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- The Low-Background Laboratory

for Nuclear Physics at the Institute
of Physics in Belgrade is a shallow
underground laboratory. The
laboratory was built in the loamy
loess cliff on the bank of
the river Danube with the
overburden of 12 m of soil. It has
an active area of about 45 m2 (135
m3).
- The experiments and routine

measurements in the underground
Low-Background Laboratory for
Nuclear Physics require low levels
of radon concentration with
minimum temporal variations.

System for radon reduction used in the Low-Background
Laboratory for Nuclear Physics
- The active area of the laboratory

is completely lined up with
aluminium foil of 1 mm thickness,
which is hermetically sealed with a
silicon sealant to minimize the
diffusion of radon from
surrounding soil and concrete
used for construction.
- The laboratory is continuously
ventilated with fresh air, filtered
through one rough filter for dust
elimination followed by the
battery of coarse and fine charcoal
active filters.
- The parameters of the ventilation
system are adjusted to give an
overpressure of about 2 mbar over
the atmospheric pressure.

Short-Term Radon Measurements
Continuous Radon Monitor Device
Sun Nuclear - model 1029:
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The short-term radon measurements
are performed with SN1029 radon
monitor (manufactured by the Sun
Nuclear Corporation, NRSB approvalcode 31822). The characteristics of the
SN1029 radon monitor declaried by
the manufacturer are: the measurement
range from 1 Bqm-3 to 99.99 kBqm-3,
accuracy equal to ±25%, sensitivity of
0.16 counts/hour per Bq/m3. With
these characteristics, SN1029 radon
monitor is defined as a high-sensitivity
passive instruments for the short-term
radon measurements and it is optimal
solution for the radon monitoring in
the our laboratory.

Results of the short-term measurements
Radon
concentration
(Bqm-3)

N total

Mean

Standard Deviation

Minimum

Median

Maximum

10090

13.75

9.86

0

12.4

75

The obtained data are spectrally analyzed
using Lomb-Scargle periodogram
Lomb-Scargle periodogram
analysis. This is a method of
choice, for it is specially
designed for the treatment of
unevenly sampled data, and
to our case where some of the
data are missing, it is better
suited than the common
Fourier transformation
analysis.

Seasonal variations of the temperature, relative humidity, atmospheric
pressure and radon concentration (monthly average radon data)

Seasonal radon variability in the underground laboratory

Daily radon variability in the underground laboratory

WINTER TIME:
DECEMBER-JUNE

SUMMER TIME:
JUNE-NOVEMBER

INDOOR 222Rn TIME SERIES
ANALYZED BY THE STOCHASTIC
COMPLEXITY METHOD
Kolmogorov Complexity (Lempel – Ziv Complexity (LZC))
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How to extract
information concerning
possible correlation
between indoor Rn
concentration and indoor
temperature or relative
humidity?????
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If we suppose that radon concentration C(222Rn) is direct proportional to the
one parameter X

C ( 222 Rn) = F ( A, B, C ,...) ⋅ X
where F(A,B,C,…) denotes functional dependence of radon concentrations
on other factors A, B, C, etc., division of obtained C(222Rn) values by
successively measured values of parameter X gives dataset which is not
dependent on X.

C ( 222 Rn) / X = F ( A, B, C ,...)
Similar procedure can be done by multiplication of radon concentration
data by measured values of some other parameter to eliminate inverse
proportionality.

C ( 222 Rn) = F ( A, B, C ,...) / X

C ( 222 Rn) ⋅ X = F ( A, B, C ,...)

In both cases it can be expected that complexity of observed system can be
reduced by elimination of one parameter.

Measured values of indoor Rn concentrations were divided by obtained
values of temperature and relative humidity, as well as product of
temperature and relative humidity.
Maximal complexity was almost same for all calculates series of data!!!!!
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Same procedure was repeated for product of indoor Rn concentrations and
temperature and relative humidity

Lempel - Zev Complexity
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CORRELATION MATRIX OF THE INPUT PARAMETERS AND RADON
CONCENTRATION IN THE UNDERGROUND LABORATORY

- The next step was to study the problem in more details
using multivariate analysis.
- The purpose of Toolkit for Multivariate analysis (TMVA) is to
create, test and apply all available multivariate classifiers and
regression methods implemented. In order to find the method
that would be the most appropriate and yield maximum
information on the connection of UL radon variability and
climate variables the TMVA package is used.
- The final goal is: find out which method can, if any, on the
basis of input climate variables only, give an output that
would satisfactorily close match the observed variations of
radon concentrations (regression).

- All the MVA methods make use of training events, for which
the desired output is known, to determine the mapping
function that either describes a decision boundary
(classification) or an approximation of the underlying
functional behaviour defining the target value (regression).

- The two best performing Multivariate methods for our
purposes are “Boosted Decision Trees” (BDT) and “Artificial
Neural Networks” (ANN).

REGRESSION METHODS:

The regression method is a method of “mapping” of the
underlying functional behaviour of the target (output) value radon concentration. This function’s input variables are
climate variables only. Out task is to find the best regression
method that will give output values (predicted radon
concentration) closest to the measured radon concentration
that corresponds to specific input climate variables.

Difference of corrected MVA predicted
(regression) and measured (true) value
of radon concentrations. The values for
differences of predicted and measured
value is incrementally shifted by 20 for
each next MVA method for visual
clarity.

Density functions of
measured values of radon
concentration (in Bq/m3)
obtained with radonmeter
and MVA regression
predicted values of radon
concentrations.

Online system for MVA prediction of radon concentrations in
our Underground Laboratory
http://www.cosmic.ipb.ac.rs/radon_station

CONCLUSIONS:
The test of multivariate methods, implemented in the TMVA
software package, applied to the analysis of the radon
concentration variations connection with climate variables in
Underground Laboratory (with ventilation system turned
on) demonstrated the potential usefulness of these methods.
It appears that the method can be used with sufficient
accuracy (around 15%) for prediction of the radon
concentrations, in the UL with ventilation system turned on,
on the basis of air temperature, atmospheric pressure and
humidity values obtained from near by meteorological
station.
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