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To refactor Phoenix EDM4HEP JSON loader so all 6
schemas are recognized.

This project is consumed by the Phoenix@FCC app.
(Two distinct interconnected projects).

1. Modify dependency paths in Phoenix@FCC
package.json to check local changes in Phoenix.
» phoenix-event-display
» phoenix-ui-components
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Visualization Tools

Made some changes to fix compilation errors when
linking the local dependencies (custom webpack)

1. Installed Prettier & ESLint (enforcing consistent
code style and catch potential errors)

2. Defined a base path for each environment to
dynamically switch between URLs (instead of
replacing each one manually every time the
environment is changed):

 production: “https://fccsw.web.cern.ch7fccsw/”
- development: “assets/”

Note: different paths are used to avoid CORS errors
(violating the browser same-origin policy).

CERN
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2. Generate event data from each release, collect the

JSON files in a repository (https://github.com/ - w8 G @

v schema-1-2023-11-23

apausa/jSOn_OUtpUtS_from_edm4hep)’ and map {} p8_ee_WW_ecm240.edm4hep.json
them to their SChema_ {} p8_ee_ZH_ecm240.edm4hep.json

{} p8_ee_ZZ_ecm240.edm4hep.json

v schema-1-2024-03-10
{} p8_ee_WW_ecm240.edm4hep.json

. 2023-11-23 — 0.10.2 — Schema 1

{} p8_ee_ZZ_ecm240.edm4hep.json

» 2024-03-10 — 0.10.5 — Schema 1  schema-1-2024-04-12

{} p8_ee_WW_ecm240.edm4hep.json

« 2024-04-12 — 0.10.5 — Schema 1 () p8_ee_ZH_ecm240.edmahep.json
+ 2024-10-03 — 0.99.1 — Schema 2 ez gs
+ 2024-10-28 — 0.99.1 — Schema 2 () o e_2H scms i o
+ 2024-11-28 — 0.99.1 — Schema 2 ) P8ee 22 eom2A0 cdmanep fson

v schema-2-2024-10-28

- 2025-01-28 — 0.99.1 — Schema 2 e e

{} p8_ee_ZH_ecm240.edm4hep.json

. 2025-05-29 — 0.99.2 — Schema 3

v schema-2-2024-11-28

. 2026-02-01 — 01.0.0 — Schema 6

{} p8_ee_ZH_ecm240.edm4hep.json

CERN S) 25/03/26



Analysis Tools and Productions Phoenix@FCC

Visualization Tools

3. Refactor Phoenix EDM4HEP JSON loader so all 6
schemas are recognized.
» Reduce number of passes over the whole file
» Created types for each schema and unified them
iInto a single definition, so the developer is
alerted if a property is not present in a schema.

1

import { Vector3f, Vector3d, Vector2i, ObjectID } from './u

expo

};

ex

rt namespace Schemal {

orithmType: number;
arameters: numberl];
ciatedParticle: ObjectID;

port type TrackState = {

location: number;

D@: number;

phi: number;

omega: number;

Z0: number;

tanLambda: number;

time: number;
referencePoint: Vector3f;
covMatrix: numberl[];

export type Track = {

}

type: number;

chi2: number;

ndf: number;

dEdx: number;

dEdxError: number;
radiusOfInnermostHit: number;

subdetectorHitNumbers: numberl|];

trackStates: TrackStatell;
dxQuantities: {
: number;

type: number;

value: number;
HI;
trackerHits: ObjectIDI[];
tracks: ObjectIDI[];

Input types: Schema 1

CERN 6
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import {
CovMatrix3f,
CovMatrix4f,
CovMatrix6f,
Vector2f,
Vector2i,
Vector3f,
Vector3d,
ObjectID,

} from './utils';

export namespace Schema2 {

export type Vertex =
type: number;
chi2: number;
ndf: number;
position: Vector3f;
covMatrix: CovMatrix3f;
algorithmType: number;
parameters: numberl];
particles: ObjectID[];

export type TrackState =
location: number;
DO: number;
phi: number;
omega: number;
Z0: number;
tanLambda: number;
time: number;
referencePoint: Vector3f;
covMatrix: CovMatrixé6f;

export type Track = {

type: number;

chi2: number;

ndf: number;

Nholes: number;
subdetectorHitNumbers: numberl|];
subdetectorHoleNumbers: numberl];
trackStates: TrackStatell;
trackerHits: ObjectIDI[];

Input types: Schema 2

import {
CovMatrix3f,
CovMatrix4f,
CovMatrix6f,
Vector2f,
Vector3f,
Vector3d,
ObjectID,

} from './utils';

export namespace Schema3 {

export type Vertex =
type: number;
chi2: number;
ndf: number;
position: Vector3f;
covMatrix: CovMatrix3f;
algorithmType: number;
parameters: numberl];
particles: ObjectID[];

export type TrackState =
location: number;
D@: number;
phi: number;
omega: number;
Z0: number;
tanLambda: number;
time: number;
referencePoint: Vector3f;
covMatrix: CovMatrix6f;

export type Track = {
type: number;
chi2: number;
ndf: number;
Nholes: number;
subdetectorHitNumbers: numberl(];
subdetectorHoleNumbers: number[];
trackStates: TrackStatell;
trackerHits: ObjectIDI[];
tracks: ObjectID[];

Input types: Schema 3

Phoenix@FCC

import {
CovMatrix3f,
CovMatrix4f,
CovMatrix6f,
Vector2f,
Vector3f,
Vector3d,
ObjectID,

} from './utils';

export namespace Schemad4 {

export type Vertex =
type: number;
chi2: number;
ndf: number;
position: Vector3f;
covMatrix: CovMatrix3f;
algorithmType: number;
parameters: numberl];
particles: ObjectID[];

export type TrackState =
location: number;
D@: number;
phi: number;
omega: number;
Z0: number;
tanLambda: number;
time: number;
referencePoint: Vector3f;
covMatrix: CovMatrix6f;

export type Track = {
type: number;
chi2: number;
ndf: number;
Nholes: number;

subdetectorHitNumbers: numberl];
subdetectorHoleNumbers: number[];

trackStates: TrackStatell;
trackerHits: ObjectIDI[];
tracks: ObjectIDI[];

Input types: Schema 4

import
import
import
import
import
import

Visualization Tools

Schemal . /edmdhep-schemas/schemal";
Schema2 . /edmdhep-schemas/schema2"';
Schema3 . /edmdhep-schemas/schema3"';
Schema4 . /edmdhep-schemas/schema4d';
Schema5 . /edm4hep-schemas/schema5';
Schemab . /edmdhep-schemas/schema6"';

export namespace edmdhep {
export type

expo

expo

|
|
|
|
|
) &

b

expo

Schemal.
SchemaZ2.
Schema3.
Schema4.
Schemas.
.Vertex;

Schemaé

rt type

Schemal.
SchemaZ2.
Schema3.
Schema4.
Schemas.
.TrackState;

Schemaé

rt type

Schemal.
SchemaZ2.
Schema3.
Schema4.
Schemas.
Schemaé.

{

Vertex =
Vertex
Vertex
Vertex
Vertex
Vertex

TrackState =
TrackState
TrackState
TrackState
TrackState
TrackState

Track = (
Track
Track
Track
Track
Track
Track

: string;

rt type

Schemal.
Schemal.
SchemaZ2.
SchemaZ2.
SchemaZ2.
Schema3.
Schema3.
Schema3.
Schemad.
Schema4.

Hit =
TrackerHit
SimTrackerHit
TrackerHit3D
TrackerHitPlane
SimTrackerHit
TrackerHit3D
TrackerHitPlane
SimTrackerHit
TrackerHit3D
TrackerHitPlane

Integrate all 6 schemas

25/03/26
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3. Refactor Phoenix EDM4HEP JSON loader so all 6
schemas are recognized.
 Rewrote the whole code

Collections processed:
* Vertices
« TrackerHit / TrackerHit3D / SimTrackerHit
« CalorimeterHit / SimCalorimeterHit
« Cluster
« ReconstructedParticle: either Jet or MET.

Output types: Phoenix EDM
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Some conclusions:

» From the perspective of Phoenix internal data
model: documentation said something, type
definition said something else, while the actual
code was different.

- And from the perspective of EDM4HEP: some
differences were the change from association to
links, or In property names.

Future work:
» Dynamically create definitions file for each new
schema.
* Find cases in which MET exists
» Use color consistently (phoenix assigns color
based on collection, while the loader overrides it for
tracks and hits based on type).
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Visualization Tools

To fix the filters,
from this

Show PDG IDs

Select a view

Select an item to see more

«— Event0 —

MCParticle

ID: 0
Gen. stat.: 4
Sim. stat.: 0

€

1 =0 GeV

cos(B) =1
p — 120 GeV
d =0.11 mm

MCParticle

ID: 1
Gen. stat.: 4
Sim. stat.: 0

e-i—

Pr =0GeV

cos(8) = -1
P =120 GeV
d =0.11 mm

MCParticle

ID: 6
Gen. stat.: 42
Sim. stat.: 0

€

Pr =0GeV

cos(B) =1
p =120 GeV
d =0.11 mm

MCParticle

ID:7
Gen. stat.: 41
Sim. stat.: 0

e—l—

P =0GeV

cos(8) = -1
p 120 GeV
d 0.11 mm

MCParticle

ID: 11
Gen. stat.: 1
Sim. stat.: 0

~

Pr =0 GeV
cos(0) =1

p =0 GeV

d =0.11 mm

MCParticle

ID: 12
Gen. stat.: 1
Sim. stat.: 0

~

Fr =0 GeV
cos(8) = -1

0 GeV
0.11 mm

o
nnn

d

MCParticle

ID: 2
Gen. stat.: 21
Sim. stat.: 0

€

Pr =0GeV

cos(8) =1
p =120 GeV
d =0.11 mm

MCParticle

ID: 3
Gen. stat.: 21
Sim. stat.: 0

e+

Pr =0GeV
cos(0) = -1
P =119.96

d GeV
=0.11 mm

MCParticle

ID: 10
Gen. stat.: 1
Sim. stat.: 0

Y

PT =0 GeV

cos(0) = -1
p 0.04 GeV
d 0.11 mm

|

Filters
MC Particle

charge min |-
mass min =
momentum min | -
position min | -
time min | -
vertex min | -

Simulator Status

(JOverlay (Stopped [JLeftDetector

(_]DecayedInCalorimeter
(_|DecayedInTracker

max

max

max

max

max

(JVertexlsNotEndpointOfParent

[ |Backscatter [ |CreatedInSimulation

(JEndpoint

Generator Status

M4 B21 @22 Q42 G411 G444 @1

@23 M51 @52 @2 @71

Collection Select all
Particle
() Invert filters ?
Apply Reset

GeV
GeV
mm
ns

mm

Clear all

Current file: p8_ee_WW_ecm240.edm4hep.json @

CERN
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Visualization Tools

To this

Show PDG IDs

Select a view

Select an item to see more

MCParticle

ID: 6
Gen. stat.: 42
Sim. stat.: 0

€

Pr  =0GeV
cos(8) =1

p =120 GeV
d =0.11 mm

<~ Event0 —

MCParticle

ID: 0
Gen. stat.: 4
Sim. stat.: 0

€

Pr  =0GeV
cos(B) =1

p =120 GeV
d =0.11 mm

MCParticle

ID:7
Gen. stat.: 41
Sim. stat.: 0

e—f—

P =0GeV
cos(B) =-1

p =120 GeV
d =0.11 mm

MCParticle

ID: 2
Gen. stat.: 21
Sim. stat.: 0

€

Pr  =0GeV
cos(B) =1

p =120 GeV
d =0.11 mm

MCParticle

ID: 4
Gen. stat.: 22
Sim. stat.: 0

Pr =27.34GeV
cos(0) = 0.95

p =88.19 GeV
d =0.11 mm

MCParticle

ID: 8
Gen. stat.: 44
Sim. stat.: 0

Pr  =27.34GeV

cos(B) =0.95
D =88.19 GeV

MCParticle

ID: 1
Gen. stat.: 4
Sim. stat.: 0

+
€
Pr  =0GeV
cos(6) =-1
p =120 GeV
d =0.11 mm

MCParticle

ID: 11
Gen. stat.: 1
Sim. stat.: 0

I

Pr  =0GeV
cos(B) =1

p =0 GeV

d =0.11 mm

MCParticle

ID: 3
Gen. stat.: 21
Sim. stat.: 0

MCParticle

ID: 5
Gen. stat.: 22
Sim. stat.: 0

W+

Pr  =27.34 GeV

cos(B) =-0.95

p  =88.15GeV

d =0.11 mm

MCParticle

ID: 9
Gen. stat.: 44
Sim. stat.: 0

W+

Pr  =27.34GeV

cos(B) =-0.95

D =88.15 GeV

MCParticle

ID: 12
Gen. stat.: 1
Sim. stat.: 0

MCParticle

ID: 10
Gen. stat.: 1
Sim. stat.: 0

Filters A

MC Particle

charge min | = [ max e
mass min = | max GeV
momentum min |- 0 GeV
position min | = | max mm
time min | = | max ns
vertex min | - | max mm

Simulator Status
(JOverlay (JStopped (LeftDetector

(] DecayedInCalorimeter
(_|DecayedInTracker
(JVertexlsNotEndpointOfParent
(|Backscatter [CreatedIinSimulation
(Endpoint

Generator Status

Q4 @21 M22 Q42 @41 Q@44 Q1
M23 @51 @52 G2 @71

Collection Selectall| | Clear all
Particle

(] Invert filters ?

Reset

Current file: p8_ee_WW_ecm240.edmahep,json & (i)

CERN
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Visualization Tools

Refactor filtering logic by modifying 'front-end' properties instead of creating an additional data structure.

Remove event listeners from previous views to avoid overlapping renders

Remove conflicting manual viewport culling logic

Make a constants/ folder in lib/, moving and creating the necessary variables.

Make a utils/ folder in lib/, moving and creating the necessary functions.

Cre

ate a ui/ folder to handle all DOM related logic:

o Create load-file.js to isolate JSON file handling logic.

o Create event-switcher.js to isolate all event selection logic.

o Create view-selector.js to isolate all view selection logic.

o Create start-visualization.js to isolate "visualize" button click responsibilities.

o Create activate-view.js to unify view renders across the whole app.

o Move the modals/ folder within uif

= Refactor information.js modal to only handle visibility responsibilities
= Refactor input.js modal to only handle visibility responsibilities

= Refactor welcome.js modal to only handle visibility responsibilities

o Move the toggle/ folder within uif

o Move the filters/ folder within ui/

= Remove the reconnect/ subfolder as it no longer needed
= Remove the filter-out.js, reconnect.js and relations.js files as they are no longer needed
= Remove the collections/ subfolder, integrating all filters definitions in definitions.js

= Update filter.js to dynamically create filters based on the definitions.

Remove current-file.js from state/

Move load-event.js from state/ to loaders/

Create pixi-state in state/, integrating its logic and caching textures

Removed unused sessionStorage calls from globals.js in state/

Rename load.js to handleSchema.js in loaders/

Move schema loaders to schemas/ subfolder in loaders/, fixing code to handle all schemas

Move the views/ folder within viz/

o Create buildStructures/ subfolder with initial views/ folder files and rename content accordingly

o Rename templates/ subfolder to positionltems/ and rename content accordingly

o Create layoutFunction.js to map buildStructures/ code

o Create selectorFunctions.js to map positionltems/ code

o Create positionFunctions.js to group initial viewport position logic.

o Refactor viewsDictionary to link those layout, selector and position functions.

e Add error information when server address is undefined

e Bump up version humber

CERN
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