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Abstract

We describe several web-based applications designed for teaching Particle
Physics, Cosmic Ray Physics, and General Physics. These tools allow users
to interact in real time either with simple, easy-to-build experimental setups or
with laboratory equipment located at the CIIEC facilities. Such experiments
can help inspire and guide young students in elementary, middle, and high
school to pursue scientific careers.

Among other experiments, we present the real-time measurement of muon
decays and the real-time measurement of the secondary cosmic ray muon
flux, both performed with a liquid scintillator detector. We also show the
detection of muon tracks using a cosmic ray telescope based on Resistive
Plate Chambers. We also describe an experiment to measure the speed of
secondary muons In real-time. These detectors operate continuously (24/7) at
the CIIEC facilities, and their data are displayed in real time through the CIIEC
web server. Additional projects include the construction and use of a light
spectrometer, a photoplethysmograph, and a simple digital oscilloscope, as
well as web applications that illustrate a quantum computer simulator and a
simple example of parallel computing.
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FEE ORIGIN OF THE COSMIC RAY:
SCIENCE ATTACKS BASIC
PROBLEM; Compton's World-Wide
Study Is Expected to Throw Light on
the Secret of Matter's Structure and
Origin of Creation
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Source: https://picryl.com/media/luis-alvarez-cosmic-ray-telescope-mounted-on-wheelbarrow-to-permit-east-west-c85b53

East-West Effect

Luis Alvarez' cosmic ray telescope mounted on
wheelbarrow, to permit east-west rotation,
Alvarez standing, right and Robert Serber (?)
seated. Phote labeled Mexico City, April, 1933.
Morgue 1946-8 (P-3); ZN 3275 [Photographer:
Donald Cooksey]
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Measurement of the East-West Effect of the Cosmic
Muon Flux Using a Compact Telescope Based on
Resistive-Plate-Chamber Technology
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We describe the design, construction, and operation of a compact cosmic-ray (CR) telescope
of the TRASGO (TRAck reconStructinG bOXx) type, consisting of four resistive plate chambers
(RPCs), located in Puebla City, Mexico, at latitude/longitude of 18° 59’ 56" N/98° 11" 417 W.
and 2100 m a.s.l. This telescope allows the detection of isolated muons with good angular
Phi (%) resolution through the application of quality cuts on the TDC signals. We also describe the
implementation of a webpage with an event display that shows the hits on each of the 4 planes

0

and the reconstructed trajectories of isolated muons. These clean events were used to measure the

azimuthal distributions of the muons crossing the detector for various cuts at the zenith angle. We
report on the measurement of the East-West asymmetry in the flux of secondary cosmic-ray muons

Para 4 planos hay 664 que llegan del Oestey 638 que llegan del Este,

tambien confirmando el efecto Este-Oeste
and compare our results with detailed simulations based on the CORSIKA software. Finally, we

Histogram of Phi. Number of Events: 10959 discuss the use of this type of small detector in education and outreach activities to measure several
Events with Phi between -90 and 90: 5923

Events with Phi between 90 and -90: 5923 proper[ies of secondary cosmic-ray muons.

39th International Cosmic Ray Conference (ICRC2025)
15-24 July 2025
Geneva, Switzerland

ICRC 2025

The Astroparticie Physics Conference
Geneva July 15-24, 2025
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D Copyright owned by the author(s) under the terms of the Creative Commons
Attnibution- NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/

Para 2+ planos, 5923 llegan del Oeste y 5036 del Este, tambien confirmando
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Noise Events: 892.5, Mean Squared Errors: 98.74 Noise Even.ts: ?24, Mean Squared Errors: 99.42
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where v = % = I'.-7,, 1s the relative capture rate of negative
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Internet-based experiment to measure the muon lifetime in real time

Epifanio Ponce, Manuel Cid and Carolina Aguilar
Centro Interdisciplinario de Investigacion y Enserianza de la Ciencia and Facultad de Ciencias Fisico Matemdticas

Humberto Salazar and Luis Villasefior
Centro Interdisciplinario de Investigacion y Enserianza de la Ciencia

Benemeérita Universidad Auténoma de Puebla

72570 Puebla, Pue., México

We describe a web-based experiment to measure the lifetime of cosmic-ray muons that stop in a a liquid scintillator detector. Our experimental
setup consists of a container filled with liquid scintillator, a photomultiplier tube, a commercial electronics board (STEMlab 125-14) that
includes an ARM-based computer with a field programmable gate array (FPGA) and an analog to digital converter (ADC). The muons we
detect arrive at the detector as part of the secondary cosmic rays that are produced high in the Earth atmosphere when energetic primary
cosmic rays collide with nitrogen and oxygen nuclei. The software we use to run this experiment in real time on the web uses Python code on
the computer of the Red Pitaya board and HTML/Javascript code on the webpage. The experiment is located at the Centro Interdisciplinario
de Investigacién y Ensefianza de la Ciencia on the campus of the Benemérita Universidad Auténoma de Puebla (BUAP) in the city of Puebla,
Mexico. We report a value for the effective mean lifetime of the stopping muons of of 2.051 £ 0.009 ps. This result is lower than the 2.197
ps mean muon lifetime in vacuum due to the capture of negative muons by the nuclei of the atoms of the detector material. The experiment
can be accessed through the webpage https://ciiec.buap.mx/Muon-Decay.

Keywords: Cosmic Rays, Muons, Muon Lifetime, Muon Capture, Acquisition Electronics

1 Introduction

The muon is a subatomic particle discovered in 1936 by Carl
D. Anderson y Seth Neddermeyer [1]. They used a detec-
tor called cloud chamber that had been recently invented by
Charles Wilson [2]; in fact, Wilson was awarded the No-
bel Prize in Physics in 1927 for this invention. The muon
has the same charge and spin as the electron and about 210
times more mass. Muons are produced by the collisions
of primary cosmic rays with nuclei of nitrogen and oxygen
at several kilometers above the Earth surface. These colli-
sions take place through the strong interaction and produce
other subatomic particles, dominated by pions and kaons,
which eventually decay through the weak force into muons
and neutrinos. Primary cosmic rays consists primary of pro-
tons, those of low energies, up to about 100 MeVs, come
from the Sun [3], while those of higher energies, up about 1
PeVs [4], come from supernova in own galaxy and those with
even higher energies, up to 100 EeVs, may come from active
galactic nuclei (AGN) of distant galaxies |5,6]. Secondary
cosmic rays were discovered in 1912 by Victor Hess [7], they
consist of 4 components of particle showers: hadrons, muons,
neutrinos and an electromagnetic component formed by elec-
trons and gamma rays.

Energetic secondary muons produced at the top of the
Earth atmosphere travel with speeds close the speed of light.
As explained below, their effective mean decay time when
they decay in a non-vacuum medium may be slightly lower
than 7,, however, their decay times may increase signifi-
cantly due to the effect of time dilation, predicted by Albert

Einstein in his Theory of Special Relativity in 1905. It is this
time dilation that makes possible for a large number of muons
to reach the Earth ground. The rate at which muons arrive at
the ground at sea level is about 1 muon per square centime-
ter per minute [8] and increases to about 2 muons per square
centimeter per minute for the 2000 m.a.s.] altitude of Puebla
City.

The rate of arrival of secondary muons to our detector is
around 72 Hz, they arrive with a mean energy of around 3
GeV at sea level |9] so that most of them have enough en-
ergy to cross our detector. However, a small fraction of all
the muons that reach our detector, about 0.8%, stop and de-
cay inside the liquid scintillator that we use in our detector.
We measure the time difference between the first pulse of
scintillation light, which is due to the stopping muon, posi-
tive or negative, and the second pulse, due to the decaying
positron or electron, respectively. By measuring the lifetime
of a large number of these decaying muons, as explained in
detail below, we measure the effective mean lifetime of the
muons that decay inside our detector.

1.1 Decay of muons in vacuum

Muons are unstable subatomic particles; when an isolated
muon is at rest in a vacuum medium, it decays with a mean
lifetime denoted by 7,,; this is a universal constant that has
been measured with great precision and it has the following
value 7, = 2.1969811 =+ 0.0000022 ps [10]. The mean life-
time is the same for positive and negative muons, i.e., the
measured ratio 7,+ to 7,- is 1.00002 £ 0.00008 [10]. For

About the Journal

Events/Bin

Revista Mexicana de Fisica

About ~ Current Archives Announcements Vol. 1to 63

Home | Archives |/ Vol. 42 No. 4 (1995): Revista Mexicana de Fisica. | Articles

Medicion de la razon de muones positivos a
negativos en la radiacion codsmica secundaria

Measurement of the Michel distribution

@
Muon Decay 9136 Events
Charge Distribution of Second Pulse

l ’HH%OIIIH%I..A

20

Charge (pC)



Number of Single Pulses / Smin
Uncorrected for Pressure

Number of Single Pulses / Smin

Atmospheric Pressure

Atmospheric Pressure (hPa)




Relative Humidity

Relative Humidity (%)

Internal Temperature

Internal Temperature (°C)

Correct for Pressure

Number of Pulses / Smin

Number of Pulses / Smin vs Atmospheric Pressure
=-44.16, b= 56693.37

° e traceO
trace 1
23k
=
o e _o® o ° L 0‘ d o . ¢ ® ;. . o @
°* °, os o S g e ®
22k e o % a2 ) 00 Pee ’0‘ d A {_ ~ - X : Kz 3 , T g% o .
. ¥ * "R X —_— : o C A " a0
o.': " oo"‘o‘o.b‘. ~'. "? Q.?'.”:} \..‘f-).' : -. Sos o > N . e — _ : t1. :
21k * . 2 PP, - - re
*
20k
792.5 793 793.5 794 794.5 795 795.5 796 796.5 797 797.5 798 798.5 799 799.5

Atmospheric Pressure (hPa)



Cosmic rays intensit y. hourly counts
Corrected data

Forbush Decrease: A Sudden
Drop in Atmospheric Radiation
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module box() {
difference() {
// External box
cube( [box_x, box_y, box_zl);

// Internal hollow
translate([th, th, th])
cube( [box_x = 2xth, box_y - 2%th, box_z - 2xth]);

// -—— Rectangular window
translate([@, th, th])
cube([th, box_y-2xth, rect_z]);

// —— Slit
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translate([(box_x - slot_x)/2, (box_y - slot_y)/2, 2 '").)'.
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Wavelength (nanometres)

540 560
Wavelength (nm)

460 480

580

Peak # Wavelength (nm) Species
1 4054 marcury
2 4366 marcury
3 4877 terbium (To*)
4 £424 terbium (To*)
5 E46.5 marcury
3 £77.7 Tt* ar Hg
7 £80.2 Hg or To*
e 584 To* or Eu*
9 £87.6 Ev*nY.0,
10 £93.4 Ev*in YO,
11 £99.7 Ev*nY.0,
12 6116 Ev*inYO,
13 6257 likely Tb*
14 £31.1 licaly Eu*
16 &50.8 licaly Eu*
16 8626 licaly Eu*
17 €a7.7 licaly Eu*
18 £93.7 licaly Eu*
19 707 & 703 licaly Eu*
20 7123 licaly Eu*
21 760 licaly argon
22 an licely argon




»

Continuar
Construye tu Propio Equipo

Desconectar 5000

Numero de Ciclos Usados: 7, PPM =72.7 + 1

ADC (Voltios)

-
(o))
&)

22

Tiempo (s
-




; Como Funciona el GPS?

== | eaflet | © OpenStreetMap contributors

Historia del GPS

Datos NMEA

ulacion y Sincronizacion en el GPS

Correccion por Relatividad Especial

Triang

Correccion por Relatividad General

Centro

$GPGGA, 172815. 00, 1902.1234,N,09811.5678, W, 1,08,0.95,2172.3,M,-5.2,M, , ¥5A 1’5 e B -/ .
$GPRMC,172815.00,A,1902.1234,N,09811.5678,W, 0.05,301.3,190725, , , A%x74 » =% Escolar /A [ / ‘
$GPGSV,3,1,10,03,67,133,46,05,15,270, 40,12, 32,048, 45, 15,45, 193, 41%77 e 6 ) ‘ ! / e
$GPGSV, 3,2,10,18,29,101,43,21,12,240, 42, 24, 23,875, 44,27, 10,302, 39x7C r Oy ’ o Ninos Héroes ; Y /
$6PGSY, 3,3,10,30,03,180,36,33,07,322,38,,,,,, , , *4F 27 ¢ ~ “~e $
$GPVTG,301.3,T, ,M,0.05,N,0.09,K, Ax2B e 0»,% . g°° de Chapultepec ¢ l, ~ . 3 by v/ f ¢ ¢
’ : v ¥/ /
oy e A CENHCH - / ) » yY

= | caflet | © OSM



B lvillasen / RedPitaya-Nth-Edge-Trigger-App Public

<> Code (© Issues 9 Pullrequests () Actions [ Projects () Security |~ Insights

¥ main ~ ¥ 1Branch © 0 Tags Q Gotofile <> Code ~

Ivillasen Update index.html 4791483 - 2 years ago  Y) 18 Commits

4.DAC-ADC.bit Add files via upload 2 years ago
README.md Update README.md 2 years ago

client.js Update client.js 2 years ago

1. Binary Counter Displayed on the LEDs

Usage index.html Update index.html 2 years ago

¢ Clone the repositiry redpitaya.png Add files via upload 2 years ago

» Create a new project with Vivado. server_3000.js Update server_3000.js 2 years ago

« Select the device xc7z010clg400-1 server_3001.js Update server_3001.js 2 years ago

 Add the constraint redpitaya.xdc and verilog counter.v files from the repository. start.sh Add files via upload 2 years ago

»
B
B
B
B
B
B
B
B
B

« Create a new Block Design according to the following instructions to create a block diagram
similar to Fig. 1.Binary_Counter.

style.css Add files via upload 2 years ago

¢ Add the IP called ZYNQ7 Processing System from the menu and Run Block Automation with
default options.

* Add Module counter.v from the menu.
« Add a Binary Counter from thr Add /P menu.
¢ Add a port called led_o with components from 7 down to 0.

« From the menu click on Validate Design







Appearance
Scale: Mel Min Freq: 50 Hz v Max Freq: 10 KHz v Speed: 4 v Colormap: jet v Musical Notes € — ( Up or, Down?. rScale ( Which Note? Fl'uning
Spectrogram Pdmmeters Appearance
Buffer Size: 8192 v § Window: Blackman Harris 7 v FFT Function: Custom FFT v Scale: Mel v Min Freq: 50 Hz ~ Max Freq: 10 KHz - Speed: 4 - Colormap: hot v

General JOIC8 Spectrogram Parameters
— Buffer Size: 8192 v | Window: Blackman Harris 7 v FFT Function: Custom FFT v

General l Info

328 Hz | S

10000 Hz
9000 Hz

8000 Hz

7000 Hz

6000 Hz

800 HZ -~
600 Hz

2 400 Hz
:
h

100z ﬁd&r:"* e e & &

Loudness (dB) Time




o=
-0

ciiec.buap.mx

25de Visualizing and
septiembre Analyzing Light

20 2 5 Spectra

Telescopio de muones
Macario, con
introduccién a los Rayos
Césmicosya
Aplicaciones de los
telescopios de muones

)
== i%‘ ¥ =
= (\_')(*_ -

3lde Material de Apoyo para
octubre Estudiar Big Data,
Cienciade Datos y Data
2024 Analytics

Este experimento mide
el flujo de muones que
llegan a un detector en
tiempo real

Plot and print data sent

AplicacionesWeb_______________\/ |

Mirsees 3o Choce Ussaou: 7. PP = 73241

i ﬁl‘ Muh u,.\,f'l.uhu.m I

22 de Construye tu propio
septiembre Foto-pletismografo

2025

13 de Aplicacién que
noviembre ilustra la técnica de
t-SNE de reduccién
2024 dimensional y
visualizacién en
machine learning no
supervisado

‘
-

23 de Material de Aroyo ara
lig

octubre Estudiar Inteligencia
Artificial, Aprendizaje de

2024 Méaquina y Aprendizaje
Profundo

Este experimento mide
la vida media de
desintegracion de los
muones que llegan a un
detector en tiempo real

cién

05 de
noviembre

2024

24 de
mayo

2024

Sistema de
Geopocisionamiento
Global: Conectatu
propio receptor GPS

Aplicacién que
ilustra la técnica de
Andlisis de
Componentes
Prlnclll.wlos en
machine learning no
supervisado

Aplicacién que ilustra el
uso de machine
learning supervisado
para reconocer digitos
manuscritos

Espectrograma de
audio con notas
musicales

Luis Villasenor
lvillasen@gmail.com

Thank you for
your attention


mailto:lvillasen@gmail.com

