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Here we report equations and pseudocode for the Jacobian transformations and the transition

densities. For a concise notation, we define

R̄ab
ij = (1 + δijδab)R

ab
ij . (1)

Algorithms to calculate Jacobian transformations

The equations and the algorithm to compute the Jacobian transformation of a trial vector

R are reported in Algorithm 1. The transformed vector is denoted by ρ and the indices

are chosen such that the triples amplitudes have the indices a, b, c, i, j, k. The intermediates,

Z̃v
abid and Z̃o

ajil, are constructed outside the iterative loop as discussed in the Implementation

section of the paper.

The equations and the algorithm for the transpose Jacobian transformation are shown

in Algorithm 2 where σ denotes the transformed vector.
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Algorithm 1 CC3 Jacobian transformation algorithm.
while not converged do

Υkc ←
∑

d
l
(2gkcld − gkdlc)Rd

l

for i = 1, nO do
for j = 1, i do

for k = 1, j do
τabcijk ← −(εabcijk)−1P abc

ijk

(∑
d τ

ad
ij gbdck −

∑
l τ

ab
il gljck

)
τ̃abcijk ← 4τabcijk − 2τacbijk − 2τ cbaijk − 2τ bacijk + τ bcaijk + τ cabijk

for Permutations of i, j, k do
ρ̃abij +=

∑
c τ̃

abc
ijk Υkc

end for
end for

end for
end for

Υbdck ←
∑

eR
e
kgbdce −

∑
m

(
Rb
mgmdck +Rc

mgbdmk
)

Υljck ←
∑

e

(
Re
jgleck +Re

kgljce
)
−
∑

mR
c
mgljmk

for i = 1, nO do
for j = 1, i do

for k = 1, j do
Rabc
ijk ← (ω − εabcijk)−1P abc

ijk

(∑
d R̄

ad
ij gbdck −

∑
l R̄

ab
il gljck

+
∑

d τ
ad
ij Υbdck −

∑
l τ

ab
il Υljck

)
R̃abc
ijk ← 4Rabc

ijk − 2Racb
ijk − 2Rcba

ijk − 2Rbac
ijk +Rbca

ijk +Rcab
ijk

for Permutations of i, j, k do
ρai +=

∑
bc R̃

abc
ijkgjbkc

ρ̃abij +=
∑

c R̃
abc
ijkFkc

ρ̃abil −=
∑

c R̃
abc
ijkgjlkc

ρ̃adij +=
∑

bc R̃
abc
ijkgdbkc

end for
end for

end for
end for
ρ̃abil +=

∑
d Z̃

v
abidR

d
l

ρ̃adij −=
∑

l Z̃
o
ajilR

d
l

ρabij += 1
3(1+δai,bj)

P ab
ij (2ρ̃abij + ρ̃baij )

end while
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Algorithm 2 CC3 transpose Jacobian transformation algorithm.
while not converged do

for i = 1, nO do
for j = 1, i do

for k = 1, j do
τabcijk ← −(εabcijk)−1P abc

ijk

(∑
d τ

ad
ij gbdck −

∑
l τ

ab
il gljck

)
τ̃abcijk ← 4τabcijk − 2τacbijk − 2τ cbaijk − 2τ bacijk + τ bcaijk + τ cabijk

for Permutations of i, j, k do
Zai +=

∑
bc L

bc
jkτ̃

abc
ijk

end for
end for

end for
end for
for i = 1, nO do

for j = 1, i do
for k = 1, j do

Labcijk ← (ω − εabcijk)−1P abc
ijk

(
Lai gjbkc + Labij Fkc +

∑
d L

ad
jkgibdc −

∑
l L

ab
lkgiljc

)
L̃abcijk ← 4Labcijk − 2Lacbijk − 2Lcbaijk − 2Lbacijk + Lbcaijk + Lcabijk
for Permutations of i, j, k do

σadij +=
∑

bc L̃
abc
ijkgbdck

σabil −=
∑

c L̃
abc
ijkgljck

Y v
bcek +=

∑
a L̃

abc
ijkτ

ae
ij

Y o
cmjk +=

∑
ab L̃

abc
ijkτ

ab
im

end for
end for

end for
end for

σdl +=
∑

ai Zai(2giald − gidla) +
∑

ab
i
Labil Z̃

v
abid −

∑
a
ij
Ladij Z̃

o
ajil

σdl +=
∑

jkm Y
o
dmjkgmjlk −

∑
cmj Y

o
cmjlgmjcd −

∑
cmk Y

o
cmlkgmdck

σdl +=
∑

bec Y
v
bcelgbecd −

∑
bek Y

v
bdekglkbe −

∑
cek Y

v
dcekgleck

σabij ← P ab
ij σ

ab
ij

end while
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Algorithms to construct the transition densities

In the following the CC3 contributions to the transition densities Dm,0 and D̃
0,m

are sum-

marized. The CCSD terms can be found for example in Table II in Ref. 1.

Substituting Lµ in the equations forDm,0 with λµ results in the equations for the ground

state density, D0,0. In this section only the algorithm for D̃
0,m

is shown, the algorithm for

Dm,0 can be found in the main paper.
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Algorithm 3 Algorithm to compute the CC3 contribution to D̃
0,m

.
for i = 1, nO do

for j = 1, i do
for k = 1, j do

Rabc
ijk ← (ω − εabcijk)−1P abc

ijk

(∑
d R̄

ad
ij gbdck −

∑
l R̄

ab
il gljck

+
∑

d τ
ad
ij Υbdck −

∑
l τ

ab
il Υljck

)
λabcijk ← −(εabcijk)−1P abc

ijk

(
λai gjbkc + λabij Fkc +

∑
d λ

ad
jkgibdc −

∑
l λ

ab
lkgiljc

)
λ̃abcijk ← 4λabcijk − 2λacbijk − 2λcbaijk − 2λbacijk + λbcaijk + λcabijk
for Permutations of i, j, k do

D̃0,m
cd += 1

2

∑
ab λ̃

abc
ijkR

abd
ijk

D̃0,m
ck +=

∑
ab λ̃

abc
ijkR̄

ab
ij

Γ̃bcjk +=
∑

a λ̃
abc
ijkR

a
i

overlap += 1
1+δi,j+δj,k

∑
abc λ̃

abc
ijkR

abc
ijk

end for
end for

end for
end for

for a = 1, nV do
for b = 1, a do

for c = 1, b do
Rabc
ijk ← (ω − εabcijk)−1P abc

ijk

(∑
d R̄

ad
ij gbdck −

∑
l R̄

ab
il gljck

+
∑

d τ
ad
ij Υbdck −

∑
l τ

ab
il Υljck

)
λabcijk ← −(εabcijk)−1P abc

ijk

(
λai gjbkc + λabij Fkc +

∑
d λ

ad
jkgibdc −

∑
l λ

ab
lkgiljc

)
λ̃abcijk ← 4λabcijk − 2λacbijk − 2λcbaijk − 2λbacijk + λbcaijk + λcabijk
for Permutations of a, b, c do

D̃0,m
kl −= 1

2

∑
ij λ̃

abc
ijl R

abc
ijk

end for
end for

end for
end for
D̃0,m
pq +=

∑3
i=1Rµiλµi

(
2δpqδp,occ −D0,0

pq

)
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Algorithm 4 Contributions from precalculated intermediates to D̃
0,m

.

D̃0,m
lk +=

∑
a
i
Y o
alikR

a
i ≡ −

∑
abc
ij
λabcijkτ

bc
jl R

a
i

D̃0,m
cd +=

∑
a
i
Y v
acdiR

a
i ≡

∑
ab
ijk
λabcijkτ

bd
jkR

a
i

D̃0,m
ld += 1

2

∑
abc
ijk
λabcijkτ

abd
ijk R

c
l − 1

2

∑
abc
ijk
λabcijkτ

abc
ijl R

d
k

D̃0,m
ld += −

∑
ac
i
Y v
acdiR̄

ac
il −

∑
a
ik
Y o
alikR̄

ad
ik

Γbcjk = 1
3
(2Γ̃bcjk + Γ̃cbjk)

for i = 1, nO do
for j = 1, i do

for k = 1, j do
τabcijk ← −(εabcijk)−1P abc

ijk

(∑
d τ

ad
ij gbdck −

∑
l τ

ab
il gljck

)
τ̃abcijk ← 4τabcijk − 2τacbijk − 2τ cbaijk − 2τ bacijk + τ bcaijk + τ cabijk

for Permutations of i, j, k do
D̃0,m
ia +=

∑
bc
jk
τ̃abcijk Γbcjk

end for
end for

end for
end for

Geometries

Here we list the geometries of the molecules used in the calculations presented in the appli-

cation section of the paper.

Table 1: Geometry of acetamide in Ångstrom obtained from Ref. 2.

Atom x y z

O 0.000 000 1.229 439 0.000 000
N 1.158 967 −0.727 718 0.000 000
C −1.267 042 −0.831 610 0.000 000
C 0.000 000 0.000 000 0.000 000
H 1.173 209 −1.735 763 0.000 000
H 2.035 841 −0.226 201 0.000 000
H −2.121 189 −0.156 089 0.000 000
H −1.310 647 −1.472 742 0.885 504
H −1.310 647 −1.472 742 −0.885 504
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Table 2: Geometry of L-proline in Ångstrom obtained from Ref. 3.

Atom x y z

O 2.1617 −0.9509 −0.1119
O 1.5688 1.2164 −0.4953
N −0.7807 0.9314 0.7770
C 0.0834 −0.2476 0.7251
C −0.7235 −1.3171 −0.0031
C −1.9888 −0.6106 −0.4752
C −1.6499 0.8635 −0.3933
C 1.3289 0.1149 −0.0235
H 0.3625 −0.5522 1.7389
H −0.9873 −2.1429 0.6671
H −0.1919 −1.7411 −0.8624
H −2.2798 −0.9157 −1.4848
H −2.8187 −0.8485 0.2018
H −1.1204 1.1932 −1.2945
H −2.5424 1.4831 −0.2694
H −0.2509 1.8003 0.8023
H 2.9837 −0.7341 −0.6014

Table 3: Geometry of furan in Ångstrom. The geometry was optimized using B3LYP with
def2-TZVP basis set as implemented in Orca.4–7

Atom x y z

O 0.000 000 0.000 000 1.128 606
C 0.000 000 0.716 455 −0.983 624
C 0.000 000 −0.716 455 −0.983 624
C 0.000 000 1.094 306 0.318 066
C 0.000 000 −1.094 306 0.318 066
H 0.000 000 1.370 213 −1.839 429
H 0.000 000 −1.370 213 −1.839 429
H 0.000 000 2.048 735 0.813 913
H 0.000 000 −2.048 735 0.813 913
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