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» In this talk:
» | will first introduce the main Phoenix framework:
» Some of its key features

» Recent developments

» Then, since I'm a member of ATLAS, introduce PhoenixATLAS, the ATLAS
specific implementation

» Itis an example of how you can tailor Phoenix...

» Will also give a short demo, including the new masterclass example
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» Phoenix is an event display framework, created as a result of the
HSF visualisation white paper:

» Repository: https://github.com/HSF/phoenix

» Demo: http://hepsoftwarefoundation.org/phoenix/

» Runs entirely in the browser, so scalable and cheap to host

» Uses three.js and angular, nodeJS, NPM (+ other libraries)

» (Also a demo using reactjs)

» Experiment agnostic and extensible by design

» Has support for LHCb, ATLAS, FCC, CMS and TrackML
geometry and event data

» Accepted for Google Summer of Code several times (thanks to
HSF!)

» 2020 selected by ATLAS as its official web event display
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https://arxiv.org/abs/1811.10309
https://github.com/HSF/phoenix
http://hepsoftwarefoundation.org/phoenix/
https://threejs.org
https://angular.io
https://github.com/9inpachi/phoenix-react/blob/master/src/App.js#L6-L31
https://summerofcode.withgoogle.com/archive/2019/projects/6207853369491456/

SOME KEY FEATURES OF PHOENIX UMassAmbherst

» Open-source & experiment-agnostic by design

: . 7 7, . parameters = { ModuleName: "Module 3", Xdim: 10., Ydim:
» Extensible with “loaders” for many experiments 1., zdim: 45, NumPhiEl: 64, NumZEl: 10, Radius: 75, MinZ:
-250, MaxZ: 250, TiltAngle: 0.3, PhiOffset: 0.0, Colour:

. . 0x00ff00, EdgeColour: 0x449458 };
» Event data: plain JSON, JiveXML, CMS, LHCDb etc

eventDisplay.buildGeometryFromParameters(parameters);

» Geometry: can load all 3D formats supported by threejs, plus ROOT
y | | PP y JS: P - —
+ parametric representations

» Native support for many physics objects:

Geometry Demo

» Tracks, Clusters, Jets, Hits, Muons, Photons etc

Try opening the console and typing:

var parameters = { ModuleName: "Module 3",
Xdim: 10., Ydim: 1., Zdim: 45, NumPhiEl: 64,
H I t I h R _K tt 't NumZEl: 10, Radius: 105, MinZ: -250, MaxZ: 250,
} e per OO S’ Suc as a u nge u a propaga Or TiltAngle: 0.3, PhiOffset: 0.0, Colour:
oxffffe@, EdgeColour: 0x449458 };
window.EventDisplay.buildGeometryFromParameters
(parameters);

» Modern, powerful Ul allowing:
» Different ways to visualise physics data
» Different ways to select and cut on this data

» And much more

® @ Developer Tools - Phoenix - http://localhost:4200/#/geometry

. . " {3 Inspector Console [ Debugger 71 Network {3} Style Editor () Performance 1 Memory [E] Storage Tr Accessibility > 0J e
} Fa St, WO rks O n m O bl Ies d eVI Ces @ Y Filter Output Errors Warnings Logs Info Debug CSS XHR Requests ﬁ-

» | Gl
» Support for virtual and augmented reality on devices which support it...




Filter: Column ¢ value Add MET >= GeV

4 of 4 events

» Recently Phoenix has had a major GUI redesign (v4.0, June 2026) Bent  Tracks v Vertices ~- Hits v Planarcalocells

6002 202 4 3,207 1,353
» Many interface improvements, bug fixes Run ¢ 72 : et e
6004 381 4 4,965 1,780

6005 451 6 6,235 2,379

» Fully configurable Ul via UIMenuConfig (allows experiments to better configure

» Migrated to Angular 20, with many WebGL/GPU memory-leak fixes - much more 2 - T
pe I’fO I’m a ﬂt CombinedinDetTracks

prTz 0

» Powerful new panels

#

» Event Dataset Browser: physics-aware event filtering

» Track Kinematics Panel: config-driven columns, click to zoom to object :

» Eta-phi energy maps for calorimeter data, tracks, jets

» Sharing & pictures

L R e R N e A T

» URL deep-linking for shareable view states (make it look good, share with

2SO S2S15): 38 : 38 \SESE

e

Eta-Phi Energy

colleagues) Ver

¥ Log scale ¥ Overlays
» New tiled screenshot rendering for very large images
» Download animations directly - no need for external tools to screen grab

» More support for ATLAS datasets

» Native support for PHYSLITE, xAOD, ESD etc (though only for objects that store
global coordinates i.e. no hits etc)


https://github.com/HSF/phoenix/releases#release-v4.0.0

NEW: A DEDICATED MASTERCLASS PANEL

» A purpose-built demo: “Tag particles and measure invariant
mass. Simplified Ul for students.”

» A simpler ATLAS Masterclass landing page, distinct from the
full expert interface

» Intent is to have a guided workflow

» Select tracks from a real event (each one listed with its pT
and eta)

» Later steps build up to tagging particles and calculating an
invariant mass by hand

» Can export results to use in other tools

» Uses the same Event Dataset Browser and Track Kinematics
Panel as the main GUI

» Caveat: this was not developed by people with experience of
masterclasses, so feedback/advice would be much
appreciated!

g

Playground

Get started with the different
Phoenix features.

&

Masterclass

Tag particles and measure
invariant mass. Simplified Ul for
students.

PH#IN

Application for visualizing High Energy Physics data.

g

Geometry display

This test should show some
simple geometry.

(HER

LHCb

Show the LHCb detector. One
simple event.
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ATLAS

Show the ATLAS detector. One
simple event.
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CMS

Show the CMS detector. One
simple event.
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CERN elerat

BRIEFINGS ML

» Many ATLAS physics briefings include an
embedded interactive example event

» Great way to help visualise what is being
eXplaihed ih the text New high-precision measurements of

W and Z boson properties

A major milestone towards more precise
measurements of the W-boson mass

} e g 25 May 2023 | By ATLAS Collaboration
° °

Ever since their discover y at CERN in the 1980s, the W*
and Z bosons have been the subject of extensive
research. As the carriers of the weak force,
measurements of their properties are crucial for

» New high-precision measurements of W and g sy s b,
Z boson properties

Updates > Briefing > New high-precision measurements of W and Z boson properties

physics results,

Explore the interactive event display

» Not a jet all the way: is dark matter hiding in
plain sight?

» ATLAS turns into a cosmic-ray laboratory with
proton-oxygen collisions

Learn more


https://atlas.cern/Updates/Briefing/WZ-properties-milestone
https://atlas.cern/Updates/Briefing/WZ-properties-milestone
https://atlas.cern/Updates/Briefing/Semi-Visible-Jets
https://atlas.cern/Updates/Briefing/Semi-Visible-Jets
https://atlas.cern/Updates/Briefing/Proton-Oxygen-Cosmics
https://atlas.cern/Updates/Briefing/Proton-Oxygen-Cosmics

LIVE VI Ew Latest ATLAS events

select trigger stream »  current trigger stream: Public

» ATLAS has a live page, show a
selection of recent public events

» Internal page allows you to select

[1][2][3][4][5][e][z][8][2][10][11][12][13][14][15][16][17][18][19][20][21][22] [23][24][ 25]

the stream

latest event page for this trigger stream | | ATLAS Collaboration internal site

» Obviously none of which are
very active at the moment...

» Can open an atlantis static view, or
interactive Phoenix view

» (No guarantee that the eventis

very interesting!)



https://atlas-live.cern.ch/browser?triggerStream=Public
https://atlas-live-internal.cern.ch/

OPEN DATA

» Phoenix is also used to visualise
some of the ATLAS Open Data

» Tutorial explains how to do

this, together with some
prepared examples to look at

JSON examples

If you would like to explore more event types, we have provided JSON files for various physics
processes. You can download these JSON files and open them in Phoenix to visualize the
events.

e Top Quark Events
o Standard Model ttbar Production (non-all-hadronic)

o Triple Top Production

¢ Weak Boson Events

o ZZZ Production (4 leptons and 2 neutrinos)

e Jet Events
o High Jet Multiplicity Events

o Low Jet Multiplicity Events

e Higgs Events
o tH Production with H=>ZZ->4|

o ttH Production with H=>4I| ttbar Dileptonic Decav

§2 ATLAS Open Data
Tutorials for Research v

Using the PHYSLITE Format

Using the Open Event
Generation Data

Getting Started with Containers
for Analysis

Phoenix for Event Visualisation
Exploring Public Likelihoods
Community Contributions

ATLAS Open Data Derivation
Framework

Transforming Datasets into
JSON

JSON examples

Short Usage Guide

Get Started

10

Data Tutorials v Python API Documentation Aboutus Helpw

1) > Tutorials for Research > Phoenix for Event Visualisation

Phoenix for Event Visualisation

Visualizing an event inside the detector opens a path to a deeper understanding of the
physical processes resulting from a collision. One commonly used tool for event visualisation
is Phoenix, a framework that allows 3D visualisation of collision events inside the detector.

:= Phoenix Menu

ATLAS

EXPERIMENT

v @ Detector



https://opendata.atlas.cern/docs/tutresearch/phoenix

WALKTHROUGH : ATLAS 1

» In ATLAS [link], a default event is opened,
and geometry is loaded

» Some geometry is hidden by default,
but can be enabled ATLAS

EXPERIMENT
Run: 336567

» How the geometry is rendered can be

2017-09-25 15:38:38 CEST

changed (and it can be sliced open) A

:= Phoenix Menu

v @ Detector

My LIIULApO

arrel Outer §

» Cuts can be applied to physics objects won Barre Miclc

» Physics objects can be selected, further ——
information displayed

& Shortcuts

» Or you can search through a collection
and find the objects this way

» You can have an overlay view

» And we have some builtin animations

» All of this configuration can be saved,
loaded again, applied by default or passed
in by URL


https://hepsoftwarefoundation.org/phoenix/#/geometry

WALKTHROUGH : ATLAS

12

» In ATLAS [link], a default event is opened, and
geometry is loaded

4

4

Some geometry is hidden by default, but
can be enabled

How the geometry is rendered can be
changed (and it can be sliced open)

Cuts can be applied to physics objects

Physics objects can be selected, further
information displayed

Or you can search through a collection and
find the objects this way

You can have an overlay view

And we have some builtin animations

» All of this configuration can be saved, loaded
again, applied by default or passed in by URL

ATLAS

EXPERIMENT

Run:

336567

Event: 2327102923

2017-09-25

15:38:38 CEST 1

‘= Phoenix Menu

v @ Detector

W Endcaps

v Barrel

) Muon Barrel Outer £

v Muon Barrel Middle £

v Muon Barrel Inner &

v Magnets v

EShortcuts

9 o)

Calculator



https://hepsoftwarefoundation.org/phoenix/#/geometry

WALKTHROUGH : ATLAS 13

» In ATLAS [link], a default event is opened, and
geometry is loaded

:= Phoenix Menu

® D Detector
» Some geometry is hidden by default, but

can be enabled

® 3 EventData

® Tracks

» How the geometry is rendered can be | _ £ ||| @® combinedMuonTrack:
Changed (and |t can be Sliced Open) ' ~ | | N < @ MuonSpectrometerTrz

@ CombinedinDetTracks

» Cuts can be applied to physics objects
@ InDetTrackParticles_x

» Physics objects can be selected, further
@ CombinedMuonTrackl

information displayed

‘ GSFTrackParticles_xA

» Or you can search through a collection and e B e Jete -
find the objects this way & s
» You can have an overlay view -~ L ® CaloClusters
- b AN ATLAS Experiment at CERN
» And we have some builtin animations Run / Event / LumiBlock: 336567 / 2327102923 / 794 L
Data recorded: 2017-09-25 15:38:38 CEST ® Vertices
» All of this configuration can be saved, loaded 4
. : . 30 FPS (0-30 s Q
again, applied by default or passed in by URL o Q@ ¢ &6 ®» © % B8 & 8



https://hepsoftwarefoundation.org/phoenix/#/geometry
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» In ATLAS [link], a default event is opened, and
geometry is loaded

:= Phoenix Menu

@) D Detector
» Some geometry is hidden by default, but

® 3 EventData
can be enabled

® Tracks
» How the geometry is rendered can be : @D CombinedMuonrack
changed (and it can be sliced open) @D MuonSpectrometerTr

@ CombinedinDetTracks

» Cuts can be applied to physics objects

. InDetTrackParticles_x

» Physics objects can be selected, further
information displayed

@ CombinedMuonTrackl

@ GSFTrackParticles_xA

» Or you can search through a collection and : D .ot a
find the objects this way | & s

» You can have an overlay view ® CaloClusters
ATLAS Experiment at CERN

. Muons
Run / Event / LumiBlock: 336567 (12327102923 / 794 .

» And we have some builtin animations

Data recorded: 2017-09-25 15:38:38 CEST . o

» All of this configuration can be saved, loaded
again, applied by default or passed in by URL msesd | Q

peflaibade Ulgbiitd 14



https://hepsoftwarefoundation.org/phoenix/#/geometry

:= Phoenix Menu

Or you can search through a collection
and find the objects this way

ATLAS Experiment at CERN
Run / Event / LumiBlock: 336567 / 2327102923/ 794

Data recorded: 2017-09-25 15:38:38 CEST
U

v

36 FPS (0-57) Q e Qj @ @ @k EI gg
............J



https://hepsoftwarefoundation.org/phoenix/#/geometry

:= Phoenix Menu
ATLAS Experiment at CERN

Run / Event / LumiBlock: 336567 / 2327102923 / 794
Data recorded: 2017-09-25 15:38:38 CEST

You can have an overlay view

22 FPS (0-38) Q



https://hepsoftwarefoundation.org/phoenix/#/geometry
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» The masterclass demo

» hepsoftwarefoundation.org/phoenix — click “Masterclass” for the masterclass
demo

» Or go have alook ATLAS instance at phoenixatlas.web.cern.ch, or one of the
other experiment specific examples e.g. Belle2, LHCb, FCC

» No installation needed — it runs entirely in your browser


http://hepsoftwarefoundation.org/phoenix
http://phoenixatlas.web.cern.ch
https://github.com/hsf/phoenix#examples-of-phoenix-in-use
https://display.belle2.org/#/
https://lhcb-eventdisplay.web.cern.ch
https://fccsw.web.cern.ch/fccsw/phoenix/

DOCUMENTATION & SUPPORT SE——

DOI 10.5281/zenodo.22690849

55 Apache-2.0 license 1 8

license | Apache-2.0 phoenix-ci RO status coverage 41% [ chat fon gitter

main phoenix repo

» User & developer guides mostly live in the P

» (ATLAS one is more on e.g how to make Phoenix

Phoenix is a TypeScript-ba

a b ri efi n g ) being experiment agnostic

the possibility to add expe

It consists of two package
application (phoenix-ng). i

} G et h e I p : experimen

Phoenix is supported by tl
experiment.

It was selected for Googlé

» Report issues on phoenix/phoenixatlas

htt@//_phoenix—devzsurg_q

GitHub sites Demo

» For questions, can use GitHub
D i S C u SS i O n S ition.org/phoenix/

» Contributions welcome — the codebase is
fully open source!

o N

lix |/ packages | phoenix-event-display /| (0J

A highly modular and API driven experiment independent event display that uses three.js for processing and
geometry and event data.

To use in your application, install the package.

npm install phoenix-event-display
# or
yarn add phoenix-event-display

Usage

As a module

To create a simple event display.

// Import required classes
import { EventDisplay, PhoenixLoader } from 'phoenix-event-display';

// Create the event display
const eventDisplay = new EventDisplay();

// Define the configuration

const configuration = {

elementId: '<wrapper_element_id>',

eventDatalLoader: new PhoenixLoader(), // or some other event data loader
// ... other configuration options

i

// Initialize the event display with the configuration
eventDisplay.init(configuration);

// Load and parse event data in Phoenix format and display it
fetch('path/to/event-data.json')

.then((res) => res.json())

.then((res) => {

eventDisplay.parsePhoenixEvents(res);

});

// Load detector geometry

eventDisplay.loadOBJGeometry (
'path/to/geometry.obj’,
'Detector 0BJ',
0x8c8c8c /* color x/,

);

As a standalone bundle


https://github.com/HSF/phoenix/tree/main/guides
https://github.com/ATLAS-experiment/PhoenixATLAS/blob/main/README.md
https://github.com/HSF/phoenix/issues
https://github.com/ATLAS-experiment/PhoenixATLAS/issues
https://github.com/HSF/phoenix/discussions
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» Phoenix is a well-established framework for visualising HEP
events, used by several experiments

» Help is always welcomed (entirely developed by volunteers)
» Any feedback on masterclass functionality would be great

» If I find time, I'd really like to work on VR/AR this year




