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Unsolved problem:
the origin of the knee
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Einee * Z hadronic interaction models based
« Knee is caused by light on Monte Carlo simulations
elements
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Extensive Air Showers

Primary Particle

— nuclear interaction
with air molecule |
l}&
+ ] ) 0

K, K’
', T =K, K—=n
| II|I '|I .-'J Li‘i_
I f | .1. -~ ]
| . M v T
[ I" hadronic J»{ \lf v ‘Ihu 4 4:
o cascade ¢ e e oo
' IlI | T T
| ||II | II II Ty B
| \ f | Cherenkov +
[ \ f | flucrescence
/ \ | | radiation
| \
'I!.-' v v oy R W I f \
+
ooy VoW p.n,m K, g yeyyey e
nuclear fragments
electromagnetic

mucnic component, hadronic
oS component component

Cascade of secondary particles generated by the interaction of the

high energy primary particle with the air nuclei

 Necessity of a multi detector system to get redundant EAS informations
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« Elaboration of hadronic interaction models for the reconstruction of the

shower



Extensive Air Showers
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KASCADE-Grande experiment

Muon Tracking DetectoAr//Radio Antenna (LOPES-10)
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« 252 scintillation detectors
« Area: 200x200 m?
« Measures:
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number of charged particles number of charged particles

Primary energy range: number of muons
1016 -1018 eV « Primary energy range:

1014 -1017 eV 8/22

37 detectors
* Area: 700x700 m?2
« Measures:



Hadronic interaction models

=+—— First interaction (usually several 10 km high)

Air shower evolves (particles are created

= and most of them later stop or decay)

Measurement of

fluorescence light
Some of the particles (Fly’s Eye)

reach the ground %

hleasurement with scintillation counters A

' 7

Test with different
mOdeIS on Iocal muon Measurement of Cherenkov

light with telescopes

density \
N
|

hleasurement of particles
with tracking detectors

(with drift chambers or
streamer or Geiger tubes)

= Measurement of low-energy muons
with scintillation ortracking detectors

hleasurement of high-energy
muons deep underground

* QGSJetll-02, 2012: fan diagrams, diffraction, optimized for cosmic ray
« EPOS-LHC, 2015: nuclear effect, high density effect, all type of data studied

* QGSJetll-04, 2015: loop diagrams, rhoO resonance, optimized for cosmic ray
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EAS observation

Mbeasuring cosmic-ruy aesd gumma-rey slr showers
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Energy spectra
Chemical
composition

4

Tests of
Interaction
Models

The presented work consisted
in:

» selection of the data sets for
two different distances from the
shower core (applying general
quality cuts)

- analysis of the variables
relating to the local distribution
of muon density

« comparison of the data with
three different models
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Two selected areas

selected area .
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Measurements of local muon
density

KASCADE station 7
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Measurements of local muon
density

lead zhielding

Multi Wire Proportional
et Chambers(Central Detector)

~ tngger layer

iror absorber Energy threShOId: 2.4 Gev

T#5 chambers

concrete - p2_4 GeV = Nu2.4 GeV/ACD

WP

Kascade-array stations (plastic shielded
scintillators + photomultipliers)

Energy threshold: 230 MeV

- p230 MeV— NI1230 MeV/(Ast.nst)

nst = number of Kascade-array station used for
each shower

3 . tkerd 13/22
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Measurements of local muon
density

Number of events with a certain muon density
for both energy thresholds
in Grande selection
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Measurements of local muon
density

Distribution of mean density with N_ for both energy thresholds
in Grande selection
230 MeV 2.4 GeV
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Useful to observe differences between the models but not
comparable with data

 Pure density is dependent from primaries energy spectrum,
total muon number and composition 15/ 22
* Possible errors in the shower reconstruction



# events normalized

Density ratio:
a good parameter

R, is:
» insensitive to primaries energy spectrum

insensitive to total muon number
nearly independent on the composition
not affected from reconstruction errors
model dependent
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Comparison: light and heavy
primaries

Distribution of mean ratio with Ne for both selections:
light (H, He) and heavy (C, Si, Fe) separated in the simulations
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- Greater ratio for Kascade selection - high-energy interaction
region

- Downward trend: more energetic is the shower, the higher is the
number of low-energy muons produced in it at fixed distance 17/22



Comparison: light and heavy
primaries

Grande selection Kascade selection
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 Uncertainties on data composition ] .
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with deviation between data and models analysis
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Comparison: mixed
composition

Grande selection Kascade selection
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 Flat trend as expected
« EPOS-LHC has a lower ratio in comparison with the data 19/ 22
- few high energy muons



Comparison: mixed
composition

Grande selection
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Kascade selection

« Same trend for all models that well reproduces the behavior
of data
« Different behavior at different distances from the shower

« Systematic differences between models
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Conclusions

 This work provides a basis for a more detailed analysis: with this
method it is possible to separate models, understand their
differences and compare with data.
Future analysis will have a larger number of simulated events and
will be performed with appropriate statistical methods, taking
account of systematic errors.

e The use of two area selections allows to observe different behaviors
at different distances from the shower core.

« For this level of analysis it seems that the more representative
models are EPOS-LHC and QGSjet-1104 while in most cases
QGSjet-1102 provides too many high-energy muons.
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The complete work is exposed in the report
done at the end of the internship period :

Muon density measurements
@ KASCADE-Grande and comparison with
hadronic interaction models

Period of intemship at the IKP : 15.06.2015 - 15.09.2015

Chiara Stuardi

Supervisor: Andreas Haungs
Tutor: Sven Schoo

I THANK YOU
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