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Extended DataFig.4 |Measured chargeyields. Experimental measured charge yields fromiridium to thoriumisotopes.
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Extended DataFig. 5| Calculated shell effects the the fragments. *°Kr shell
effects at the Fermilevel for neutrons (a) and protons (b). The white dots trace

protons (f). The white dots trace the light prefragment of *°Pb before scission.
198pd shell effects at the Fermi level for neutrons (g) and protons (h). The white

dotstrace the heavy prefragment of °Pb before scission.

thelight prefragment of 7*Pt before scission. **Mo shell effects at the Fermilevel

for neutrons (c) and protons (d). The white dots trace the heavy prefragment of
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Extended DataFig. 6 | Asymmetric fission map using RMS of the charge
distribution. Experimental asymmetry using the RMS of the charge distribution
asmetriclistedin Extended Data Tables1and 2.



Extended Data Table 1] List of studied nuclei from Ir to Bi isotopes, with the percentage of Coulomb-induced fission events,
the asymmetry parameter value from equation (1) for the experimental data Aexp and for GEF A g, the asymmetry parameter

value from the Gaussian-fit method A4 , ... the standard deviation o, of the experimental charge distribution, and the light

charge corresponding to the highest yield from GEF calculation ZF5F
Nucleus Coulex Acap AceF Agauss oz ZGEE
ratio (%)

12Ty 44.7 0.27(12) 0.30 0.89 7.4 35
173y 36.9 0.00(8) 0.27 0.99 6.3 36
1741y 33.9 0.00(6) 0.42 0.67 6.8 36
1751y 20.9 0.08(10) 0.22 0.51 6.6 36
174py¢ 69.9 0.39(11) 0.40 2.77 8.1 36
175py 60.4 0.13(6) 0.43 1.01 7.2 36
176p¢ 43.3 0.15(5) 0.37 1.22 6.7 36
177pt 36.3 0.29(6) 0.38 1.41 7.0 36
178py 47.5 0.05(16) 0.35 0.84 7.0 36
176 Au 76.3 0.33(17) 0.49 1.50 7.2 36
177 Au 75.4 0.36(6) 0.43 1.23 6.9 36
178 Au 69.4 0.33(4) 0.43 1.46 7.2 36
179 Au 56.8 0.23(5) 0.37 1.42 7.2 36
180 Ay 45.8 0.23(4) 0.36 1.24 6.8 36
1BlAYy 35.5 0.00(6) 0.30 0.88 6.4 36
182Ay 28.7 0.09(9) 0.28 1.24 7.6 36
19Hg 78.3 0.77(8) 0.40 5.06 9.8 36
180Hg 83.3 0.56(7) 0.35 1.77 7.9 36
181Hg 73.9 0.50(4) 0.43 1.86 8.0 36
182Hg 68.0 0.44(2) 0.33 1.57 7.9 36
183Hg 58.5 0.34(2) 0.39 1.36 7.6 36
184Hg 47.9 0.28(3) 0.26 1.36 7.3 36
185Hg 37.2 0.12(4) 0.26 1.06 6.9 36
186 g 29.0 0.32(6) 0.16 1.15 7.4 36
18371 79.2 0.64(7) 0.28 4.59 8.3 36
184] 80.6 0.37(3) 0.32 1.55 7.4 36
185 77.0 0.31(2) 0.30 1.43 7.5 36
186T] 71.4 0.25(2) 0.29 1.31 7.3 36
18771 57.1 0.12(2) 0.24 1.11 7.0 36
18871 46.1 0.06(2) 0.25 1.01 7.0 36
186py, 76.2 0.25(14) 0.12 1.35 7.7 36
187pp 84.1 0.16(5) 0.15 1.24 7.4 36
188p, 82.4 0.17(2) 0.12 1.19 7.7 36
189pp 79.6 0.10(1) 0.18 1.03 7.3 36
190pp 72.2 0.00(1) 0.16 0.94 7.2 38
191py 61.4 0.00(2) 0.18 0.82 6.8 38
192py, 51.2 0.00(3) 0.13 0.81 6.9 38
193pp 32.4 0.00(9) 0.09 0.82 6.6 38
194py 32.0 0.00(9) 0.07 0.80 6.9 38
189B; 78.5 0.00(14) 0 0.74 6.7 41
190B; 86.6 0.00(6) 0 0.77 6.3 41
191B; 83.4 0.00(3) 0 0.68 6.3 37
192Bj 82.7 0.00(1) 0.04 0.67 6.1 38
193Bj 78.1 0.00(1) 0.06 0.63 5.9 38
194Bj 70.8 0.00(1) 0.06 0.72 6.0 38
195Bj 59.7 0.00(2) 0.06 0.71 5.8 38
196B; 48.3 0.00(4) 0.05 0.76 5.9 38

197Bj 51.3 0.00(10) 0.04 0.60 6.0 39
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Extended Data Table 2 | List of studied nuclei from Po to Th isotopes, with the percentage of Coulomb-induced fission
events, the asymmetry parameter value from equation (1) for the experimental data Aexp and for GEF A 5, the asymmetry
parameter value from the Gaussian-fit method .4 the standard deviation o, of the experimental charge distribution, and

auss’
the light charge corresponding to the highest yiefd from GEF calculation Z°5F

Nucleus Coulex Aczp AcEeF Agauss oz ZGEF
ratio (%)
92pg 79.6 0.07(22) 0 0.97 6.1 42
193pg 83.9 0.04(9) 0 0.82 6.2 42
194pg 85.6 0.00(3) 0 0.49 6.0 42
195pg 84.1 0.00(2) 0 0.50 5.8 42
196pg 80.7 0.00(2) 0 0.47 5.6 42
197pg 74.2 0.00(2) 0 0.86 5.7 42
198pg 63.4 0.00(3) 0 0.82 5.7 42
199pg 52.8 0.05(8) 0 0.86 6.2 42
200pg 57.3 0.00(2) 0 0.97 5.5 42
201pg 70.4 0.00(1) 0 0.88 5.4 42
196 At 85.6 0.22(15) 0 0.23 6.0 42
197 At 81.3 0.00(6) 0 1.00 5.2 42
198 At 85.9 0.00(2) 0 0.95 5.3 42
199 At 84.5 0.00(1) 0 0.66 5.3 42
200 A, 79.2 0.00(1) 0 0.78 5.4 42
201A¢, 68.6 0.00(1) 0 0.85 5.5 42
2024, 56.4 0.00(3) 0 0.73 5.4 42
2037t 45.7 0.00(6) 0 0.62 5.6 42
200Rn 88.5 0.00(12) 0 0.43 5.5 42
201Rn 87.7 0.00(3) 0 0.45 5.3 42
202Rn 85.4 0.00(1) 0 0.93 5.3 42
203Rn 79.9 0.00(1) 0 0.99 5.3 42
204Rn 68.0 0.00(2) 0 0.92 5.3 42
205Rn 57.7 0.00(3) 0 0.71 5.3 42
206Rn 45.4 0.08(9) 0 1.00 5.3 42
203Fy 93.0 0.14(14) 0 0.99 5.7 43
204y 86.1 0.00(5) 0 0.90 5.4 43
205Fy 84.5 0.00(3) 0 0.89 5.2 43
206y 78.3 0.00(3) 0 0.80 5.3 43
207Fy 68.3 0.00(3) 0 0.95 5.4 43
208y 59.7 0.00(6) 0 0.45 5.4 43
209Fy 50.3 0.00(6) 0 0.55 5.4 43
210Fy 44.1 0.00(8) 0 0.16 5.9 43
2y 32.6 0.00(14) 0 0.22 5.9 43
209Ra 7.7 0.00(9) 0 0.52 5.1 44
210Ra 75.0 0.00(3) 0 0.93 5.2 44
211Ra 64.7 0.00(2) 0 0.83 5.2 44
212Ra 57.1 0.00(2) 0 0.97 5.2 44
213Ra 57.1 0.00(3) 0 0.17 5.4 44
214Ra 48.5 0.00(9) 0 1.00 5.4 44
22Ac 81.8 0.00(9) 0 0.31 4.7 44
23Ac 76.0 0.00(4) 0 0.93 5.1 44
2MAc 69.8 0.00(3) 0 0.44 5.2 44
25 Ac 64.7 0.00(2) 0 0.10 5.2 44
216 A¢ 59.2 0.00(1) 0 0.52 5.3 44
T Ac 67.7 0.00(3) 0 0.10 5.3 44
28Ac 58.0 0.00(7) 0 0.12 5.4 44
216 81.1 0.00(10) 0 0.11 5.0 44
217Th 79.9 0.00(8) 0 0.54 5.3 44
219Th 81.9 0.00(2) 0 0.51 5.1 44
20T 79.8 0.00(4) 0 0.11 5.1 44




Extended Data Table 3 | List of studied nuclei from Ir to Bi isotopes, with the fission barrier estimated by using the GEF code
together with the average mean excitation energy of the fissioning system above the fission barrier, the standard deviation
of the excitation energy distribution, and the percentage of second chance fission

Nucleus By (MeV) E* — By (MeV) ogx (MeV) Second chance fission (%)
1721y 13.1 9.6 6.2 2.9
1731y 134 9.5 7.7 3.1
1741y 13.7 9.6 5.9 6.1
1757y 14.1 9.2 7.3 6.6
174py 11.8 9.2 6.8 3.3
175p¢ 11.7 7.9 6.4 4.3
176 py 12.5 10.4 6.8 5.8
177pg 12.7 10.5 7.7 9.2
178pg 13.3 11.8 7.8 10.9
176 Ay 10.2 5.6 5.5 2.3
177 Au 10.6 6.9 5.6 4.9
178 Ay 10.9 6.9 5.9 7.3
179 Ay 11.2 8.3 6.2 9.0
180 Ay 11.8 8.6 6.5 11.4
181 Ay 12.1 9.9 7.0 13.2
182 A4 12.8 9.8 7.0 14.1
1"9Hg 9.3 5.1 4.8 2.9
180Hg 10.0 7.4 5.5 6.5
181 g 10.1 6.2 5.4 6.8
182Hg 10.7 8.5 5.8 10.4
183Hg 11.0 7.8 6.1 12.8
184Hg 11.6 10.0 6.7 13.7
1851 g 11.8 9.3 6.9 15.5
186 g 12.7 11.7 7.1 14.7
18377 9.3 6.1 4.8 6.3
1847 9.3 5.6 4.9 8.1
185 10.1 6.4 5.2 11.4
1867 10.3 6.6 5.7 13.3
187 11.1 7.3 6.1 15.4
1887 11.5 7.8 6.4 17.1
186 p, 8.6 6.3 4.7 5.7
187ph 8.7 5.6 4.4 6.4
188pp, 9.5 6.9 5.3 12.9
189pp, 9.8 5.9 5.1 13.0
190pp, 10.6 7.9 6.1 17.7
191pp, 11.0 7.3 6.2 20.2
192pp, 12.0 9.8 6.9 17.8
193pp 12.5 10.3 7.0 20.3
194py, 13.5 12.8 6.8 12.1
1894 7.4 5.9 4.1 3.0
1904 7.9 5.3 4.2 5.2
1914 8.6 5.7 4.4 9.1
192Bj 9.1 5.5 4.7 12.7
193Bj 9.9 6.3 5.2 16.9
1944 10.7 6.4 5.8 19.3
1954 114 8.4 6.7 20.6
196B; 12.3 9.4 6.8 19.3

197B4 13.1 11.6 6.5 15.3
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Extended Data Table 4 | List of studied nuclei from Po to Th isotopes, with the fission barrier estimated by using the GEF code
together with the average mean excitation energy of the fissioning system above the fission barrier, the standard deviation
of the excitation energy distribution, and the percentage of second chance fission

Nucleus B (MeV) E* — By (MeV) o« (MeV) Second chance fission (%)
192p, 7.1 5.8 44 1.7
193pg 7.4 5.3 4.3 3.8
194p, 8.2 6.0 4.8 7.3
195pg 8.6 5.4 4.5 11.0
196pg 9.5 6.8 5.4 18.2
197pg 10.1 6.3 5.5 20.2
198pg 11.0 8.6 6.5 22.7
199p 11.8 8.5 6.7 25.0
200pg 12.7 11.9 7.0 16.0
201pg 13.6 12.2 7.3 19.7
196 At 6.9 5.8 4.2 2.9
197 At 7.6 5.7 4.1 4.7
198 A 8.4 5.3 4.1 8.7
19 A 9.1 5.8 4.6 14.6
2007t 10.0 5.7 4.9 19.7
201 At 10.7 7.1 5.8 23.4
202A¢ 11.6 7.8 6.3 23.4
203 A, 124 10.6 6.6 18.8
200Rn 7.6 5.8 4.3 4.1
201Rn 8.1 5.2 4.1 8.6
202Rn 9.0 6.2 4.8 16.4
203Rn 9.7 5.5 4.6 20.2
204Rn 10.6 7.1 5.7 26.3
205Rn 114 7.0 5.8 26.7
206Rn 12.1 10.1 6.4 18.9
203 Fy 7.1 5.7 4.0 34
204y 7.9 5.0 3.9 6.9
205y 8.6 5.4 4.1 11.2
206 Ty 9.4 5.1 4.2 17.9
207Fy 10.1 6.2 5.0 22.7
208y 11.1 6.4 5.3 26.1
209Fy 11.6 8.6 5.9 20.3
210Fy 12.7 8.7 5.8 25.4
211 Ry 13.2 11.6 6.1 26.1
209Ra 9.2 4.9 4.0 16.4
210Rg 9.7 6.3 4.9 23.4
211Ra 10.6 5.6 4.8 25.4
212Ra 11.1 7.8 5.8 23.4
213Ra 12.1 7.4 5.7 26.9
214Ra 12.1 10.2 6.0 16.5
212A¢ 8.7 4.9 3.8 10.9
213A¢ 9.1 5.7 44 16.7
214 Ac 10.1 5.5 4.6 22.2
215A¢ 10.1 7.3 5.3 21.9
216 ¢ 9.5 7.1 5.2 17.7
217 Ac 8.8 7.6 5.3 7.5
218Ac 8.5 6.3 4.6 10.1
216Th 8.3 5.6 4.2 11.7
217Th 7.7 5.4 3.8 13.1
219Th 6.7 5.5 3.6 11.1

220Th 6.4 5.6 3.8 6.8






