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TRACE collaboration

 TRACE means “Tools and Research to Assay
Contamination in the Environment”
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Origin of

TRACE
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 International collaboration of physicists, biologists and 

engineers developing technologies for the detection of 

Pb contaminants in water.

 Started as a group of physicists interested in applying 

expertise in High Energy/Astroparticle physics 

experiments, e.g., direct dark matter (DM) searches to 

the detection of Pb in water:

 CCD/CMOS detector expertise from DAMIC experiment.

 Ultralow background techniques from PICO and DEAP 

experiments.

 Experience with Monte Carlo simulations and data analysis

 Use of underground facilities to reduce cosmogenic 

backgrounds.



Origin of

TRACE
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 Later, physicists teamed up with biologists and 

engineers to develop a device for the 

detection of Pb in water via biochemical 

markers and colorimetry in CMOS detectors 

(Plombox).

 An important task of the Mexican group is to 

develop a (shallow) underground laboratory 
(LABChico) where measurements can be 

performed, and which will be a site for 

technological development and innovation 

in Mexico.



Why is Pb 
contamination a 
real health threat?  

 ”No safe blood level has 

been identified for young 

children, all sources of lead 

exposure for children should 

be controlled or 

eliminated” (CDC).

 “Lead is a toxic metal that is 

persistent in the 

environment and can 

accumulate in the body 

over time”. (CDC)
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Sources of lead exposure7



LABChico
An underground laboratory in the heart of Mexico
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Radiation is 

everywhere

Everything around us is composed of radioactive isotopes

and their radioactive decays produce gamma rays, alfa

particles, beta particles, neutrons or neutrinos.

A clean and well characterized environment helps

mitigate those effects. Knowing the radiation

pattern of the environment allows to know the

composition of samples more accurately.
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Underground laboratories

Eur. Phys. J. Plus (2012) 127: 114

Cosmic rays produce a particle cascade in

the atmosphere. Those particles (mostly

muons) interfere with the detectors. Beneath

earth the flux of those particles is much lower.

A particle detector in the surface is like trying

to hear the tic-tac of a watch in a rock

concert.
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Undergorund laboratories around the

world
 There are many

underground

laboratories around

the world in

countries such as:

USA, Canada, Italy,
France, UK, Rusia,

China, Japan.

 Many more are in

construction in

India, Argentina

and Australia
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What will LABChico be?

12



LABChico will be:

 A shallow (~100m overburden)
underground laboratory inside a
decommissioned silver mine that was
in service for three centuries in
central Mexico.

 A research laboratory of pure and
applied sciences that will host
experiments from Mexican and the
world scientific community.

 A teaching space to highly qualified
personnel in the field of low
background and low radioactivity
techniques.

 A place for outreach activities in
Hidalgo.
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Where would it

be located?

 In the Geopark “Comarca
Minera”, Hidalgo, México.

 Inside the Guadalupe mine.

 30 km away from the
mexican city of Pachuca,
Hidalgo.

 135 km away from UNAM’s
main campus (Ciudad
Universitaria).

 Its location in the Geopark
would give LABChico a long-
term security and
acceptance by local
community.
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Geopark ”Comarca Minera”
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Topographical

survey for LABChico
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 Figure at the top shows the side

view, at least 100 m of rock in all

directions.

 Figure at the bottom shows the

current shape of the main tunnel of

the mine.

 The room will be located almost at

the end of the tunnel (~150 m).

 It is probable the tunnel will need

some expansions, although it is

undesirable to modify the shape of

the tunnel substantially.

 The current state of the tunnel is

evidence of the mining period in

central Mexico.

1. Entrance to laboratory

2. Location where gamma flux was measured 

last march.

3. Entrance to mine



What about the tunnel security? 
Will LABChico be safe?

 In its current state, the site where the
construction of LABChico is planned is
safe.

 Around a century has passed since the
mine was closed and no accidents or
rock collapses have been observed.

 The rock in the surroundings is of good
quality due to their excellent
mechanical properties in general,
however, more studies have to be
performed to ensure security during
construction and operation of the
Laboratory.

 A team of engineers of the UNAM’s
School of Engineering performed
geomechanical studies to precisely
know the properties of the rock and
know exactly the maximum size of the
room without compromising the security.
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Geomechanical studies

 The studies identified a secure
volume of rock that could be
removed but inhomogeneities
were found too.

 A section of rock represented
as purple would be the main
safety risk.

 Then, an anchoring with
concrete was proposed in
order to fix it.

 FEM simulations were
performed to know the
displacement and strain of the
rock.

 The maximum dimensions are:
6m x 5m x 4.5m.
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Test deployment of detectors 
 Until now, there have been three test deployments: two of the HPGe and one NaI (Tl) detector.

Third deployment

Mar 12 and13, 2020

La Guadalupe mine

First deployment

Nov 20 and 21, 2018

San Antonio mine

Second deployment May 6 and 7, 

2020

La Guadalupe mine
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Instrumentation for LABChico: HPGe

 There are two HPGe detectors: ICN-HPGe (to be 
installed at LABChico) and IF-HPGe.

 HPGe detectors are cooled down using LN2.

 Detectors are shielded surrounded by Pb, copper 
and iron.

 Both detectors were manufactured by Ortec. 

Dewar containing
Liquid N2

Pb shielding

Detector
Sample

Credit to:
www.radek.ru
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Instrumentation of
LABChico: a muon 
detector

 The muon detector was designed by 

Federico Israelevich (Escaramujo

project, Universidad Nacional San 

Martín, Arg.).

 The escaramujo detects muons so it is 

possible to measure muon flux.

 Two detectors will be placed: one inside 

of the mine and one outside (visitors 

center).

 They will serve to measure the muon flux 

attenuation due to rock.
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LABChico on the news

 National or local media showed interest for the Laboratory.
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Follow LABChico on social networks

You will find more information about the laboratory and its activities.

/LABChico @LAB_Chico @labchico
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Characterization of 

LABChico HPGe detectors
Published in JINST 15 (2020) 11, P11014, [arXiv:2009.11757] 
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Specifications of
LABChico’s ICN-HPGe
detector

 ICN-HPGe detector (Ortec) is a p-
type with a coaxial closed vertical
geometry.

 It operates with a -3,200 V voltage
bias.

 A PX5-HPGe multichannel analyzer
(MCA) and a digital pulse processor
and software analyzer provided by
Amptek.

 Internal dimensions were estimated
using X-rays images.
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Specifications of
LABChico’s IF-BeGe
detector

 IF-BEGe detector 

(Canberra) model BE2820.

 Horizontal planar 

configuration with 30 mm  

radius and 20 mm height.

 Operational bias of +3000V.

 Pocket MCA 8000 A (DAQ).

 ADMCA software of 

Amptek.

 To be used for cross-check 

measurements at UNAM. IF-HPGe detector (Canberra)
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Energy response of

LABChico’s Ge detectors

 Used a set of radioactive sources with

20% of uncertainty in activity.

 Those sources where placed at 25 cm 

from the detector endcap.
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Linearity of LABChico’s

Ge detectors

 A radioactive source set with 20% of

uncertainty was used.

 Those sources where placed at 25 cm 

from the detector endcap.

 After setting the configuration of the

MCA, spectra were captured for each

radioactive source of the set.

 A linear correlation between channels

and the well-known energies of the

gamma rays was obtained. 
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Resolution of

LABChico’s detectors

 Spectra were fitted to a Gaussian plus one 

order polynomial with negative slope.

 Then, the full width at half maximum (FWHM) is 

given as approximately 2.355.

 The resolution is given as:

R=FWHM/E

 The more energetic the gamma ray, the wider 

the photopeak is.
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Photopeak efficiency of
LABChico’s detectors

 The absolute efficiency is 

defined as:

 is the  full energy peak 

count rate,       is the emission 

probability of the gamma ray 

being measured and            is 

the total number of gamma rays 

emitted at the specific energy.

 should consider the 

reduced activity since the 

source was manufactured.
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Monte Carlo simulations
of LABChico’s
detectors: ICN-HPGe

1. Cryostat

2. Outer contact

3. Dead layer

4. Germanium crystal

5. Carbon fiber endcap

6. Thermal strap

7. Electronics chamber

8. Inner contact

9. Cold finger

Monte Carlo simulations were performed in GEANT4. All 

components that could interfere with gamma ray detection 

are simulated. Best match for dead layer is 0.65 mm.
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Monte Carlo simulations
of LABChico’s
detectors: IF-BEGe

1. Cryostat

2. IR window

3. Side electrode dead layer

4. Germanium crystal

5. Teflon cup

6. Vacuum space

7. Endcap

8. Front electrode dead layer

9. Detector holder

The dead layer was modeled as 0.05 mm on the front, 1.45 

mm on the sides and 2.8 mm on the back, which contrast 

with what was specified by the manufacturer (500 um at the 

sides and 0.3 um on the front).  30% disagreement between 

both simulated results. The manufacture’s specification is not 

accurate.32



Active volume of IF-BEGe detector 

 A lead collimator was used to focus the gamma beam on a narrower 
point.

 Spectra were taken for 1 hour.

 A clear asymmetry between the response of the right/left sides was 
observed, this was not reported in the datasheet.
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Comparison between experimental data and Monte Carlo

 Experimental (background subtracted) and simulated spectra of 54Mn.

 Agreement is observed for the photopeak at 835keV, the Compton 

shoulder and the Compton continuum.
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Validation with extended 

sources: KCl dissolutions

 ICN-HPGe detector was used to measure the 40K 

concentration in commercial potassium salt and 5 

dissolutions were prepared using injectable water.

 Spectra were taken for different concentrations and 

the background (measured using a container with 

pure injectable water) were subtracted.

 Monte Carlo simulation allows to obtain the efficiency 

of the detector considering the specific geometry.

 Self-absorption effect of gammas was observed at 

higher concentrations.

 The concentration of 40K is:
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Validation with extended 

sources: 210Pb samples

 Water samples containing 210Pb were prepared
in Boulby.

 Monte Carlo simulations were performed to
calculate IF-BEGe detector’s efficiency at 46.5
keV.

 Extended sources were prepared at Royal
Holloway, next, they were measured at the
Boulby underground laboratory. Their
radioactive activities were determined.

 Agreement was found among the results of
Boulby, IF-BEGe detector and the expected
value.
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Gamma flux measurement 

in La Guadalupe mine 

(LABChico)37



Gamma flux 

measurement
 Gamma flux was

measured inside the
mine where LABChico
will be located.

 The measurements
were performed using
a Thallium Activated
NaI(Tl) detector.

 Flux from 40-K, 214-Bi
and 208-Tl extracted
from a rebinned
Unfolded Spectrum.

 Work in preparation.
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“histoGe”: a software to 

identify radioactive isotopes 

in gamma spectroscopy39



Which solutions have been proposed

previously?

Until now, many solutions exist to identify isotopes in 

spectra. Some of them are: SPECTREW, Hyperlab, 

Gammalab (NUCDATA – database of only 408 

isotopes), ASPRO-NUC (database with 45,000 

gamma lines).

Some of the techniques that have been used for 

isotope identification include: swarm optimization, 

Fisher linear discriminant analysis, Bayesian statistics 

approach, neural networks and hybrid fuzzy-genetic 

algorithm.
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What is histoGe

software?

 histoGe is a free computational software 

programmed in python3. 

 It was designed to plot spectra, 

calculate Gilmore statistics of peaks in a 

spectrum, automatic peak detection, 

consultation of database and 

identification of isotopes through the 

photopeaks found in a spectrum.

 https://github.com/LABChico/histoGe
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Why is identification of isotopes 
through gamma spectroscopy 
important and complicated?

 Gamma spectroscopy is a technique which

allows identification of isotopes through their

gamma radiation.

 It can be used to detect even small amounts of

contaminations.

 The number of gamma lines produced through

radioactive decay is too large. In our case, we

have a database which contains more than

93,000 entries.

 Thousands of gamma lines could be identified in
small energy ranges.
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histoGe’s methodological approach

 The block diagram represents a general procedure to identify

peaks.

 The procedure includes queries to data base, calculating a ranking

according to a specific method and sorting the list of possible

candidates.
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Which methods are being used in 

histoGe?

1. -line distance from peak mean: A ranking value is assigned for each -line 

calculating the distance between the energy of the -line and the mean 

value of the Gaussian fit.

2. -line coincidence probability: The distance as calculated previously is 

used to estimate a probability using a cumulative distribution function for 

the Gaussian distribution.

3. Half-life sorting: The half life is assigned as ranking value. Then, those 
isotopes with larger half life are considered more suitable candidates of 

explaining peaks.

4. Peak Explanation Power: It is known that an isotope has a specific number 

of  -line, this method counts the number of -lines found for an isotope.

5. Improved Peak Explanation Power: The number of peaks found for an 

isotope is divided between the total number of -lines in the range of the 

spectrum.
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Which methods are being used in 

histoGe?
6. Relative Emission Probability: The emission probability of isotopes is 

normalized, then, the sum of all -lines of a certain isotopes is calculated. 

The one with the highest is ranked as the most suitable candidate.

7. Relative Emission Probability with Gilmore’s statistics: It calculates a mean 

square deviation between each -line counts divided by total counts of -

lines and relative emission probability divided by the total emission 

probability for a certain isotope in the range of the spectrum.

8. Fuzzy logic: A fuzzy inference system is used. It is based in approximate 
reasoning through fuzzy sets to find the most suitable candidate

9. Decay chain peak members: It counts the number of -lines found for 

isotopes that belongs to a certain chain.

10.Decay chain improved: It counts the number of -lines found for isotopes 

that belongs to a certain chain and then, it is divided between the total 

number of -lines for a certain decay chains.
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histoGe test (60Co)
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133Ba ranking?47

 A spectrum of 133Ba was
obtained and the
identification of the
observed peaks in the
spectrum are ranked.

 Positions are shown in the
table. 0 is the first position.



Global analysis of a set of radioactive sources

A metric was defined to evaluate
performance. Each spectrum was
tested in with all methods and a
global value was calculated.
The method that perfomed best is
the fuzzy logic method followed by
the Improved Peak Explanation
Power.
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Is histoGe effective?
 Relative emission probability can be applied without knowing the spectrum 

but only the ranges where peaks had been observed.

 Grand Sasso Laboratory’s spectrum reported previously was analyzed and 
it shows to be effective.
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Plombox: 210Pb water 

pollution50



What is 

Plombox?

Plombox is…
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Plombox is…

 a R+D+I project of free open-

source hardware and open

software devices to sense

lead and other contaminants

in water.

 The main idea of Plombox is having a

sensible media that change color in

the presence of lead.

 Then, measuring that change in color

of the sample would allow to know the

concentration of lead in the water

sample.

Pb            Reporter

Detector
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How Plombox works?

Sample with lead

DNA modified

bacterias
Metabolic

mechanism

Luciferase GFP Β-Gal
Electronic circuitry

and camera 

Cell-phone

Remote server
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Colorimetry measurements

[Pb²⁺]

Preliminary

54

Preliminary

paper
dissolutions



How colorimetry is used to measure

lead?

55



How is information
collected and 
processed remotely?

 The images are captured with 
an OV6770 camera and an 
ESP32 board.

 The ESP32 transmits the images 
to cellphone via Bluetooth. 

 The cellphone receives the 
information and retransmits to 
a server through the internet.

 The protocol used to transmit 
the data is Mosquitto protocol 
(MQTT).

 The data is stored using 
influxDB.

56



Conclusions57



Conclusions

 LABChico will an underground laboratory for research and education that 

will be located in Hidalgo, Mexico. 

 Germanium detectors will measure small amounts of radioactivity in water, 

food, soils, etc.

 The characterization of those detectors has been performed and the results 

have been published in JINST (IOP).

 HistoGe is an open-source free software for identification of radioactive 

isotopes through gamma ray spectroscopy. It was capable to identify most 

of the isotopes using relatively simple methods.

 Plombox is a project to develop a sensor to detect lead contaminants in 

water. Once it is completed, it will be tested in Argentina. 
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UNAM’s group…

 is responsible for leading the management of the 
construction of LABChico.

 leads the idea, programming and testing of histoGe
software.

 leads the characterization of ICN-HPGe and IF-HPGe
detectors.

 collaborates with the programming of the ESP32 board.

 collaborates with the colorimetry measurements.

 collaborates with the phone’s app development to establish 
the communication between the ESP32 board and the 
remote server.

 collaborates  in programming the server and manage the 
database.

 organizes scientific talks in Hidalgo to promote LABChico.
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Questions?

Thank you!!
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