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Reactor Prediction Inputs and Data Sources
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The reactor-antineutrino prediction combines several public data sources:
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- Reactor operating fleet: |
- TAEA PRIS/IAEA-OPEX 2025 / INFN Ferrara reactor databas
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- Future reactor configurations: g
World Nuclear Association reactor database and Global Nuclear Power Tracker | A reference worldwide model for antineutrinos from

reactors

120 180

- Reactor spectrum and fission inputs: |
SM?2023 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

{—From IAEA/OPEX 2025:

- Oscillation inputs: - reactor status
PDG 2025 neutrino-oscillation parameters - reactor type

- electrical / thermal power

- Detector targets: - annual load factor

underground laboratory coordinates collected from literature

. From INEFN Ferrara:
Goal: | - reactor-site coordinates

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

Reactor Prediction Inputs and Data Sources —

NUCLEAR INFORMATION NEWS AND MEDIA ABOUT US WORKING GROUPS EVENTS

The reactor-antineutrino prediction combines several public data sources:

Q SEARCH THE REACTOR DATABASE

- Reactor operating fleet:

IAEA PRIS /IAEA-OPEX 2025 / INFN Ferrara reactor databas Shutdoun date:. fom 202410 2026 i RO
- Future reactor configurations: amcomecen v

World Nuclear Association reactor database and Global Nuclear Power Tracker ’

- Reactor spectrum and fission inputs: \

SM?2023 spectra for 235U, 238U, 239Pu, and 241Pu
default fission fractions and fission energies from Baldoncini et al(2015).
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The IBD total cross section is evaluated using the analytical approximation of Strumia Global Nuclear Power Tracker

a n d V 1 S S a. n 1 The Global Nuclear Power Tracker (GNPT) is a worldwide dataset of nuclear power facilities and includes

information such as status, technology type, location, construction start date, project owner, operator, and

more.

- Oscillation inputs:
PDG 2025 neutrino-oscillation parameters ONTHI PAGE:

Overview What'sinside? Meettheteam Related projects Getthelatest FAQs Contact

- Detector targets:
underground laboratory coordinates collected from literature ' From WNA/GNPT

| - future reactor status
Goal:

. , | - construction progress
predict reactor v e fluxes and IBD event rates at underground laboratories,

. - grid connection schedule
with vacuum, 1D Earth, and 3D Earth matter treatments.
| - 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

- 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 v e fluxes and IBD event rates at underground laboratories,
with vacuum, 1D Earth, and 3D Earth matter treatments.
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— Pu241 (per fission)

E, [MeV]

Reactor class  fa35 Jfo3s Jo39 foai
PWR 0.606 0.074 0.274 0.046
BWR 0.488 0.087 0.359 0.067
LWGR 0.580 0.074 0.292 0.054
GCR 0.544 0.075 0.318 0.063
PHWR 0.520 0.050 0.420 0.010
MOX 0.000 0.083 0.708 0.209
Fissile isotope Q; (MeV)
235U 202.36 + 0.26
28U 205.99 + 0.52
239Pu 211.12 +£0.34
241py 214.26 +0.33
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- Oscillation inputs:

Reactor Prediction Inputs and Data Sources

The reactor-antineutrino prediction combines several public data sources:

- Reactor operating fleet:
IAEA PRIS /TAEA-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

PDG 2025 neutrino-oscillation parameters

- Detector targets:
underground laboratory coordinates collected from literature
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Goal:

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

Ref. [193] w/o SK-ATM & 1C24 | Ref. [193] w SK-ATM & 1C24 | Ref. [194] w SK-ATM & 1C24
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Lab Latitude | Longitude Country
ANDES [26] | —30.25 | —69.883 | Argentina
Baksan [27] 43.28 42.69 Russia
Boulby [28] | 54.553 | —0.825 UK
CallioLab [29] | 63.659 | 26.042 Finland
CJPL 28.2 101.7 China
JUNO [30] 22118 | 112.518 China
Kamioka [31] | 36.426 137.310 Japan
LNGS [32] 42.450 | 13.567 Ttaly
LSC [33] 42.775 | —0.529 Spain
LSM [34] 45.200 6.670 France
SNO [35] 46.475 | —81.201 Canada
SUPL [26] —37.050 | 142.767 Australia,
SURF [36] 44.352 | —103.752 USA
Yemilab [37] 37.189 128.659 | South Korea




Earth Density Models for Matter Effects

1D reference model:

e - PREM radial density profile

e - spherically symmetric

e - density depends only on depth

e - used as the baseline Earth model

Hybrid 3D Earth model: rho shell @ depth=1.0 km (r=6370.0 km) i &
e - LITHO1.0: 0-320 km rho (kg/m?)
e crust and uppermost mantle
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e - SAW642AN: 320-2880 km
e 3D mantle density structure
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e - PREM: 2880-6371 km
e deep Earth and core region
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e - water/ice:Y e =0.555

e - crust, sediments, lithospheric plates: Y_e =0.50
e -mantle:Y e=0.50

e _core:Y e=0.467



Computation Method for Earth-Matter Effects

CERN-TH-2016-256

Scanning the Earth with solar neutrinos and DUNE
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- Strang splitting form |
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1¥-order rotation approximation:

Sy =L, 0) = [[e ™4 =TT urp U™,
| k k

il s

S IR T D e e S e R L o e DR S R s D S e e TR s O et e e B

- analytical first-order treatment of layer-to-layer matter mixing - unitary structure is preserved
- used as a cross-check of the MSW solver - matter step is an exact rank-one update
- the difference defines the solver-dependence diagnostic A_M - used for the main 1D/3D Earth predictions



PrediCtions fOI’ CJPL Total reactor antineutrino flux spectrum (MSW Strang-splitting)
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Compared with the vacuum prediction, this corresponds to a small but non- 5 B ) : : s
negligible sub-percent enhancement: Ep [MeV]
about 0.3% in flux and 0.7% in IBD rate. IBD rate spectrum (MSW Strang-splitting)
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P red ICtlons for U nderg rou nd La bs Table 7.2: Predicted integrated reactor v, flux ® and IBD event rate for underground laboratories

in 2026. The MSW columns adopt the three-flavor matter-enhanced neutrino-oscillation formalism,
incorporating a three-dimensional Earth-density model and employing the Strang-splitting method as
the baseline computational approach. ® [cm~2s71] is integrated over E, € [0.1,10] MeV. The definitions
for systematic errors Apq, Ag, and A1 are given in the text.

The tables summarize the predicted integrated reactor v e flux ® and IBD event rate in TNU for Vacuum MSW Syst.|[%]

multiple underground laboratories in 2026 and 2030. Site ® [x107] TNU ® [x107] TNU  Am Ap Any
ANDES  1.461004 4.647918 1461004 4671912 0.01 0.19 0.02

Baksan  13.647033  43.97t13% 1366703  44.237137  0.00 0.32 0.02

For each site, we compare: Boulby  248.0173%0 1074.9374065 248367329 1075.9974%24 0.00 0.05 0.02
CallioLab 22.2070-%¢  72.10%23% 22257050 72.55%2°2  0.00 0.35 0.01

CJPL 7467037 24147082 7.48T02)  24.3019%:  0.02 0.22 0.03

- vacuum oscillation prediction JUNO  669.58+1975 1367.0977055 6715171984 1379.98+7821 (02 053 0.03
L : : Kamioka 58377122  199.13188%  58.4871-%%  199.901530  0.01 0.22 0.02

- diagnostic systematic shifts: LSC 66.817103  218.7177%7  66.947102  219.757793  0.01 0.31 0.02
LSM 137491355 474.2311899  137.7913-88  476.887152%  0.01 0.35 0.02

A, solver dependence SNO 55.93161 175347621 56044163 176377630 001 0.36 0.02
SUPL 0.781003 2.5310 09 0.791005 2.551009  0.01 0.02 0.00

SURF 9.2110-2%  29.697102  9.24702> 29907107 0.03 0.25 0.03

A Earth-model dependence , :
b P Yemilab ~ 432.537131% 908.08133 7% 433.457133s 917.77752%  0.01 0.51 0.03

Ay mass-ordering dependence

Table 7.3: Predicted integrated reactor v, flux ® and IBD event rate for underground laboratories
in 2030. The MSW columns adopt the three-flavor matter-enhanced neutrino-oscillation formalism,
incorporating a three-dimensional Earth-density model and employing the Strang-splitting method as

Main observations: the baseline computational approach. ® [cm~2s71] is integrated over E, € [0.1,10] MeV. ® [cm~2s7!] is
integrated over E, € [0.1,10] MeV. The definitions for systematic errors A g, Ag, and Ay are given
in the text.

Vacuum MSW |Syst.|[%]
Site ® [x10%] TNU ® [x10%] TNU Apm Ag Axg

- Reactor backgrounds are strongly site-dependent.

- JUNO and Yemilab receive the largest reactor o, backgrounds.

Baksan 14427035 46.50715%  14.4470% 46787195 0.00 0.31 0.01

ANDES  1.49109%% 4757017 1.50100: 4781017 0.01 0.18 0.02

. . . . . 0.68 2.65 0.69 2.69
- From 2026 to 2030, most sites show moderate changes, while CJPL and Kamioka increase more CallioLab 23.547g5s  76.4575%  23.60Tg5;  76.93%5¢,  0.00 0.35 0.00
.. CJPL 830033  26.83%g9;  833%3;  27.00%g93 0.02 0.21 0.03
visibly. JUNO 676.231“15%;133 1388.251“8;%%%)}3 678.17t§%§3 1401.251“5.%;53 0.02 0.52 0.03
. . : +1. +38.: +1. +8.:
- The MSW correction is small but reaches the sub-percent level. Kamioka = 70.65-1g; ~ 242.53-g3,  70.787,55  243.49°g5,  0.01 0.23 002
LNGS 22.09%923 71407347 22117027 71.801352  0.01 0.34 0.02
- Among the diagnostic systematics, the Earth-model dependence A is the dominant one. LSC 67.62750;  221.29%753  67.75%1¢  222.35077 0.01 0.31 0.02
LSM 138.3473:55  476.94715:8  138.647330 479.617153% 0.01 0.35 0.02
SNO 55.9871%7 17551702 56.0971%F  176.537%5:  0.01 0.36 0.02
SUPL 0.851505 2.761010 0.861005 2.78%010 0.0 0.02 0.01
SURF 9.13192% 2943102 9.167037  29.64710%  0.03 0.25 0.04

Yemilab  436.8611330 922.077455¢ 437.791133% 931.857H1 0.01 0.51 0.03




