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33*Fiorentini et al - Earth Moon Planets - 2006

• Reactor antineutrinos are the main 
source of background in geo neutrinos 
detection

The map below* is based on 2000 IAEA 
database and considering all reactors at full 
power. The ratio r is referred to the geo-neutrino 
energy window.
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WhyWhy reactorreactor antineutrinosantineutrinos??



Nuclear power plants in the worldNuclear power plants in the world

#cores#cores Pth [GW]Pth [GW]
 Europe + Russia Europe + Russia 197 197 519  519  
 North America North America 122122 353353
 Japan+ KoreaJapan+ Korea 7676 201   201   
 OthersOthers 45  45  75   75   
 Total: Total: 440440 1148 1148 

 Mean thermal power for core: 2.6 GWthMean thermal power for core: 2.6 GWth 44at 31 Dec. 2009



Reactors by typeReactors by type
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PWRPWR Pressurized (light) Water ReactorPressurized (light) Water Reactor

BWRBWR Boiling Water Reactor Boiling Water Reactor 

PHWRPHWR Pressurized Heavy Water ReactorPressurized Heavy Water Reactor

GCRGCR Gas Cooled ReactorGas Cooled Reactor

LWGRLWGR Light Water Graphite mod.Light Water Graphite mod.

FBRFBR Fast Breeder ReactorFast Breeder Reactor

265; 60%

94; 21%

44; 10%
18; 4% 16; 4%

2; < 1%
0

100

200

300

PWR BWR PHWR GCR LWGR FBR

Core type

N
um

be
r o

f c
or

es

0.0

20.0

40.0

60.0

%

266; 65% Pth

94; 23% Pth

44; 7% Pth
18; 2.3% Pth

PWR                   BWR PHWR GCR LWGR FBR

16; 3.5% Pth
2; 0.2% Pth



Signal calculationSignal calculation
 ee=100% detection efficiency=100% detection efficiency
 t t =1 year =1 year 
 NNpp=10^32=10^32
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 PPee ee = survival probability = survival probability 
 ss(E)(E)= cross section = cross section 

antianti--nne e +p +p --> e> e++ +n+n
EEthth=1.806 =1.806 MeVMeV
( calculation from ( calculation from VissaniVissani
and  and  StrumiaStrumia 2003)2003)

 ddii =reactor distance=reactor distance
 PPii=reference thermal power=reference thermal power
 LFLF= Load Factor = Load Factor 
 ppkk= power fraction = power fraction 

 QQkk ==energy released energy released 
for fission for fission 

 llkk =reactor anti=reactor anti--
neutrino spectrum neutrino spectrum 
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K=235U, 238U, 239Pu , 241Pu



StartingStarting pointpoint: March 2010: March 2010

 vacuumvacuum oscilloscill, 2 , 2 neutrinosneutrinos
 “standard” PWR “standard” PWR fuelfuel +35 +35 moxmox
 LF : 1 Jan 2008 LF : 1 Jan 2008 -- 31 31 DecDec 2008  2008  
 spectrumspectrum::HuberHuber &Schwetz&Schwetz 20042004
 100%  detection 100%  detection efficiencyefficiency
 Enu=Enu= 1.81.8--10 10 MeVMeV

S=93.3 (1 S=93.3 (1 ±± 5.4%) TNU5.4%) TNU
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Power Fraction
235U 238U 239Pu 241Pu

PWR 0.56 0.08 0.3 0,06
MOX 0 0.08 0.708 0.212

Dm2=7.65E-5 eV2

q12=33.46°

Ebin=1KeV



Update 1: LF Update 1: LF forfor 20092009--20102010

•• ExpectedExpected SignalSignal at LNGS (100% at LNGS (100% efficeffic.) .) 
byby usingusing LF LF ofof differentdifferent yearsyears ((weightedweighted
averageaverage withwith daysdays in in eacheach monthesmonthes):):

LF2008LF2008 93.3  TNU93.3  TNU
LF2009LF2009 88.6  TNU88.6  TNU
LF2010LF2010 90.8  TNU 90.8  TNU 

av. av. valuevalue:: 90.9  TNU 90.9  TNU 
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LF and time variationLF and time variation

•• aboutabout 30% 30% variationvariation ((maxmax--minmin))
•• fewfew eventsevents forfor monthmonth

99
-100% efficiency
- Np=1032 protons



Update 2: PHWR Update 2: PHWR fuelfuel

 In 2010, 46 PHWR In 2010, 46 PHWR corescores in the world in the world 
(2 (2 corescores in Romania)in Romania)

 No No effecteffect on on signalsignal::
NO PHWRNO PHWR 90.9  TNU90.9  TNU
YES PHWR   90.9  TNU   YES PHWR   90.9  TNU   
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235U 238U 239Pu 241Pu
PWR 0.56 0.08 0.3 0.06
PHWR 0.54 0.41 0.02 0.024



Update 3: Update 3: reactorreactor antinuantinu
spectrumspectrum

1)Huber and 1)Huber and SchwetzSchwetz 2004  2004  
(used in geo nu (used in geo nu ––paper)paper)

2) 2) Mueller et al. 2011 Mueller et al. 2011 
““……While the shapes of the spectra While the shapes of the spectra 
and their uncertainties are and their uncertainties are 
comparable to that of the previous comparable to that of the previous 
analysis …, the normalization is analysis …, the normalization is 
shifted by about +3% on shifted by about +3% on 
averageaverage...”  ...”  
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Antinu spectrum and signalAntinu spectrum and signal
 The The predictedpredicted signalsignal at LNGS, 100% at LNGS, 100% efficiencyefficiency,  ,  
averagedaveraged on 3 on 3 yearsyears isis::

HuberHuber 2004:   90.9 TNU2004:   90.9 TNU
Mueller2011:   94.1 TNUMueller2011:   94.1 TNU

 ByBy usingusing MuellerMueller 2011                                               2011                                               
the  the  signalsignal increasesincreases (+ 3.5%)(+ 3.5%)
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ConclusionConclusion
 ByBy usingusing: : 

 <LF> in 3 <LF> in 3 yearsyears (2008(2008--20092009--2010) 2010) 
 PHWR  PHWR  fuelfuel
 reactorreactor antinuantinu spectraspectra fromfrom MuellerMueller etet al 2011al 2011
 100% detection 100% detection efficiencyefficiency
 EnuEnu = [1.8 = [1.8 --10 10 MeVMeV]]
 OscillationOscillation in in mattermatter : +0.6%: +0.6%
 SpentSpent fuelfuel:  + 1%:  + 1%
OneOne hashas:     S=95.6 (1 :     S=95.6 (1 ±± 5.4%) TNU5.4%) TNU
i.e.:i.e.:

NNreactorreactor=17.2 (=17.2 (1 1 ±± 5.4%) 5.4%) eventsevents/300ton//300ton/yryr
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Nprotons=6.02 E+28 /ton
yr=365 d   


