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Time evolution of the squeezing parameters of the full-
modes pyrazine model

Figure S1 to S4 plot the time evolution of each squeezing parameter, in which the multiplic-
ities used are M = 128/192 for the QVC model, and M = 48/64 for the LVC model. For
the QVC model, the indices are the same as the Table 1 in ref 1. For the LVC model, the
former four indices correspond to the vibrational modes of the system and are the same as
the Table 1 in ref 2. Other twenty modes correspond to the bath oscillators whose indices
are the same as the Table 2 in ref 2. Corresponding vibrational modes of the indices are

also shown in Table S1.
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Figure S1: Time evolution of the squeezing parameters for the full-modes QVC model,
using the multi-S, ansatz with M = 128. The bilinear parameter bg; 195 is adjusted to the
CASSCEF value. The upper row is the real part and the lower row is the imaginary part of
the parameters.
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Figure S2: Time evolution of the squeezing parameters for the full-modes QVC model,
using the multi-So ansatz with M = 192. The bilinear parameter big 195 is adjusted to the
CASSCEF value. The upper row is the real part and the lower row is the imaginary part of
the parameters.
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Figure S3: Time evolution of the squeezing parameters for the full-modes LVC model, using
the multi-S, ansatz with M = 48. The upper row is the real part and the lower row is the
imaginary part of the parameters.
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Figure S4: Time evolution of the squeezing parameters for the full-modes LVC model, using
the multi-Sy ansatz with M = 64. The upper row is the real part and the lower row is the
imaginary part of the parameters.

Table S1: Corresponding vibrational modes of the indices in Figure 3 and Figure S1-5S4.

1 2 3 4 5 6 7 8 9 10 11 12
QVC 1, Vi Voa Vga Vo Vioa V4 Vs Vgb V3 Vgy Urp
LVC 1ige Vea Vi Voa bath oscillators

13 14 15 16 17 18 19 20 21 22 23 24
QVC viea Vita Vi2 Visa Viea Vi3 Visy V4 Viey Yao Ve Vil

LVC bath oscillators




Equations of motion of multi-S, ansatz

The general vibronic coupling Hamiltonian can be written as following:

H:ﬁe+ﬁvib+]:—]1+ﬁ2

= Z €mn|m)(n| + qub:;bq + Z Kimng|m) (1] (b; + by) (1)

m,n m,n,q

+ Z anpq|m> (n (b;; + bp) (b}; + bq)

m,n,p,q

Herein, some of the symbols which are different in the manuscript are combined for conve-
nience. The first term represents diabatic electronic states with energies €,, and couplings
€mn (M # n). bl (by) is the creation (annihilation) operator of the gth vibrational mode
with a frequency of w,. The third and last terms are truncations of the vibronic couplings
in a Taylor series, leading to the linear vibronic couplings and quadratic/bilinear vibronic
couplings, respectively.

The multi-So ansatz reads
[S2) = ) in|n) S Di[0)

’ (2)
= Z Qin|n) exp (% Z Cquf _ Cqb2> exp (Z @qbg — @qbq) 10) p

where D; is the displacement operator which can act on the creation and annihilation oper-
ators and yield

Dib,D; = by + Biq (3)
Dbl D; = b} + By, (4)

and S is the squeezing operator having the properties as

StbyS = by cosh |¢,| + bjzewq sinh |, (5)



STb1S = bl cosh |¢| + bye ™ sinh || (6)

with ¢, = |¢,|e".

Then we obtain the Lagrangian written as (h = 1):
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The final term in the eq 7 is the energy of the system with £ = E, + Ey, + £ + E> and

calculated as
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where I, = cosh |¢,| + €? sinh |(,|. Then the equations of motion for the parameter « is
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For the parameter [, it reads
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Finally, for the variational paratmer (, the differential equation is

where
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Expressions of the calculated observables

Observables of interest in simulations are diabatic population, spectrum intensity and auto-

correlation function. The first physical quantity is written as
P,(t) = (Sa|n)(n]S) = Zamam i (26)

The spectrum intensity can be calculated by the Fourier transformation of the autocor-

relation function as following

_ / Clt)e“dt (27)

with

C(t) = (52(0)]5:(t)) (28)
= (55(t/2)]52(t/2)) (29)

C(t) is called the autocorrelation function which is the overlap between the initial and final
state, leading to eq 28. Ignoring the initial random noise, we assume the system is factorized
and propagated from the nth electronic state. Then the variational parameters are initially

equal to zero except oy, (t = 0) = 1 and the autocorrelation function can be simplified as

2

Z Qlin Hexp ( 1Bl %e’wq tanh |§q|) \/sech || (30)

A more useful way is to calculate the C(t) with the wavefunction at time ¢/2, namely

eq 29.% Tt allows to obtain a more accurate result than eq 28. With B;, = S, cosh |(,| +
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Bigsinh |( e and Z, = tanh |(,|e? /2, we have

(2u)!1 22 [(Big = Byy) — 27 (Big — Bjg) "™
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Jyi,n q u,v
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_ 2
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where v and v are indices of the Taylor series. In practical calculations, we restrict them

with u, v < 4.
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