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Collagen Matrix dressing

after 3 weeks’ treatment with the collagen matrix wound dressing (b)

Fig 2. Patient 5, showqg the DFU of 2 months’ duration at study start (a) and

Fig 3. Patient 6 presented with a wound containing about 30% slough at the
start of treatment (a); this devitalised tissue may account for the modest

decrease in wound area (b) 1

'Haycocks, S. et al, " Collagen matrix wound dressings and the treatment of
DFUs", Journal of wound care, 22 7, 369-70, 372-5, (2013).



Hamiltonian Matrix dressing

We try to solve : A |V) = E |V)
e Wave function in FCl space : |V) = Z,’-VFC' ci|i)
Project on (i| : (i| H|W) = E (i|w)

Rewrite : ZJ’-VFC' iy = 55 = U
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e Wave function in FCl space : |V) = Z,’-VFC' ci|i)
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Cl equation projected on (i|
Neci

(Hi — E)ci + Z Hijc; =0
J#i



Dressed Cl Hamiltonian

e There are too many determinants, so we don't solve exactly
the problem

e We choose Nget |i)'s on which we project : internal space

e All other determinants (astronomical number) |a) : external
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Dressed Cl Hamiltonian

e There are too many determinants, so we don't solve exactly
the problem

e We choose Nget |i)'s on which we project : internal space

e All other determinants (astronomical number) |a) : external

space

Cl equation projected on (i|
Ndet

(Hii — E) ci + Z Hijc; + Z Hiaca =0
J#i a



Dressed Cl Hamiltonian

Diagonal dressing

Net

1
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Dressed Cl Hamiltonian

Diagonal dressing
Ndet

(F/,‘,’*E) G + Z /:/,JCJ =0
J#i
If the c,'s are the FCl coefficients, diagonalizing H gives

e the FCl energy

e the projection of the FCI eigenstate on the |/)'s



Dressed Cl Hamiltonian

Diagonal dressing
Ndet

(F/,‘,’*E) G + Z /:/,JCJ =0
J#i
If the c,'s are the FCl coefficients, diagonalizing H gives

e the FCl energy

e the projection of the FCI eigenstate on the |/)'s

Two questions

1. How do | choose the set of |i)'s ?

2. How do | guess the coefficients ¢, ?
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CIPSI dressed by perturbation

Two questions

1. How do | choose the set of |i)'s 7
Selected by CIPSI?

2. How do | guess the coefficients ¢, 7
Obtained by perturbation theory

A

al HV)

"t

and iterative dressing.

Bonus question

e How do | make it fast?
Acceleration using a stochastic algorithm

%Y. Garniron et al, J. Chem. Phys. 149, 064103 (2018). 7
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CIPSI

e Very old idea3
e Start with an internal space

e For each determinant |«), get a perturbative estimate of its
contribution to the correlation energy:

_ (WA o) (o] AV)
“ E — Haa

o If |ey| is large enough, |a) enters in the internal space (|a))
e Diagonalize H in the new internal space

e |terate

3B. Huron, J. P. Malrieu, and P. Rancurel, J. Chem. Phys. 58, 5745 (1973).


https://aip.scitation.org/doi/10.1063/1.1679199

Randomized PT2

ldea*

e Avoid the exploration of all |a)'s

e Converge within a given statistical error

Properties
e Converges to the exact result in finite time
e Scales as ~ 1/£3

e Massively parallel

e Enables a randomized CIPSI implementation®

*Y. Garniron et al, J. Chem. Phys. 147, 034101 (2017).
®Y. Garniron et al, J. Chem. Theory Comput. 156, 3591 (2019).


https://aip.scitation.org/doi/10.1063/1.4992127
https://pubs.acs.org/doi/10.1021/acs.jctc.9b00176

Randomized PT2

Pack the |a)'s in groups associated with |i)’s

D A

A

Nyet Niet
EPTZ_ZZ \U‘HE‘OZ :‘ H‘\U> :Zfl
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Stochastic dressing

Stochastically dressed matrix elements:

~ 1
Hii = Hii + EZ Hiaca

Ndet

- Hu + — Z Z Hlaca

J a€A;
Ndet Ndet N

—Hu+ 251—H11+ Zjij

1/6;
— Hy+ L <>
Pi/
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Charge delocalization in CuCl,
Two dominant configurations in FCl
1. =Cl— Cu?t —CI-
2. Cl—Cut —Cl+— Cl— Cut — CI-

The two configurations differ by a single excitation = Very slow
convergence of the wave function with CIPSI.®

®Caffarel et al, J. Chem. Theory Comput. 10, 12, 5286 (2014).
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E — Epcr (a.u.)
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—e— CI-PT2

0.000}-
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Multi-reference coupled cluster

Two questions
1. How do | choose the set of |i)'s 7
CAS + Singles and Doubles

2. How do | guess the coefficients ¢, 7
Coupled Cluster Ansatz, and iterative dressing.

Protocol’
e Guess the amplitudes of the single and double excitations
from the CAS-SD wave function
e Use these amplitudes to build Wyrcc
e ¢, = (a|VmRrce)
e Diagonalize H and iterate.

"E. Giner et al, J. Chem. Phys. 144, 064101 (2016).
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Amplitudes

Weasso = Veas + Y, Gili)
iesD

Barsso = |1+ L T2+ 3 (77) (77) + 73 | vess
ijab

Least-squares fitting of the CAS-SD wave function®:

argmin |Wcas.sp — WCAS-SD’
t2 tab
[EaeT]

8Y. Garniron et al, J. Chem. Phys. 146, 154107 (2017).
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Non-parallelism errors (NPE) and maximum errors with respect to the Full-Cl

potential energy surface (mEy,)

CAS-SD pu-MR-CCSD
NPE Max Error NPE Max Error
CoHe 5.1 35.5 35 8.3
F) 3.8 19.8 1.5 3.8
CoHy twist 1.5 27.7 0.5 6.5
BeH» 2.9 4.1 1.7 2.1
H,0 1.9 4.8 0.5 1.3
CoHy stretch 2.7 20.0 1.8 6.0
N, 1.7 9.0 0.3 2.3
Fa3%f(ms=1) 26 18.6 1.2 3.3
Fo3Xf(ms=0) 26 18.6 1.1 3.3

FH 2.6 14.6 1.8 4.0
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Explicitly correlated Full Cl




F12 scheme

Ansatz

W) = (1 +Q f12~§xy) W)

Conventional part (Full-Cl) : [Wge) = >, ci|i)
Explicitly correlated part : |F) = Q f12§Xy |Wecr)

fia(r2) = —Fe A2,

§Xy ensures that the cusp conditions are satisfied

Q =1 3, ]iXi| ensuring that (Wgq|F) =0

(W) = [WEar) + |F)

17



Explicitly correlated Full ClI

Two questions

1. How do | choose the set of |i)'s ?

2. How do | guess the coefficients ¢, 7
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Explicitly correlated Full ClI

Two questions

1. How do | choose the set of |i)'s ?
Full-Cl space

2. How do | guess the coefficients ¢, 7
la) =[F),ca=1

(W) = [WEar) + |F)

~ 1 A
Hii = Hji + —(i|H|F)
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Implementation

e (i|H|F) requires three-electron integrals.

e We have used an auxiliary basis for practical reasons

(i|A|F) = (ilHQ fi2S |VEci)
= > (I|AlaXal fi2Sy|Vra)

acCABS
= > (il Ale) (] i2Sey [VEar)
aeCABS

e |a)'s : Determinants excited in the complementary auxiliary
basis set

o ¢o = (a|fi2Sy |VEc)

19



Preliminary results

Helium atom

Method Basis Total energy (au)
FCI cc-pVDZ -2.887 595
cc-pVTZ -2.900232
cc-pVQZ -2.902411
o0 -2.903 724
CCSD-F12b  cc-pVDZ-F12 -2.902 251
cc-pVTZ-F12 -2.903 380
cc-pVQZ-F12 -2.903581
FCI-F12 cc-pVDZ-F12 -2.903 041
cc-pVTZ-F12 -2.903 000

cc-pVQZ-F12 -2.903 047
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Preliminary results

Lithium atom

Method Basis Total energy (au)
FCI cc-pVDZ -7.466 025
cc-pVTZ -7.474 251
cc-pVQZ -7.476373
00 -7.478 060
CCSD-F12b  cc-pVDZ-F12 -7.476 884
cc-pVTZ-F12 -7.477 461
cc-pVQZ-F12 -7.477718

FCI-F12 cc-pVDZ-F12 -7.479199
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