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® 1953: geo-v were born
thanks to Gamow

® 2005;: KamLAND shows
that the technique for geo-v
detection I1s available

¢ 2007: KamLAND's
evidence for geo-v close to
2.50 C.L.

® 2010: Borexino claims
observation ofigeo-v at 4.2
o C.L.

®2010: KamLAND rejects
fully radiogenic models at
2.7 o (preliminary)

Events/240p.e/252.6ton-year
-] - » = o ~
ASRARAIRARS R ANaRERLSYS (RATRARERY AR

E 3000
Light yield of prompt positron event [p.e.]




GEOe-Neulines: anew preke o Eartirs i

Qoszarn quastions a2nout naturzl radigactivity in tne szrer)

1 - What is the 4 - What is hidden in the

radiogenic contribution Earth’s core?

to terrestrial heat (geo-reactor

production? 10K, ...

2 - How much
U and Thin

S
the crust” 5 - Is the standard

geochemical model
(BSE) consistent
Th in the mantle? with geo-neutrino data?

3 - How much U and



Light yield of prompt positron event [p.e.]

Borexino: expectations oot P ventipel
and results

. Predlct a total of 20.7
events in 24 months

(R=14.0 ; G=6.3 ; Bk=0.4)

e The HER can be used to
test the experiment

Geo-neutrinos

Reactor antineutrinos

Events/1 Op.%ﬁ 00ton-year
5
[

sensitivity to reactors L | . | . I
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
* In the LER one expects - E_prompt[MeV]
Light yield of prompt positron event [p.e.]
comparable number of geo-v : oo w0 o
and reactor-v .

Geo-neutrinos

6 | ) Reactor antineutrinos

 Observe 21 events in 24

months, attributed to
=10.7 a4 +4.3

G=99 a4 +4.1 #

BK=0.4 % *

* One event per month g 11:: _

experiment! O .

Bl Background

Events/240p.e./252.6ton-year
.




* Geo-v = 0 Is excluded
with CL of 99.997 C.L.
(corresponding to 4c)

e The Best Fit Is:

- within 1o from the
B SE prediction;

- close to the fully
radiogenic model,

- some 2c from the
radiogenic
model
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The significance of the observation




I KamLAND vs Borexino

300 : :
« KamLAND from 2002 to 2007 +~ KamLAND data
collected 630 events in the LER. _ *°F reaeor e
% 200 : ) 3C(a,n)'°0
e Most due to Reactors (340) 5 Bepeotsliiatl,
and Background (220) S + Expected Geo v,
. . S 100
 After subtraction one remains =
. 50 _
with some 70 geo-v events, a =
2.56 evidence of geo-v. "1 2 s 6 718
E])I’(')ITI p[ ( M CV)
e Borexino has a smaller mass o |
d eXpOS u re tl m e Light yield of prompt positron event [p.e.]
a n 8 1 0.00 : 20I00 30.00 4000
« It benefits from: | o
- much higher purity g ¢ | == Background
- absence of nearby reactors g =R
g 2 I_ ——
This is why Borexino can give better | — - J»TL-—E.:L_L J
results even with smaller statistics b —— e

E_prompt [MeV]



g& KamLAND 2010: preliminary results

KamLAND from March 2002 to November 2009 collected 841
events in the LER:

=485 + 27 fitted
- J 13 16
— C(an) O
= 165 + 18 — best-fit Reactor v, + BG
a = + best-fit Geo V, B accidental
BK=80+0.1 best-fit Geo V, best-fit Reactor vV,
10" e KamLAND data
; o 140—
With rate-only 2 120
analysis: & 1007 . +
. 2 s t —
- L n C
/; R 40:_+ —
20— I
o e S P T S N SR EFU P R
1 1.2 14 1.6 1.8 2 22 24 26



5& KamLAND 2010: implications

By using rate-shape-time
analysis, the signal is:

S(U+Th) = 38.3 4, *103 TNU ]

40

70

60

20

10 |

=
 to compare with the E
|_
expected signal (Fiorentiniet %
al. 2005): ?
S(U+Th) =36.9 + 4.3 TNU
e fully radiogenic model is ¢
excluded with 2.7 ¢
The era of the combination
of data from multiple sites is
open (see Rotunno’s talk)
~

30 F

Fiorentini et al. (2005)
Signal H(U+Th) from Uranium and Thorium geo-neutrinos

mm e

N
\

Min BSE Fully Rad. 1

SUUN T L |

0 10 20 30 40
H(U+Th) [TW]

— region allowed by BSE: signal
between 31 and 43 TNU

e . ..

__— region containing all models
consistent with geochemical and
geophysical data






Refining the Reference Model for KamLAND*

® Use a geochemical study of .- —
the Japan Arc exposed upper - &z
crust (166 samples ——
distinguishing 10 geological ~ w?:"

classes) e T

® Use detailed (= 1 km) * Take into account several sources
measurements of Conrad and  of uncertainties:

Moho depth v (30) errors on sample activity

® Use selected values for measurements

abundances LC v" Finite resolution of geochemical
® Build a new crustal map of study

the Japan Arc (scale ¥4° x %4°) v Uncertainty from the Japan sea
® Consider possible effect of crust characterization

v Uncertainty from subducting
== plates below Japan

* G. Fiorentini et al. — Physical Review D72 — 2005 — v Uncertalnty of seismic
arXiv:hep-ph/0501111 measurements

the subducting plate
b e I ow J a p an T e




Nuclear physics inputs needed for el

geo-neutrino studies®* PKi sl

v' Neutrino spectra are necessary for " F— e
calculating the geo-neutrino signal. |

So far, they are derived from A R e N
theoretical calculations. We propose fm

to measure them directly. ) w

v' For each nuclear decay, the 0 e T e o S e a1 ae
neutrino energy E, and the “prompt Ny Thedecayspejffjn[“gj"j%asa
energy” Epompt = Te + E, are fixed by function of.. e
energy conservation: Q = E, + Eygmoe *°| —_e

06

v’ Measure Eg o, and will get E,

v With CTF @ LNGS a method

for experimental determination of
geo-neutrino spectra has been 0 o5 1 15 2 25 3 a5
developed measuring the oy e

" ” 214D * G. Fiorentini et al. — Phys. Rev. C 81 — 2010
prompt energy” of 1“Bi decay arXiv:0908.3433

Intensity

04}

02t




Study of ?1“Bi decay with CTF @ LNGS

v Geo-neutrinos are produced "B v Suern(%)
thrOugh B and B'y trans'tlons ..........................
X = X+e+V, X - X +e+V, p} ........ 184 o o

=X+ ny ko W
v" For geo-neutrino studies only T 0 W28
the ground and first excited state 200021_4Bi spectrum and best fit - CTF data with R < 60 cm
are relevant. Monte Carlo
v' By using data from a 222Rn 1s00 | T 4@
contamination of CTF, we 2
measured the feeding g 0
probabilities p, and p, of these 500 |
states.

N sl

v The result is consistent and of

# Photoelectrons

comparable accuracy with that

I CTF TOI
found in Table of Isotopes (derived — —
from indirect measurements of y line Po 17720 182+ 0.
intensities and theoretical assumptions) Py 0.008 + 0.005 0.017 + 0.006
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Refining the Reference Model for Gran Sasso

® Our 2004 world wide reference model (16200 2°x2° tiles)
predicts for Borexino: S=405+6.5TNU

® The contribution of the 6 W0
tiles near Borexino was
found by us (Ref. Mod.)
as:

S

= 15.5 TNU .

reg

® A 2°x2° tile centered at
Gran Sasso gives:

Ser=12.2 TNU

We are completing a more precise —
assessment of this regional contribution



Antineutrinos from reactors and geo-neutrinos

t LER | HER
 The HER has to be controlled by reactor
studying the different contributions from £ andgeo { only
the nuclear reactors, if one wants to i’ |
compare Ev,., , and Ev,,, in the LER.
* The 2006* map is based on 2000 | ,
IAEA database and considering all a 26 b oM

[MeV]

reactors at full power.

Reactors

Geo-neutrinos

We are updating the
E geo AY / Evreact
considering more recent
data and the
uncertainties about the

anti-v flux from reactors

*Fiorentini et al - Earth Moon Planets - 2006



Geological implications

Prof. Roberta Rudnick and Prof. Bill McDonough
(University of Maryland) are Copernicus Visiting

Scientists at Ferrara University in October 2010:

one month partially funded by FA51

A collaboration between physicists and
geologists to.develop.specific.topics:

-project of aworld wide refinedreference model

- the implications of KamLAND and Borexmo
data on spegific syllcate Earth models

—_—




Neutrino Geoscience at LNGS — 6-8 October 2010

Neutrino Geoscience 2010

Gran Sasso National Laboratory - ltaly
6 - 8 october, 2010

Home

Registration

Participants General Information

Accommodation & Travel

5 Meutrino Geoscience 2010 is the fourth international conference dedicated to geo-neutrinos, geo-reactor neutrinos, methods of detection and detector
rogram S . . ] . .
development. First introduced by Eder and Marx in the 19605 and less then half century later the technigue for identifying geo-neutrinos is available: in 2005

Scientific Committee KarnLAMD clairmed the first detection of geo-neutrings, and in 2007 Borexing began taking data, measuring geo-neutrings everts with a high purity detectarin |
Call for Poster a low reactor background setting.

Contacts Geo-neutrings are antineutrinos from natural radioactivity inside the Earth and they are a new probe of Earth's interior. This new field of science bridges

: neutrino physics and geology, as recently emphasised by numerous papers written by both scientific communities
Previous Conferences . . . . .
The Gran Sasso Underground Laboratories hosts Borexino, one of the most important experiments for detecting the geo-neutrinos. In this

extraordinary location the conference will bring from around the waorld leaders in neutrino detection together with experts in geology to share the latest

/j infarmation and to map the path towards future measurements

httg://geoscience.lngs.infn.it/

Scientific Committee

Gianpaolo Bellini (University of Milan), Mark Chen (Queens University), Massimo
Coltorti (University of Ferrara), Steven Dye (Hawaii Pacific University), Sanshiro
Enomoto (University of Washington), Giovanni Fiorentini (University of Ferrara),
Aldo lanni (INFN — LNGS), Claude Jaupart (University of Paris), John Learned
(University of Hawaii), Fabio Mantovani (University of Ferrara), William
McDonough (University of Maryland), Roberta Rudnick (University of Maryland),
Atsuto Suzuki (KEK Tsukuba), Riccardo Vannucci (University of Pavia)






