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Introduction

The ATLAS Experiment is one of CERN’s four main scientific experi-
ments, and as one of the detectors in the Large Hadron Collider (LHC),
ATLAS is investigating everything from the Higgs boson to dark matter
particles, generating a huge amount of data that needs to be processed and
analysed.

The Liquid Argon (LAr) Calorimeter surrounds the inner surface of
the ATLAS detector and measures the energy of electrons, protons and
hadrons, allowing physicists to determine the original energy of the particle
colliding with the detector. The LAr Operations Team is responsible
for monitoring, storing and analysing all this data in various databases.
These databases, together with various analysis scripts, are run to produce
summary plots as part of a daily process.

Previously, the LAr team was using a basic, non-responsive and not very
user-friendly website developed in PHP with many limitations to display
this data on different screen resolutions, including laptops, in a non-intuitive
way, making it difficult to track this data and causing the loss of critical
information.

In order to overcome these limitations and improve the user experience of
the LAr Operations Team, it was decided to develop a new web application
from scratch using more modern technologies to cover the current needs of
the team. This technical report documents the entire development process
of this new website, including several technologies and enhancements that
were implemented.
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Description of the Project

This project consists of the development of a new website from scratch
to support the LAr Operations Team of the ATLAS experiment at CERN.
This new website will replace a previous one, developed in PHP, which had
usability, functionality and data loss limitations.

The motivation for this project came from the necessity to solve the various
problems and limitations that the previous website had, as it did not sat-
isfy the needs of the team and was difficult to use on laptops and mobile
devices due to its non-intuitive and non-responsive design, complicating
web browsing and data analysis.

The main objectives of the project are:

• Improve usability by creating a modern, intuitive and responsive inter-
face that would allow the team to efficiently monitor and manage
data on any device.

• Optimise loading speeds by improving the performance of the site’s
basic functions.

• Implement new functionalities to display updated data in real time.

• Develop advanced search filters to allow the team to filter by year,
board name, run execution, ATLAS status, etc. to facilitate access to
information.

• Design a platform that is easy to modify and update, enabling the
team to make changes and improvements to the website without ad-
vanced web development skills.

• Ensure compatibility with mobile devices to avoid loss of informa-
tion due to design.

• Implement various security measures using Django’s features, such
as security middleware against Cross-Site Request Forgery (CSRF)
and protection against code injection in database queries (SQLi).
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Requirements

Functional requirements describe the specific capabilities and behaviors
that the web application must provide including all the functionalities and
features that must be fulfilled to perform the intended tasks.

On the other hand, non-functional requirements define system character-
istics that affect performance, security, usability and maintainability and
although they are not directly related to specific system functions, they
are critical to ensure that the web application functions efficiently.

The functional and non-functional requirements for the development and
implementation of the new web application are detailed below.

3.1 Functional Requirements
• Data visualization

– The application must allow the visualization of data in the form
of updated graphs and tables in real time.

– Data must be updated in real time without the need to reload
the entire page.

– The application must support the display of different data types
including “Lights/Temperature”, “Errors”, “ADC Shift”, “ADC
Shift DB”, “RD Used” and “LTDB Replacement”.

• User interface

– The interface of the application must be modern, intuitive and re-
sponsive ensuring its usability on devices of different resolutions
such as mobiles, tablets and laptops.

– The interface must provide a navbar for quick access to the dif-
ferent sections that are part of the application.

• Search filters

– The application should implement advanced filters to allow
searches by run number, board name, year and ATLAS status.

– The filters should be applied dynamically allowing real time
updating of the views that are part of the application.
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• Dynamic database queries

– The application must allow the execution of dynamic queries
to DCS, COOL and MySQL databases.

• Customization and administration

– The application must allow the creation, modification and dele-
tion of tabs without the need for advanced knowledge in web
development.

– The application must allow the creation, modification and dele-
tion of tabs to display data through an administration interface.

• Data export

– The application should provide options to export data in CSV,
Excel and PDF format from the data display tables.

3.2 Non-Functional Requirements
• Performance

– The application must be able to handle large volumes of data
without affecting performance.

• Security

– The application must implement security measures such as
CSRF and SQLi protection to avoid common vulnerabilities.

– The application should only be accessible to authenticated and
authorized users belonging to CERN.

• Maintainability

– The application code should be well documented to facilitate fu-
ture modifications and upgrades.

• Continuous Integration

– The application development must integrate a CI/CD system
to ensure continuous delivery of new features in an efficient and
secure manner.

– The deployment system must use OKD to manage the orchestra-
tion and scalability of the application in the production environ-
ment.
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Technology Stack

In the development of this web application, several technologies have been
used for both the frontend and the backend, as well as various connections
to databases.

4.1 Frontend
The web design is based on three main technologies: HTML (HyperText
Markup Language) to structure the web content, CSS (Cascading Style
Sheets) to apply styles and a nice visual design, and JavaScript to add
interactivity to the web by manipulating the DOM (Document Object
Model). To provide a better user experience, AJAX has been used to
allow parts of the site to be updated asynchronously, allowing data to load
quickly and providing a smoother experience without having to reload the
whole page. In addition, the Bootstrap web design framework was used
to facilitate the creation of a responsive interface that adjusts to any device
size.

4.2 Backend
For the application logic and database management, Django was used
as a web development framework based on Python, following an MVC
(model-view-controller) structure that separates the business logic from the
presentation and user interaction. As a data model, SQLite and the ORM
(Object-Relational Mapping) offered by Django were used to define the
data models related to the tabs and configurations, defining the BaseTab,
AtlasTab, Tab, PageView and ErrorConfig classes in such a way that each
model is automatically mapped to a database table.

Figure 4.1: Data Model Diagram Class
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4.3 Databases
Changes to the database schema were managed through a migration sys-
tem to make changes to the data models without losing information, and a
context processor was created to provide tab-related data to all application
templates to improve flexibility and efficiency. In addition, the apps.py file
was configured to initialise default data, in this case the tabs that are al-
ready configured by default (Lights/Temp, Lights Latome, Lights Latome-
Upod, Lights LTDB, Errors, ADC Shift, ADC Shift DB, RD Used, LTDB
Replacement, EMF Status and Admin Site), so that this default data is
added to the application each time a migration is performed, creating the
default tabs and the necessary configurations. Within each tab, different
database connections are made, such as:

• DCS (Distributed Control System) databases used to manage data
related to the distributed control of the sensor system.

• COOL (Condition of Operation) databases used to store data on the
operating conditions of the system with a historical record.

• MySQL databases used to get information from the data models
defined in the application.

4.4 Integration and Deployment
During the development of this project, a GitLab repository linked to
CERN has been used for the version control of the code, which facilitates
the tracking of changes and the continuous integration. For the deploy-
ment of the application, this repository has been integrated with OKD,
an orchestration platform based on Kubernetes, to deploy and manage
the application in the production environment in an efficient and secure
way.
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Previous Website

The previous website used by the LAr Operations Team to visualise and
analyse the data generated was developed in PHP with the main objective
of providing a platform to visualise and analyse the information, but this
site had several design and efficiency limitations that resulted in data
loss. It was not designed to be responsive, so the navbar containing access
to the rest of the web tabs did not adapt to different screen sizes, making
it difficult to use on mobile devices and even on computers, and causing
the loss of information stored on the site.

Figure 5.1: Previous website

Figure 5.2: Navbar of previous website

The design and web interface was unfriendly and difficult to use, as some
options were not clear enough and complicated the user experience espe-
cially for those who were not familiar with the structure of the site. In
addition, the loading of data on the website in some sections was slow,
which had a negative impact on the user experience when dealing with
large amounts of data, and it did not implement security measures and
was vulnerable to common attacks such as SQLi and other security is-
sues by not checking fields in forms and causing various errors.
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Results

The main page consists of a navbar where you can access the different
sections of the site such as "Errors", "ADC Shift", "ADC Shift DB", "RD
Used", "LTDB Replacement", "EMF Status" and "Lights/Temp" which in-
cludes the Lights Latome, Lights Latome-Upod and LTDB sections. There
is also a final tab, "Admin Site", to manage the tabs and modify the existing
information, allowing a high level of customisation and the possibility of
adding new tabs.

Figure 6.1: Main page of new website (laptop view)

Figure 6.2: Main page
of new website (mobile
view)

The web application implements an authentication system directing
users to the official CERN authentication platform before allowing
access to the application ensuring that only authenticated and authorized
users can access. Authentication is managed through the standard OAuth
security protocol guaranteeing a high level of security. Regarding data
management, database connections are used with the corresponding per-
missions and, in addition, protections against CSRF (Cross-Site Request
Forgery) attacks are used using security middleware validating form re-
quests and protections against SQL Injection.

The design of the web application has been based on the official ATLAS
design guide, using the official Open Sans font, the ATLAS blue colour and
the official images as the official ATLAS logo with transparent background.
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The following colours have also been used:

Figure 6.3: Colour palette 1

Figure 6.4: Colour palette 2

Below is an analysis of the main sections of the web application, such as
"Lights/Temperature", "Errors", "ADC Shift DB", "LTDB Replacement"
and "Admin Site", highlighting the functionalities and improvements that
have been implemented to facilitate data management.

6.1 Lights/Temperature
This section of the website presents all the data in the form of plots related
to ’Lights Temperature’. For this purpose, the "Lights/Temp" tab groups
the "Latome", "Latome-Upod" and "LTDB" sections, each of which displays
a new page of related plots. These plots allow a clear and detailed vi-
sualisation of the different data collected, making it easier to analyse the
data.

Figure 6.5: Lights LTDB page Figure 6.6: Lights
LTDB page (mobile
view)

To improve the accessibility and quick search of the information, a search
filter by name has been incorporated to quickly find the required plots.
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In addition, clicking on one of the plots opens a modal that enlarges the
selected plot allowing a better visualisation of the data in more detail.

Compared to the previous website, three different sections have been cre-
ated for each button that appeared on the old website (latome, latome-
upod, ltdb) grouping them in the same category "Lights/Temp" as three
new subtabs (latome, latome-upod, LTDB). In addition, the design has
been improved making it adaptable to any screen resolution and device.

Figure 6.7: Lights latome page (previous website)

6.2 Errors

In this section of the website all the run numbers are presented in the form
of buttons for each of the runs made. Each button has an associated colour
that changes according to the filters applied: yellow for the run numbers
that have suffered an error and contain plots, and green for the runs
that have not suffered an error and therefore do not contain plots. These
buttons allow a clear visualisation of the executions that have suffered an
error and show all the plots available, making it easier to trace the errors
in the executions.
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Figure 6.8: Errors page

Figure 6.9: Errors page filters (left) and enlarged plot after clicking on it (right) (mobile
view)

To improve the accessibility and quick search of the information, several
advanced filters have been incorporated, a search filter by run number,
by board name (LTDB name), by year and a filter according to the
ATLAS ready status by making a query in the database allowing a
more personalised search. In addition, by clicking on one of the yellow run
number buttons, you can see all the plots associated with that run that
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meet the applied filters. In addition, the design has been improved making
it adaptable to any screen resolution and device.

Figure 6.10: Errors page of previous website

Compared to the previous website, the four tabs "Errors", "Errors 2023",
"Errors per LTDB" and "Errors 2023 per LTDB" have been combined into
one tab called "Errors". Several advanced search filters have been
added to allow searching by run number, board name (LTDB name), year
and ATLAS status. In addition, the design has been improved to adapt to
any screen resolution and device.

6.3 ADC Shift DB
In this section of the website, all the analysed run numbers are presented in
the form of buttons for each of the runs performed. Each button contains
graphs of each run with information such as the distribution of the reading
percentage with shift or the luminosity.

On the other hand, this section allows to execute queries to two databases
related to ADC Shift (AdcShift and AdcShiftPerLB). Depending on which
database is chosen, the data that can be added to the query will be in-
dicated dynamically. In the case of the ADC Shift database option,
preferences such as search by ADC, add LB and add mapping will appear.
In addition to these preferences, you can indicate the run number, the
threshold and the scId. On the other hand, if you choose the ADC Shift
per LB database, you can only indicate the run number and LB in the
query.
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When executing a query in any of the databases, a table will be displayed
with all the information obtained, and in addition, in ADC Shift queries
the scId will be indicated which, if pressed, will give more information in
the form of a graph on the percentage of executions in shift for that scId.

Figure 6.11: ADC Shift DB page Figure 6.12: ADC
Shift DB page (mobile
view)

Figure 6.13: ADC Shift DB plots of run number 475474

In order to improve accessibility and a quick search for information, a
search filter has been incorporated by run number for the section of runs
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analysed and, in addition, a dynamic form has been added for queries to
the database, providing all the information obtained in a table adaptable
to any device.

Figure 6.14: ADC Shift DB query executed with LB and Mapping added to the preferences
and a threshold of 90

Figure 6.15: ADC Shift DB query executed plot of scID 962601984

Compared to the previous website, both parts have been divided into two
different columns, facilitating the organisation and visualisation of the con-
tent. A dynamic form has been implemented that allows queries to be
made to the databases in a more intuitive way and, in addition, the de-
sign has been improved, making it adaptable to any device with a better
appearance, improving accessibility and user experience.
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Figure 6.16: ADC Shift DB page of previous website

6.4 LTDB Replacement
In this section of the website, all the data is presented in table form after
performing several queries to the ‘MTx_Exchange’ and ‘LTDB_Exchange’
databases on the topology of the LTDB (LAr Trigger Digitizer Board), or-
ganising the data in a clear way to facilitate analysis and understanding.
Additionally, the functionality to export the data in CSV, Excel or
PDF format has been added, as well as a search by fields and pagina-
tion, improving the accessibility and management of the information in
each table.

Figure 6.17: LTDB Replacement page Figure 6.18: LTDB
Replacement page
(mobile view)
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Compared to the previous website, new functionalities have been incorpo-
rated, such as options for filtering and exporting information, improving
the efficiency of data analysis and management. In addition, the design
has been improved, making it adaptable to any device and with a better
appearance.

Figure 6.19: LTDB Replacement page of previuous website

6.5 Admin Site
This section of the website presents the administration menu of all the tabs
present in the web application and some settings. It offers the options to
create a new tab in the application or to manage the default ones (Light-
s/Temp including latome, latome-upod and LTDB, Errors, ADC Shift,
ADC Shift DB, RD Used, LTDB Replacement and EMF Status).

In the case of creating new tabs, the creation of three different types of tabs
(images, folders, data) is allowed. Furthermore, these can be grouped in a
group as in the case of the "Lights/Temp" group and its sub-tabs "latome",
"latome-upod" and "LTDB". The predefined tabs in the web application
can be hidden and some can even be modified. For example, in the Errors
tab you can add a new year with its corresponding path or modify existing
years.

This administration section has been created with the aim of allowing
changes to be made and new data sources to be added to the website
without the need for advanced knowledge of web development in a
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simple and accessible way. Thanks to this functionality, the LAr Oper-
ations team can manage and update the content of the application with
greater flexibility, making it easier to adapt to changes.

Figure 6.20: Admin Site page
Figure 6.21: Admin
Site (mobile view)

Compared to the previous website, this customisation functionality did
not exist and to make any changes it was necessary to access the PHP
code of the website and make modifications manually. This made the
task of modification difficult because it required advanced knowledge and
could be prone to errors.
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Conclusions

In conclusion, the development of this new web application for the LAr Op-
erations team in the ATLAS experiment has been important to overcome
the limitations of the previous website. Modern technologies have been
implemented to improve usability and efficiency in data visualization
and management, facilitating the team’s analysis with a more intuitive
interface and new advanced functionalities. In addition, it guarantees
adaptability and maintenance ensuring that the needs of the equipment
are covered in the long term avoiding the loss of information and helping
to prevent future problems.
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