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PLAN OF THE TALK
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• Cosmic-ray physics with accelerator apparatus 

• LEP results 

• CERN results (LHC, Run 1) 

• CERN plans (Run 3, HI Run) 

• Final comments 
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Tevatron (p-p)
LHC (p-p)

7 TeV 14 TeV



Mario Rodríguez Cahuantzi <mrodriguez@fcfm.buap.mx>, FCFM-BUAP 4 Reunión general de la Red FAE, Tlaxcala (28/09/2017)

Tevatron (p-p)
LHC (p-p)

7 TeV 14 TeV
Direct measurements up to E14 eV 

primary particles (balloons, satellites)
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Tevatron (p-p)
LHC (p-p)

7 TeV 14 TeV
Direct measurements up to E~1014 eV 
primary particles (balloons, satellites)

Indirect measurements  E>1014 eV 
secondary particles  

(ground and underground experiments)



Particle detection
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• DETECTION AND STUDY OF COSMIC RAY 

• STUDY OF HIGH ENERGY INTERACTIONS IN p-p, Pb-Pb COLLISIONS TO EXTRAPOLATE 
INFORMATION FOR COSMIC RAY PHYSICS (hadronic interactions)



Particle detection
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ACCELERATOR PHYSICS: 
 
BEAM KNOWN ! DETECTION OF THE SECONDARIES 

   ! STUDY OF THE INTERACTIONS 

200 x 200 m2 

Beam known Beam known 

    detectors 
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ACCELERATOR PHYSICS: 
 
BEAM KNOWN ! DETECTION OF THE SECONDARIES 

   ! STUDY OF THE INTERACTIONS 
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Beam known Beam known 

    detectors 



Particle detection
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COSMIC RAY PHYSICS WITH EAS: 
 
BEAM UNKNOWN ! DETECTION OF THE SECONDARIES ARRIVING AT GROUND 

         ! STUDY OF THE BEAM Level of  observation!

AMS,!PAMELA,!Fermi!

Balloons!!

High!al7tude!detectors:!
HAWC,!Tibet!

Ground!experiments:!Pierre!
Auger,!KaskadeFGrande!!

UnderFground!experiments:!
Ice!cube,!Macro,!LEP&LHC!
experiments!



Particle detection
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Direct measurements up to E ∼ 1014 eV  
   
•   Primary particles (balloons, satellites) 

Indirect measurements with (under)ground experiments to E > 1014 eV  

Cosmic ray interactions with atmosphere and Extensive Air Showers (EAS) 

Measurements around the knee (Eas-Top, Kaskade, Casa …) and beyond (Kaskade-
Grande) 

Ultra high energy cosmic rays (Auger, HiRes) 

Underground experiments (Macro, Emma) 

COSMIC RAY PHYSICS AT CERN (LEP: L3+C, ALEPH, DELPHI; LHC: CMS, 
ALICE)
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200 x 200 m2 

MACRO: 12 x 70 m2 

!  Small apparatus 
!  Low underground 
!  Detection of  muons crossing the rock 
 
"  These apparatus are not designed for cosmic ray physics # : 

$  Small detectors compared with the standard cosmic ray apparatus: 

!  Only muons are detected  
!  Short live time of  data taking  

%  Advantage: detectors with very high performances, presence of  
magnetic field & 

%  Why to study cosmic ray events with dedicated accelerator 
experiments? ' remember that the only result out of  LEP that did 
not agree “perfectly” with the Standard Model was the observation 
of  too many multiplicity muon bundles. 



Particle detection
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Particle detection
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Particle detection
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LEP RESULTS
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LEP:Large Electro-Positron collider
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ALEPH: ~20 days of  data taking 

Data indicate that heavier component is needed 
to explain higher multiplicity muon bundles 
These muon bundles are not well described 
(almost an order of  magnitude above the 
simulation) 

Astroparticle Physics 19 (2003) 513–523 

Astroparticle Physics 28 (2007) 273–286 

DELPHI: ~18.5 days of  data taking 

The conclusion is similar to Aleph : 
However, even the combination of  extreme 
assumptions of  highest measured flux value and 
pure iron spectrum fails to describe the 
abundance of  high multiplicity events.  
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LHC RESULTS
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LHC
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COMPACT MUON SOLENOID
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CMS$$
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CERN%PH%EP%2010%011+2010/05/31+CMS$$
Indeed, the first publication of an LHC experiment with a physical measurement was done by CMS: cosmic charge ratio
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CMS$has$measured$the$flux$ra0o$of$posi0ve6$to$nega0ve6charge$cosmic$
ray$muons,$as$a$func0on$of$the$muon$momentum$and$its$ver0cal$
component.$The$result$is$in$agreement$with$previous$measurements$by$
underground$experiments.$This$is$the$most$precise$measurement$of$the$
charge$ra0o$in$the$momentum$region$below$0.5$TeV/c.$It$is$also$the$first$
physics$measurement$using$muons$with$the$complete$CMS$detector.$

CMS$$
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ALICE: A Large Ion Collider Experiment
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ALICE: A Large Ion Collider Experiment
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COSMIC-RAY PHYSICS
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COSMIC-RAY PHYSICS
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COSMIC-RAY PHYSICS
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COSMIC-RAY PHYSICS
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COSMIC-RAY PHYSICS
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COSMIC-RAY PHYSICS
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COSMIC-RAY PHYSICS
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68 atm. Muons 
MCN: 51 

COSMIC TRIGGER DURING p-p RUNS
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

Reunión general de la Red FAE, Tlaxcala (28/09/2017)

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

Reunión general de la Red FAE, Tlaxcala (28/09/2017)

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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WHERE DO THE MUON BUNDLES COME FROM?
From Maciej Rybczyński, ISMD 2017

Reunión general de la Red FAE, Tlaxcala (28/09/2017)

https://indico.nucleares.unam.mx/event/1180/session/21/contribution/85/material/slides/0.pdf
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PLANS FOR THE RUN 3 AND HI
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FINAL COMMENTS
• LEP RESULTS: provided important results in the fiel of cosmic rays (HE interactions, 

sources searches, composition, …), they opened a new window of physics analysis with 
accelerator detectors 

• LHC RESULTS revealed that these rare events can only be produced by primary 
cosmic rays with energies higher than 10,000 TeV. 

• the observed detection rate of one event every 6.2 days can be reproduced quite well 
by the simulations, assuming that all cosmic rays were due to iron nuclei (heavy 
composition). For proton nuclei (light composition) the expected rate would be of one 
event every 11.6 days. 

• the rate of these rare events has been satisfactorily reproduced using conventional 
hadronic-interaction models. However, the large error in the measured rate (50%) 
prevents us from drawing a firm conclusion on the exact composition of these events, 
with heavy nuclei being, on average, the most likely candidates. This conclusion is in 
agreement with the deduced energy of these primaries being higher than 10,000 TeV, 
a range in which the heavy component of cosmic rays prevails. 

• STUDIES OF COSMIC-RAY EVENTS ALLOW TO TEST HADRONIC INTERACTION 
MODELS
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FINAL COMMENTS
• STUDIES OF COSMIC-RAY EVENTS ALLOW TO TEST HADRONIC INTERACTION 

MODELS 

Results from LEP and LHC have revealed interesting properties of atmospheric 
muons. This type of studies are useful to test to the interaction hadronic models post-
LHC. They have attract the attention from theoretical colleagues to propose alternative 
interpretations of LEP/LHC data. 

New ideas are brewing inside the LHC experiments. Besides ALICE, people from CMS and 
ATLAS are interested in developing cosmic-ray physics studies: 

• Muon multiplicity, study of muon bundles, testing of hadronic interaction models 
(important input from LHC results to cosmic-ray interaction models) 

• Charge ratio for single and multi-muon events 
• study of horizontal events (not discussed here, but LHC experiments are willing 

to have a deep look on this data.) 

Mathusla project aims to be a project involving ATLAS and CMS experiments searching 
for LLP particles. Mathusla is developing a proposal for cosmic-ray physics studies 
(ATLAS+CMS+ALICE?)


