
Supplementary Figure 1: Calculated real part of the optical conductivity. Panels a and b show 
results for the effective electronic model and the electronic plus electron-phonon coupled model used in 
the main text. The inset shows a zoom-in of the optical conductivity in the energy range 3 – 4.2 eV, 
where a weak Zhang-Rice singlet excitation is observed. 

 
 

Supplementary Note 1: 
 Our model provides a good description of the RIXS data. It also provides reasonable descriptions 
of both the optical conductivity and the exchange interactions measured experimentally. For example, 
fitting the spin wave dispersions obtained from inelastic neutron scattering experiments with linear ܬଵ-ܬଶ 
spin-wave theory produces estimates for the nearest- and next-nearest-neighbor Cu-Cu exchange 
interactions of ܬଵ ൌ െ19 േ 0.4  meV and ܬଶ ൌ 6.2 േ 0.4  meV, respectively [1]. These values can be 
extracted from the lowest lying eigenstates in our Cu3O8 cluster calculations [2]. Our model with the 
electron-phonon (e-ph) interactions gives (in units of meV) ܬଵ ൌ െ17 and ܬଶ 	ൌ 	3.5. Our effective model 
without the e-ph interaction gives ܬଵ ൌ െ17  meV and ܬଶ 	ൌ 	3.2  meV. Both sets of results are in 
reasonable agreement with the experimental values. 
 We can also calculate the optical conductivity from our two models. The method for computing 
the real part of the optical conductivity Reሾߪሺߥሻ] at finite temperatures is given in Ref. 4 and this quantity 
can be readily obtained from our ED calculations. The results are shown in Supplementary Fig. 1, where 
Supplementary Fig 1a shows the results for the effective electronic model and Supplementary Fig 1b 
shows results for the model with the inclusion of the e-ph interaction. In both cases, a large peak is 
observed in Reሾߪሺߥሻ] for ߥ	 ∼ 	4	 െ 	5 eV, which is consistent with experiments [3, 4]. (In this case we 
slightly overestimate the peak position due to finite size effects associated with the use of the Cu3O8 
cluster [4].) 
 The fact that both the electronic and electronic plus lattice models produce peaks at the same 
energies underscores several points. First, the e-ph coupling we infer in our RIXS study is not simply a 
core hole effect. Rather, it reflects the coupling present in the material even before the core-hole is created 
during the RIXS process, since neither INS nor optical conductivity measurements create a core hole. 
Second, the peak position in the optical conductivity and the effective Heisenberg interactions are 
sensitive to the total effective charge transfer energy, and not the electronic-only contribution. And third, 
our model derived for the RIXS spectra captures well the other spectroscopic data and therefore our 
conclusions are not limited to describing the RIXS experiment. 
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