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• Physics studies 


• Detector development
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Why to study Cosmic rays (CR) with ALICE?


• One of the main observables that can be useful to understand the characteristics of 
the primary cosmic ray is the number of muons produced along the EAS.


•Several studies on the muon component of EAS have been 
carried out with experimental arrangements on the surface.


 

•For example, the Pierre Auger observatory reported an 
excess of the muon content for inclined events (Phys. Rev. 
D 91, 032003 (2015)). 


•This result motivated theoretical works: deconfined thermal 
balls (Phys. Rev. D 95, 063005 (2017)), string percolation 
(arXiv 209.6474), reduction of the energy transfer from the 
hadronic to the electromagnetic components of the EAS 
(PoS(ICRC2013)1182), enhancement of multi-strange 
hadrons (Phys. Lett. B 810 (2020) 135837)


Phys. Rev. D 91, 032003 (2015)
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Why to study Cosmic rays (CR) with ALICE?


• One of the main observables that can be useful to understand the characteristics of 
the primary cosmic ray is the number of muons produced along the EAS.


JCAP01(2016)032

• In 30.8 days (Run 1 data), ALICE collected 5 events with more than 
100 muons. 


• In ALICE’s cosmic paper, we reported that the frequency of such kind 
of events can be reproduced with the QGSJET II-04 hadronic 
interaction model (tuned with LHC data). 


• These events are originated due to EAS from primary cosmic rays 
whose composition is dominated by a heavy component (Fe) with 
energies larger than 1016 eV. 


• The core of the EAS is located very close from the ALICE at LHC with 
a zenith angles less than 50 degrees.


• This result may put significant constraints on alternative, more exotic, 
production mechanisms (e.g. QGP in cosmic ray showers 
Astropart.Phys.17:355-365,2002).
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Why to study Cosmic rays (CR) with ALICE?


• One of the main observables that can be useful to understand the characteristics of 
the primary cosmic ray is the number of muons produced along the EAS.


The ALICE results on high muon multiplicity events motivated 
some theoretical work:

From Maciej Rybczyński, ISMD 2017

From Maciej Rybczyński, ISMD 2017

ApJ 839, 31 (2017)

ApJ 839, 31 (2017)

mailto:mario.rodriguez@correo.buap.mx
https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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Run 2 data analysis: preliminary results


PRELIMINARY / N
OT PUBLIC
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Run 2 data analysis: preliminary results
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Physics Letters B
Volume 810, 10 November 2020, 135837 ALICE Collaboration. Enhanced production of multi-strange 

hadrons in high-multiplicity proton–proton collisions. Nature 
Phys 13, 535–539 (2017). https://doi.org/10.1038/nphys4111

If QGP is formed in heavy-ion collisions 
we would expect to be formed in 
scattering of ultra high energetic 
cosmic-rays in the upper atmosphere (at 
the core location of the collision). 

With a large statistics we may be able to 
distinguish between the HHM events 
predicted by QGSJET and those from 
other source? i.e, QGP or strangelets. ?

mailto:mario.rodriguez@correo.buap.mx
https://www.sciencedirect.com/science/journal/03702693
https://www.sciencedirect.com/science/journal/03702693/810/supp/C
https://doi.org/10.1038/nphys4111
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Physics Letters B
Volume 810, 10 November 2020, 135837

The best description of the data is given by EPOS-LHC. 

What about EPOS 3/4? This is a work in progress

The observed enhancement of strangeness in small systems and large 
colliding systems will suppress the fraction of energy transferred to the 
electromagnetic component of the extensive air shower -> this implies an 
enhancement of the muons at the surface level (muon puzzle).  (Phys Lett. B 
810 (2020) 135837) Is this effect connected, in some way, with some of the 
HMM events recorded by ALICE since 2008? A detailed study of HMM events 
is needed here.


This kind of studies in pO and OO will enrich the modeling of hadron 
collisions at ultra high energies directly related with cosmic-ray physics.

mailto:mario.rodriguez@correo.buap.mx
https://www.sciencedirect.com/science/journal/03702693
https://www.sciencedirect.com/science/journal/03702693/810/supp/C
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UPC
• Coherent process: photon interacts 

with the entire ion  (all nucleons). In 
most of the cases there are not 
neutron emission (80%)


• Incoherent process: the photon 
interacts with single nucleon (most 
of the times the target nucleus 
dissociates)

BUAP contribution: invariant mass mu+mu- and luminosity determination

mailto:mario.rodriguez@correo.buap.mx
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This is an old analysis, first results with run 1 data since Padova APW (2013)
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BUAP contribution: installation, commissioning, operation and data analysis
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Standard event and track selection
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ALICE published paper (JHEP06 (2020) 35 )

THIS ANALYSIS

mailto:mario.rodriguez@correo.buap.mx


mario.rodriguez@correo.buap.mx 20 MuonID meeting / 15.12.2022

THIS ANALYSIS
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THIS ANALYSIS

To do list: 
• systematic uncertainties estimation
• background studies (Monte Carlo)
• model comparison. 
• first version of the analysis note almost ready

mailto:mario.rodriguez@correo.buap.mx
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UPC
We may have a look to our 
UPC data and make an 
estimation for Run 3 data

mailto:mario.rodriguez@correo.buap.mx
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ALICE data, few runs. This is 
a work in progress (Master 
Thesis of Josué Martínez)
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Diffraction Unfortunately we don’t 
have a diffractive cross 

section with ALICE 
Run 2 data. With the 
FDD we can try to get 
the diffractive cross 

sections.

mailto:mario.rodriguez@correo.buap.mx
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Diffraction
Detection of bound states of gluons: glueballs 
predicted by QCD


Candidates


Mesons f0(500), f0(980), f0(1370), f0(1500) 
f0(1710), f0(1810), f2(2340) -> some of this 
resonances could be the ground state of the 
glue ball (lattice QCD)


In practice we may pay attention to central 
production of 2/4 pions/kaons.

mailto:mario.rodriguez@correo.buap.mx
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Data sample: 2017-2018, p+p 13 TeV / double gap trigger

K0
S(500)

ρ0(770)

f0(980)

f2(1270)

Invariant mass 2 pions

Invariant mass 4 pions

PWA analysis is a work in progress for 2 
pions systems

mailto:mario.rodriguez@correo.buap.mx
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Invariant mass 2 kaons

Data sample: 2017-2018, p+p 13 TeV / double gap trigger

f ′￼(1525)

Invariant mass 

2 pions / 2 muons

Muon misidentification?

mailto:mario.rodriguez@correo.buap.mx
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4 kaons
PRD 99, 094034 (2019)

WA102 data

ALICE double gap

inv. Mass 4 kaons

Data sample: 2017-2018, p+p 13 TeV / double gap trigger

mailto:mario.rodriguez@correo.buap.mx
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PRD 99, 094034 (2019)
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Detector development 
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Event triggered by ACORDE on Thursday 9th. 
October 2008

◦Run # 62107, Chunk 460, # of Event: 8560 

◦Acorde multiplicity: 35 

◦Number of ESD tracks: 148 

TPC Calibration 2006-2007
R&D, installation, commissioning, operation, offline, DCS, 

electronics, data analysis 
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BUAP Contribution: physics performance (event plane)

IN COLLABORATION WITH LIZARDO VALENCIA (UNISON, CMS)

FIT DETECTOR FOR RUN 3
Also DCS contribution focused in FDD

mailto:mario.rodriguez@correo.buap.mx
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ALICE 3


BUAP (Puebla) group is interested in muon 
chamber detector. We have experience in 
plastic scintillator and RPC detectors. We can 
discuss some ideas like an hybrid geometry 
(simulation studies are needed here). BUAP 
has a dedicated laboratory for particle detector 
development. 


C o n c r e t e t a s k s : D C S a n d d e t e c t o r 
development.


We are willing to join to ALICE 3 project.

In future meetings we will 
show the performance of 
BUAP RPC’s

mailto:mario.rodriguez@correo.buap.mx


mario.rodriguez@correo.buap.mx 36 MuonID meeting / 15.12.2022

Plastic scintillator Simple FEE
COSMICS

6 mm x 6 mm SENZ-L SiPM: fast and slow outputs
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COSMICS
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Beam test at T10/CERN

NIMA A 953 (2020) 163150, https://doi.org/10.1016/j.nima.2019.163150


mailto:mario.rodriguez@correo.buap.mx
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Beam test at T10/CERN

NIMA A 953 (2020) 163150, https://doi.org/10.1016/j.nima.2019.163150


PMT

mailto:mario.rodriguez@correo.buap.mx
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Beam test at T10/CERN

NIMA A 953 (2020) 163150, https://doi.org/10.1016/j.nima.2019.163150


SiPM

mailto:mario.rodriguez@correo.buap.mx
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AD detector: Beam test at T10/CERN

Solangel, Gaby, Luis Alberto, Abraham, ..

2021 JINST 16 P01017
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SiPM charge studies

2020 JINST 15 P09008
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DAQ’s system

Rev. Mex. Fis. 66 (4) 475 - 478
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ALICE BUAP group


Arturo Fernández

Mario Iván Martínez


Guillermo Tejeda

Mario Rodríguez

DCS / Electronics / Data Analysis/ Detector development 

Students


ALFARO, Marcel (Master)

ALVARADO GARCÍA, J. Ricardo (PhD)

MANCILLA, Omar (Master)

MARTÍNEZ GARCÍA, Josué (Master)

PAISANO GUZMAN, Sergio (Phd)

RAMÍREZ ÁLVAREZ, César Omar (Master)

RÉGULES MEDEL, Héctor David (PhD)

VASQUEZ-BELTRAN, Yael Antonio (PhD)

YOVAL POZOS, Irandheny (PhD)
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Simulations / DCS / Electronics / Data Analysis/ Detector development 

It is time to define dedicated working groups. See my talk of tomorrow.
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