TECHNISCHE
@ UNIVERSITAT
DRESDEN

Fakultat Physik Institut fiir Kern- und Teilchenphysik

Laborpraktikum
Nuclear and Particle Physics

| ]
Suele®  INSTITUT FUR
2.

S et KERN- UND

%Y

IS TEILCHENPHYSIK

Summer semester 2023
https://tu-dresden.de/mn/physik/iktp/studium/praktikum/laborpraktikum

Dr. Frank Siegert ASB E17a Tel. 463 33700
e-mail: frank siegert@tu-dresden.de



TECHNISCHE

Organisation

DRESDEN

»  In the Master's degree in physics, the Laborpraktikum is a compulsory requirement in
the specialisation area "Particle and Nuclear Physics — HISQIS-Anmeldung (160005)!

> Selection from:
* 8 experimental tasks (typically 2 half days or 1 full day)
* 4 QFT tasks (4 half days)

Requirement: 4 full working days in total

»  Date: typically Thursdays, starting times from tutor
* You need to contact the tutor at least 1 week in advance!
*  Submit your reports 2 weeks after the lab!

> There will be a compulsory briefing on radiation protection at the end today.
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v Date selection

« Please register Only 1 student per group (the other student is always automatically

implied)! So if there are 2 places for some labs this means 2 groups can join.

« Please try to fill up any dates another group has already registered first if there are multiple places
 If you want to spend 1 full day for a lab, please register for both the morning and the afternoon slo

they are split).
= The times here are only indicative -- you should contact the tutor for each lab at least 1 week befo

the date to arrange the meeting time/point and get the current experimental instructions.

Sie kénnen sich in beliebig viele Termine einschreiben.
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(L) i BK: Analyse von Blasenkammeraufnahmen

»  Auswertung historischer Blasenkammeraufnahmen

> manye
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PP: Analysis of ATLAS pp-Daten

> Classical data analysis: 1 fb* ATLAS data and Monte Carlo simulation (Open Data)

»  Graphically analysis of event displays

»  Selection of Higgs events using histograms of observables
»  Data analysis: Search for Higgs bosons and heavy Z' bosons using statistical data analysis

Events
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(W v ML: Neural Networks hunting for Higgs boson
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* Simulated data from the ATLAS experiment at CERN
analysed using Neural Networks (NN)
* Train a NN to find Higgs boson events &)

Input_normalization_input | input: | [(None, None)]

TensorFlow

InputLayer \ output: \ [(None, None)]

normalization_layer = tf.keras.layers.Normalization()
normalization_layer.adapt(train_values)

[ Input_normalization | input: [ (None, None) |
model_layers = [ | Nomalizaton | ouput: | (Noue,4) |
normalization_layer,
tf.keras.layers.Dense(60, activatio

tf.keras.layers.Dense(60, activatio ’
tf.keras.layers.Dense(1, activation='si ’ m
1
model_prediction distribution
model = tf.keras.models.Sequential(model_layers)
[Dese [ [oup | e ]
model.compile(optimizer=adam_optimizer, loss=loss_fn, weighted_metrics=['bin ccuracy']) 124 . Zee
E Zmumu
= b lop

history = model.fit(train_data, validation_data=val_data, callbacks=[early_stopping], epochs=1000)
4 e [Dose [sgmon [ owpu: | cvone |

VBFH125_ZZ4lep

Epoch 1/10 WH125_ZZ4lep

2142/2142 11s 4ms/step - loss: 0.5398 - binary_accuracy: 0.7285 - val_loss: 0.5231 - val_binary_accuracy: 0.7287 10 1
ZH125_ZZ4lep
ggH125_ZZ4lep

Epoch 2/10
2142/2142 8s 4ms/step - loss: 0.5091 - binary_accuracy: 0.7488 - val_loss: 0.5047 - val_binary_accuracy: 0.7790

Epoch 3/1000
2142/2142 [= ] - 9s 4ms/step - loss: 0.4903 - binary_accuracy: 0.7761 - val_loss: 0.4881 - val_binary_accuracy: 0.7837

Epoch 4/1000

Events

* Choose suitable training setup
* Design your own NN
— Show us that you can beat the given NN!
* Report: please submit a well-documented Jupyter notebook
(1 full day or 2 half days) RO




FP: Electronical data processing and FPGA

»  Program a “Field Programmable Gate Array”
(programmable circuit)

»  Use examples to learn the development environment for
FPGAs

»  Logic gate

»  Steer electronical componentes (LED, 7 segment display)

»  Design a digital filter for signal processing with an FPGA
»  Learn basic tools for firmware development
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() i GA: Gamma spectrometry

Tabelle 1: Daten der Eichpriparate.

* Record gamma spectra with Nal scintillation detectors and

Isotop Aktivitdt (kBq) Datum Halbwertszeit (a)
a high-resolution High-Purity Ge detector Py sl —
o)) 44.6 19.10.93 5.272
152Ey 423 18.10.93 124
207§ 37.2 18.10.93 38
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ONNERIT WK: Wide-angle Compton coincidence method

»  Calibrate a scintillation detector with small Z by
Compton coincidence measurements
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> Precision spectrum with a HPGe detector
» Robot steering and automatic signal recording

10



TECHNISCHE
@ UNIVERSITAT
DRESDEN

PE: Positron emission tomography

New PET scanner:

Measure a point source

Simple and filtered back projection
Measure activity ratios

Sinograms

OSMAPOSL reconstruction algorithm

Ordered Subset Maximum A Posteriori One-Step Late

11



SD: Simulation based digital data processing

»  Determination of angular correlation of the emitted ys of a ®®Co source

i kevs\‘ N ] " ( \
p-:100% 99.88 7.51 3471 T 2505.7 0.30 PS
0 =140 2 hzm AU el 2158.6
28132
- 1500
» Analog and digitized data recording Sk 10°
& 1000}
»  Analysis with Geant4 simulation a f 10
. R
> r nalysis + repor e 10
Jupyter based analysis + report I |
% s00 1000 1500 '
»  Optionally: additional day at HZDR to discuss Channel 1 Energy / eV
results and prepare report (notebook) 1 1
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BM: Datierung mit einem lonenbeschleuniger

30°Analysier- i . % ] = — - . lonengquellen

magnet & - = y i —

" Gasionisations-
detektor

6 MV Tandem mit
=  Gas-Stripper

Kurzbeschreibung Versuchsziele:

Am Praktikumstag wird die Technik und Anwendung der Beschleuniger- - Grundlagen von Datierung mittels langlebiger Radionuklide
Massenspektrometrie (Accelerator Mass Spectrometry; AMS) am Beispiel einer Datierung am - Betrieb eines Massenspektrometers

DREsden AMS (DREAMS) vermittelt. Das Experiment findet am 6MV-Beschleuniger des - Bildung negativer lonen in einer Sputter-lonenquelle

Helmholtz-Zentrums Dresden-Rossendorf statt. Die Studierenden sammeln dabei an einem - Verstindnis fiir Ablenkung von Ionen in elektischen & magnetischen Feldern
wissenschaftlichen GroBgerit direkte Erfahrung mit ultrasensitiver Massenspektrometrie. Das - lonenbeschleunigung am Tandem-Beschleuniger

Experiment beginnt mit der Inbetriebnahme einer Sputter-Ionenquelle und der Erzeugung - Nachweis einzelner Atome im Gasionisationsdetektor

eines negativen Ionenstrahls. AnschlieBend wird der Strahltransport eines Isotopenpaares
(z.B. #C/2C, '"Be/’Be oder 2°A1/27Al) durch den Beschleuniger durchgefiihrt. Nach der
Aufnahme von Messwerten der Isotopenverhiltnisse werden die Ergebnisse zur Datierung
ausgewertet.

Der Versuch wird an einem Tag durchgefiihrt. 13



DRESDEN

IRusee QFT tasks

»  [QFT 0: Muon decay and Feynman rules (4 half days)]
»  QFT 1: Loop corrections to muon decay in the Standard Model (4 half days)
»  QFT 2: Asymptotic freedom in QCD (4 half days)

»  QFT 3: Calculation of the Higgs mass in the MSSM (4 half days)

Date: Thursday
Place: ASB E19
Time: 7:30 to 12:40 (half day) or individual arrangement

By arrangement, QFT tasks other than those listed here may be performed. If three QFT
tasks are chosen, they can also be counted towards the laboratory practical course
"Theoretical Physics". The QFT tasks typically require previous knowledge from the QFT

lecture.
14
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Now: Find yourself a lab partner

15
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Now: Date selection

»  Questions?

- !| 2023 Laborpraktikum IKTP ¢
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0 Mitteilungen « Please try to fill up any dates another group has already registered first if there are multiple places
« If you want to spend 1 full day for a lab, please register for both the morning and the afternoon slo
they are split).
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2 Mitglieder the date to arrange the meeting time/point and get the current experimental instructions.
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Sie kénnen sich in beliebig viele Termine einschreiben.
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