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Introduction

The half-life of a radioactive isotope can be defined as the amount of time
that it takes for said isotope to decay to half of its original value (Hallare,
Gerriets, 2020)

Radioactive isotopes have a set half-life, this helps scientists create more
precise measurements and predictions during experiments because of
the set timeline for each specific isotope

The current known value for the half-life of 204 Th is given as 4.0 +/- 0.1
years (Harbottle, 1953).

The half-life of Thallium-204 is recorded in the experiments to create a
random number generator based off the small spread of decay amounts
that the detector records during different time segments. During the
experiments, a Geiger—Muller detector was used to record the half-life of
Thallium-204. While doing such experiments, Dr. Ephraim Fischbach
found that during the summer, when the Earth is further from the Sun, the
half-life of Thallium-204 is slower than during the winter. After observing
the results, Dr. Ephraim Fischbach concluded that because the Earth is
closer to the Sun during the winter that the Earth is receiving more
neutrinos from the Sun and entering the Earth’s atmosphere. Dr. Ephraim

Fischbach then concluded that because there are extra neutrinos entering

the atmosphere in the winter, that the neutrinos were interacting with the
radioactive material and causing particles to deflect and cause
fluctuations in the data recordings made by the Geiger— Muller detector.
After reviewing and replicating Dr. Ephraim Fischbach’s experiments, we
found that there might be a different variable that could explain the

possible discrepancies in Dr. Fischbach'’s results. During our experiments,

a temperature variable was found to slightly change the results collected
from the Geiger—Muller detector. After applying an exponential curve to
account for the temperature changes, the results seem to follow the
natural laws of beta-decay half-life and does not seem to indicate any
new findings in fundamental physics.

Methods & Materials
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Figure 1: Moving average of a normalized count rate from a 30-day span of 2%4Th
decay data (black line) and the temperature measured in the room (purple dash),
(a.) pre-correction and (b.) post-correction
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Figure 3: Laboratory setup highlighting important experimental equipment

Conclusions

1.003 a.) — M’ Jogs o
Qo — — — pressure -
4]

b £
= 0
S %
5 1.000 | 1000 &
O, B ot
N o
C_U +—
z o

O
= , S

0.997 1015 o

1.003} D.) — Yon! {985 =
% — — — pressure 2
= S
5 J il . O
3 R0 & M i g ALk , B
5 1.000 i L ‘ Llina N 1 1000 @
% I oy v J“ ' -& Hmres E’
£ M LY ) o
= Iy =

0.997 n Mme @

. 1 1 i

0 05 1 1:D 2
elapsed time (s) <10

Figure 2: Moving average of a normalized count rate from a 30-day span of 2%4Th
decay data (black line) and the pressure that is measured in the room (purple dash),
(a.) pre-correction and (b.) post-correction
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e From Figure 1b, the dash lines equate to the temperature variable being
applied and as seen in the top image of Figure 1a, the temperature curve more
closely correlates to the beta-decay rate of 204Th

e From Figure 2b, the dash lines equate to the pressure variable being applied

e After applying a temperature curve and pressure curve to the normalized count
rates, the data shows the external factors like pressure and temperature have
similar effects on data recorded from the Geiger—Muller detector

e [f other experiments and research prove to find that neutrinos interacting with a
radioactive source can alter the rate of decay, then this could be used in the
nuclear defense field of study. These findings could lead to more research into
whether the same detectors could be used to locate large amounts nuclear
radiation.
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