD

~GS: T =T, + T, (scaling n°(n’*n?))

~ DEA part: R = Ry (scaling n*(n}))
e DEA-EOM-CCSDT

~GS: T =T, + T, + T3 (scaling n®(n’n?))

—~ DEA part: R = Ry + R3 (scaling n%(n'n?))
e DEA-EOM-CCSDT’

~GS: T =T, + T, (scaling n°(n’*n?))

—~ DEA part: R = Ry + R3 (scaling n%(n'n?))

[H-FS-CC for DEA

Hierarchy of the F'S

Indirect applications of the
DEA calculations

solutions for DEA

Hy = [ (D/H|D) |

Ground and excited states
energies from the

DEA calculations

Hy=H 4+ dressin — 1ntermediate
o s sector (0,0)
Hamiltonian (GS)

DEA: D = $2ab

sector

(EA)

Variant:

e TH-FS-CCSD (2,0) sector
— GS part, i.e. (0,0) sector: T =T; + 15
(scaling n’(n’n?))
— EA part, i.e. (1,0) sector: S =5+ 95
(scaling n°(nln?))
— DEA part, i.e. (2,0) sector: S =955
(scaling n°(n’n’))

(DEA)

- RESULTS

(1,0)

sector (2,0)

To describe the A molecule
(e.g., Na,) we do DEA calculations

for the A+ system (Naj?)

Generally:

A™? DEA A
For Nay:

Naj? DEA Nas

Li>: ground and excited states
dissociation limits: Li(2s)+Li(2s), Li(2s)+Li(2p) and Li(2s)+Li(3s)
(POL1 basis set)
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Na,: ground and excited states
dissociation limits: Na(3s)+Na(3s), Na(3s)+Na(3p) and Na(3s)+Na(4s)
(POL1 basis set; valence electrons were correlated)

'323600 | | | | | | | | |
X'%y" IH-FS-CCSD (2,0) ~-
! 135" IH-FS-CCSD (2,0)
\
-323.650 & 131, IH-FS-CCSD (2,0) ---%--- -
: 1's ¥ IH-FS-CCSD (2,0) --&---
1°5," IH-FS-CCSD (2,0) ---#---
-323.700 - 1'M, IH-FS-CCSD (2,0) -~
- 2’5, " THFS-CCSD (2,0) o |
(]
o 1'My IH-FS-CCSD (2,0) ---4---
£ 323750 | T -
< g T D&V
LuJ 2% * IH-FS-CCSD (2,0) ---v---
-323.800 | 2%," IH-FS-CCSD (2,0) —v—
3'%," IH-FS-CCSD (2,0) --¢-—
335 5 JH-FS-CCSD.A2,0 et i
-323.850 |- 2's ¥ IH-FS-CCSD (2,0) — e~ -
-323.900 ' ' | . . | | | |

8.0 10.0 12.0

R (Angstroms)

14.0 16.0 18.0 20.0

)
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in the POL1 basis set.

Nay: separated atoms Sym. TH-FS-CCSD (2,0) EE-EOM-CCSD Exp.
RHF UHF
GS energy (au) for Na, Na(3s)+Na(3s)
IH-FS-CCSD 1953F 1.01 1.00 0.73
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%) Assumed experimental geometry for the GS (R=3.0788 A).

K,: ground and excited states
dissociation limits: K(4s)+K(4s), K(4s)+K(4p) and K(4s)+K(5s)
(POL1 basis set; valence electrons were correlated)
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CONCLUSIONS

e The FS-CC method offers an efficient tool for the evaluation of the
DEA.

e Adding (or removing) electron pair helps to preserve the proper

spin and space symmetry upon dissociation.

e DEA calculations enable to compute PECs for systems the double
cation of which dissociates into closed shell fragments.

e 'S- CC approach provides size-extensive results in the DEA calcu-

lations.

e An important point is the realization of the FS calculations via
efficient IH scheme.
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