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Targets

The reconstruction game can be used from an age of 12 to 14
years and:

Shows capabilities of HiSPARC.
Facilitates interactive reconstruction of energie.
Presents detector data.

3 / 19 Niek Schultheiss HiSPARC: Introducing Python



Reconstruction Game
Python Notebooks

Examples
Conclusion
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Why?
How?

Python

Software is used both for Science and Outreach.
The interpretation of HiSPARC cosmic ray data needs a lot
of number crunching.
This proces is automated using the Python programming
language.
The introduction of Python should be as easy as possible
in the class room. This is realised with interactive Jupyter
Notebooks.
The flexibility of these notebooks enables pupils to discover
self formulated solutions and interpretation methods.
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Data Flow

Data store
Data

acquisition
Data

processing Result

Simulation Model
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HiSPARC Library Packages

Data processing uses SAPPHiRE (Simulation and Analysis
Program Package for HiSPARC Research and Education).
Packages like NumPy, SciPy and Healpy are used too.
These packages can be imported in Jupyter Notebooks
and thus be used for outreach.
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Local Installation

Advantage: Jupyter is installed on your local machine
using Anaconda. The Windows operating system does not
support Healpy. Using Linux or OSX no problems have
been encountered. Possibilities are huge.
Disadvantage: A set of computers with Anaconda / Jupyter
and HiSPARC modules is required.
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Cloud Computing

HiSPARC started a cooperation with SURFsara for cloud
computing.

Advantage: Cloud computing is possible using a browser.
Only a set of client-computers with a browser and an
internet connection with the cloud server is needed.
Disadvantage: However the server does not run under
Windows, possibilities are limited. Only packages installed
by SURFsara can be used. Installed notebooks can be
edited.
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Notebook Examples
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Starting notebooks
Advanced notebooks
Expert notebooks / Python

Targets

From an age age of about 15 years.
Show simple programming examples, pupils develop
programming skills form scratch.
Introduction of lists, dictionaries and arrays.
Modelling using functions.
Creating plots and histograms of data.
Editing notebook templates.
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Starting notebooks
Advanced notebooks
Expert notebooks / Python

Targets

Retrieving detection data.
Retrieving detector data.
Examples of reconstructions.
Writing notebooks.
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Example: Reconstruction of shower directions.
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Starting notebooks
Advanced notebooks
Expert notebooks / Python

Targets

Pre university level.
Creating *.py files from notebooks. Building specialised
modules / classes.
Writing test procedures.
Publishing specialised modules via HiSPARC by mail.
HiSPARC publishes specialised modules after
approvement in a student repository.
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Expert notebooks / Python

Good practices

Software packages tent to grow and evolve. Functions and
classes therefore should be paired to test-functions and
test-classes to ensure a stable performance.
Updates should not be uploaded before a test has been
performed.
Notebooks developed by pupils are welcome at HiSPARC
(inclusive tests). We perform the upload.
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Experiments by teachers in research.

The unique geometry of HiSPARC facilitates unique
experiments:

Correlations of singles rate (1 detector), events (1 station /
2 or 4 detectors), local coincidences (1 (sub-)cluster,
several stations) and long distance correlations (within the
network) are possible, GZ!
Air-shower development depends on atmospheric
parameters: weather. Weather-data is availlable.
Detection on the Earth depends on magnetic fields in the
solar system: Massive Solar Flares.
Ionisations due to air-showers triggers lightning
discharges.
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Summary and Outlook

Notebooks are succesfully introduced at teachers
workshops.
HiSPARC data is interpreted using tested python modules.
HiSPARC notebooks, based on these modules, are used
for research within Nikhef and at schools from 2015.
Software is available at HiSPARC Github.
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Useful links

http://docs.hisparc.nl/infopakket/pdf/
notebook_installatie.pdf(dutch)
https://www.codecademy.com/learn/python
http://jupyter.org/install.html
Python gives a comment if a command does not work. Python
discriminates between lists, dicts and numpy-arrays.
Operations work different on these datatypes! A numpy-array
passed into a function returns a numpy-array. A list added to a
list returns a longer list. Dicts can contain data that can be
retrieved using dict[’parameterName’] or
dict[’otherParameterName’]
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