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ABSTRACT 

An experiment is suggested by which .the gentle interaction of 

neutrinos with nuclei might be detected. The experiment is to record 

the temperature of selected volumes of the earth or the moon to observe 

changes as a function of the solar year in the heat generation rate 

caused by the oscillating neutrino flux from the ·sun striking the 

earth and moon. 
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R. M. Brugger 

Lubkin(l) suggests that neutrinos may interact with matter through 

gentle interactions with nuclei. He predicts an energy loss of ~5 x 10- 7 

eV (c~~~ )per neutrino (or ~8 x 10- 19 ergs (c~~) per neutrino). Assuming 

that the average density of the earth is D = 5 gm/cc, this energy transfer 

would produce about 6En = 4 x 10-18 e~~s per neutrino in the earth. 

Trimble and Reines( 2), reviewing the 11 Solar Neutrino Problem 11
, list 

the sources of solar neutrino flux and the expected flux at the earth. 

The principal source is the H + H + D + e+ + v(0-0.402 MeV) with a pro

jected flux on earth of 6.0 x 101 0 neutrinos/cm2sec. The next most 

intense source, Be+ e- + 7 Li + v(0.86 MeV), is projected to produce a 

flux of 4.5 x 109 neutrinos/cm2sec or a factor of 10 less .. Assumirig the 

flux of neutrinos at the earth is 6 x 1010 neutrinos/cm2sec, then the 

energy transferred by Lubkin 1
S gentle interaction to 1 cc of earth 

material is: 

6E = 4 x lo- 18 x 6 x 1010 - 2.4 x 1o- 1 s watts - 5.5 x 10-16 cal 
e cc cc sec 

Blackwell( 3) discusses heat sources in the earth and describes two 

models. One model has all the heat generated in the crust to depth b 

with a small (maybe zero) uniform source below. A second model has a 

distribution: 

A(x) = A
0 

exp (bx) 
where A

0 
is the measured surface heat generation, A is the heat genera

tion at depth x and the constant b ranges from 7.5 to 10 km. Blackwell 
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quotes heat generation ~n units of 10-13 cal/cc-sec, which equals one 

heat generation unit,hgu. Th~ average heat generation rate in the 

crust of the earth is about 5 hgu. Thus the heat generated in the 

earth by neutrinos might represent about 0.1% of the average heat 

generated in the crust of the earth by uranium and thorium decay but 

may represent a larger percent of the heat generation rate deeper in 

the earth, say at 10 km, or at specific locations in the earth where 

the heat generation rates are lower than normal, say the Sierra Nevada 

range. The deepest welis drilled to date are about 7.6 km or near the 

limit where the heat generation from neutrinos might be measurable 

compared to other sources. 

A possible experiment to detect neutrinos would be to place 

thermometers deep in a dry well at a place where the earth's heat 

generation sources are small and constant. Then one would search for 

a temperature change related to some change in the neutrino flux, say 

the earth's rotation about its axis or the earth's rotation about the 

sun. 

First, consider detecting the absorption of neutrinos as the earth 

rotates about its axis. The earth is about 4,000 miles i~ radius or 

5.3 x 10 8 em. Again using D = 5 gm/cc the total energy lost by Lubkin's 

interaction as a neutrino traverses the earth would be: 

E = 53 x 10 8 x 5 x 10- 7 eV x 5 = 1.3 KeV total loss · 

This loss appears small compared to the total energy of most neutrinos 

so that it would be difficult tb do an experiment in which a search is 

made for a response of the thermometer with the earth rotating between 

the sun and the· thermometer, that is from day to night. 
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l~ext, consider the possibility of detecting tht? oscillation of the 

flux of neutrinos as the earth rotates about the sun. The earth as it 

circumscribes the sun, has an eccentricity of 0.02, thus the apogee to 

·perigee ratio is 1.04. Since the flux of neutrinos from the sun hitting 

the earth will vary as the distance squared, the expected fluctuation in 

the heat generation rate of neutrinos from apogee to peri gee should be 

2- 1.042 or about 8% with a period of 365 days. If a location within 

the earth with a low and constant heat source could be used, this 8% 

fluctuation on a ~65-day time span might be observed. 

The effect of heating by neutrinos might be enhanced if a volume 

were located that had a higher than average density and/or a lower than 

average beat generation rate. Also the temperature vs. time records 

· should be frequency analyzed to extract the 365-day response from the 

11 noi'se 11 of other heat sources. It is estimated that the 5.5 x 10- 1 6 

cal/cc-sec might produce temperature fluctuations of 1/1000°C. Present 

precision in measuring the temperature in the earth is -v1/100°C over 

shorter periods of time than would be required for this determination. 

Mclean( 4) has measured the atmospheric conditions in Carlsbad 

Caverns. At the upper levels the climate is effected by air circulation 

but at the deepest levels the air is measured to be 26.1°C unchanging 

within the 0.1° accuracy of the thermometer. These measurements suggest 

that a location can be found that would reflect only the geothermal heat 

source. Improved temperature measurement techniques by 1 to 2 orders of 

magnitude might show the neutrino effect. 

Another possible measurement location might be on the moon. There 

the heat source is estimated to be about 1 hgu and there is some 

uncertainty as to the source of this heat. (S) For a period of l4.earth 
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days long, the thermometer waul d be on· the dark side of the moon which 

should provide a low and constant heat sink. Thus measurements of the 

temperature in which one wishes to observe changes due to a change in 

the heat source from neutrinos would be accentuated by this low and 

constant sink. The 365-earth-day period would have to be extracted 

from the 28-earth-day period caused by the moon • s rotation. 

One discrepancy in the above estimates is that both Lubkin•s 

maximum energy loss/neutrino was used and the maximum expected flux at 

the earth was assumed. Since Lubkin estimated the former to explain 

the supposed reduced flux measured by Davis, these are mutually exclu

s-ive; an intermediate value for both might be more realistic. 

The author has not been able to identify any wells that have been 

monitored for temperature over a long period of time which might show 

the heating effect of neutrinos suggested by Lubkin•s interactions. The 

order of magnitude.refinement in sensitivity suggested needed for the 

experiments seems feasible and much easier to attain than the 8 and 5 

orders of magnitude factor. of infeasibility suggested by Lubkin for 

observing neutrinos from LAMPF or from a reactor. 
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