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Outline
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1. ACII (DFT)
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XC functionals based on ACM

→KS system

→real system
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The AC method has been used to construct many XC functionals of different rungs

Adiabatic Connection Integrand Interpolation (ACII) methods

use only                                  as ingredients.

The ACII functional is defined by the interpolation formula
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ACII methods ingredients

MP2 with DFT 

orbitals

Singly excited term

(very small)

Seidl, Perdew, Kurth, PRA 62, 12502 (2000)

A,B,C fixed parameters

D depends of the model

(exact exchange) and 

      are readily available in most quantum chemistry package

The strong interaction ingredients can be obtained from the Strictly Correlated

 Electron (SCE) method, or approximated as GGA density functionals

Śmiga, Della Sala, Gori-Giorgi, Fabiano

JCTC 18, 5936 (2022)

PC model: hPC model:
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Earliest ACII 

ISI: Seidl, Perdew, Kurth, PRL 84, 5070 (2000)

revISI: Gori-Giorgi, Vignale, Seidl, JCTC 5,743 (2009)
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SPL: Seidl, Perdew, Levy, PRA 59, 51 (1999)

LB: Liu, Burke, PRA 79,064503 (2009)

SPL, LB 

ISI (Interaction Strength Interpolation)

revISI 
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Recent ACII

UEG-ISI: AC limit for EGL2 = −∞ 
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Constantin, Śmiga, Della Sala,  PRB 190, 23519 (2024)

genISI2

UEGISI well reproduces the

 UEG correlation energies for rs>1.Constantin, Jana, Śmiga, Della Sala, JCP 159, 244111 (2023)

Broad applicability

DPI (exact for UEG)
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Limitations of DFT ACII methods

• GL2 energy strongly dependent on the ground-state orbitals

• OEP-SCF calculations possible, but expensive

Neon Atom

Śmiga, Della Sala, Gori-Giorgi, Fabiano  JCTC 18, 5936 (2022)

ACII vs Double Hybrid

ACII models are computationally similar to double hybrids, but

      are NOT  LINEAR in MP2

      have always full exact exchange (no error compensation)

      do not diverge for metals (in contrast to DH)
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2. MPAC

MPAC are based on Hartree-Fock orbitals.

MPAC thus resembles Post-HF correlation methods

or the density-corrected DFT (DC-DFT)
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MP-adiabatic connection (MPAC)

Seidl, Gianrusso, Vuckovic, Gori-Giorgi

JCP  149 ,241101 (2018)

...2 2 +MP

cE

Rewriting of the

Many-body correlation
Density is

 not fixed

→ strong interaction limit MPAC functionals: gradient expansion as in DFT 


Daas et al, JCTC 18, 5164 

(2022)

+𝑬𝒙
𝑯𝑭
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Initial attempts: MPAC for dispersion systems

Daas, Fabiano, Della Sala, Gori-Giorgi, Vuckovic, JPCL  12 , 4867 (2021)

Low Computational costs: MP2 + DFT post-HF calculation

Excellent accuracy (without any Dispersion correction!)

Empirical Parameters

MAE in kcal/mol

SPL2 MPACF1

Daas, Kooi, Peters, Fabiano, Della Sala, Gori-Giorgi, Vuckovic, JPCL 14, 8448 (2023)
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3. HFAC24
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Construction of the HFAC24 functional

a) Definition of the strong-interaction functionals

b) Definition on W in the EMP2→-∞ limit

c) Definition of the 

mixing function G

Constantin, Fabiano, Della Sala, JPChem Lett.  16, 3378 (2025)
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HFAC24: part a, (strong-interaction)

Functional not fitted to molecular systems (as DFT): functionals 

developed to reproduce strong-interaction regime in atoms

Constantin, Fabiano Della Sala, JPChem Lett.  16, 3378 (2025)

Density at the nuclei position !

GGA functional:

Daas et al, JPCA 128 (2024) 4138

Spin function 
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HFAC24: part b,  (UEG)

Functional developed to 

reproduce the UEG

Constantin, Fabiano Della Sala, JPChem Lett.  16, 3378 (2025)
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HFAC24: part c, (mixing)

0

Otherwise:

κ=0.3 (to recover 

Helium atom 

correlation)

Constantin, Fabiano Della Sala, JPChem Lett.  16, 3378 (2025)
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Results for Atomic correlation

High accuracy

(1mHa per electron)

MP2 inversion at

about Z=20

Constantin, Fabiano Della Sala, JPChem Lett.  16, 3378 (2025)
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Molecular Benchmark

HFAC24 functional depends on EcMP2/EcUEG:

As EcUEG contains all-electron correlation, EcMP2 must do the same

CBS extrapolation or the 5ZaPaNR-CV basis-set is required

HFAC24 competitive with B2PLYPD !

Constantin, Fabiano Della Sala, JPChem Lett.  16, 3378 (2025)



Fabio Della Sala, Adiabatic Connection Methods- FHI-AIMS Workshop 2026 19/22

HFAC24 for molecular crystals

High accuracy without 

error compensation on 

total energies

Fabiano, Sarcinella, Della Sala, Ribaldone, 

Constantin, Dona’, Civalleri, Maschio, 

JCTC  22, 5164 (2026)

Periodic MP2/CBS calculations 

with CRYSTAL23
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ACII for metallic bulk systems

We also tested ACII methods for metallic solids (Li,Na,K,Al,Cu,Ag,Au) 

ePC model:

Constantin, Naeem, Fabiano, Sarcinella, Della Sala, Phys. Rev. B 113, 085121 (2006)

Della Sala, Sarcinella, Constantin, Dona’, Fabiano, Maschio, Civalleri, JCPL 2026 in press

These systems are quite challenging: we used HF ground-state with  

pseudopotentials (using CRYSTAL23) and a meta-GGA strong interaction 

functional with the correct Wigner limit (ePC). 

Results are comparable to PBE and R2SCAN without any error cancellation !
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ACM methods in FHI-AIMS

HFAC24| hPC | PC Tto compute W,W’

Tto compute HF and MP3

Tto compute W3/4

3) Run the script 

acmxc.py -f HFAC24|ISI|revISI|genISI2

2) Run FHI-aims and save the output in aims.out

1)

NEW: Silicon lattice constant (periodic MP2)

HF   5.511 (5.512paw)

MP2  5.437 (5.415paw)

HFAC24  5.425

REF      5.416
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Conclusion

Thanks & Collaborators

Lucian A. Constantin (Lecce)

Fulvio Sarcinella (Lecce)

Eduardo Fabiano (Lecce)

Szymon Śmiga (Torun, Poland)

B. Civalleri, L. Dona’, L. Maschio (Torino)

In the last 3 years we made several progresses in the development of 

Adiabatic Connection Integrand Interpolation methods.

Functionals like HFAC24 or genDPI-ePC are now competitive with 

state-of-art DFT functionals, and without any error cancellation.

Note that these functionals are non-empirical, i.e. do not include any 

parameters from real molecular systems, but we considered only 

atoms and in the strong interaction regime. 

PRIN project
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