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FIG. S1. Potential energy curves of Ge, for (a) Q =0, (b) Q=07,(c) Q=1,(d) Q=

2, and (e) Q = 3 and 4 states. In all cases, the ground state is shown for comparison.



Table SI The raw data of PECs of the A-S states.
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Table SII The raw data of PECs of the Q states.
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Table SIII R-dependent transition dipole moments of the selected € transitions for

3¢ + 3¢ - 3¢ - 3¢ -
ngjl —X32g_1’ F Zuo_ -X g1’ 1,_1321:1 _x3 g_l’ HY ; -X Zg0+’
H’® — -X% 7, H: ~ -X° 7
u0 90 ", and u0 .

R RS S F3zu0+_ -X2 5 H, - X°2 H3: - X3zgo‘+ H32u0‘+ - X3zgo‘+ H3Eu0'+ .
2.1 0 0.9967 0.9936 0.9873 0.9989 0.1945
215 0 0.9964 0.9936 0.9916 0.9991 0.21635
2.2 0 0.9962 0.9965 0.9918 0.9994 0.25888
225 0 0.9958 0.9982 0.9902 0.9996 0.33831
2.3 0 0.9954 0.9988 0.9878 0.9997 0.46394
235 0 0.9951 0.999 0.9959 0.9997 0.62479
2.4 0 0.9946 0.9992 0.9954 0.9996 0.75697
245 0 0.9941 0.999 0.9949 0.9995 0.80449
2.5 0 0.9934 0.9988 0.9943 0.9993 0.81214
2.55  0.0076 0.993 0.9854 0.9939 0.9949 0.80436
2.6 0.0116 0.9922 0.9796 0.9932 0.9935 0.79296
265  0.0174 0.9913 0.9714 0.9924 0.9917 0.75744
2.7 0.0266 0.9902 0.9588 0.9914 0.9895 0.74036
275  0.0398 0.9888 0.9406 0.9902 0.9863 0.72682
2.8 0.0574 0.9873 0.9158 0.9887 0.9819 0.71449
2.85  0.076 0.9854 0.8858 0.987 0.9753 0.70123
2.9 0.0888 0.983 0.854 0.9849 0.9647 0.68655
295  0.0882 0.9802 0.8206 0.9824 0.9463 0.67032
3 0.0708 0.9768 0.775 0.9793 0.911 0.65252
3.05  0.0394 0.9726 0.6876 0.9755 0.8359 0.63311
3.1 0.0076 0.9671 0.5326 0.9707 0.6739 0.61211
315  0.0044 0.9602 0.3558 0.9647 0.4185 0.58951
3.2 0.0644 0.9514 0.2316 0.957 0.2128 0.56535
325  0.2104 0.9398 0.1564 0.947 0.1108 0.5322
3.3 0.3784 0.9246 0.106 0.9338 0.0643 0.50575
335  0.4194 0.9042 0.0692 0.9162 0.041 0.47831
3.4 0.3148 0.877 0.0414 0.8926 0.0282 0.45005
345  0.1892 0.8406 0.0234 0.8607 0.0204 0.42114
3.5 0.1144 0.7928 0.0142 0.8179 0.0154 0.39177
3.6 0.0552 0.6592 0.0066 0.6923 0.0096 0.33253
3.7 0.0364 0.4962 0.0038 0.5258 0.0064 0.27461
3.8 0.0312 0.3552 0.0024 0.3712 0.0044 0.22059
3.9 0.04 0.2606 0.0014 0.2641 0 0.17279
4 0.086 0.204 4E-4 0.1992 0 0.13263




Fs+ _x3s- Fr ¥ -X5
Table SIV Franck-Condon factors of the ul 91, u0 ,
- X5, H3 - X32g0‘+ | H3zu0‘+ - X3Zg0'+ o H32u0'+ -X5
transitions.
v'=0 1 2 3 4 5 6 7 8 9
Frh-x°5
V=0  0.05832 0.15901 022372 021183  0.15639  0.09726  0.05226  0.02450  0.01027  0.00402
1 0.13177 0.18082  0.07188  0.00011  0.04596  0.11910  0.14559  0.12382  0.08410  0.04914
2 0.15475 0.07922  0.00180  0.08318  0.09827  0.02726  0.00166  0.04520  0.09761  0.11795
3 0.14465 0.01411  0.05134  0.08475  0.07093  0.02727  0.08010  0.05756  0.00954  0.00454
4 0.12184 0.00027  0.08147  0.02289  0.07093  0.07318  0.02543  0.00279  0.04634  0.06793
5 0.09575 0.01280  0.06784  0.00010  0.06149  0.03045  0.00499  0.05412  0.04404  0.00346
6 007315 0.03085  0.03818  0.01761  0.05559  0.00008  0.04522  0.03893  0.00010  0.02873
7 0.05475 0.04454  0.01386  0.04050  0.02406  0.01687  0.04921  0.00192  0.02717  0.04464
g 0.04061 0.05156  0.00192  0.04937  0.00280  0.04123  0.01937  0.01161  0.04493  0.00893
9 0.02994 0.05273  0.00035  0.04370  0.00161  0.04468  0.00059  0.03658  0.02123  0.00376
F3Zu0+_ -X°%,
V=0  0.03873 0.12282 020036  0.21642  0.17740  0.11895  0.06750  0.03324  0.01470  0.00608
1 0.09983 0.17291  0.10355  0.00982  0.01817  0.09006  0.13885  0.13511  0.10080  0.06341
2 0.13478 0.10539  0.00254  0.04943  0.10214  0.05285  0.00171  0.02149  0.07596  0.11157
3 0.13888 0.03460  0.02365  0.08832  0.02646  0.00716  0.06514  0.07302  0.02570  1.5x10°
4 0.12582 0.00283  0.06438  0.04446  0.00383  0.06353  0.04592  0.00060  0.02747  0.06599
5 0.10477 0.00282  0.07144  0.00461  0.04227  0.04851  0.00007  0.03808  0.05532  0.01418
6  0.08325 0.01663  0.05217  0.00395  0.05802  0.00711  0.02666  0.05014  0.00604  0.01423
7 0.06410 0.03143  0.02724  0.02323  0.03865  0.00348  0.04927  0.01219  0.01192  0.04604
g 0.04849 0.04161  0.00935  0.03898  0.01313  0.02455  0.03313  0.00140  0.04009  0.02127
9  0.03632 0.04615  0.00117  0.04259  0.00075  0.03874  0.00843  0.02089  0.03275  0.00005
HS - X%,
V=0 1.51x10710  3.82x10°  5.02x10°  4.29x107  2.72x106  1.36x10°  5.47x105  1.84x10%4 537x10*  1.39x103
1 241x10°  5.62x10%  6.76x107  528x106  3.02x10°  1.35x10%*  4.85x10*  1.44x10%  3.64x103  8.10x10°3
2 1.80x10%  3.89x107  4.30x10°  3.06x10°  1.59x104  6.38x10* 2.03x103  528x103  1.15x102  2.17x10?
3 7.74x10%  1.55x106 1.59x10°  1.04x104  4.89x10*  1.77x103  5.01x10°  1.14x102  2.14x102  3.37x102
H3%, - X32g0"+
V=0  231x1010  583x10°  7.30x10%  3.71x10°  1.79x10°  7.02x10°  231x104  6.60x10*  1.68x103  3.71x10°




1
3
: 2.63X10
-9
3 1.68X10
-8
.14x10
-7

H3z
uo‘ L -X
5-

gl

v/
=0
1
.17x10
-10

1

) 2.13x1

3 1.93X10-9

4 ;JOXlzg
.97X10j

H%

u0_+ - X3

X
got

V’
=0
1
79%10
-10

1
3
2 222X10
-9
3 1.88><10
-8
.63x10
-7

4
6
A41x10
-7

8 44x10-
8
5.;5X1()

2
.26x10
-6

2

4.12X10'8

229><10’7
.20x10°¢

7
.34x10-6

4
7:28X10‘9
6.25><10’g
320X10'7
.22x10¢

1
17x10
-5

9
6.66X10
-7
.04x10
-6

2
.19x10
-5

3

4.60X1(}7

225X10’6
.24x10°

6
.86x10-

5

6.5 "

3 4x10°6
11x10°

1
.03x10
-4

4
20 | -5
. 8><10_4

6
2810
-4

3

3.31X10-6

143X10'5
A45%104

4
.0
6x10

4

4.54X10'6

190X10‘5
.94x104

5
.84x10
-4

1.
75)( 0

2
.18x10
3

2

l'79X10'5

683X10'4
.80x104

1
71x10
-3

3

3:2><10'6
2.22X10'5
8 7x104
74x104

2
.36x10
3

6

2.07><10

4 4
8x10-3

5
.96x10
3

1

1.;ZXIO-5

247X10'4
43x1073

5
44x10
3

1
1:4618><10'5
&83X104
300X10'4
.01x1073

7
.19%10
3

1.
75)( 0 3

1
31x10
-2

4
4;6X106
2.26><10‘4
673X10‘3
.78x1073

1
33x102

5
5:j7><10'5
2.71X10'4
802X10'3
.09x10-3

1
.68x10
2

4
3
134X10'3
.33x10
2

2
.38x10
-2

1
1.z6X10'4
5.76X10_3
159><10’3
.52x1072

2
.55%102

1
1:26X10‘4
6.87><10’3
175X10'3
75%1072

3
.08x10
2

945>< “3
Z43>< 02

3
.63x10
-2

4

1.29X10’3

277X10’2
79%102

3
.89x1072

5

4:TSXIO’4
1.47X10’3
: 6x1072
11x1072

4
A48x10
2

4

.0

204><1()'5
.08x10

6
2810
-4

1

2.36X10-3

428X10'2
.28x1072

4
i
2x102

1
9:4117X10'3
2.68X10'3
457><10'2
.59x1072

5
15x%10
2




