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The question whether an annual modulation is observable during nuclear decay rate measurements
has long been the subject of research. One of the possible explanations for the annual variations
would be the effect of solar neutrinos, the flux of which changes in correlation with the Earth-Sun
distance. A decay rate measurement with a '3’Cs source and a HPGe detector is currently being
conducted 30 meters below the ground at Janossy Underground Research Laboratory (Csillebérc,
Hungary). The laboratory is part of the Vesztergombi High Energy Laboratory (VLAB), one of
the TOP 50 research infrastructures in Hungary. From October 2022 to March 2023, data of six
months’ worth has been collected, and hence this is a new opportunity to check whether the annual
variation in decay rate can be observed. The laboratory, the experiment, the data processing
method, and the first results are presented in this study.
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1. Introduction

Nuclear decays follows exponential law. High-precision detector techniques led us to investigate
whether the decays of radionuclei are affected by weakly-coupled interactions. To deal with
this, a long-standing measurement is required in a monitored and remote-controlled controlled
underground laboratory to reduce the environmental and human effects.

In October 2022, measurements with a HPGe detector started at a low background counting
site located 30 m below Earth’s surface, at Janossy Underground Research Laboratory (JURLAB)
Csillebére, Hungary). The main goal was to investigating the effect of environmental and seasonal
changes on the background spectra. From October 2022 to March 2023, data of six months’ worth
has been collected, making it possible to study the deviation from the well-known exponential law
of the radioactive decay involving '3’Cs.

Caesium is an optimal choice for the measurement, with a half life of 77, = 30.018 + 0.08 yr
[1]. On one hand, '37Cs can decay in a spontaneous way: '*’Cs — '¥’Ba + e~ + #,. On the
other hand, electron neutrinos (mainly solar electron neutrinos) can interact with neutrons of the

0 — e~ + b*, and can decrease the number of *’Cs nuclei via the reaction

137Cs nuclei: v, + n
Ve + 137Cs — 3Ba + e~. The number of '37Cs nuclei is decreased in the function of the time by
spontaneous decay and the decay induced mainly by solar electron neutrinos. The solar neutrino
flux can vary according to the eccentricity of the orbit of Earth and the solar flair activity, so the
following question arises: could any change of the half life of '*’Cs be observed via a counting
experiment, or does the half life of !37Cs remain constant? Previously, mainly at low background
counting sites, several long-term counting experiments have been started to study and interpret any
deviation from the well-known exponential law of the radioactive decay involving various type of
nuclei. A recent paper [2], citing several publications, presents a summary of the results obtained
for *H, '*C, ’Na, *Mn, %Zn, %°Sr, 1°Cd, 134Cs, 152Eu, 2°Cd, ?*Ra and *'Am. To date, no
evidence of a deviation from the law of radioactive decay has been found so far. In this work, the
preliminary results of this study are presented.

2. Measurements at Wigner Research Centre for Physics (Budapest, Hungary)

Janossy Underground Research Laboratory is surrounded with
Dachstein-type limestone. 40 cm thick outer walls made from con-
crete for nuclear reactors makes the site ideal for measurements that
need low cosmic background. The experimental setup on Fig. 1
contains: 1) A 37Cs radiation source marked with a small black
rectangle placed in a plastic case (orange rectangle). The case is 3
placed in a custom-made holder (yellow) allowing to change the
distance between the sample and the detector. The distance was
kept fixed during the measurement campaign presented here. 2) Figure 1: Measurement setup
high-purity Ge detector of relative efficiency of = 40% at 1332 keV 2t 30 m depth in the JURLAB.
(model GC4018 from Canberra). 3) The dewar containing the liquid (See text for details.)
nitrogen.
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The signal from the detector is collected by a LYNX-MCA [3] digital signal analyzer, which
is not shown in the figure. The analyzer is controlled remotely via its HTTP interface. The
gamma spectra were collected into histograms of 32768 bins. A linear energy calibration was
used: E = A + B x k, where k is the k™ channel of the DAC (0 < k < 32767). Coeflicients
A = 0.068 keV, B = 0.177 keV/channel, were calibrated to the '#Pb and “°K peaks at 351.9321 keV
and 1460.802 keV, respectively, which are clearly visible in the background. The uncertainty of
the linear energy calibration is about in the 10 eV order. Calibration was performed just once, in
March 2022. Thereafter, A and B were kept fixed during the continuous measurement, i.e., no
re-calibration was done midtime.

Background in a measured raw spectrum was estimated by fitting a quadratic polynomial of
energy to the sidebands [650,657] keV and [669, 674] keV of the '3’Cs peak. After background
subtraction, the area (total count) under the peak was determined using a Gaussian fit in the full
[650,674] keV range. We did not have a dedicated setup for dead time measurement, so we relied
on the live time estimates stored by the analyzer in the CNF output: Afjive = Afnominal — Afdead-
Extracted background-subtracted peak areas were corrected for dead time by up-scaling to the
nominal one-hour measurement duration by a factor Afnominal/Afdead-

3. Analysis

According to the first method, each hourly dataset was analyzed separately. Background-
subtracted and dead-time corrected peak areas were tallied and then averaged as counts per hour
for each month of the measurement: October 2022 to March 2023. A gradual decreasing trend is
manifest, as would be expected from a slow exponential decay of the source activity (Fig. 2). Given
the 30 yr half-life of '3Cs, source activity is expected to weaken annually by ~ 1.1%. During a
time interval [z, t + At] the average source activity, relative to the activity at time #q is

1 t+At I A ) 1 - e—/lAz
R (t,Atlty) = —— | — dtte ™V | =ttt — 1
(8, Atlto) e~ | At /, ¢ ] ¢ ANt M
where A = % The measured activity in each mini-run was scaled back, i.e., the extracted peak

areas, to a common reference time #y by dividing by R(#nominal, Af|to), Where 7y was started from
1% Oct, 2022. The green graph on Fig. 2 shows the result of this method. Statistical errors on the
plotted monthly counts are negligible (their relative magnitude is only about 5.6 x 1073). After
correction, ~ 0.2% decrease is still visible. This indicates that background subtraction and/or the
assumption of Gaussian '3’Cs peak vs energy are not accurate enough.

A second analysis method was tried as well: summing raw spectra for each month, and then do-
ing background subtraction and area extraction on the monthly combined histograms. Results can be
seen on Fig. 3. If one does not compensate for the exponential weakening of the source (pink dots), a
clear decreasing trend is manifest that is similar in magnitude to the one of the first method — albeit
it does not look as smooth. It is again straightforward to compensate for the source half-life, just
slightly more complicated because histograms now contain monthly summed information. One can
use the ratio of the total uncompensated live time for the mini-run tlTiV%T = 2; Ative,i» where i indexes

TOT,comp _

the mini-runs, and the decay-compensated total live time 7. | = 2. R(i, Atnominal[f0) Ative,i
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lT. ot/ ¢FOT-OMP With the source half-life com-
ive / "live

pensated for, the trend becomes flatter but a ~ 0.4% decreasing residual still remains (Fig. 3). Just

to correct extracted areas by a multiplicative factor ¢

like for Method 1, this suggests that background subtraction and/or the Gaussian shape assumption
for the '37Cs peak are not accurate enough.
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Figure 2: Results from analysis method No. 1. Figure 3: Results from analysis method No. 2.
Statistical errors are too small to be visible. Dashed Statistical errors are too small to be visible. Dashed
lines are shown to guide the eye. lines are shown to guide the eye.

4. Conclusion

In this contribution we reported on on-going radioactive decay anomaly search measurement
at the Janossy Underground Research Laboratory of the Wigner Research Research Center at
Csillebére, Budapest, Hungary. We presented our preliminary analysis of gamma spectra collected
for more, than 6-month period for a '3’Cs radioisotope. However a more detailed analysis is
foreseen, by our analysis, data seems to be compatible with an annual modulation in '*’Cs decay
rates that has relative amplitude of a few percent or more. We hope to significantly improve the
sensitivity of the measurement after applying all the correction and post-calibration of the recorded
data.
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