
Geo-neutrinos at the 
ANDES Laboratory

First International Workshop for the Design of the  
     ANDES Underground Laboratory 
     Centro Atómico Constituyentes
       Buenos Aires, Argentina
      11-14 April 2011

Renata Zukanovich Funchal 
Universidade de São Paulo, SP,  Brazil

Hiroshi Nunokawa 
Pontifícia Universidade Católica, RJ,  Brazil



What are 
Geo-neutrinos ?



Natural Radioactivity of 
the Present Earth

• 238U, 232Th, 40K, 235U and 87Rb

• Radiogenic Heat is produced in  the decay 
chains of these isotopes accompanied by            
the emission of

• Escape freely from Earth’s interior bringing 
to the surface information from the whole 
planet content 

ν̄e(νe)

geo-neutrinos

from isotopes with half-life comparable to Earth’s age



What can be
studied with

Geo-neutrinos ? 



!
!

!
!

Observed Heat Flow in the Earth Surface

Uncertainties on Total Heat Flow (~40 TW) 
What is the Radiogenic Contribution ?  20 TW ?



Earth Science 
seismology :  can reconstruct density profile but not composition
geochemistry :  analyze samples from crust and top mantle
(deepest borehole ~12 km, deepest rock sample from ~200 km)

geo-neutrinos : new probe of the global composition of the Earth



Earth Science 
geo-neutrinos : new probe of the global composition of the Earth

• Address the Radiogenic Contribution to Earth’s  
Heat Production 

• Test the Bulk Silicate Earth (BSE) Model 

• Measure abundances in the crust (detectors in 
the continent)

• Measure abundances in the mantle (detectors 
far from the continent)



Why can we
do this now ?



Great Developments in 
Neutrino Physics

• Experimentally :  we know how  to 
build extremely low background neutrino 
detectors  

• Theoretically :  we understand neutrino 
properties and propagation in matter 
rather well



How do 
we observe

them ?



Eprompt = Eνe − 0.8 MeV
Ethreshold = 1.8 MeV

1.8 < Egeo−νe/MeV < 3.3

Detection
ν̄e + p→ e+ + n

Inverse Beta Decay Cross Section
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238
U → 206

Pb + 8
4
He + 6 e

−
+ 6 ν̄e + 51.7 [MeV]



232
Th → 206

Pb + 6
4
He + 4 e

−
+ 4 ν̄e + 42.7 [MeV]



Energy Spectra for U-,Th-Series 

energy threshold

Taken from Enomoto’s Thesis

fraction of      above threshold 0.15/4 = 3.7%  (Th)ν̄e
fraction of      above threshold 0.38/6 = 6.3%  (U)ν̄e



How do 
we calculate the 
expected flux ?



Expected Flux

�R = (RT cos φ sin θ, RT sinφ sin θ, RT cos θ)

nX =
�

dEν̄ fX(Eν̄)

ΦX(�R,Eν̄) =
�

V
d�r

ρ(�r)
4π|�R− �r|2

aX(r)CX

τXmX
fX(Eν̄)P (ν̄e → ν̄e;Eν̄ , |�R− �r|)

X =238 U,232 Th

�P (ν̄e → ν̄e)� = 1− 1
2

sin2 2θ12 ≈ 0.6

matter density

detector position

survival probability
ax = mass abundance       Cx = isotopic concentration                            
k   =  lifetime                  mx = mass of XτX



Bulk  Silicate Earth (BSE) Model
BSE  is a geochemical paradigm

the chemical compositon of the 
Earth  is estimated from that of 
CI chondritic meteorites

mBSE(Th) = 4 mBSE(U)mBSE(U) = mM(U) + mc(U)

mBSE(U) = 0.8 x1017 kg

mc(U) = (0.3-0.4) x1017 kg    (observational data)

[McDonough et al, Chem. Geo. 120, 223 (1995)] 



Mass Abundances of U

Crust:

OC  ~ 7 km
a(U) = 0.1 ppm 

CC  ~ 30 km
UC

a(U) = 2.5 ppm
MC

a(U) = 1.6 ppm
LC 

a(U) = 0.63 ppm

(Mantovani et al. 2004) mc(U) ~ 0.4 x1017 kg

0.47 % Earth’s mass in the crust
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Local Geo-Neutrino Flux Depends on the Crust Thickness
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Mass Abundances of U

Mantle:

UM 
~33-670 km 
a(U) = 6.5 ppb 

LM (BSE)
~670-2900 km
a(U) = 20 ppb

Core:
~3470 km
a(U) = 0 

(Mantovani et al. 2004) mM(U) ~ 0.4 x1017 kg

68 % Earth’s mass in the mantle



PREM

Text

Preliminary Reference Earth Model

1-D  spherically symmetric model 
(Dziewonski and Anderson, 1981)

density profile of our planet



What do 
we know ?



KamLAND 
[Nature 436, 499 (2005)]

t

28 +15.6
−14.6

number of geoneutrino
events:

Enomoto, Venice 2009



KamLAND 
[PRL 100, 221803 (2008)]

Enomoto, Venice 2009



Borexino
PPhys. Lett. B687, 299 (2010)



KamLAND & Borexino

Th/U G.L. Fogli et al.
Phys.Rev.D82:093006,2010

complementarity



Why do 
it at the ANDES 

Laboratory?



Enomoto, Neutrino Sciences 2007

×
Andes Lab.

Good location due to higher Geo-neutrino flux



Enomoto, Neutrino Sciences 2007

Another Advantage:   Very Few Reactors Nearby

Nreac < 1 event
for 1 kt⋅yr⋅GWth at
Andes Laboratory×

×
 distance to nearest 
reactor ~ 600 km 

Andes Lab.



Enomoto, Neutrino Sciences 2007

High S/N (Geo-ν/Reactor) Ratio

×

×

Andes Lab.
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Geo-neutrino Flux at ANDES Laboratory
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×

~ 300 km

Half of Geo-Neutrinos come from distance within ~ 300 km

Andes Lab.
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Detector Assumption for Andes Lab. 
As a reference detector let us consider 

BOREXINO-like detector !"#$%&'"( &')*+,-.
!"#$%"&'()%*

! +',- ! +',-
.)*%"'/,01"#/)-

,*,21")/'32%11,"#/4

!"#$%&&%'$&()*#)+$(+%,$&(+"#&%',*$'#-%$

/ "0$#,+&'1)2&'3$)4567589
/ :88)+"''$2);<
/ ==88)>?@2)
/ A:8B)>C)3"D$#,1$

number of free protons = 1.7 x 1031



• Kamioka : Nu + Nth  = 7.5

• Gran Sasso: Nu + Nth  = 8.4

• SNO : Nu + Nth  = 9.8

• Pyhasalmi : Nu + Nth  = 10.2

• Hawaii : Nu + Nth  = 5.2 

• Andes : Nu + Nth  = 9.8

Expected number of events: 

For 1.7 x 1031 free protons,  1 year,  80% eficiency 

Location comparison assuming the same 
detector size, exposure and efficiency

Pre
lim

ina
ry

based on  H. Nunokawa, W.J.C. Teves and RZF,  JHEP 11, 020 (2003) 



Future Dream: Directional Sensitivity? 
nepe

! "

capabilities of future scintillator detectors in the 1000 tons
range, like BOREXINO and KAMLAND.

II. ANTINEUTRINO DETECTION
IN SCINTILLATOR EXPERIMENTS

!̄e’s are detected in scintillator experiments via inverse-
"-decay #reaction 1$. The !̄e signature is a delayed coinci-
dence between the prompt e! signal #boosted by the two
511 KeV annihilation % rays$ and the signal from the neu-
tron capture. The target material is a hydrogen-rich #free pro-
tons$ paraffinic liquid scintillator; in CHOOZ the scintillator
is loaded with gadolinium.

A. Positron displacement

The cross section for the !̄e capture process &8,2,5' can be
written for low energy antineutrinos as

d(

d)
"
GF
2 cos2*C
4+2 pe!Ee!,#1!3F4

2$!#1#F4
2$"cos*e!-,

#2$

where GF is the Fermi constant, *C is the Cabibbo angle, F4
is the ratio between the axial and vector coupling constants,
and "e!, *e!, pe!, Ee! are the positron velocity, emission
angle #relative to the !̄e direction$, momentum, and energy.
With the value of F4 obtained from " decay one derives the
positron angular distribution in the laboratory

P#*e!$"const$#1#0.102" cos*e!$. #3$

This tiny anisotropy could in principle be employed if one
had an extremely large number of events. But this is not

normally the case for SN explosions nor was it for the
CHOOZ long-baseline reactor-neutrino experiment. In the
case of CHOOZ, by averaging Eq. 3 over the solid angle and
positron spectrum, one obtains an average positron displace-
ment with respect to the interaction of .#0.05 cm which,
as we will see later, is not measurable with our spatial reso-
lution and statistics. In Refs. &2,5' the dependence of the
cos*e! coefficient on the positron energy is discussed. Such a
dependence does not affect the conclusions of this paper be-
cause the average positron displacement remains negligibly
small.

B. Neutron displacement

Figure 1 #right$ shows the Monte Carlo generated scatter
plot *n #angle with respect to the incident neutrino direction$
versus Tn #kinetic energy$ for neutrons emitted in reaction 1
with the reactor-neutrino spectrum #left$. The neutron kinetic
energy extends up to .100 KeV and the angle with respect
to the incoming neutrino direction is limited to values below
.55°. The separated curves visible in the lower-left part of
the picture are caused by the !̄e energy binning and by the
logarithmic scale adopted for the x axis. They show how the
*n-Tn dependence changes as a function of the !̄e energy.
The neutron slowing-down phase &10', in which its en-

ergy is reduced to the thermal equilibrium value, is a noniso-
tropic process which preserves a memory of the initial neu-
tron direction. In each elastic scattering the average cosine of
the outgoing neutron with respect to the incoming direction
is

cos*n"
2
3A , #4$

FIG. 1. Detected reactor neutrino energy spectrum #left$ and neutron angle with respect to the incident neutrino direction versus its
kinetic energy #right$.

M. APOLLONIO et al. PHYSICAL REVIEW D 61 012001

012001-2

MC simulation by CHOOZ collab. (Apollonio et al, PRD61, 012001, 1999)

but currently, seems 
very difficult due to 

thermalization of neutron

 very poor resolution of 
vertex reconstruction

Neutron Emission Angle vs Kinetic Energy

gamma diffusions
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Some Estimations by KamLAND Collab. 

!
!
!

Enomoto, Neutrino Telescope 2009



Summary

• Larger Geo-Neutrino Flux (than Kamioka, Gran Sasso)

• Very Few Reactors Nearby

• Expetected number of Geo-ν events                      
Nu + Nth  ~ 10 for 300 ton·yr

• The same detector can be used to study  Neutrinos 
from a Nearby (Galactic) Supernova 

The  Andes Laboratory is in a Good Location 
to study Geo-Neutrinos due to  



Thank you


