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Lectures for DESY Summer Students 2017 in Zeuthen

uh

$i798N15U55818

U338

18 July 2017

Welcome & Introduction

Karl Jansen

18 July 2017

Safety briefing (afternoon

Karl Jansen

18 July 2017

Warm-up Party at the lake

Students, supervisors

(afternoon)
19 July 2017 Computing Stephan Wiesand
20 July 2017 Computing Stephan Wiesand
24 July 2017 Introduction into Data Analysis Orel Gueta
25 July 2017 Neutrino Physics | Walter Winter
26 July 2017 Neutrino Physics Il Walter Winter

27 July 2017

Accelerator Physics |

Pedro Castro

28 July 2017

Accelerator Physics |l

Pedro Castro

31 July 2017

Introduction to the Standard Model |

Thorsten Kuhl

1 August 2017

Introduction to the Standard Model
Il

Thorsten Kuhl

2 August 2017

Introduction to the Standard Model
1]

Thorsten Kuhl

2 August 2017 Students intermediate reports (afternoon)
3 August 2017 LHC | Ingo Bloch
4 August 2017 LHC I Ingo Bloch

7 August 2017

Lattice Gauge Theory

Constantia Alexandrou

8 August 2017

Photoinjector PITZ, |

Gregor Loisch

9 August 2017

Photoinjector PITZ, I

Gregor Loisch

11 August 2017 Introduction to Magneto Rolf Buhler
hydrodynamics

16 August 2017 Advanced Methods of Data Analysis Orel Gueta

17 August 2017 Machine Learning Techniques Stefan Ohm

21 August 2017

Dark Matter |

Moritz Hutten

22 August 2017

Dark Matter |l

Moritz HUtten

24/25 August 2017

Trip to DESY Hamburg

Gernot Maier

25 Ausust 2017

Astroparticle Physics (in Hamburg)

Gernot Maier

28 Ausust 2017

Cosmology |

Jakob Nordin

29 August 2017

Cosmology I

Jakob Nordin

31 August 2017

Perturbative QCD |

Johannes Blimlein

@ Wesany TanUTgyey v GuTN 2
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Lectures for DESY Summer Students 2017 in Zeuthen

Fuil WUan15usIeY HU5381Y
1 September 2017 Perturbative QCD II Johannes Blumlein
4 September 2017 Introduction into Monte Carlo Johannes Knapp
Methods
6 September 2017 Final student reports
7 September 2017 Final student reports
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AANI5U summer concert

dwsuinAnwiniaggieundifles Zeuthen szifanssunsuansauniliile usvnniflasd
annsauaIsnussle LagesnazsLansie faunsavild Tasmaadaydedludunasunuin
senavinTiuwanseluy Pasfimandlinsenienaiseiieg TnewinAsenusssausanig e
Tuuey 1nnsidimiaeuniudiouy dnnweuduveniaynuin Tagludiiifieuqindnunia
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Luildegsuene wszasaiviundeununialunuyiiunsgaiidies Hamburg

SOMMER
K RT.

1d

Die DESY- Band ladt zu einem gemeinsamen
Konzert mit unseren diesjahrigen Sommerstudenten
ein. Wir spielen Klassik, Pop und vieles mehr.

Alle DESY-Kolleginnen und Kollegen sind
herzlich willkommen.

AN 26 Poster LBIuli15MAINTIY summer concert
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Desy Summer Student Final Presentations 2017

1 304 nau FunLaue
Friday, 1 September 2017
“Application of the Lomb-Scargle statistical
11:00 test to resolve the periodogram of uneven CTA Giuliana Noto

periodic emission signals”
Wednesday, 6 September 2017

“Impacts of electron beam density

modulation during photoemission on
9:30 PITZ Anna Sledneva

beam longitudinal phase space
distributions”

“Gun model refinement by trajectory .
9:45 PITZ Tatevik Vardanyan
response test”
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1281 509 nax FuLaue
Wednesday, 6 September 2017
“Measurement of the electron identification
10:00 | efficiency for Z0 — ee using ATLAS 2015 ATLAS Kathryn Coldham
data”
A non-perturbative evaluation of Feynman'’s
10:15 | path integrals in a quantum mechanical THEO Madeleine Dale
case study
“Reconstruction quality of partialy .
Tatiana
10:55 | contained high energy cascade events in IceCube .
Marshalkina
IceCube”
“A monitoring system for the calibration of .
11:10 HESS Daniel Morcuende
the upgraded H.E.S.S. | cameras”
“Prospect for the observation of 2WHSP )
11:25 MAGIC Laura Nieto
sources with the MAGIC telescopes”
Thursday, 7 September 2017
“Reconstruction Studies of atmosferic muon
9:15 IceCube Lilia Duganova
neutrinos with IceCube DeepCore”
“Neutrino production from kaon decay in
9:30 . . THAT Cathal Sweeney
GRB simulations”
“Grain Acceleration in the Interstellar Kantapon
9:45 THAT
Medium ” Jensangjun
“Modeling the Emission from the G1.9+0.3
10:00 THAT Ruge Lin
Supernova Remnant ”
“Modelling the Emission from the Cassiopeia
10:15 THAT Olena Tkachenko
A Supernova Remnant ”
“Compressible turbulence modes in the ISM
10:40 . L THAT Sarah Appleby
using synchrotron polarization
“ldentifying Cosmic Ray Electrons with Direct .
10:55 CTA Chalit Muanglay
Cherenkov Light”
“1ES 1215+ 303” Trenton
11:10 VERITAS .
Rosenquist
“Bayesian Blocks Anaysis of MRK 421“ Lindsey
11:25 CTA
Oberhelman
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Abstract

In this work, we study about identifying cosmic ray electrons with direct Cherenkov
light. We try to distinguish electrons from photons by using Direct Cherenkov light.
Simulation of electrons and photons can be made using code in CORSIKA program.
We are interested in electrons and gamma in the energy range < 1 TeV.

ﬁ$ UHIdnenasinvasmaas
‘3-{} Kasetsart University




CONTENTS 9

Contents

I__Introductionl 1
[1.1  Direct Cherenkov Light| . . . ... ... ... ... ... ... ... .... 2
1.2 Imaging Atmospheric Cherenkov Telescopes| . . . . . . . ... ... ... .. 3
1.3 The goal of the project|. . . . . . . . . .. . .. .. o 4

2_Method 4
2.1 Angular Characteristics . . . . . . . . . . ... 0. 4
2.2 Time delay and Emission angle |. . . . .. .. . ... ... o0 5
B3 Corsikal . . . . .. 5

B__Resultsl 5
[3.1 Images in the CTA Large Size Telescopes (LST). . . . . ... ... ... .. 5
3.2 Corsika test plot| . . . . . . . .. 6
[3.3  Emission angle vs Time delay| . . . . . . . .. .. ... ... 11

4__Conclusionsl 11



1 1 INTRODUCTION

1 Introduction

When cosmic rays arrive at the Earth’s atmosphere. The surface of the Farth is contin-
ually bombarded by very high energy particles, this particle are relativistic and some non
relativistic ranging in energy values from a few GeV to many TeV. The primary spectrum
consists of charged particles such as protons, alpha particles, electrons and nuclei of some
heavier elements. There are also small proportions of positrons and anti-protons which
are believed to be of secondary origin, produced during the interaction of the charged
primaries with interstellar gas. Neutral particles in the cosmic ray spectrum is conssist
of gamma-rays, neutrinos and anti-neutrinos. Neutrinos are ejected from the Sun as a
product of fusion reactions in its core. The gamma-rays sources come from many sources
that show in the Figure 1 [4].

@ Pulsar wind nebula
@ Binary system

. @ Active galactic nucleus
& Supernova remnant
@ Starburst galaxy
@ Unidentified
@ Globular cluster

Figure 1: The locations, in Galactic coordinates, of all known astrophysical sources of
gamma-ray emission, as of 2015

After cosmic rays arrive at the Earth’s atmosphere.Charged particles moving through
the atmosphere with a velocity larger than the local speed of light they will emited
Cherenkov light. This radiation can be detected by telescopes at the ground. This light
will created a narrow light cone following the direction of the particle and created the angle
alpha is depend on height of atmosphere and the density of the air we called the angle
alpha as the Cherenkov angle (see Figure 2). If we look in an Airshower* (see Figure 3)

charged
particle

Cherenkov
light

Figure 2: Occurrence of cherenkov light
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We can distinguish between cosmic-ray and photons that come from air showers 3 way
that is using image shapes with imaging from telescopes, using distributions of the light
arriving on the ground, and using distributions of arrival times of the Cherenkov photons.
We can detected cherenkov light by using Cherenkov telescopes [7]. Current instruments
using this technique include H.E.S.S., MAGIC, VERITAS, and others.

1.1 Direct Cherenkov Light

Cosmic rays travel to the Earth’s atmosphere contain many particles, for example elec-
tron, protron, positron,nucleus and etc. The charged particles will emit light high in the
Earth’s atmosphere will emit light. We call the light emitted Direct Cherenkov light (DC).
But photons don’t generate light because they are not charged. After that, both photons
and charged particles are created Extensive Air Shower (EAS). ESA is an cascade of ion-
ized particles and electromagnetic radiation produced in the atmosphere when a primary
cosmic ray enters the atmosphere. The term cascade means that the incident particle,
which could be a proton, nucleus, electron, photon, positron and atom’s nucleus in the air.
The shape of EAS is dependant on the primary’s charge and the properties of the medium
surrounding it. If we know of the total energy in the entire EAS, coupled with the charge
know from the DC light, allows for event-by-event composition studies and can know type
of primary particle.

The difference between DC photons and EAS based on DC light is the DC photons will
arrive closer to to the shower core and later in time than EAS. This is because the DC
photons that are not obscured by the extensive air shower start their descent higher in the
atmosphere where the air density is thinner, so the Cherenkov angle of the DC photons is
smaller than EAS.

Primary particle

Primary particle 3 (gamma ray)
(e.g iron nucleus) Sy
1 S -
S N 8@ first
first interaction / \e with nucleus in air
Jer \ (pair production)
NS e
/ < bremsstrahlung
EX pion decay: ) ) on nucleus in air
pion-ucleus /A SC pair p
teraction .’ / \ Y
o 8/ /\ /55— bremsstrahlung
° f o ! N
B pZ2E B A
Jf second interaction V) b '
P4 ; ° ‘/ ¢

(€199 . Berniche 4 \ IRY

Figure 3: Left : Development of cosmic ray air showers, Right : Development of gamma-ray
air showers

* White particles or photons (Primary particle) travel pass the atmosphere a cosmic ray
particle has a high probability of collide with nucleus of air, for example nitrogen
or oxygen which principal components of our atmosphere. A collision of cosmic
ray and the nucleus can produce a high energetic photon or charged nucleus in the
atmosphere. But a neutrino does not leave behind a trace when travelled through the
air. The result of first collision will created new particles (secondary particle). These
particles have a lower energy than the primary particle but are still highly energetic.
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These secondary particles can also collide with a nitrogen or oxygen nucleus again
and producing new particles again. Collisions followed by collisions create large scale
events we call air showers. It is as though there is a shower of particles coming
towards the surface of the Earth after a cosmic ray hit our atmosphere we called this
Phenomenon as Air Shower. When a primary cosmic ray produces air showers there
will be many event sometimes millions or billions even of particles arrive at ground

level [7].

1.2 Imaging Atmospheric Cherenkov Telescopes

The Imaging Atmospheric Cherenkov Telescope (IACT) technique is currently the most
advanced ground based method to measure the cosmic ray spectrum between few tens
of GeV to hundreds of TeV. The technique uses the Cherenkov light flashes generated in
Earths atmosphere during the interaction of very high energy (VHE) cosmic rays with its
molecules. The advantage of TACTs in respect to satellite detectors is their large mirror
areas. Using the Earth’s atmosphere increases the detector volume in respect to the space
limited satellites significantly and allows to detect the rare events of VHE cosmic rays
reaching us [3]. Current generation of IACTs as H.E.S.S., MAGIC and VERITAS are
shown in Figures 4, 5. The experiments are located at different locations on the Earth and
consist of up to five telescopes located close to each other. The telescopes operate since
about 20 years now and reached slowly the discovering potential. CTA will be the largest
ground based gamma-ray observatory, consisting of up to 100 telescopes located at two
sites, one in the southern and one in the northern hemisphere. The southern observatory
will be equipped with telescopes of different sizes: Large Size Telescope (LST) will have
a mirror size of 23 meter in diameter and aims to study the lowest part of the energy
spectrum between 20 GeV and 100 GeV. The Medium Size Telescope (MST) will have a
mirror diameter of 12 m and will cover the core of the energy spectrum between 100 GeV
and 10 TeV.

Figure 4: Top : The H.E.S.S telescopes located in Namibia. In the foreground the 28
m diameter HESS-2 telescope is seen. In the background one of the four 12 m diameter
HESS-1, Below : Three of the four 10 m diameter VERITAS telescopes located in Arizona.
telescopes.
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Figure 5: One of the 17 m diameter MAGIC telescopes located on the Canary Island of
La Palma.

1.3 The goal of the project

In this work, we want to identifying cosmic ray electrons with direct Cherenkov light.
We distinguish electron from photon by using Direct Cherenkov light from modify code in
CORSIKA program. We are interested in electrons and gamma in the energy range < 1
TeV.

2 Method

2.1 Angular Characteristics

When charged particles travel in the air the velocity of particle depend on refractive
index of the air (n). After that, if the velocity of the particle 8 is more than the velocity
of light in the same medium we can write relationship of particle with refractive index as
Cn = % In addition, the particles also generate waves that result from the electromagnetic
field. Thus, we can write relationship of wave as 8 > ¢, and 8 < ¢, if particles does not
created wave [6].

Figure 6: Left:8 < ¢,, No wave front, Right:8 > ¢,, wave front

After that, we can calculated a distance of wave from x7 = 8.t and can calculated a
distance of wave from xzg = %t By using simple trigonometric (see Figure 2) we can find

the Cherenkov angle as cos o, = ;iT Cherenkov angle can derive by :

1
COS Qe = m

where n(z) is refractive index depend on height of atsmosphere [1].
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2.2 Time delay and Emission angle

The time delay is the time compared to a reference arrival time at sea level of a particle
traveling at a velocity of light along the incoming nucleus path. The emission angle is
the angle of entry of the photons into the detector compared to the incoming particle
trajectory [2].

2.3 Corsika

CORSIKA (COsmic Ray SImulations for KAscade ) is a program for detailed simulation
of extensive air showers initiated by high energy cosmic ray particles. Protons, light nuclei
up to iron, photons, and many other particles may be treated as primaries. The particles
are tracked through the atmosphere until they undergo reactions with the air nuclei or in
the case of instable secondaries decay. CORSIKA have many option for study air shower [5].

In this work, we are modifying code in CORSIKA program and using sim telarray
packege to simulate telescopes. We modify some parameters such as ERANGE,ECUTS
and ESLOPE for electron and gamma to the simulate air shower.

3 Results

The following session show the results of the simulation of 100 showers coming from at
0 degree zenith angle for electron,gamma and iron.

3.1 Images in the CTA Large Size Telescopes (LST)

Electron

Figure 7: Left : electron energy range 180 GeV  Right : electron energy range 220 GeV
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Figure 9

Figure 8: Left
Left
3.2 Corsika test plot

Cherernkov bunch size

bunch size bunch size

bunch size

Figure 10: Simulation of cherenkov bunch size for electron,gamma and iron.
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Height of cherenkov bunch emission
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Figure 11: Simulation of height of cherenkov bunch emission for electron,gamma and iron.
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Figure 13:
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Simulation of cherenkov bunch arrival times for electron,gamma and iron.
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Cherenkov photon positions absorption

Electron Photon Iron
i 60 3900 [70c
g 8 F 700
Sool- SooF-
E E [
= soc £ F
00~ 00~ 60C o0
00 oo O . soc 500
200f- . 2001 .
- £ - 00 400
o e 130¢ o s a
—200F . 200 . 300 30c
200 E
or oE 200 200
600 -600F
100 E
£ 100 100
-800f- -800F- -800F-
- T A T N P T P P P OT E U S PP T T o oopEii bbbt ) o
~1000-800 -600 400 -200 0 200 400 600 800 1000 =1000-800 -600 -400 -200 0 200 400 600 800 1000 =1000-800 -600 -400 -200 0 200 400 600 800 1000

x[m] (north) x[m] (north)

Figure 14: Simulation of cherenkov photon positions absorption for
iron.

Cherenkov photon directions no absorption

X [m] (north)

electron,gamma and

Electron Photon Iron
- = 80 =
& e § S
& & (G-
00 0 =l
£ g0 £ 0 S
250 Zsol- Zsol-
E} FOF FOF
5 s F 50 5 F
oo 60 Boof Soof-
40 £
150 15 150~
40 30 £
100 10 o 10F
20 £
50 E 10 s0f
o TNTITTIN S U T PU TVOT ST R TR SPRT I
1416 18 20 2 4 6 B 10 12 14 16 18

photon zenith angie [deg] photon zenith angie [deg]

photon zenith angle [deg]

Figure 15: Simulation of cherenkov photon directions no absorption for electron,gamma

and iron.
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Event survival probability no absorption
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Figure 17: Simulation of event survival probability no absorption for electron,gamma and
iron.
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Figure 18: Simulation of event survival probability absorption for electron,gamma and
iron.
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Figure 19: Simulation of cherenkov photon emission height no absorption for elec-
tron,gamma and iron.
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Cherenkov photon emission height absorption
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Figure 20: Simulation of height of cherenkov photon emission height absorption for elec-
tron,gamma and iron.
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Figure 21: Simulation of height of cherenkov photon wavelength no absorption,gamma and
iron.

Cherenkov photon wavelength absorption

Electron Photon Iron
140710 10
45000
100 E
120 F 40000F-
80— 350001
100 r E
30000F-
s o 25000F
sl L 20000~
40— E
r 15000
a0l r E
r 10000F-
20 E
20 F E
[ 5000F
b b b s b Lo Lo | I [T PV NP T IVP IR P TV S [T PV T T FVP IRTE P TV
0 250 300 350 400 450 500 550 600 650 0 250 300 350 400 450 500 550 600 650 0 250 300 350 400 450 500 550 600 650
‘wavelength [nm] ‘wavelength [nm] ‘wavelength [nm]

Figure 22: Simulation of cherenkov photon wavelength absorption for electron,gamma and
iron.



11 4 CONCLUSIONS

3.3 Emission angle vs Time delay

Figure 23: Simulation of emission angle with Time delay for electron,gamma and iron.

4 Conclusions

In this work, the result of this work represents the values after modifying the code
CORSIKA program in but is not yet a simutation of air shower. As shown in the topic
of results section. We consider electron,gamma and iron coming from at 0 degree zenith
angle.

Figure 7, 8, 9 Show the images look similar for gamma rays and electrons. Both cause
electromagnetic showers at difference energy range in the CTA Large Size Telescopes (LST).

Figure 10 Show the simulation of cherenkov bunch size for electron, gamma and iron. The
simulation results show the distribution of total number of cherenkov light with cherenkov
bunch size between electron, photon and iron. The y axis represents the total number of
cherenkov light and the x axis represents the bunch size. There is no difference of cherenkov
bunch size of electron,gamma and iron but the total number of cherenkov light of iron is
less than electron and gamma.

Figure 11 Show the simulation of height of cherenkov bunch emission for electron, gamma
and iron. The simulation results show the distribution of total number of cherenkov light
with height of cherenkov bunch emission between electron, photon and iron. The y axis
represents the total number of cherenkov light and the x axis represents height of atmo-
sphere in meter unit. It will be seen the total number of cherenkov light maximum are in
the range of 10 kilometers, because the shower starts well at a height of 10 kilometers.

Figure 12 Show the simulation of cherernkov bunch arrival times for electron, gamma
and iron. The simulation results show the distribution of total number of cherenkov light
with Cherenkov bunch arrival times (time to arrive at the telescope) between electromn,
photon and iron. The y axis represents the total number of cherenkov light and the x axis
represents arrival times in nano second unit.

Figure 13,14 Show the simulation of cherenkov photon positions no absorption and ab-
sorption for electron, gamma and iron. The simulation results show the distribution of total
number of cherenkov light with position between electron, photon and iron. We consider
when the atmosphere doesn’t absorb and absorbs light. The y axis represents position in
meter unit and the x axis represents position in meter unit. The colors axis represents
total number of cherenkov light. There are no difference of cherenkov photon positions if
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the atmosphere absorbs light but total number of cherenkov light that is different and iron
hasn’t signal if atmosphere doesn’t absorbs light.

Figure 15,16 Show the simulation of cherenkov photon directions no absorption and
absorption for electron,gamma and iron. The simulation results show the distribution of
total number of cherenkov light with direction between electron, photon and iron. We
consider when the atmosphere doesn’t absorb and absorbs light. The y axis represents
photon azimuth angle in degree unit and the x axis represents photon zenith angle in degree
unit. The colors axis represents total number of cherenkov light. There are difference of
cherenkov photon directions and total number of cherenkov light if the atmosphere absorbs
light and iron hasn’t signal if atmosphere doesn’t absorbs light.

Figure 17,18 Show the simulation of event survival probability no absorption and ab-
sorption for electron, gamma and iron. The simulation results show the distribution of
total number of cherenkov light with probability between electron, photon and iron. We
consider when the atmosphere doesn’t absorb and absorbs light. The y axis represents total
number of cherenkov light and the x axis represents probability. There are no difference of
event survival probability if atmosphere absorbs light but total number of cherenkov light
that is different and iron hasn’t signal if atmosphere doesn’t absorbs light.

Figure 19,20 Show the simulation of Cherenkov photon emission height no absorption and
absorption for electron, gamma and iron. The simulation results show the distribution of
total number of cherenkov light with height of cherenkov bunch emission between electron,
photon and iron. We consider when the atmosphere doesn’t absorb and absorbs light. The
y axis represents the total number of cherenkov light and the x axis represents height of
cherenkov photon emission in meter unit. It will be seen the total number of cherenkov
light maximum are in the range of 10 kilometers, because the shower starts well at a
height of 10 kilometers. There are no difference of height of cherenkov photon emission
if atmosphere absorbs light but total number of cherenkov light that is different and iron
hasn’t signal if atmosphere doesn’t absorbs light.

Figure 21,22 Show the simulation of cherenkov photon wavelength no absorption and
absorption for electron, gamma and iron. The simulation results show the distribution of
total number of cherenkov light with wavelength between electron, photon and iron. We
consider when the atmosphere doesn’t absorb and absorbs light. The y axis represents the
total number of cherenkov light and the x axis represents wavelength in nano meter unit. It
will be seen the total number of cherenkov light maximum are in the range of 10 kilometers,
because the shower starts well at a height of 10 kilometers. There are difference between
absorption and absorption the graph from atmosphere absorbs light is smooth than graph
from atmosphere doesn’t absorbs light, total number of cherenkov light that is different
and iron hasn’t signal if atmosphere doesn’t absorbs light.

For Figure 23 Show the simulation result will be time delay with emission angle. By
assume that When we know the height of the atmosphere and when cosmic rays reach the
atmosphere. By assume that we know the height of the atmosphere and when cosmic rays
reach the atmosphere. We consider the particles and the cherenkov light have velocity as
speed of light. We can calculate the difference of time. Then we can calculate the radiation
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angle. The y axis represents the time delay in ns unit and the x axis represents the angle
emission in degree unit. The simulation results show the distribution of cherenkov light
with different angles between electron, photon and iron.
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