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))»») eli TDR Objectives and Structure

Goals of the TDR
* Provide a detailed design for the LPA-based user facility, driven by a compelling scientific case

* Translate science requirements into technical specifications, facility layout, performance targets,
and project execution logic

* Define credible, costed, and staged implementation scenarios to de-risk delivery and enable
future fundraising

* Build a strong international collaboration around key components, work packages, and technical
expertise

TDR Executive Structure
* Executive Summary
Science Case

Facility Design: Layout, performance targets
Technical Sections: Laser, accelerator, beamlines, undulators, diagnostics
Safety, Costing, Risk Analysis, Timeline



))))») eli TDR Structure & Collaboration Plan

Each section has a designated lead institution and action plan

Lead WP EuPRAXIA

TDR Section Key Partners Action Required
PP/PACRI/DN y q
Start-to-End Simulations WP8 — Vieira IST, CNRS, CLF Lock minimal Phase-1 operating points
Laser & Transport WP12 — Gizzi/Crump THALES, CNR-INO, CLF Demonstrate parameters, timing, stability
Laser-Plasma Accelerator WP10 — Cassou/Shalloo HHU, LMU, DESY, SPARC-Lab Prototype test, beam quality validation
Electron Beamline WP9 — Antipov DANFYSIK, SIGMAPHI Optics design and validation
Undulator Line WP9 — Nguyen KYMA, Euro-XFEL, PSI Short module prototype, field tuning
Photon BL & End-Stations WP11 — Sarri/Chiadroni PSI, Elettra/FERMI, Euro-XFEL ~ Beamline design and user station specs
Diagnostics WPLS = ESRF, Swiss-FEL Integration and testing
Cianchi/lschebeck '
Controls & Alignment ESRF, CERN Euro-XFEL CS, data, timing system integration

Conventional Facilities Swiss-FEL, Euro-XFEL ENEA, Infradev Utilities, shielding, cost model
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Governance, Safety, and
Compliance

WP1 - Quality & Risk

Project St

Steering
Committee

management <+

WP2 - Radiation &
Operatinal Safety -+

WP3 - Finance &

Sustainability -+

ructure for TDR Preparation

External Advisory Review
Committee

EuPRAXIA SAC, ISTAC,
SPARC Lab

Project Administrator

Beamline and Source Development

'WP4 - Start-to-End (S2E)

'WP5 - High-Power Laser
(L2 DUHA) / Novel Laser

Modeling +

“»{ UK, PT, ES

'WP6- Laser Plasma

IST PP-WS8 / PACRI, DE, FR,

System

CNR PP-W12 / PACRI
DE, UK, IT, FR

+ || WP7- Electron Beamline
£

Accelerator (LPA) -+

DE, UK, FR

WP8 — Free-Electron Laser

CNRS PP-WP10 / PACRI

L'I DESY PP-WP9, CH, DE, IT

WP3- Photon beam

(FEL) <

| ENEA PP-WP9
8 PSLIT

WP11a - Secondary
Sources - Betatron
beamline <

Chaulagain
I PP-WP11, UK, IT

WP11b - Secondary
Sources - Positron
beamline

-«

I PP-WP11, UK

trasnport

PP-WP11
PSl, DE, IT

'WP10- User stations:

F————» amO/cDM

Andreasson

PP-WP11
# PSI,DE IT

Infrastructure and Technical
Integration

WP12 - Integrated Control

» System

WP13 - Technology
ion and

Commissioing

‘WP124 - Building

h 4

Infrastructure

WP15 - ICT and Data

User Access and Facility Interface

WP16 - User Access
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Physics & System

Simulations

Electron BT &
Undulators

Photon BT & End
Station 1&2 &
Diagnostics. &

Detectors

Building
Adaptations

Core Architecture
Definition

Requirements &
Performance
Targets

Physics Feasibility
& Scaling

Requirements
(Parameter
Ranges)

Requirements
(Parameter
Ranges)

Functional
Requirements &
Interfaces

From Physics to TDR

Interface &
Boundary
Conditions

Baseline
Architecture

Injection Scheme
Selection

Decision Gate 1

Architecture

Definition

Architecture

Architectural
Design

Validated System
Parameter
Envelopes

Preliminary Design
(Assumption-
Driven)

Experimental
Parameter Demo |
(energy, charge,
partial stability)

Detailed Design

Design

Detailed
Engineering Design

Laser—LPA Co-
Design
A
|
|
FEL-Relevant Beam

Parameter Demo
Decision Gate 2

Subsystem
Performance
Qualification

Subsystem
Performance
Qualification

Construction &
Commissioning

LPA-Driven Roadmap

Performance *Final laser parameters frozen after LPA
Verification (LPA parameter closure.
Envelope)
CO::A;;; ty LPA Prototype & FEL-Grade LPA
patit Design Freeze Qualification
Validation

*Designed to accommodate expected LPA beam parameter envelope.

Q4-2025 2026 2027 2028
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Jakob Andreasson

Maria Krikunova
Raimund Feifffel
Per Eng Jonsson
Marcel Mudrich

Sebastian
Hartweg

Jonas Sellberg
Jens Uhlig
Philippe Wernet
Russell Minns

Vit Svoboda
Alexander Fohlish

Allan Johnson

Johan Bielecki

Carl Caleman

ELI

TU Wildau, Germany
Goteborg University, Sweden
Lund University, Sweden
Kassel Univ. Germany

Freiburg Univ. Germany

Stockholm University, Sweden

Lund University, Sweden

Uppsala University, Sweden
Southampton, UK

Institute of Chemical Technology, Prague
Bessy, Helmholz Berlin, Germany

IMDEA, Spain

SPB/SFX-XFEL, Germany

Uppsala University, Sweden

Coordinator

AMO/general
AMO, chemistry
AMO

AMO, chemistry
AMO, chemistry

Chemistry
Chemistry
Chemistry

AMO, chemistry
Chemistry

Material, Chemistry

Ultrafast Science of
Quantum Materials

Imaging, AMO, material
CDI/Life science

FEL Science Case

Science case based on two end
stations

And..

Atomic, Molecular, and Optical
(AMO) science. Gas phase,
injected sampels)

Condensed matter and
Quantum Materials (QCM)

Seeded FEL and undulator with
polarization control

Support lasers and pulse
conversion for pump-probe
experiments



) eli  LPA-based FEL TDR: WP3 — S2E modeling

PIC-COLLABORATION (IST, ELI, CNRS, LOA, ENEA)

_ LPA-based EUV FEL (Phase 0) |LPA-based soft X-ray FEL (Phase 1)

LPA = Basic solution = Basic solution

= Optimization of the plasma exit = In progress

E-beamline = Basic solution = Basic solution
= Full tracking = |n progress
FEL = Basic solution = Basic solution

= Full tracking (LPA+EBL*+FEL) Tracking (LPA+FEL)

* With some assumption ... artificial chirp control



))))») eli E-beam and Undulators + Diagnostics

50 m

5m GENERAL Layout

Section #1 T e

Laser Laser DS#2 - - ..........
LPA I = 7 i —J
C —

E,--b‘eam

Capture occ

Chicane I:l Matching
|:| Section #2 )

E-beam.*"“

Section #3
E-beam

-. Photon beam

Il

‘Bloor @0 -:/
1m /

V3011-updated Photon beam

SWISSELITE project(PSI/ELI: e-diagnostics)



))))») eli Integration into the building

Principles for relative space allocation in E6 should be
understood before engaging deeper wiht WGs

* “Fixed numebr split“, 50/50, 46/60, 30/70 ?

* “Grey zone” dependent on future success in funding

* Are FEL science stations expected to be “real” user stations, or (partly)
FEL diagnostics instruments?




i))»)) eli Ditributed Infrastructure Concept

2 Implementation Pillars
@INFN -LNF & @ELI-ERIC

National Node - DE

Laser driven
) ) implementation site
: ELI

' Several National Nodes. Roles to be
fullydefined

o Project Clusters




))))))) eli Partner Engagement

National Node feedback — Aug—Oct 2025 survey

Country Laser / BT LPA E-BT Undulator Photon BL User Stations
France + +++ + + o +
Italy + ++ + - - +
Germany + ++ + + — +
Portugal + ++ - -~ - +
UK + 4 ++ + + + -+
Switzerland — — ++ +++ - _

Spain + + + - + +

Source: EuPRAXIA National Node feedback, Aug—Oct 2025



))))») el'l UK community engagement for EUPRAXIA@ELI TDR

Contribution routes that connect UK strengths to the TDR logic, evidence base, national positioning and enabling technologies

TDR integration target

Science case Positron beamline Traceable science logic
-> technology requirements

Betatron beamline . %
- readiness evidence

Drives the TDR motivation and technology requirements FEL beamline

LPA'rEIeva nt demonstration Effort At ELI Via User Programme access

Targeted evidence for EUPRAXIA@ELI acceleration Using UK / own capabiliti_es
schemes Comparable data for choices

Technology development Lasers + LPA

Expertise and experience feeding system design and risk ~ Diagnostics
burn-down Electron beam transport

UK National Note

Scope of UK National Note Define common UK interests Commonintere?;};gjrﬂ(iitﬂgrﬁgfe. PEHEL ST
Build case for funding agency

Self-structure the community and build a shared funding  Leverage pan-European infrastructure
narrative engagement

TDR input e access experiments e
capability map e readiness evidence e
National Note / Consortium
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TDR Timeline

) eli

12/2027-06/2028 —
Review 2.0 & Pre-Final
TDR v0.9

Final internal review
completed and pre-final
TDR prepared for approval.

09/2026 — First
Technical Draft (Core
Systems)

Initial draft of laser, LPA,
electron beam transport,
and undulator systems
completed.

04/2025 — TDR Kick-off
& Governance Setup

12/2026 — Review 1.0 &
Draft TDR v0.6

First integrated review with
partners and updated draft
TDR produced.

TDR process launched with
working groups, roles, and
coordination structure
agreed.

Core architecture, interfaces,

and system parameter
envelopes defined and
frozen.

5/2026 — Technical
Baseline Definition

= (Design Envelope Freeze)

¥

Consolidated technical status
and roadmap delivered to
the EuPRAXIA PP.

04/2026 — D16.2 Interim
Status Report

System performance, cost
model, and key risks
validated with expert input.

08/2027 — Performance,

. Cost & Risk Validation

Final Phase 1 TDR submitted
with advanced upgrade
options outlined.

06/2028-12/2028 —
Final TDR v1.0 (Phase 1)

="+ Phase 2 Options



) eli Support within EUPRAXIA partners

COLLABORATIVE APPROACH

. . Collaboration topics
= Collaborative Funding Model EuPRAXIA Phase 1 & 2
Upgrade of the cryogenically cooled pump-laser head

Combines in-kind contributions " for 100Hz operation and support of OPCPA development
from pa rtners with direct cash - Q , Modelling of LPA to get the high-quality electron beam

. . . for LPA-based FEL (reliable, stable and repeatable)
fun dl ng for mtegratl on an d 1 High power High rep-rate Laser system
commissioning. L2-DUHA: 3-5J / 30 fsec / 50-100 Hz /
. E|_| Beamlines Coordination 2 Laser-Plasma compact accelerator O » » Laser-plasma control system and machine learning

. 3 Electron beam line with relevant

Acts .as the sys’Fem |n‘Fegrato I, diagnostics O\
ensuring del IVEry, mtegratlon' and 4 Undulator line with relevant diagnostics O
full operation of key instruments
and components. Integrated control system

= Sustainable Framework ._n L. Seeding setup development

—— Plasma formation modelling and diagnostics

—> Discharge plasma and fs-level synchronization

O . Dedicated electron beam line using non-conventional
(active plasma lens) and conventional focusing elements

Advance (non-destructive single shot) diagnostics

»
5 Photon beam line @ User stations Q \ and Control System development
Q\ ‘C} » Undulator development (+ focusing and phase matching)

Leverages national and (D) + Photon beam diagnostics (CS) and distribution systems
institutional commitments to _ » Pump and probe development / Sample delivery
maximize pa rtner en gageme Nt an d O » Integrated control system and DAQ development

ownership.



,)»») eli EuPRAXIA@ELI Beamlines: NN feedback
August-October 2025

Laser @ BT Undulator Photon BL User stations
France + +++ + + + +
Italy + ++ + _ - +
Germany + ++ + + - +
Portugal + ++ i, i ) +
UK +++ ++ + + + +
Switzerland - - ++ +++ - i,
Spain + + + - + +

Next step (November-December 2025)
- Contribution to LPA-based TDR

- R&D&I Project plan for 2026-27

- Framework for collaboration

- Financial support (BOFS discussion)

16




) eli LPA Timeline

4

Prototype &
qualification
Integrated 3-6 months

LPA—-FEL
FEL-relevant validation
) parameter 3—-6 months
Experimental demo (DG2)
A parameter 69 m
Scheme down- demo
selection 4—6 m
Physics (DG1)
feasibility & 73 m
scaling

3—6 months




))))))) eli Laser Timeline

y

Performance
A verification
Co-design with After DG?2
LPA
Preliminary 12-24
design
Requirements & (assumption-
baseline driven)
architecture 6-18 months

0-6 months



i)»») el'l Engaging Partners via In-Kind

Align partner
expertise with

technical needs
defined in the
TDR

Prioritize
sustainable
contributions

Clearly define
scope,

deliverables, and

with upgrade
contributions

potential for
Phase 2

Key Considerations for
EuPRAXIA Pillar at ELI
Beamlines Applicable

models: co-
design, co-
development, or
equipment
provision

Match partner
timelines with
TDR schedule
and
commissioning
phases

Formalization of .
o . Integration
contributions via .
readiness and

MoUs or .
. interface
collaboration
management
agreements




l)))») eli Coordination Mechanisms

National Node Roles and Resource Alignment

 National Node Roles

* Technical Scope: Contributions to component R&D and integration
 Strategic Interface: Liaison with national funding agencies and ELI

* Activation of Existing Resources
 EuPRAXIA-PP: Leverage relevant technical work packages
* PACRI: Support for laser commissioning and ramp-up
* EuPRAXIA-DN: prioritization of available positions

* Funding & Collaboration Pathways

* |dentify active national programs supporting
* Large-scale research infrastructures, International and bilateral cooperation
* Coordinate joint engagement with funding agencies — national, EC
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