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Structure of the Earth 

  Seismic data splits Earth 
into 5 basic regions: inner 
core, outer core, mantle, 
oceanic crust, and 
continental crust. 

  All these regions are solid 
except the outer core. 



Convection in the Earth 

  The mantle convects even though it is solid.  
  It is responsible for the plate tectonics and earthquakes. 
  Oceanic crust is being renewed at mid-ocean ridges and 

recycled at trenches. 

Image: http://www.dstu.univ-montp2.fr/PERSO/bokelmann/convection.gif 



Heat flow from the Earth 

  Conductive heat flow 
measured from bore-hole 
temperature gradient and 
conductivity 

  Total heat flow 
44.2±1.0TW (87mW/m2), 
or 31±1TW (61mW/m2) 
according to more recent 
evaluation of same data 
despite the small quoted 
errors. 

Image: Pollack et. al 

Bore-hole measurements 

Heat flow 



Stein and Stein, 1992

Oceanic crust heat flow 



Radiogenic heat 

  U, Th, and K concentrations in 
the Earth are based on 
measurement of chondritic 
meteorites 

  Chondritic meteorites consist 
of elements similar to those in 
the solar photosphere 

  U, Th, and K concentrations in 
Bulk Silicate Earth (BSE) are 
20ppb, 80ppb, and 240ppm, 
respectively 

  This results in U, Th, and K 
heat production of 8TW, 8TW, 
and 3TW, respectively. 



Discrepancy? 

  The measured total heat flow is 44 or 31 TW. 
  The estimated radiogenic heat produced is 19 TW. 
  Models of mantle convection suggest that the radiogenic heat 

production rate should be a large fraction of the measured 
heat flow. 

  Problem with 
  Mantle convection model? 
  Total heat flow measured? 
  Estimated amount of radiogenic heat production rate? 

  Geoneutrinos can serve as a cross-check of the radiogenic heat 
production. 



Radiogenic isotopes 

• Beta decays 
produce electron 
antineutrinos 
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Geoneutrino signal 

Neutron inverse beta decay threshold 



The expected geoneutrino flux 

  The geoneutrino flux per unit energy is given by 

  A is the decay rate per unit mass 
       is the number of antineutrinos per decay chain per unit 

energy 
  a(L) is the mass concentration as a function of position in the 

Earth 
   ρ(L) is the density as a function of position in the Earth 
                      is the survival probability due to neutrino 

oscillations 



U and Th in the Earth 

  U and Th are thought to be absent from the core and 
present in the mantle and crust. 
  The core is mainly Fe-Ni alloy. 
 U and Th are lithophile (rock-loving), and not siderophile 

(metal-loving) elements. 

  U and Th concentrations are highest in the continental 
crust. 

  Th/U ratio of 3.9 is known better than the absolute 
concentrations. 



Local contribution 

  On continental crust 
approximately 50% of 
the flux comes from the 
surrounding 500km. 

Mantovani F. et. al Phys Rev D 69 (2004) 013001 



Georeactor 

  It has been hypothesized that a 
blob of uranium is located at the 
center of the Earth. 

  This could then form a natural 
nuclear reactor produce up to 
6TW of heat powering the 
Earths dynamo. 

  This could explain the observed 
anomaly in the 3He/4He ratio. 

  The only way to test this 
hypothesis directly is to observe 
the neutrinos produced by this 
reactor. 



Have geoneutrinos been seen? 

Fred Reines’ neutrino detector (circa 1953) 

By Gamow in 1953 



~30TW 

Were they geoneutrinos? 



Recent geoneutrino results 



First results from KamLAND 

  From March, 2002 to October, 2004. 
  749.1± 0.5 day of total live-time.  
  (3.46 ± 0.17) × 1031 target protons, 

5m radius fiducial volume. 
  0.687 ± 0.007 of the total efficiency 

for geoneutrino detection. 
  Expect 14.8 ± 0.7 238U geoneutrinos 

and 3.9 ± 0.2 232Th geoneutrinos. 
  152 candidate events 
  127 ± 13 background events. 

Nature 436, 499-503 
(28 July 2005) 
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How many geoneutrinos? 

Expected result 
from reference  
Earth model 

Expected ratio from 
chondritic meteorites 

Best fit 
3 U geoneutrinos 
18 Th geoneutrinos Central value 28 



Updated KamLAND results 

PRL 100, 221803 (2008) 

7.09×1032 proton・year  24.4×1032 proton・year 
Number of Geoneutrinos：73 ± 27  



Total U and Th content 

Image: S. Enomoto, Neutrino Geoscience 2008 



The future 



Need for at least two detectors 

Dye and Guillian, Proc. Nat. Acad. Sci.105 (2008) 44-47. 

  The heat flow in the lower and middle crust is not very well 
constrained and multiple measurements on different types of 
continental crust would also be extremely useful. 



KamLAND and geoneutrinos 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your 
computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

  KamLAND was designed to 
measure reactor antineutrinos, 
these are the most significant 
background and are irreducible. 

  Reactor antineutrino signals are 
identical to geoneutrinos except 
for the prompt energy spectrum. 

  Working on purifying the liquid 
scintillator, which will reduce the 
(α,n) background events. 

KamLAND 



Get away from reactors 

Image: S. Enomoto 



Future experiments 

LENA: 50 kton 

Borexino 
0.3 kton 

KamLAND 
1 kton 

Hano hano 
10 kton 

Baksan 
5 kton 

Homestake 
1-?? kton 

SNO+ 
1 kton 

Image: S. Enomoto 



Sensitivity to the mantle 

LENA: 50 kton 

Borexino 
0.3 kton 

KamLAND 
1 kton 

Hano hano 
10 kton 

Baksan 
5 kton 

Homestake 
1-?? kton 

SNO+ 
1 kton 

Image: S. Enomoto 
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Im

ages: S
. E

nom
oto 



SNO+ 

  Physics goals: 
  pep and CNO solar neutrinos 
  geoneutrinos 
  reactor neutrino oscillations 
  supernova neutrinos 

  double beta decay with Nd 

Replace 1 kton of D2O in SNO 
with liquid scintillator (2011) 

12 m diameter acrylic vessel 

18 m diameter support structure; 
9500 PMTs (~60% coverage) 

1700 tonnes inner shielding H2O 

5300 tonnes outer shielding H2O 

depth: 2092 m (~6010 m.w.e.) 



Hanohano 

  Physics goals: 
  precise oscillation measurement 

  geoneutrinos 

  solar neutrinos 

  proton decay 

  supernova neutrinos 

  Deploy and recover 
portable 10 kt scintillator 

  Design study completed 
2006 

Deployment Sketch 

Descent/ascent 39 min 

Barge 112 m long x 23.3 wide 



Far future 

  The next generation of detectors can determine the 
total U and Th content in the mantle and the crust, but 
will have a hard time determining the distribution within 
those regions 
 Can we build a geoneutrino detector sensitive to the 

neutrino direction? 
  40K also contributes to the total radiogenic heating of 

the Earth, and could play an important part in the core 
dynamics 
 Can we build a geoneutrino detector sensitive to neutrinos 

from 40K decay? 



Conclusions 

  Geoneutrinos allow us to measure the total U and Th content of the Earth, 
which is believed to be the most significant heat source 

  KamLAND 
  observed 73 ± 27 geoneutrinos 
  consistent with the current geological models 

  Borexino 
  currently collecting data 
  because of size this will likely be statistics limited. 

  SNO+ 
  will principally be a double beta decay experiment 
  will likely be the next operational geoneutrino experiment 

  To help break the degeneracy between geoneutrinos from the mantle and 
the crust we should also build a detector on the ocean floor, such as 
Hanohano 


