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» |nternational 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:

Orlg IN Of » CCD/CMOS detector expertise from DAMIC experiment.

TRAC E » 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

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 fask of the Mexican group is o
develop a (shallow) underground laboratory
(LABChico) where measurements can be
performed, and which will be a site for
technological development and innovation
in Mexico.



#BanLeadPaint

Why is Pb .
B ation FACT: LEAD IS TOXIC

real health threat? et S 69 00§ P

DAMAGES: BrAIN KIDNEYS LIVER  BLOOD
SYSTEM

"No safe blood level has
been identified for young

children, all sources of lead Y:;::g = In pregnant
- C ren n aauits women
Eexposure fOI’ children should are most vulnerable. lead exposure increases lead exposure damages
be controlled or Their nervous systems the risk of: many organs but also affects:
. " are still developing and ischaemic heart disease

eliminated (C DC) . they absorb 4-5 times G ¢ the developing foetus
i 3 . . more than adults,

Lead is a toxic metal that is sl —4R
p ersl STe nT IN Th S intellectual disability
environment and can T e ®

. behavioural issues

accumulate in the body

over time”. (CDC)




Sources of lead exposure

a LEAD EXPOSURE CAN  #sanLeacpaint
C\OﬁcEEFEQABOUT LEAD IN YOUR DRINKING WATER? OCCUR TH ROUGH°°°

Sources of LEAD
INn Drinking Water

Faucets: Fixtures
inside your home
may contain lead.

Copper Pipe with

Lead Solder: Solder made
or installed before 1986
contained high lead levels.

Galvanized Pipe:

Lead particles can
attach to the surface of
galvanized pipes. Over
time, the particles can
enter your drinking
water, causing
elevated lead levels.

Lead Service Line: The service
line is the pipe that runs from
the water main to the home's
internal plumbing. Lead service

«
|

. . [ | . R ~
lines can be a major source of WATER the lead service -

pigtails are shorter
pipes that connect

Lead Goose Necks:
Goose necks and
-

lead contamination in water. line to the main.

: 77Dy W
MANwWATER Lg There is no safe level of lead exposure wﬁf,ff ) e




LABChico

An underground laboratory in the heart of Mexico



Radiation Is
everywhere

Radiation Sources are Everywhere

Indaor Radon

/’u"ﬂ“rﬂl

Dur Bodies

Radioactive Soil and Rocks

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.




Underground laboratories
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the atmosphere. Those particles (mostly AN :j‘}, ,/"”’-!’W

Cosmic rays produce a particle cascade in

muons) interfere with the detectors. Beneath
earth the flux of those particles is much lower.
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A particle detector in the surface is like trying
to hear the tic-tac of a waich in a rock
concert.




Undergorund laboratories around the
world

UNDERGROUND, LABS AROUND THE WORLD i = There are many

klg il o

CJPL
08980) (China)

(France) Gran Sasso
(italy)

Oegtng 200 2p2ctninye

underground
laboratories around
the world N

countries such as:
USA, Canada, ltaly,
France, UK, Rusiqg,
China, Japan.

Many more are in
construction Ig
India, Argentina
and Australia

11



LABChico

Labaratars 5 o da Mneral del Chic

What will LABChico be®@¢




LABChico will be: 1.5 [m]

» A shallow (~100m overburden) ;
underground laboratory inside a EABORATORIC EXGLUSA
decommissioned silver mine that was
In service for three centfuries In
central Mexico.

3.5 [m]

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

®» A feaching space to highly qualified
personnel in the field of Ilow
background and low radioactivity
techniques.

» A place for oufreach activities in
Hidalgo.




Where would it
be located?

» |n the Geopark “Comarca eSS S N daoin

oS
Mineral del Chico 1\ ~
N

Minera”, Hidalgo, México.
®» [nside the Guadalupe mine.

» 30 km away from fthe o LAk o\

mexican city of Pachuca, i e f . 8 e WP

. & e e ) Y § deSoto la Reformd&pazoytiean
Hidalgo. - '

» |35 km away from UNAM's &0 A S
main campus (ClUdOd : | e 2 o ':_ F SIMBOLOGIA
UniverSiTO riO) c i ‘ gL By - .'_f'"."': ' 3 3 ; EU ’w GEO-RUTA

/  Geocultural

» |ts location in the Geopark R - S S
would give LABChico a long- [EEGEasr = = = S e
term security angd [ T |
acceptance by local

community.
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Organizacion . Comarca Minera

de las Naciones Unidas . Geoparque COMARCA M | N E

para la Educacion, . mundial de GEOPARQUE-HIDALGO
la Ciencia y la Cultura , la UNESCO =
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Topographical
survey for LABChico

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 atf
the end of the tunnel (~150 m).

It is probable the tunnel will need
some expansions, although it s
undesirable to modify the shape of
the tunnel substantially.

The current state of the tunnel is
evidence of the mining period in
central Mexico.

. Enfrance to laboratory

Location where gamma flux was measured
last march.
Entrance to mine



What about the tunnel security?
Will LABChico be safe?¢

» |n its current state, the site where the
cofns’rruc’rion 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.




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 role 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:
mXx5mx4.5m.




19 Test deployment of detectors

= Unftil now, there have been three test deployments: two of the HPGe and one Nal (Tl) detector.

Second deployment May 6 and 7,
2020
La Guadalupe mine

M First deployment Third deployment
Nov 20 and 21, 2018 Mar 12 and13, 2020

San Antonio mine La Guadalupe mine

LABChico



Instrumentation for LABChico: HPGe

Detector

» There are two HPGe detectors: ICN-HPGe (to be
installed at LABChico) and IF-HPGe. [ (o | Pb shielding

» HPGe detfectors are cooled down using LN2.

®» Detectors are shielded surrounded by Pb, copper
and iron.

®» Both detectors were manufactured by Ortec.

o / Credit to:
Dewar contalnlng www.radek.ru

Liquid N,




QuarkNet
DAQ card

bias-T

RaspberryPI

Instrumentation of
LABChico: a muon
detector

The muon detector was designed by
Federico Israelevich (Escaramujo
project, Universidad Nacional San
Martin, Arg.).

The escaramujo detects muons so it is
possible to measure muon flux.

CORADIR

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.




LABChico on the news

» National or local media showed interest for the Laboratory.
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Sabado 8 de junio de 2019, p. 32
LABChico serd el primer laboratorio
subterrineo  en  México.  Serd
construido a 100 metros de
profundidad dentro de una montafia en

Adiv Gonzilez, trabajan con Vizquez,
y juntos desarrollan las primeras
pruebas en una de las minas de la zona
para poder ver cémo funcionan los
aparatos, conocer sus deficiencias, su
resolucién y caracterizarlos, o sea,
poner fuentes de radiacion de baia
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Proyecta UNAM Laboratorio Subterraneo en Hidalgo

del Consejo de Ciencia, Tecnologia e Innovacion de

SUBTERRANEO EN MINERAL DEL CHICO

Laboratorio subterraneo en Hidalgo
medira radiacion
o 20, 197 A

[T (I oo v vor s g s amigos

A cien metros de profundidad se construird LABChico, sera el primer laboratorio subterraneo en
México. Se ubicard dentro de una montafa en Ia zona turistica Rio el Milagro, en Mineral del Chico,
Hidalgo. Ahf se podra medir la radiacion natural de la zona y detectar materiales contaminantes,
principalmente plomo en agua u otros sitios.

22



Follow LABChico on social networks

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

I Y G

/LABChico @LAB Chico @labchico




Characterization of
%> LABChico HPGe detectors

Published in JINST 15 (2020) 11, P11014, [arXiv:2009.11757]




Cryostat —

\\  | 25 Specifi.co’r’ions of
| 142 mm LABChico’s ICN-HPGe
F detector

» |[CN-HPGe detector (Ortec) is a p-
type with a coaxial closed vertical

1 geometry.

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

Electronics — :
t chamber bias.

R » A PX5-HPGe multichannel analyzer
. (MCA) and a digital pulse processor

B and software analyzer provided by
Dewar with - ; Amptek.

liquid
nitrogen — B~ . .
N - using X-rays images.

» |nfernal dimensions were estimated




Specifications of
LABChico’s IF-BeGe
detector

» |F-BEGe detector
(Canberra) model BE2820.

» Horizontal planar
configuration with 30 mm
radius and 20 mm height.

» QOperational bias of +3000V.

= Pocket MCA 8000 A (DAQ).

» ADMCA software of
Amptek.

» To be used for cross-check
measurements at UNAM.

del- 790551-30
del- 2101PSL

ber- 04048014
ige- (+) 3000V

e~ 6 Hours

Endcap

Dewar with
liguid nitrogen —
IF-HPGe detector (Canberrq)
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Energy response of .
LABChico’s Ge detectors .|

40

208
Tl

» Used a set of radioactive sources with 10
20% of uncertainty in activity. i

= Those sources where placed af 25 cm 1 II)IHI\ IHI‘\HI IHIIII{
| |

_IIII|II\I|\IIIIIII
from the detector endcap. 0 500 1000 1500 2000 2500 3000 3500 4000
Channel number
%450;
Source v peaks [keV] Half-life [yr] 3 C
, 400
241 Am 59.54 432.2 © -
133Ba | 81.0, 276.0, 303.0, 356.0 10.5 350
109Cq 88 1.27 300
3Co 122.0, 136.0 0.745 250
22Na 511.0, 1275.0 2.6 =
200—
37¢Cs 662.0 30.1 -
>*Mn 835.0 0.855 1501
657n 1115.0 0.668 100
0Co 1173.2,1332.5 5.27 = J
j:-u—.vmm_unﬂun_nn Unu__nﬂ n ﬂu / Sl oo o meanll o
17 1 1 1 | 1 1 1 | 1 1 J/ | | I\L | l 1 1 | 1 1 1 | I | |
800 820 840 860 880 900 920

Channel number



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 |inear correlation between channels
and the well-known energies of the
gamma rays was obtained.

Parameter ICN-HPGe [F-BEGe
m 0.1800 + 0.0001 | 0.7662 + 0.0002
b -0.19 + 0.32 -1.62 +0.19

Energy (keV)

Energy (keV)

1600

—  ICN-HPGe
— 60
1400 2
B 5000 ,.‘1‘
12000 “zn
- A
1000:— *“Mn
800 wigs A
600/ Na A"
: e
4001 TBa
- 57 ,FFPF
200Famcd>
O:%gcpl 1 Il 1 | 1 1 1 1 | Il 1 1 Il | 1 1 1 1 | 1 Il 1 1 ‘ 1 1 1 1 | 1 | Il |
0 1000 2000 3000 4000 5000 6000 7000 8000
Channel
soo0l-  IF-BEGe
- s
- 140, .
1500 ok
L s 2N
B 65. C?’ﬁ
B ¥
1000 Mg,
B 13?05' -
B 22Na‘,.+“
500_ 133 -‘-‘F‘
r Bg.
Esg ) A
0_ THT ch 1 | Il 1 1 1 | 1 1 1 Il | 1 1 1 Il | 1 1 1 Il |
0 500 1000 1500 2000 2500

Channel



Resolution of oorf2Er
]
[} ’ i E
LABChico's detectors oI T
ELIJ s E.lCd \f[P]] + F
I B ‘II'ET
» Spectra were fitted to a Gaussian plus one N S
order polynomial with negative slope. - B
- '~--__“ ¥ g o
° . . T T Mn 65 ?‘ID a%co
» Then, the full width at half maximum (FWHM) is I w0
o . e b b e e e b b b
given as approximately 2.355c. O 200 400 600 800 1000 1200 1400
Enerav (keV)
= The resolution is given as: N
- | Be IF-BEGe
R=FWHM/E 0'08; II:mng
. . - [Po]
» The more energetic the gamma ray, the wider 5 006 ¢ R= JPTiE +[P]
the photopeak is. =2 1
N 0041 ;‘.‘_C"
Parameter ICN-HPGe IF-BEGe 00 2:_ ) 1 ea
L TRE Na g7
Py (keV) | 1.38x107'+1.14x107% | 4.49 x107'+1.0x1073 e M e my e,
Py (keV) -36.73+5.21 -57.68+0.11 O 200 400 600 800 1000 1200 1400
P, -1.63x1073+3.54x107* | -8.45x1073+2.70x107> Energy (keV)




Photopeak efficiency of
LABChico's detectors

» The absolute efficiency is
defined as:

‘- NrEPp
PyNror

Nrep sthe full energy peak
count rate, Py is the emission
probability of the gamma ray
being measured and Nroris
the total number of gamma rays
emitted at the specific energy.

Nror should consider the
reduced activity since the
source was manufactured.

Full Energy Peak Efficiency %

Full Energy Peak Efficiency %
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Monte Carlo simulations

of LABChico's
detectors: ICN-HPGe

—

. Cryostat

S N

Outer contact

Dead layer

Germanium crystal

Carbon fiber endcap

Thermal strap

Electronics chamber

Monte Carlo simulations were performed in GEANT4. All
components that could interfere with gamma ray detection
Cold finger are simulated. Best match for dead layer is 0.65 mm.

Inner contact



Monte Carlo simulations
of LABChico’s
detectors: IF-BEGe

—

. Cryostat

IR window

Side electrode dead layer
Germanium crystal

Teflon cup

Vacuum space

Endcap

Front electrode dead layer

S N

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.



Counts/s@88keV

N
()]
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

111 IIII|IIII|IIII|IIII|IIII|IIIIiIIII|III

-40 -30 20 10 O 10 20 30 40
Position (mm)

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.



Simulation

Experiment [\

le"rh.l‘ rlﬂ]HT “'r'l'lu"._ ]

i *F\"w“!ﬂ

Events

10°

102 {l‘%ll*l q"l"u“'lIulﬂj'h.rﬂwriﬂ]lﬁ1' ||II"" fhe

10

2 2
5x10? 6x10? 7x10 8x10 EqeplkeV]

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 confinuum.



Validation with extended
sources: KCI dissolutions

» |CN-HPGe detector was used to measure the 4K
concentration in commercial potassium salt and 5
dissolutions were prepared using injectable water.

Specira 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:
ns = 0.0324 + 0.0028 mg [40K]/g[PS]

Photopeak Efficiency at 1460 keV

Outer contact

Inner contact

Water container

Cryostat

Germanium
crystal

0.007: —— Simulation
o

0.006“ , —— Experiment
/// ”’

0005 N

00047 ’4/@
- G T

0.003— L
- \/\-\ 3 /// o

0.0027- SRR 4;/00,, -
= IR Il;,,,m

0.001— %
E . | \ | | L
0 2 4 6 8 10

Diluted salt [g]




Marinelli Water
beaker container

Validation with extended g @
sources: 210Pb samples

Endcap

» Water samples containing 2'9Pb were preparec — . ——

in Boulby. =
» Monte Carlo simulations were performed fc | AN
calculate IF-BEGe detector’s efficiency at 46.! ’ st
k e V ) Water Cryostat window
®» Extended sources were prepared at Royal
Holloway, next, they were measured at the Mass | Expected |  Boulby IF-BEGe
Boulby underground laboratory. Their (g) | (Bg/keg) | (Bg/kg)(stat) | (Bg/kg)(stat+sys)
radioactive activities were determined. [ | 170.8 | blank N/A N/A
11 | 1656 40 26.9(6 26(4
» Agreement was found among the results of 233{3} (;
Boulby, IF-BEGe detector and the expected e = =) 2
Y IV | 163.6 N/A 0.029(7) 2.5(4)
value. V | 1246 70 77(1) 71(10)

VI | 12045 | 744 754(3) 837(124)




Gamma flux measurement

INn La Guadalupe mine
%> (LABChico)




Gamma flux
measurement

» Gamma flux wdas
measured inside the
mine where LABChico
will be located.

» The measurements
were performed using
a Thallum Activated
Nal(Tl) detector.

» Flux from 40-K, 214-Bi
and 208-TI exiracted
from o rebinned
Unfolded Spectrum.

» Work in preparation.
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“histoGe": a software to
identify radioactive isotopes
®> 1N gamma spectroscopy




Which solutions have been proposed
previouslye

» Until now, many solutions exist to identity 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 stafisfics
approach, neural networks and hybrid fuzzy-genetic
algorithm.



What is histoGe
software@¢

» histoGe is a free computational software ﬁ LG
programmed Iﬂ DYThOHS Software utilities for gamma spectrum analysis

B Repositories 1 [P Packages 2 People 3 Ay Teams  [U]] Projects 61 Settings
» |t was designed to plot spectra,
calculate Gilmore stafistics of peaks in @ Find & repostion. e
spectrum, automatic peak detection,
consultation of database and

. . - ] histoGe
IdenTIfICO-I-Ion Of ISOTOpeS ThrOUgh The Forked from ffavela/histoGe
pho.l.opeo ks fOU nd in a SpeC.I.rU m. For making histogram analysis with germanium detectors

@rython BBGPL20 F1 Yr0 (Do (10  Updated 24 days ago

» Qhitps://github.com/LABChico/histoGe



Why is iIdentification of isotopes
through gamma spectroscopy
Important and complicated? 100

Energy Distribution in DB (bins: 1keV)

I I
Energy Distribution

» Gamma spectroscopy is a technigue which
allows idenfification of isotopes through their
gamma radiation.

®» |[f can be used to defect even small amounts of
contaminations.

10

Counts

®» 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. 1t

0 2000 4000 6000 8000 10000 12000
®» Thousands of gamma lines could be identified in Energy/keV

small energy ranges.
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info file DB >| [9amma line EN Ranking < -- ( gamma ,
multi-query lists . spectrum \

display sorted sorted sort
gamma-line gamma-line €—— of gamma-line [&—— Rank assignment
lists lists lists

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
candidaftes.




Which methods are being used in
histoGe®e

1. y-line distance from peak mean: A ranking value is assigned for each y-line
calculating the distance between the energy of the y-line and the mean
value of the Gaussian fit.

2. y-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
iIsotopes 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 y-line, this method counts the number of y-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 y-lines in the range of the
spectrum.




Which methods are being used in
h|$TOG@2

Relative Emission Probability: The emission probability of isotopes is
normalized, then, the sum of all y-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 y-line counts divided by total counts of y-
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 y-lines found for
iIsotopes that belongs to a certain chain.

10.Decay chain improved: It counts the number of y-lines found for isotopes
that belongs to a certain chain and then, it is divided between the total
number of y-lines for a certain decay chains.




histoGe test (60Co)

| Eg [keV] |Ig (%)|Parent |[Rank Value|Position |

— 1173.237 (4)] 99.97 | *°Co 1.000 0
Exposure time = 1800.0/s 11713 (2) 1‘70 1208b 0.889 1
i SR 1172.9 (1) | 98.00 [®*™Co| 0.806 2
1172.9 (1) | 98.00 [*“™Co| 0.806 3
1171.3 (2) | 19.00 [ *’In 0.731 4
1172.9 (1) | 84.00 | **Co 0.722 5
11729 (1) | 0.34 | **Cu 0.579 6
1168.8 (5) [100.00[™*™Sn| 0.491 7
1173.237 (4)| 0.26 | *°Cu 0.442 8
1178.5 () | 64.00 | “*Si 0.400 9
| Eg [keV] [Ig (%)|Parent|Rank Value|Position |
1328.2 (3) | 5.60 | >Co 1.000 0
1332.501 (5)] 99.99 | “°Co 1.000

1335.04 (10) | 71.00 | '*°In 0.693
1332.501 (5)| 88.00 | ®"Cnu 0.442
1324.1 (2) | 0.47 | Z"°At 0.347
1328.2 (3) | 86.00 [**™Co| 0.305
1328.2 (3) | 87.00 | **™Fe |  0.304
(3)
(3)

‘II 1333.4 0.52 | ™™2Cs 0.221
Energies [keV] 1333.4 0.52 | M2Cs 0.221
1324.51 (6) [ 17.50 ["""Pm| 0.192

1000
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Exposure time = 1800.0 s

Bal33 1,31.8

] 33 B O rO n ki n g 8 Bal33 3,81.6

1034

Bal33_8,356.0

Bal133 7,32.9

» A spectrum of '38Ba was

Bal3B 6,276.5

Bal3g 2,539 Bal33_9,383.7

obtained and the . AL M
identification of the d 52133_5,243.5
observed peaks in the

spectrum are ranked.

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

Mv.. J

100 200

Energies [keV]

~v ray properties | Query Range ***Ba Position

Eg [keV] |Ig (%)| Emin |Emax |Size] A | B | C ID|E|F| G [Adv. G| H [Adv. H| T | J
53.161 (1) | 2.20 | 52.35 | 54.03 | 101 10 10 8 31210 6 1 0 0 2 1
79.6139 (26)| 2.62 | 78.32 | 79.8 | 79 1 3 8 2121111 0 0 0 2 2
80.9971 (14)| 34.06 | 80.53 | 81.5 | 51 10 10 2 11121 0 0 0 1 1
160.613 (8) | 0.65 | 159 161 |146| 21 18 8 1152 4 2 0 0 2 2
223.234 (12)| 0.45 | 222 | 224 [120| 22 20 2 41311\ 3 0 0 0 1 1
276.398 (2) | 7.16 |275.77|277.10| 74 8 38 1 111 1]0 1 0 0 2 4
302.853 (1) | 18.33 [301.86|303.07| 78 10 10 1 1141 2 0 0 0 2 1
356.017 (2) | 62.05 |354.92|358.14| 170 | 14 14 3 2/0]0| 4 2 0 0 2 5
383.851 (3) | 8.94 |381.34|384.55|211 19 19 5 41311 4 1 0 0 2 2

| Rank Value [0.15718[0.8608]3.31e+08s[9[1.0[1.0][0.12] 0.12 [0.81] 0.84 [0.29123]0.291]




Global analysis of a set of radioactive sources

A meftric was defined to evaluate
performance. Each spectrum was
tested in with all methods and @
global value was calculated.

The method that perfomed best is
the fuzzy logic method followed by
the Improved Peak Explanation
Power.

Source v-lines [keV] Half-Life [yr]
13.81, 27.03, 33.19, 43.42, 59.54, 69.76
HAm | e 07 102,08, 120,36, 125.33 432:5
53.1, 79.6, 81.0, 160.6, 223.3, 276.3
*’Ba 302.8, 356.0, 383.8 105
0d 88.07 1.27
“Co 122.0, 136.0 0.745
G 1173.2, 1332.5 5.27
37Cs 662.0 30.1
5TMn 835.0 0.855
ZZNa 1275.0 2.6
“°Pb 46.539 22.3
557n 1115.0 0.668

Normalized score

0.8

Metric mmm
Corrected mmmm

E

F G AdvG H AdvH

Ranking criteria




Level properties | Query Range [keV] Position Rank

isotope |Eg [keV]|Ig (%)| Emin | Emax |[Size| C | D |F| I Cls] |D| F I

“UPb | 46.539 | 4.25 | 45.42 49.98 2271 8 |209]2] 4 [7.03e+08| 1| 1 [0.28877
“34Th | 63.29 4.8 | 62.34 64.20 127116 | 64 |9| 4 [2.08e4+05| 3 |0.446|0.28877
226Ra | 187.1 - 184.2 | 188.20 |278| 6 [180|3| 4 [5.05e+10| 3| 1 [0.28877
“12ph | 238.632 | 43.3 [236.64| 241.97 |306| 52 |164[1| 7 |3.83e+04| 4 |0.981]0.21831
214phL | 351.932 | 37.6 | 349.9 353.9 265 | 91 |156|5| 6 [1.61e+03|10]0.827|0.28877
20871 | 583.2 | 84.5 [581.20| 585.27 |219/130(154|1| 8 |1.83e+02| 5 [0.831|0.21831
2143 | 581.9 - 1607.30] 611.35 [225[90 | 34 |3| 3 [1.19e+03|22]0.585|0.28877
137Cs | 661.657 | 85.1 | 659.7 663.7 198| 3 |180(1| 3 |9.48¢+08| 2| 1 |0.25568
“28Ac [ 911.204 | 25.8 [909.21| 913.26 18236 |33 (2| 9 |2.21e4+04(21/0.555|0.18268
*28Ac [ 968.971 | 15.8 |967.27| 971.03 |155|36 |36 (0| 7 |2.21e4+04|21|0.555|0.18268
234mpa | 1001.03 | 0.84 [999.02| 1003.08 |188(131| 61 [0|151|7.02e+01|13(0.557| 0

214Bi | 1120.2 | 15.1 |1118.3| 1122.35 |151|20| 20 |2| 0 |1.19e4+03|22]0.585|0.28877
0Co | 1173.23 | 99.0 [1171.2] 1175.2 |176] 1 [127|0| O |1.66e+08| 3| 1 |0.49998
%0Co | 1332.5 | 99.0 [1330.5| 13345 |[360| 2 |85 |0| 0 |1.66e+08| 3| 1 |0.49998
0K 1 1460.83 | 11.0 |1458.8| 1462.5 [268| 0 |91 (0] 90 |4.03e+16| 1| 1 0

“MBi | 1764.49 | 15.4 [1762.5| 1766.5 85 36|11 |0 1 |[1.19e+03|22/0.585|0.28877
20871 | 2614.5 | 99.0 |2612.5| 2616.5 39 1231232 1 |1.83e+02| 5 |0.831]0.21831

s 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.




Plombox: 2'19Pb water
50 ollution
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What is l Aw
Plomboxe

Plombox is... J P/oszOX.or:g




Plombox is...

=» q R+D+l project of free open-
source hardware and open
soffiware devices to sense

lead and other contaminants

inwater.

he 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.

p
\a
\ /7

Detector

Pb —> Reporter

2




How Plombox workse

Luciferase GFP B-Gal

20
= 0\ Environment
¥

Periplasm

Cytoplasm

pbru* pbrT  pbrR pbrA pbr8 pbrC  pbrD

pMOL30

Metabolic
mechanism

DNA modified
bacterias

Electronic circuitry
and camera

Remote server

Cell-phone



Colorimetry measurements

Prelimi-naryz
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How colorimetry Is used to measure
leade

piPlom color units in ADU color average sigma  piPlom color units in" ADU color average sigma
shutter speed: 33243 us shutter speed: 33243 us

blue: 132.9 +- 38.4 , s
iso: 100 ue tso: 100 blue: 236.9 + 6.5
reen: 225.0 +- 31.0 A -
d—m—y: 27-03-20 9 d—m—y: 07-08-20 green: 141.2 + 8.8
time: 11:07:27 red: 243.6 +— 20.4 time: 20:22:46 red: 1.6 +— 2.8
HSV color base
ave min max
h: 204.4 203.5 205.5
olor Min—Max s: 99.3 98.2 100.0 color Min—Max
- ‘ : 1
3-231 A 9 IS blue: 205-255
92-255 green: 94-163
1S/=25% red: 0-14

time: 126.1 ms fps: 7.9 1/s time: 5915061.9 ms fps: 0.0 1/s




How Is Information
collected anad
processed remotelye

The images are captured with
an OVé6/770 camera and an
ESP32 board.

The ESP32 fransmits the images
o 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.

()

mosauitto

! Device E: ______ BROKER

Publish

Subscribe

—_—— — ———

house/kitchen/door
—— Device
=
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Conclusions

» | ABChico 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, etfc.

» 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
iIsotopes through gamma ray spectroscopy. It was capable to identify most
of the isotopes using relatively simple methods.

®» Plomboxis a project to develop a sensor to detect lead contaminants in
water. Once it is completed, it will be tested in Argentina.




UNAM’s group...

LABChiGe, (1o Jugradi
La Ciencia

i DESDE

®» s responsible for leading the management of the CASA
construction of LABChico. BBy = =N

, 6 s Mg "xElatICas de divulgacion dedaiciencia

» |eads the idea, programming and testing of histoGe VSR R o Faggboolcom/LABChico

software. Jueves 3 4B "f‘icie’m‘?re a las 10:00 MY (7
(T 3 aGE
» |eads the characterization of ICN-HPGe and IF-HPGe 5 i C;ﬂfgﬂéﬂﬁ:&fﬁ,ﬁm

detectors. ; R
] ] Felipe de Oliviera Alves
» CO”O boro-l-es WI-I-h -I-he progl’Gmmlﬂg Of -l-he ESP32 boord Max-Planck-Institut fiir extraterrestrische Physik

Viernes 4 de‘%ibciembre a las 10:00 a.m.

» collaborates with the colorimetry measurements.

. : . Adiv Gonzdalez Muiioz
» collaborates with the phone’s app development to establish Insfituto de Ciencias Nucleares, UNAM

the communication between the ESP32 board and the 4 g
remote server : Libertad Ba:l'ron Pal/?Aj
9 : \ Instituto de Fisica; UN

» collaborates in programming the server and manage the s
database. : fLABChico WLAB_Chico  (©labchico

» organizes scientific talks in Hidalgo to promote LABChico. , A ?
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