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High energy boson cascade
oe

The physics of high scattering boson cascade

Air shower : Cosmic ray entering the atmosphere yielding to a
multitude of scattered particles decaying more and more.

X and Y distribution when th=30
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@ Cosmic rays reach 1leld to 1el9 eV
LHC is 1el13eV as a comparison

@ Bad side : Not controled
@ Use CORSIKA to simulate showers
@ Air shower is a tool to test "higgsplosion" theory
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CORSIKA8 Simulations
.

"In" parameters

o Particle type : Hadron (lighter than 32 Fe)

PERIODIC TABLE OF THE ELEMENTS
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o Energy (1el4-1el9eV)
o Angle (0O=zenit)
@ Physical model of computation (Sybill)
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CORSIKA8 Simulations
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"Out" parameters

Measuring cosmic-ray and gamma-ray air showers

< First interaction (usually several 10 km high)

Alr shower evolves (particles are created

= andmaost of them laterstop o decay)

Measurerment of
s fluorescence light
ome of the particles (Fly’s Eye)

Measurement of Cherenkov Teach the ground

light with telescopes

\

— Messurement with seintillation counters

5. Measurement of low-energy muons

with selntiliation or tracking detectors
Messurement of particles

with tracking detectors
(with drift chambers or

Measurement of high-energy
streamer or Gelger tubes)

= muons deep underground

@ Study the evolution of the
shower across the air (Xpmax)

@ Study the particle hitting the
ground. (more precise but past
is lost) particle type, energy,
position
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Standard air showers simulations

Goal of this section:
@ Setting a ground
@ Verify the transition CORSIKA 7 to 8
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Own research

Looking for any original result

Standard simulations
[ Jelelolole}

Looking for a way to deduce the "in" parameters by only looking at

3 th=0

th=15
3 th=30
1 th=45
CJ th=60
3 th=75

&

the ground.
Energy distribution of the particles
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Standard simulations
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Own research
Parameters distribution depending on the particle type

10*

1!

Energy vs Radius per particle

T
103

T
107! 107 10! 10° 10° 10
Radius

@ Used Log scale to
spread out the
bundle

@ Looking for any
kind of emerging
phenomenon

@ Energy Threshold

(Chosen by CORSIKA team)
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Standard simulations
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Own research

Parameters distribution depending on the particle type

Energy vs Radius per particle with an angle of 0 Energy vs Radius per particle with an angle of 45

101 10 10! 102 108 10! 10 106 10 100 10 102 100 10t
Radius Radius

Figure: §=0 Figure: §=45

Wider angle =- Longer travel in the atmosphere
Less n,p,K,m
Constant v, i
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X and Y distribution when th=0
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X and Y distribution when th=0
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Standard simulations
[ee]eY Tole}

Spacial distribution of the particles

X and ¥ distribution when th
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(b) 6 =30

X and Y distribution when th
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X and Y distribution when th=75
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Standard simulations
0000e0

Spacial distribution of the particles

Parameters of the ellipse are such that 90% of the particles are in.
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Standard simulations
00000®

Spacial distribution of the particles

1000

Figure: Expected ellipse width® (blue line) versus actual ellipse width
(Orange crosses). Proton showers on the left, iron shower on the right

!Same result for length, but data were lost 12/22



Standard simulations
®00

What is X,,.x

Study of the shower before impact

@ Time-dependent evolution (no)
e Altitude dependence (no)
@ Interaction Depth g.cm™2 (yes)

X:/pdr

Starts at 0 when outside the atmosphere, and grows as the altitude
goes down.
One important parameter? : Xpmax.

>The value of X when the amount of muon produced is at the maximum
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Standard simulations
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How X,,.x evolves depending on the input parameters
ngle

Angle Vs Xy per shower

Xinax per shower Gaussian distribution N .
Incoming proton : E=le+15 200 (for the sake of visualization) For incoming le+15 eV proton
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Standard simulations
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How X,,.x evolves depending on the input parameters
Energy

Xmax per shower Gaussian distribution Xmax distribution with 1 sigma error
incoming iron atom : 8=(0, 65)° (for the sake of visualization)
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Standard simulations
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Focus on the muon production
Study of the shower on the ground

The amount of muon per shower : good indicator to compare
standard showers and high boson scattering theory showers.
Introduction of the Muon Bundle.
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Standard simulations
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The Muon Bundle

Mucns detected on the surface Muons detected on the surface
Ein=1.00e+14eV, 8,,=0" En=1.00e+14eV, 8,,=0"
Shower:45, Incoming particle:2212 Shower:43, Incoming particle: 1000260560
. ® Muons>G60GeV
o . Mugns<60GeY 0 * . * .
—— Selection
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Two examples of muon bundle selection.
Threshold : E, > 60GeV, Radius<30m
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Standard simulations
coeo

Angle dependency

pylshowerfm=2
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Angle vs muon number distribution o=1

® Proton
Iron
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Standard simulations
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Energy dependency

Energy vs muon number distribution o=1

#® Proton [ ]
10t Iran
® . .
@ Linear behavior
T
% - @ No Iron data at
e E=1el8eV
a 197 )
¥ @ Small inaccuracy at
E=1eld4eV
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Boson cascade simulation
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High scattering boson cascade simulation

Xinax distribution Gaussian distribution

Incoming proton : =15° (for the sake of visualization)
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Boson cascade simulation
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High scattering boson cascade simulation
Muon Bundle

Scale vs Standard deviation

Scale vs Muon density of Muon density
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Conclusion
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Conclusion

The cosmic rays showers studies are a very important field of
particle physics that one must not neglect.

| did not have the time to compare my result properly with
experimental data.

This internship showed me a new way to study particle physics
that | had never considered before.

Bad side : Remote. (SSH problems, communication problems)
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Thank you for your attention.
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