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Reactor anti neutrinos and geo-neutrinos

* The HER has to be controlled by studying the
different contributions from the nuclear reactors,
if one wants to compare Ev,.,, and Ev,__ in the
LER.

* The 2006™ map is based on 2000 IAEA
database and considering all reactors at full
power. The ratio r is referred to the geo-neutrino
energy window.

geo-v

*Fiorentini et al - Earth Moon Planets - 2006

[.LER : HER
reactor ;

and geo
: reactor only

N events

~70%

~30% |
a 33 b E,
Reactors [MeV]
Geaeo-nautrinos
r
Kamioka 6.7
Sudbury 1.1
Gran Sasso 0.9

Pyhasalmi 0.5
Baksan 0.2

e Homestake 0.2
I 0.5 Hawaii 0.1
Curacao 0.1

from Mantovani, Yokohama 2010




Data Source: TAEA files

s International Atomic Energy Agency
http://www.iaea.org/programmes/a2/

= On June, description and history of each core are
published, refferi to previous year.

= Data on: thermal power, electrical capacity, electrical
Load Factor, fuel enrichment...



Nuclear power plants in the world
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#cores Pth [GW]
s Europe + Russia 197 519
s North America 122 353
= Japan+ Korea /6 201
s Others 45 75
s Total: 440 1148

s Mean thermal power for core: 2.6 GWth at 31 Dec. 500_9



Reactors by type
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Signal calculation

P,, = survival probability
o(E)= cross section
anti-v, +p -> et +n
E.=1.806 MeV

( calculation from Vissani
and Strumia 2003)

! 4

m ¢=100% detection efficiency
m t=1year
s N= 10732
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0, =energy released
for fission

A, =reactor anti-
neutrino spectrum

d, =reactor distance
P =reference thermal power
LF= Load Factor

p,= power fraction

NUC. PHYS.
[

REACTOR
mEmEn

K=235U, 238U, 239Pu , 241Pu 6



=

cifective Thermal Power

From IAEA we have thermal capacity Py, and Load Factor

(LF=electrical energy as measured at unit outlet terminals divided by net electrical energy which

would have been supplied to the grid if the unit were operated continuously)

From EDF we have the (measured) thermal power of

French cores in 2008 [thank to D. Vignaud of Borexino coll. and E.

Vrignaud from EDF]

For each core we calculated: pPor LF,
LFth — T IAEA P=
I)thermal LFIAEA
averaging on the cores:
J9ing <LE> =08+01| |<p>,, =1013t0017

In addition, Py..ma IS Measured with an accuracy of 2%

(Djurcic et al. 2009)

Conclusion: we assign an uncertainty of 2.4% at the

“effective” thermal power (i.e. Pth *

LF)




Power fractions

= p,=fraction of power which is produced
by the k-th isotope: K=235U, 238U, 239Pu , 241Pu

= Depend on type of reactors and on time

e Lasserre talk)

dN /"
dt

P

— thermal Q—k

T
235U 239Pu  241Pu 238U " 235()
KamLand (average) 0.56 0.295 0.059 0.078 32 ]
Chooz start* 0.66 0.24 0.2 0.08 S
§ o 239Py,
Chooz stop 0.54 0.32 0.06 0.08 *g
Russia** 0.556 0.326 0.047 0.071 ol
O 4
Slovakia** 062 024 0.06 0.08 @
Mox Start* * 0 0794 0126 0.08 10 .
]—r—-— - _2411PU
Mox Stop 0 0636 0284 0.08 S i ——
v} 50 1100 150 R Zall 300
Mox Medium 0 0708 0.212 0.08 Days

= We take : -Kamland average value (PWR+BWR reactors)

-same power fractions for all cores in the world (+for
35 european cores, producing some 30% of the respective

power with MOX fuel )

= By varying composition in the range of values available, the total

signal changes of about 2%

*from G. Mention 2007 (thanks to Alimonti)
** from Private Comunication (thanks to Ludhova and Derbin)
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Energy released for fission

For the four

isotopes relevant in # Vv, > 1.8 MeV | 0,(MeV)

nuclear reactors 25U 1.92 201.7 £0.6
(Apollonio et al 2381 2.38 205.0 +0.9
2003) 239py 1.45 210.0 0.9
The uncertainty on 241py 1.83 212.4+1.0

Q, correspond to a
variation of the

calculate signal of Note: about 2 neutrinos, for
about + 0.3% each fission, have energy
above the detection threshold.



= 235U, 239Pu, 241Pu
from polynomial fit
of exp.tal data
(Huber & Schwetz

2004)
s 238U from

calculation of Vogel
and Hendel 1989

s Uncertainty in the spectrum |
IS quoted to be about 2.5% [

& |‘~;Ir:‘-.-_ iaw;:un I

U

239
Pu
.

e, dof =400 /(25-3) [}

: .:-"--; fdof=15.6/(25-6 : T3

F =1
E Yoy, / dof =92/ (29-3

- o/ dof = 43.5

|_I.I_|.|

\,\'.: i ;Ii'l..'i:!
1F 1

fdot=248

(3]-8)

>/ dof =145/ (31-3) X, ;
I‘llllf
'|I.
Lo 1 h

E,(MeV)
pol. coeff 235U 239Pu 241Pu 238U
a0 3.519 2.560 1.487 0.976
al -3.517 -2.654 -1.038 -0.162
a2 1.595 1.256 0.413 -0.079
a3 -0.417 -0.362 -0.142 0.000
0.050 0.045 0.019 0.000
-0.002 -0.002 -0.001 0.000

(schrekenbach et al 1985, Hahn et al

1989, Vogel et al 1981...)
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Neutrino oscillation Ve Vu Vr

g neutrino g neutrino ¢ neutrino

(see. Ianni and Lasserre talk)
ld+
= During the travel source- 2 ¥
detector the flavour of the L0 mﬂfﬁ e
particle can change. B i R ?
= The survival probability is % | b B T
DI g 0 5 L
. . 5| 1,27Am,,*(eV*)L(k Gar ¢ e
P, =1—sin® 20, sin” | = M (O Iy 0 Eh‘:'ﬁdlek "
E(GeV) 02 B Chooz
@ KamlLAND
= Neutrinos oscillation has been L :
observed both for anti neutrinos 000 00 10 10
from reactors and for solar neutrinos, Distunce (o Reudter .
finding: i
x*

Am’, =7.65°0% x107eV?| |sin® 6, =0.304"75

= The error on mixing angle, reflect in an
uncertainty on reactor signal of about 2.5%,
Am? error gives smaller contribution

*Schwetz, Tortola and Valle 2010



Reactor anti-nu Predictions

N events

LLER | HER

reactor
and geo

i reactor only

L~T70%

~30% |

R LER R HER R TOTAL 2.3
a - b EV
[TNU] [TNU] [TNU ] Reactors (MeV)
KAMIOKA 152+6.5 65.3 + 3.2 527+26
FREJUS 133+6.9 374.4 £ 19.2 567+26 = 2009 IAEA data
SUDBURY | 44.3+2.2 1395+ 6.9 |184+9,0 [ = Nospent fuel
= 100% efficiency
PYHASALMI |18.1+0.8 21.5+1.1 71.7£3.5
BAKSAN 9.33+0.44 53.6 £ 2.6 35.5+1.7
DUSEL 8.40+0.38 7.5+ 0.4 32.1£1.6
HAWAII 1.06+0.05 3.0 £ 0.1 4.04+0.19
CURACAO 2.65+0.12 22 TEE 1| W 10.2+0.5

= Estimated uncertainties in predicted signals are of the R
order of 4-5%, due to mixing angle, antiv spectrum, 1TNU = 1 event /10”32 protons / yr
power fraction and effective thermal power 12



Comparison

with ¢

R LER Geo v (G)* AG r=

[TNU] [TNU] R r/G
KAMIOKA 152 (1+£5%) |34.5 14 4.4
FREJUS 138 ¥ 43.1 13 3.2
SUDBURY 4.3 " 50.8 9.7 0.87
GRAN SASSO (23.1 °© 40.7 8.0 0.57
PYHASALMI 18 1 51.5 8.3 0.35
BAKSAN 933 " 50.8 7.7 0.18
DUSEL 840 " 52.6 7.8 0.16
HAWAII 1.06 " 12.5 3.7 0.085
CURACAO 2.65 " 32.5 5.9 0.082

AG represents the limiting statistical error on the geo-neutrino
s et ¢ ° AG =, G+R,,

signal which might be achieved with a detector with an
effective exposure of 10732 proton yr

*Fiorentini et al Phys. Réﬁ. 2007



GRAN SASS0 vs KAMIOKA

B KAMIOKA O GRAN SASSO
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a For Gran Sasso, the nearest core
contributes with 3% to the total signal

= Kamioka is mainly sensitive to the nearest
cores (less than 200 Km)...as well known...



Consequences of 2007 Japan earthquake

=s March 2007:
earthquake hit Shika
(2 cores) o

= July 2007:earthquake —-—— o
hit Kashiwazaki oy P g 1
(7 cores)

450 7
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350 | W After Earthquake = “/Kashiwazaki Kariwa NPP - 7*reac.
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from Mantovani, Yokohama 2010



Time variation

= we know from IAEA data the (electrical) Load Factor
month by month = we can study the time modulation
of the predicted signals.

il Gennaio

—o— KAMIOKA signal —#=— WORLD Thermal Power
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= At Kamioka site, for a detector of 10”32 protons, we expect

a mean value of 40 events in 1 month

= The monthly averaged valued of the total thermal power in

the world is 910 GW
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(Neutrino 2010)
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Time variation in Kamland (2007-2009)

—e— Qur prediction —=— Kamland data
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s We use: N,=3.46 x10"31, eff.=0.687
(from KamLand coll. Nature 2005)
= Note: uncertainties about 5%
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0.50

Sudbury (r=0.9)

= About 1/3 of the total
signal comes from
Bruce (6 cores) O
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New reactors in
Finland ?

= Olkiluoto 3:
~4300 MWth,
start 2013(?)

s Olkiluoto 4:
~4300 MWth
approved July 2010

s With both, signal at
Phyasalmi increases
of 10% |

....but not only new § i

Year 2009

relative contribution to the total

Oliluoto s

* Helsinki

Tallinn
& ——

, ~ Eesti
Estonia



Spent fue .
= Contribution of the anti-v emitted =~ | |
from the stored irradiated fuel I
s KamLand coll. quotes +2.4 % e Tl e
= In Chooz is at most +1.5% T Kok taranns
= Note: spent fuel contributes -
mainly at low energy region

= Problems: location of
spent fuel and total amount

ONKALO WASTE- REPOSITORY
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Conclusion

= We update reactor signal for different
sites, interesting for geo-neutrino
studies.

= We are able to following the time
variation of the predicted signal along
a period of 3 years (2007 — 2009)

= Open question:
s matter effect in neutrino oscillation (£ 1%...)
m contribution of the spent fuel

s power fraction change with time and with type core
(CANDU for SNO)
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The “true” conclusion

s let’s go to unigue sites:
s far from reactors

= Where interesting S
(scientific) discoveries =

Can OCCUr...
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