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Figure S1. Mass spectrum of both single and two ions detected in coincidence with two electrons. Peaks at 16, (O™), 32,
(O;r ) and 46 (O;’) stem from the sample. Signal from air is visible in the single-ion—two-electron spectrum at m/q = 18 (H,0),
28 (N), and 44 (CO,); the signal at m/q = 4 arises from He in the gas-discharge lamp. No trace of O%* (which would appear
at m/q = 24) is observed in either spectrum.



Table S1. Cartesian coordinate matrix obtained after geometry optimisation at the (R)CCSD(T)-F12b/aug-cc-pVTZ level of
theory. Absolute energy in Hartree and harmonic frequencies with their respective symmetry are also given.
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Figure S2. Time-of-flight ion-ion coincidence maps obtained from fourfold electron-ion events. The left panel corresponds to
ot + O;r coincidences, while the right panel shows O + O™ coincidences. The red lines have a slope of —1, indicating a
predominantly direct dissociation process.
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Table S2. Adiabatic double ionization energies (ADIE in eV) of O%*(XlZg) and O§+(A3B2) calculated using the
RCCSD(T)-F12/aug-cc-pVTZ (opt) // RCCSD(T)/ aug-cc-pVTZ + ACV + ASR + AZPVE (SP) composite scheme. The vertical
double ionization energies (VDIE in eV) of O%+ (XIE;) and O§+ (A3B») are also calculated following the same composite
scheme excluding the AZPVE contributions.

07" X's)) 03" (ABy) 03 (X'A)) 03" (X'E)) 037 (A’By)
PBEO/aug-cc-pVTZ (opt) -223.9956634 | -223.9741746 | -225.2714113
ZPE (PBE0/aug-cc-pVTZ) (eV) 0.226961179 | 0.136104972 | 0.208847538
RCCSD(T)-F12/aug-cc-pVTZ (opt) | -223.9516435 | -223.9095745 | -225.2159466 | -223.8990107 | -223.9088958
RCCSD(T,F.C.)/cc-pwCVTZ (SP) -223.8983826 | -223.8577399 | -225.1481896 | -223.846658 | -223.8566191
RCCSD(T, full)/cc-pwCVTZ (SP) -224.0550069 | -224.0138879 | -225.3059049 | -224.0014558 | -224.0128177
RCCSD(T)/cc-pVTZ (SP) -223.8836426 | -223.8431194 | -225.1326419 | -223.832442 | -223.8419878

RCCSD(T)/cc-pVIZ-DK (SP)

-223.8701241

-223.8295547

-225.1189072

-223.8189043

-223.8284305

RCCSD(T)/ aug-cc-pVTZ + ACV
+ ASR + AZPVE (SP)

ADIE (eV) VDIE (eV)
RCCSD(T)-F12/aug-cc-pVTZ (opt) 34.403 35.548 35.836 35.567

ACV 0.029687365 | 0.042648427 0.079389532 | 0.041272075
ASR -0.005883377 | -0.004627571 -0.00536119 | -0.004828391
AZPVE 0.018113641 | -0.072742566

RCCSD(T)-F12/aug-cc-pVTZ (opt) /7 | 34.445 35.513 35.910 35.603

Table S3. Calculated KERs as deduced from the MRCl/aug-cc-pV5Z 1D PES cuts of the ozone dication electronic states
along the OO bond (Figure 5), toward the different considered asymptotes of the O;” + O™ fragmentation channels, from

several starting points on the curves.

Starting from the top of the barrier of | Starting from crossing between
Channel x‘zg A’B, [ 3TA7 x‘zg - (ABy/1PA’y | A%B, - (A’B,y/1°A))
05 (X™I,) + 0" (*S) 11.62% 10.10% 12.78 9 10.059 9.70
0, (X*1,) + O (°D) 8.089 [ 6.55® [ 9.249 6.50 9 6.16
05 (X*1,) + 0" (*S) 5479139591 6.639 3909 3.569
0, (X*11,) + O (°D) 1.929 3.089
0;" (X'T))+0CS) 2319
Ot (*S)+ 0T (*S)+0 () | 2.41 %9 230" 2.97FD

9 Appearance energy = 38.28 eV
b Appearance energy = 36.76 eV
©) Appearance energy = 39.44 eV
9 Appearance energy = 36.71 eV
© Appearance energy = 36.40 eV
D CASSCF/aug-cc-pVTZ level

&) Appearance energy = 35.74 eV
) Appearance energy = 35.63 eV
) Appearance energy = 36.30 eV

Table S4. Spin-Orbit coupling matrix element between the XIE;‘ —13A” and A®B, — 13A” states at the positions of their

respective crossings. The other OO distance and the in-plane OOO angle are set to 1.267 A and 117.2° (cf. Figure 3). These
spin-orbit integrals are evaluated in cartesian coordinates using the Breit—Pauli Hamiltonian as implemented in MOLPRO
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Roo = 1.438 A
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