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Scientific motivationsScientific motivationsScientific motivationsScientific motivations
Th d i f i i l i i dThe detection of geoneutrinos, i.e. electron antineutrinos generatedg , g
in 238U and 232Th decay chains is a major goal of ongoing (KamLANDin 238U and 232Th decay chains, is a major goal of ongoing (KamLAND
and Borexino) future (SNO+) and proposed (LENA HanoHano JUNOand Borexino), future (SNO+) and proposed (LENA, HanoHano, JUNO
d RENO 50) i i i ll f i hand RENO‐50) neutrino experiments, as it allows for assessing the) p , g

radioactive content of our planetradioactive content of our planet
Th i b k d i t i t i d t reactorThe main background in geoneutrino measurements is due to reactor
antineutrinos produced in beta decays of fission products whoseantineutrinos produced in beta decays of fission products, whose

oenergy spectrum extends beyond the end point of the geoneutrinooe e gy spect u e te ds beyo d t e e d po t o t e geo eut ooone
Predictions on the number of eventsPredictions on the number of events
in the High Energy Region (HER) arein the High Energy Region (HER) are

i l f d li th t dcrucial for modeling the expectedg p
reactor antineutrino signal in the Lowreactor antineutrino signal in the Low
Energy Region (LER) and therefore forEnergy Region (LER) and therefore for
t ti i f ti thextracting information on theg

geoneutrino componentgeoneutrino component

Reactor antineutrino signal calculationReactor antineutrino signal calculationReactor antineutrino signal calculationReactor antineutrino signal calculation
The reactor antineutrino signal evaluation requires severalThe reactor antineutrino signal evaluation requires several
i di t f d li th th ti t i lif tingredients for modeling the three antineutrino life stages:g g g
production propagation and detectionproduction, propagation and detection

ε = 100% efficiencyR P = ν oscillation survivalSε = 100% efficiency

O
R Pee = νe oscillation survival 
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k = 235U, 238U, 239Pu, 241Puk    U,  U,  Pu,  Pu

d t di tdi = reactor distanceO
R

[ ]ARPi = thermal powerTO Qk = energy released per fission [4]EAPi   thermal power
LF L d F t [1]AC

T Qk gy p
λ = reactor antineutrino spectrum [5]CL
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LF = Load Factor [1]EA

λk = reactor antineutrino spectrum [5]U
C

pk = power fractionRE N
U

pk  power fraction

R t tiR t ti dd t diff t itt diff t itReactor antiReactor anti‐‐νν and geoand geo‐‐νν at different sitesat different sitesReactor antiReactor anti νν and geoand geo νν at different sitesat different sites
R = total reactor anti‐ν signalR = total reactor anti‐νe signal
RG = reactor anti‐νe signal in the geo‐ν energy window (LER)G eacto a t e s g a t e geo e e gy do ( )
G geo signal

[6]
G = geo‐ν signal

R [TNU] RG [TNU] G [TNU][6] RG/G[ ] G [ ] [ ] G/
LNGS 85 8± 4 6 22 8± 1 1 40 3+7 3 0 6LNGS 85.8 ± 4.6 22.8 ± 1.1 40.3+7.3‐5.8 0.6

KAMIOKA 70 1± 3 7 18 7± 1 1 31 5+4.9 0 6KAMIOKA 70.1 ± 3.7 18.7 ± 1.1 31.5 4.9
‐4.1 0.6

SUDBURY 174.6± 9.0 43.1± 2.1 45.4+7.5 6 3 0.9SUDBURY 174.6 ± 9.0 43.1 ± 2.1 45.4 ‐6.3 0.9
PHYASALMI 69 2 3 7 17 5 0 8 45 3 7 0 0 4o PHYASALMI 69.2 ± 3.7 17.5 ± 0.8 45.3+7.0‐5 9 0.4o 5.9

FREJUS 587 9± 31 0 134 0± 7 1 42 4+7 6 3 2o FREJUS 587.9 ± 31.0 134.0 ± 7.1 42.4+7.6‐6.2 3.2
HOMESTAKE 27 7± 1 5 7 3± 0 3 48.7+8.4 6 9 0 1HOMESTAKE 27.7 ± 1.5 7.3 ± 0.3 48.7 ‐6.9 0.1

0 7HAWAII 3.4 ± 0.2 0.9 ± 0.04 12.0+0.7‐0 6 0.1‐0.6

CURACAO 9 5± 0 5 2 5± 0 1 29 3+4 2 0 1CURACAO 9.5 ± 0.5 2.5 ± 0.1 29.3+4.2‐3.3 0.1
JUNO 99 0± 5 1 27 4± 1 4 39 7+6.5 0 7JUNO 99.0 ± 5.1 27.4 ± 1.4 39.7 ‐5.1 0.7

F j i d t il d k l d f l b tFrejus requires a detailed knowledge of close‐by reactorsj q g y
20 2 i k ll l i f [7]In 2012 Kamioka was an excellent location for geo‐ν measurements[7]g

Hawaii and Curacao are ideal candidate sites for geo‐ν experimentsg ν p
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Nuclear power plants in the worldNuclear power plants in the worldNuclear power plants in the worldNuclear power plants in the world
Regional distribution of Nuclear Power Plants (Dicember 2012 status)[1]g ( )
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(42 out of 50 Japan cores switched off for the entire 2012)
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(42 out of 50 Japan cores switched off for the entire 2012)
373069MW TOTAL NET INSTALLED CAPACITY300 373069MWe TOTAL NET INSTALLED CAPACITY300
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LWGR : Light Water Graphite Reactor50N
u LWGR : Light Water Graphite Reactor 
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The 2012 world map of reactor antineutrino signalThe 2012 world map of reactor antineutrino signalThe 2012 world map of reactor antineutrino signalThe 2012 world map of reactor antineutrino signal
/ 3232 /[1 TNU = 1 event / 103232 target protons /year][ TNU event / 0 target protons /year]

oo

The total uncertainty on the predicted signal is about 5%: the mainThe total uncertainty on the predicted signal is about 5%: the main
contributions arise from antineutrinos oscillation and spectra andcontributions arise from antineutrinos oscillation and spectra and
from reactors fuel composition and thermal powerfrom reactors fuel composition and thermal power

Conclusions and perspectivesConclusions and perspectivesConclusions and perspectivesConclusions and perspectives
We produced a worldwide map of the reactor antineutrino signal byWe produced a worldwide map of the reactor antineutrino signal by
using 2012 operational information on nuclear power plants and theusing 2012 operational information on nuclear power plants and the
most updated data on reactor antineutrino spectrum and neutrinomost updated data on reactor antineutrino spectrum and neutrino
oscillation mechanismoscillation mechanism

Ratios between the expected reactor antineutrino signals in the LERRatios between the expected reactor antineutrino signals in the LER
and the geoneutrino signals R /G were estimated at severalo and the geoneutrino signals RG/G were estimated at severalo sites providing a hint on geoneutrino measurements potentialsites, providing a hint on geoneutrino measurements potential

Signal calculation with 2013 data on nuclear power plants isSignal calculation with 2013 data on nuclear power plants is
ongoing: a prediction of the expected reactor signal with all theongoing: a prediction of the expected reactor signal with all the
reactors under construction switched on is also possiblereactors under construction switched on is also possible

A fi d l i f th t i ti ti b d M tA refined analysis of the uncertainties propagation based on Montey p p g
C l th d i h d l30 Carlo methods is on schedule30


