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The reactor-antineutrino prediction combines several public data sources: 

- Reactor operating fleet: 
  IAEA PRIS / IAEA-OPEX 2025 / INFN Ferrara reactor databas 

- Future reactor configurations: 
  World Nuclear Association reactor database and Global Nuclear Power Tracker 

- Reactor spectrum and fission inputs: 
SM2023 spectra for 235U, 238U, 239Pu, and 241Pu 
default fission fractions and fission energies from Baldoncini et al(2015). 
The IBD total cross section is evaluated using the analytical approximation of Strumia 
and Vissani 

- Oscillation inputs: 
  PDG 2025 neutrino-oscillation parameters 

- Detector targets: 
  underground laboratory coordinates collected from literature 

Goal: 
predict reactor ν̄ e fluxes and IBD event rates at underground laboratories, 
with vacuum, 1D Earth, and 3D Earth matter treatments.

Reactor Prediction Inputs and Data Sources

From IAEA/OPEX 2025: 
- reactor status 
- reactor type 
- electrical / thermal power 
- annual load factor 

From INFN Ferrara: 
- reactor-site coordinates
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- Reactor operating fleet: 
  IAEA PRIS / IAEA-OPEX 2025 / INFN Ferrara reactor databas 

- Future reactor configurations: 
  World Nuclear Association reactor database and Global Nuclear Power Tracker 

- Reactor spectrum and fission inputs: 
SM2023 spectra for 235U, 238U, 239Pu, and 241Pu 
default fission fractions and fission energies from Baldoncini et al(2015). 
The IBD total cross section is evaluated using the analytical approximation of Strumia 
and Vissani 

- Oscillation inputs: 
  PDG 2025 neutrino-oscillation parameters 

- Detector targets: 
  underground laboratory coordinates collected from literature 

Goal: 
predict reactor ν̄ e fluxes and IBD event rates at underground laboratories, 
with vacuum, 1D Earth, and 3D Earth matter treatments.

Reactor Prediction Inputs and Data Sources

From WNA/GNPT 
- future reactor status 
- construction progress 
- grid connection schedule 
- permanent shutdown dates



Reactor Prediction Inputs and Data Sources
The reactor-antineutrino prediction combines several public data sources: 

- Reactor operating fleet: 
  IAEA PRIS / IAEA-OPEX 2025 / INFN Ferrara reactor databas 

- Future reactor configurations: 
  World Nuclear Association reactor database and Global Nuclear Power Tracker 

- Reactor spectrum and fission inputs: 
SM2023 spectra for 235U, 238U, 239Pu, and 241Pu 
default fission fractions and fission energies from Baldoncini et al(2015). 
The IBD total cross section is evaluated using the analytical approximation of Strumia 
and Vissani 

- Oscillation inputs: 
  PDG 2025 neutrino-oscillation parameters 

- Detector targets: 
  underground laboratory coordinates collected from literature 

Goal: 
predict reactor ν̄ e fluxes and IBD event rates at underground laboratories, 
with vacuum, 1D Earth, and 3D Earth matter treatments.
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Reactor Prediction Inputs and Data Sources

The reactor-antineutrino prediction combines several public data sources: 

- Reactor operating fleet: 
  IAEA PRIS / IAEA-OPEX 2025 / INFN Ferrara reactor databas 

- Future reactor configurations: 
  World Nuclear Association reactor database and Global Nuclear Power Tracker 

- Reactor spectrum: 
  SM2023 summation-model spectra for 235U, 238U, 239Pu and 241Pu 

- Oscillation inputs: 
  PDG 2025 neutrino-oscillation parameters 

- Detector targets: 
  underground laboratory coordinates collected from literature 

Goal: 
predict reactor ν̄ e fluxes and IBD event rates at underground laboratories, 
with vacuum, 1D Earth, and 3D Earth matter treatments.



Earth Density Models for Matter Effects

1D reference model: 
• - PREM radial density profile 
• - spherically symmetric 
• - density depends only on depth 
• - used as the baseline Earth model 

Hybrid 3D Earth model: 
• - LITHO1.0: 0‒320 km 
•   crust and uppermost mantle 

• - SAW642AN: 320‒2880 km 
•   3D mantle density structure 

• - PREM: 2880‒6371 km 
•   deep Earth and core region 

• Electron fraction prescription: 
• - water / ice: Y_e = 0.555 
• - crust, sediments, lithospheric plates: Y_e = 0.50 
• - mantle: Y_e = 0.50 
• - core: Y_e = 0.467 

Example density shell from the hybrid 3D Earth model



Computation Method for Earth-Matter Effects

Strang splitting form 

|ψn+1⟩ = e−iHvacΔxn/2 [I + (e−iVnΔxn − 1) Pe] e−iHvacΔxn/2 |ψn⟩ .

-order rotation approximation: 
 

：

1st

S(xN = L, 0) = ∏
k

e−iHkΔx = ∏
k

Um
k DkUm†

k

Uk,k−1 = U†
k Uk−1 ≈ I − iλ12Δθ12

VS

- unitary structure is preserved 
- matter step is an exact rank-one update 
- used for the main 1D/3D Earth predictions

- analytical first-order treatment of layer-to-layer matter mixing 
- used as a cross-check of the MSW solver 
- the difference defines the solver-dependence diagnostic Δ_M



Predictions for CJPL

For CJPL, the MSW prediction gives 

 

and 

 

Compared with the vacuum prediction, this corresponds to a small but non-
negligible sub-percent enhancement: 
about 0.3% in flux and 0.7% in IBD rate.

Φ ≃ 7.48+0.19
−0.21 × 104cm−2s−1

RIBD ≃ 24.30+0.84
−0.84 TNU .



Predictions for Underground Labs

The tables summarize the predicted integrated reactor ν̄ e flux Φ and IBD event rate in TNU for 
multiple underground laboratories in 2026 and 2030. 

For each site, we compare: 

- vacuum oscillation prediction 
- MSW prediction with the hybrid 3D Earth model 
- diagnostic systematic shifts: 
  : solver dependence 

  : Earth-model dependence 

  : mass-ordering dependence 

Main observations: 

- Reactor backgrounds are strongly site-dependent. 
- JUNO and Yemilab receive the largest reactor  backgrounds. 

- CJPL, ANDES, and SUPL remain comparatively clean sites. 
- From 2026 to 2030, most sites show moderate changes, while CJPL and Kamioka increase more 
visibly. 
- The MSW correction is small but reaches the sub-percent level. 
- Among the diagnostic systematics, the Earth-model dependence  is the dominant one.
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