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

densities. For a concise notation, we define

R;l]b = (1 + 6ij5ab)R?Jb' (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 p and the indices
are chosen such that the triples amplitudes have the indices a, b, ¢, 7, 7, k. The intermediates,

ZYyq and Z°

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 o denotes the transformed vector.
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Algorithm 1 CC3 Jacobian transformation algorithm.

while not converged do
The < chl@gkzczd — Graie) R}
fori =1, ny do
forj=1,ido
fork =1, jdo

abc abc abc ab
Tiik A _( z]k) ’L]k? (Zd gbdck - Zl Til glek)

z(;l;cc — 47.abc _ 27.acb _ 27_cba 27.bac + 7.bca, + 7.cab
for Permutations of ¢, 7, k do
Py += 20 Tk Te
end for
end for
end for

end for

Yoder < D0 RiGoace = D (RE Gimder + RS, Godmk)
Tijer < Do (RSGteck + Rigujce) — Do RinGujmi
fori =1, ny do
forj=1,ido
fork=1,jdo

abc abc\—1 pabe Dad pab
Rzgk (w - gzgk) szk (Zd Rij Gbdck — Zl Ril Gijck

+ 200 T Coder — 3, ﬁlejck>

Rebe « AR — 2RIY — 2R — 2RME + RUSe + R

for Permutations of ¢, j, k do
Pl =D e ~%b1§9jbkc
pm +=>". Rf]bﬁch
o —=> R“ Tk Yilke
ﬁgjd += Zbc ijk.gdbkc

end for

end for
end for

end for

o =22y abzde

ﬁfjd = > Zgu R

Py += mpab@ﬁ + %)
end while

cab
ijk




Algorithm 2 CC3 transpose Jacobian transformation algorithm.

while not converged do
fori =1, ny do
forj=1,ido
fork =1, jdo
ot o —(e00) P g T Gtk — X T8 e )

Zc;l;cc — 47_abc 27.acb o 27_cba o 27_bac bca + Tcab

for Permutations of 7, j, k do
Zai += Yo LY
end for
end for
end for
end for

fori =1, ny do

forj=1,1ido
fork =1, jdo
Liji  (w —efff) T Pl (L"gjbkc + LY Fre + 34 L§igiac — 3 Liy giljc>
Lebe < ALgbe — 2L9¢h — 2Lche — 2Lbac + [hoo + Lo

for Permutations of ¢, j, k do

Uf}d += 30 LS Gback
= 2 Lijiguen
b

Y;wek += Z L?]lgTZe
Ym]k += Zab L?]bkcz ab

end for

end for
end for

end for

off += 3" 0 Zai(2Giatd — idia) + ZabL abid Z“ Lad ajil
Uld += ijm Yd(;njkgmjlk - Zcmj chjlng'Cd Zcmk cmikJmdek
Uld += Zbec Yiee1Ibecd — Zbek YoaerYikve — Zcek Ytk Gieck

ab ab ~ab

end while




Algorithms to construct the transition densities

In the following the CC3 contributions to the transition densities D™° and D*™ are sum-
marized. The CCSD terms can be found for example in Table IT in Ref. 1.

Substituting L, in the equations for D™ with A ., results in the equations for the ground
state density, D®°. In this section only the algorithm for D™ is shown, the algorithm for

D™ can be found in the main paper.



Algorithm 3 Algorithm to compute the CC3 contribution to D"

fori =1, ny do

forj=1,ido
fork =1, jdo
Rile = (w0 — e) P (0 R ghaon — X2 Rip g

+> Ti‘}ddeck -> Tﬁlejck>
AJbe «— —(edbe) 1 pake (X-l Givke T A Fre + >4 MNitgivae — 2 A?}?Qiljc)

ijk zjk )
A — ANgbe — 2\ach — 2)cba — p\bae 4 \bea - eab
for Permutations of 7, 7, k do
0, 1 b ppabd
Dcdm += Zab )\gjls ’?jk’
0
P 3 AR
Fbcﬂc += Z )\;l]b]g
be pab
overlap += 5 Y AR
end for
end for
end for
end for
for a = 1, ny do
for b=1, ado
forc =1,b do
Rabc ( _ abc) lpabc Z Rad _ Z Rab )
ijk z]k: ijk d Vg Gbdck 1 11 Gljck

+ 3 a T Coder — Tﬁlejck>
Abe «— —(edbe) =1 pake ()\qgjbkc + A Fre + 37 Nitbgibae — 2y MY giljc)

ijk )
A < ANgbe — 2\aeh — 2xeba — g\bae 4 \bea - eab
for Permutations of a, b, c do
Dy —= 5 34 MyFR{E
end for
end for
end for

end for
Dgizm += Z?=1 Ry, (2519451%000 - Dg’qo)




. . . . . 0,
Algorithm 4 Contributions from precalculated intermediates to D "

nO0,m | o a — abe-bec pa

Dy += Z‘; Yot = — Zaz,l;,c /\ijijl R;

n0,m _ A a — abc -bd Da

D, += Z‘; YR = Z;ﬁ )‘ijijk R;

nom | 1 abc ~abd Rc 1 abe ~abe A
D" +=3 Z?}’,ﬁ >‘ijk:7-ijk; Rj — 35 Z%’,ﬁ )‘z‘jsz’jl Ry

D" += = Yae Yoy R — Y0 Yty R

acdi™ il
Lo .
Locje = 5(200eji + Levjie)
fori =1, ny do
forj=1,1ido
for k =1, jdo
abc abc\—1 pabe ad ab
Tijk < _(gijk) Pz’jk <Zd Tij Gbdek — > T gljck>
~abc abc ach cba bac bca cab
Tijk < 4Tijk - QTijk - 27'¢jk - QTijk + Tk T Tijk
for Permutations of 7, j, k do
2 07m — jad b
Diy” += Zgg Tz%kcrbcjk
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 Angstrom obtained from Ref. 2.

Atom X y z
O 0.000 000 1.229439 0.000 000
N 1.158967 —0.727718 0.000 000
C —1.267042 —0.831610 0.000 000
C 0.000 000 0.000 000 0.000 000
H 1.173209 —1.735763 0.000 000
H 2.035841 —0.226 201 0.000 000
H —2.121189 —0.156089 0.000 000
H —1.310647 —1.472742 0.885 504
H —1.310647 —1.472742 —0.885504




Table 2: Geometry of L-proline in Angstrom obtained from Ref. 3.

Atom X y z
@) 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 29837 —0.7341 —0.6014

Table 3: Geometry of furan in Angstrom. The geometry was optimized using B3LYP with
def2-TZVP basis set as implemented in Orca.* "

Atom X y Z
O 0.000 000 0.000 000 1.128 606
C 0.000 000 0.716455 —0.983624
C 0.000000 —0.716455 —0.983624
C 0.000 000 1.094 306 0.318 066
C 0.000000 —1.094 306 0.318 066
H 0.000 000 1.370213 —1.839429
H 0.000000 —1.370213 —1.839429
H 0.000 000 2.048735 0.813913
H 0.000000 —2.048735 0.813913
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