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The HXR FEL landscape in 10 years

SACLA:

• 8 GeV NC 50 Hz, 2 undulators (+1 SXR fed by 0.5 GeV linac)

• Upgrade: Space for 2 more undulators in hall, rumors for
 upgrade to kHz NC RF, change to photo-injector

• Biggest asset: world leading optics

PalFEL: 

• 10 GeV NC 50 Hz, 2 undulators (SXR/ HXR)

• Upgrade: ambitions for 3rd undulator, 2 bunch operation, 
increase to 100 Hz

• Biggest asset: 

SwissFEL:

• 5.8 GeV NC 100 Hz two bunch, 2 undulators (SXR/HXR)

• Upgrade: injector rebuild, 7 GeV linac upgrade, 
preparation for 3rd undulator

• Biggest asset: tailored to special modes
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The HXR FEL landscape in 10 years

LCLS: 

• 8 GeV SC CW, 14 GeV NC 60 Hz, 2 undulators (SXR/ HXR)

• Upgrade: Low emittance injector for higher photon
 energies & LCLS-X (more beamlines)

• Biggest asset: CW accelerator for many beamlines, 
NC high energy accelerator for high photon energies

SHINE:

• 8 GeV SC CW, 2 undulators (SXR/HXR)

• Upgrade: Low emittance injector 
& 3rd short period (superconducting) undulator

• Biggest asset: Already three undulator tunnels build, 
so extension to many beamlines straightforward

UKFEL (study):

• 8 GeV SC CW, 10 tailored radiators

• Biggest asset: Thorough analysis of UK user needs and 
match to tailored radiators
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The HXR FEL landscape in 10 years

European XFEL: 

• 17 GeV SC burst mode, 3 undulators (SXR/ HXR)

• Upgrade/Strategy: 

• Harvest

• superconducting undulators - high photon energies

• short pulses (SA1-3)

• Twin bunches

• Hafen

• …

• Biggest asset:

• 2 empty tunnels

• Longest accelerator, highest electron energy, longest undulators

• Ultra stable, multiplexing since 2019, …

• Technology leader in many areas 

• It’s ours 
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What can we do with the linear accelerator

This is not a facility layout / proposal

It describes options for a modification of the superconducting linear accelerator to increase the

duty cycle: percentage of beam* on per time unit

Benefits:
Create more electron bunches/photon pulses per second
Distribute photon pulses over a longer time period with larger spacing

Note: the beam power usually does not increase over what is possible at EuXFEL today, thus also the 
maximum number of photons will not increase

                                                                           * Cryo and RF specialists define duty cycle often as percentage of RF on per unit time
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Change the way how the RF is operated 

TODAY
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Extended RF Burst Principal Limitations (at 17.5 GeV beam energy)

Approx. beam 
duty cycle limit

Limiting HW Way out

1 % RF Gun New RF Gun

1.5 % Cryo Plant Operate 2nd (redundant) cryo plant 
string (+ 3 MW) + new cold box

1.8 % High Power RF System New HPRF

3 % Cryo Module (2 phase pipe) New Cryo Modules

An approx. 1% duty cycle in the burst mode seems to be a reasonable limit for reliable and 
sustainable operation, with the new GUN5 we already increased from 0.6% to 0.8%
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Higher Duty Cycle with new, modified cryo modules

Similar to LCLS-II / SHINE approach
Optimized 2-phase He transport
Improved cavity quality factor  reduced dynamic 2K load

1) Rebuild the entire linac for max energy reach at CW operation
Very high cost ~1B€ (or more), very long dark time 

2) Rebuild only L1+L2 (+new 2nd injector), keep L3 (optionally extend it by 16 modules from old L1+L2)
CW high gradient in L1+L2 with high-performance modules, keep beam energy up to BC-II constant 
@ ~2. – 2.5GeV, very beneficial for beam dynamics
L3 in CW mode at low gradient and/or higher g pulsed mode with possibly increased d.c.

NIM A 768 (2014)
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R&D for the High Duty-Cycle program 
(i.e. CW and Long Pulse) 

TODAY

High Duty Cycle (HDC)
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Since 11/2022 detailing out the High Duty Cyle Concept

Report content review

Report scope review

Writing kick-off & initial discussion with ‘photon’ 
users

Focus on controls&diagnostics

Focus on injector

Define 6 working groups and work plan

Reminding / writing / editing – thanks Nick

2026

2025

2024

2023

2022
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Thank you
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Top Level Scope of the study – be world leading in 10 years
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Top Level Scope of the study – be world leading in 10 years

Dropped early because of 
operational and technical 

incompatibilities
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Working Groups

2. General scope and top level parameters (Winni Decking, Nick Walker)

Develop parameters and scope from basic scaling laws
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4. CW-optimized 1.3 GHz modules (Serena Barbanotti, Lea Steder, Detlef Reschke)

How to build a CW optimized cryo-module & how to modify the existing power couplers
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A6
AH1 SASE1

SAS
E2

SASE3

A25

L1
4 cryomodules
(1 RF station)

L2
12 cryomodules
(3 RF stations)

L3x
96 cryomodules
(24 RF stations)

CW-Injector
1.3 GHz module
3.9 GHz 3rd harm.

A6 A29A2 A3 A4 A5
A1 AH1

Current proposal baseline

2 GeV

Maximum heat load supported by 2 phase pipe ?
What are the limits of our existing CMs
Maximum RF power supported by input couplers ?
How to optimize their operation

Existing LINAC (80+16 CM)

16x new CW-cryomodules 
Based on new high-Q0 cavities
How to modify the cryomodules

New LINAC (16 CM)

New SRF injector
TS4i
How to maintain beam 
quality

New CW INJ

High Duty Cycle Upgrade
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Summarizes 3.5 years of work

6 workshops

6 test stands in operation or under construction

Approx. 35 FTE/year

180 page document

Overall concept, workackages technical descriptions, 
summary of further R&D

Still in Draft state, core messages are there, will be finalized 
after November 27 MAC meeting
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Thank You !
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