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I. MCTDH CALCULATION DETAILS

TABLE I. Computational details of the MCTDH calculations. N;, IN; are the number of primitive harmonic

oscillator DVR primitive functions used to describe each combined mode. n; are the number of single-

particle functions used for each electronic state, in the order | X;7), | X,1), |X), |CT).
Combined mode N;, N; ni,ng,n3, ng
Quz; O3z 45,11 16,16, 16, 16
Qay, @3y 45,11 16, 16, 16, 16
Q4Z>Q3Z 45, 11 16, 16, 16, 16
Q2a, Q2y 45,45 16, 16, 16, 16
Q1 25  6,6,6,

II. SIMULATED PHOTOELECTRON SPECTRUM

12 13 14Energy (eV)IS 16 17 12 13 IAEnergy (eV)IS 16 17

FIG. 1. Left: experimetal photoelectron spectrum of Reference 1. Right: photoelectron spectrum com-
puted via the Fourier transform of the wave packet autocorrelation function obtained following vertical
displacement of the ground vibronic eigenstate to the ]X’ ;r ) cation manifold and propagation using the

model vibronic coupling Hamiltonian used to simulate the ATAS.



III. NORMAL MODES

Given below are the ground state normal modes of CH4 used in the MCTDH calculation, given

in xyz format in units of A as computed at the BSLYP/TZVP level of theory.

TABLE II. 1

C 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000008
H 0.0000000 -0.8899253 -0.6292722 0.0000000 -0.4066333 -0.2875357
H -0.8899255 0.0000000 0.6292720 -0.4066375 0.0000000 0.2875409
H 0.0000000 0.8899253 -0.6292722 0.0000000 0.4066333 -0.2875357
H 0.8899255 0.0000000 0.6292720 0.4066375 0.0000000 0.2875409

TABLE I1I. Q2,

C 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
H 0.0000000 -0.8899253 -0.6292722 -0.4980267 0.0000000 0.0000000
H -0.8899255 0.0000000 0.6292720 0.0000000 -0.4980267 0.0000000
H 0.0000000 0.8899253 -0.6292722 0.4980267 0.0000000 0.0000000
H 0.8899255 0.0000000 0.6292720 0.0000000 0.4980267 0.0000000

TABLE IV. (2,

C 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
H 0.0000000 -0.8899253 -0.6292722 0.0000000 0.2875383 -0.4066354
H -0.8899255 0.0000000 0.6292720 0.2875383 0.0000000 0.4066354
H 0.0000000 0.8899253 -0.6292722 0.0000000 -0.2875383 -0.4066354
H 0.8899255 0.0000000 0.6292720 -0.2875383 0.0000000 0.4066354




TABLE V. Q3,

C 0.0000000
H 0.0000000
H -0.8899255
H 0.0000000
H 0.8899255

0.0000000 0.0000000 0.0000000 0.0000000 0.0877021
-0.8899253 -0.6292722 0.0000000 -0.3960532 -0.2612687
0.0000000 0.6292720 0.3960489 0.0000000 -0.2612657
0.8899253 -0.6292722 0.0000000 0.3960532 -0.2612687
0.0000000 0.6292720 -0.3960489 0.0000000 -0.2612657

TABLE VI. Q3

C 0.0000000
H 0.0000000
H -0.8899255
H 0.0000000
H 0.8899255

0.0000000 0.0000000 0.0000000 0.0877030 -0.0000000
-0.8899253 -0.6292722 0.0000000 -0.5413202 -0.3960465
0.0000000 0.6292720 -0.0000000 0.0187809 0.0000000
0.8899253 -0.6292722 0.0000000 -0.5413202 0.3960465
0.0000000 0.6292720 0.0000000 0.0187809 0.0000000

TABLE VIIL Qs

C 0.0000000
H 0.0000000
H -0.8899255
H 0.0000000
H 0.8899255

0.0000000 0.0000000 0.0877030 -0.0000000 0.0000000
-0.8899253 -0.6292722 0.0187809 -0.0000000 -0.0000000
0.0000000 0.6292720 -0.5413202 -0.0000000 0.3960465
0.8899253 -0.6292722 0.0187809 0.0000000 -0.0000000
0.0000000 0.6292720 -0.5413202 -0.0000000 -0.3960465

TABLE VIII. Q4

C 0.0000000
H 0.0000000
H -0.8899255
H 0.0000000
H 0.8899255

0.0000000 0.0000000 0.0000000 0.1150320 0.0000000
-0.8899253 -0.6292722 0.0000000 -0.1291739 0.3019520
0.0000000 0.6292720 0.0000000 -0.5562027 0.0000000
0.8899253 -0.6292722 0.0000000 -0.1291739 -0.3019520
0.0000000 0.6292720 0.0000000 -0.5562027 0.0000000




TABLE IX. Q4y

C 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.1150314
H 0.0000000 -0.8899253 -0.6292722 0.0000000 0.3019506 -0.3426913
H -0.8899255 0.0000000 0.6292720 -0.3019506 0.0000000 -0.3426913
H 0.0000000 0.8899253 -0.6292722 0.0000000 -0.3019506 -0.3426913
H 0.8899255 0.0000000 0.6292720 0.3019506 0.0000000 -0.3426913

TABLE X. Q.
C 0.0000000 0.0000000 0.0000000 -0.1150320 0.0000000 0.0000000

H 0.0000000 -0.8899253 -0.6292722 0.5562027 0.0000000 -0.0000000
H -0.8899255 0.0000000 0.6292720 0.1291739 0.0000000 0.3019520
H 0.0000000 0.8899253 -0.6292722 0.5562027 -0.0000000 -0.0000000
H 0.8899255 0.0000000 0.6292720 0.1291739 0.0000000 -0.3019520
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