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A little bit of history…. Let‘s go to the mid 90ies
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The first TTF beam on 
April 2nd, 1996

The first accelerated TTF 
beam in June 1997



First cavities and first module at TTF / FLASH
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Our famous Q vs. E 
curves – here @1.8K

The first comparison between vertical test 
and linac operation – again @1.8K 

1996 1998

Particle Accelerators, Vol. 60, pp. 53-72

DESY, old slide fom 1996



Most recent FLASH modules offer 30 MV/m

17.11.2025 SRF Linacs - 25th Anniversary of the First Lasing at TTF 4

we still compare vertical and 
module tests – now @2K

accelerating gradients increased by roughly 
a factor 2

2021/2022



Other historical annotations - SRF for FELs
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Phys. Rev. Lett. 38, 892 – Published 18 April, 1977
DOI: https://doi.org/10.1103/PhysRevLett.38.892 



Other historical annotations - SRF for FELs in 1999
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Setting the scene – reminder and memories
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the TTF Inj. 1 - built to supply e- beam for 
initial accelerator module testing
inspired by visits to the S-DALINAC



Setting the scene – reminder and memories
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the TTF Inj. 1 - built to supply e- beam for 
initial accelerator module testing



Setting the scene – reminder and memories

17.11.2025 SRF Linacs - 25th Anniversary of the First Lasing at TTF 9

First modules differed in design and included 
e.g. essential diagnostics like wire alignment 
monitor, different RF input coupler ….
Later: 
• changed concept wrt. longitudinal 

shrinkage
• major cryogenic modifications



FLASH would not exist w/o TESLA Collaboration
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ADC

ADC

RF pick up & 
LLRF  HOM coupler 

RF power coupler 

• Many of the TESLA Collaboration members 
had essential contributions to the SRF 
technology.

• If not directly to the cavities, RF power 
Couplers and modules then to the TTF set-
up in areas like diagnostics, magnets, RF 
supply etc.



TTF/FLASH technology for EuXFEL (RF power couplers)
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Two types and three generations of couplers were used at the TTF 

Linac.

All couplers were cold conditioned to a power level corresponding to 

accelerating gradients of at least 25 MV/m (>200 kW, 1.3 ms, 10 Hz).

Coupler type III was the base for the EuXFEL (1000 couplers). Only 

minor modifications were needed to allow for large scale 

production.  

2000+



TTF/FLASH technology for EuXFEL (RF power couplers)

17.11.2025 SRF Linacs - 25th Anniversary of the First Lasing at TTF 12

Two types and three generations of couplers were used at the TTF 

Linac.

All couplers were cold conditioned to a power level corresponding to 

accelerating gradients of at least 25 MV/m (>200 kW, 1.3 ms, 10 Hz).

Coupler type III was the base for the EuXFEL (1000 couplers). Only 

minor modifications were needed to allow for large scale 

production.  

2000+



Design by M. Maurier and P. Leconte based 
of the MACSE tuner design

Lscrew

LarmsLcavity

TTF/FLASH technology for EuXFEL (RF frequency tuners)
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Piezo

He-Tank

& Cavity

Tuning mechanism

Piezo-Actuator:

l=39mm

Umax=150V

 l=3m at 2K

fmax,static=500Hz

Blue: With piezo

Red: Without piezo

2000+



TTF/FLASH technology for EuXFEL (module alignment)
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cavity / quad string alignment 

is measured using a stretched 

wire system 

at warm and at cold

temperature
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acc.module #4 acc.module #5

2 K

300 K

TDR specifications (RMS):

cavities   x/y:      +/- 0.5 mm

z:         +/- 1 mm

quad/dip  x/y:      +/- 0.3 mm

z:         +/- 1 mm

roll:   +/- 0.1 mrad

Results (peak):

cavities   x:   +/- 0.35 mm

y:   +/- 0.25 mm

quad/dip  x:   + 0.1 / - 0.4 mm

y:   + 0.2 / - 0.5 mm

overall module tilt   0.1 mrad

20-Jun-03  300 K 

22-Jul-03      2 K

06-Oct-03  300 K

31-Mar-04     2 K

horizontal alignment with respect to module axis

corresponds to a 

perfectly aligned 

cavity / quad string
m

m

2000+



The inter-cavity connection is done 

in class 10 cleanrooms

The assembly of an 8 cavity string 

• is a standard procedure

• is done by technicians from the TESLA   

Collaboration

• is well documented using the cavity database as 

well as an Engineering Data Management System

• was the basis for two industrial studies.

We are ready to transfer this well known and 

complete procedure to industry.

TTF/FLASH technology for EuXFEL (string assembly)
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2000+



The module assembly is a well defined 

and standard procedure.

• experience of 10 modules exists

• the latest generation (type III) was 

used for series production (XFEL 

requires 120 modules)

• several cryogenic cycles as well as long

time operation were studied 

• the assembly problems occurred are 

well understood and cured 

TTF/FLASH technology for EuXFEL (module assembly)
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2000+



TTF/FLASH technology for EuXFEL (module installation)
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TTF/FLASH technology around year 2000
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TTF/FLASH as a module test bed
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Exotic and fascinating technology byways
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Hydroforming and Spinning were tried 
out quite extensively by DESY & 
partners as well as at INFN Legnaro. 



Exotic and fascinating technology byways
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Single Crystal SRF cavities made from a 
special Nb ingot.



SRF Technology facilitates Science at User Facilities
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• FLASH paved the way towards large 
scale facilities.

• The SRF linac technology developed 
by the TESLA / TTC community is a 
solid foundation for many research 
facilities worldwide. With more to 
come…
https://tesla.desy.de

https://tesla.desy.de/


FLASH R&D led to so far three large FELs worldwide
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Construction of large XFELs requires industrialization
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Industrialization, logistics AND quality management is a must

QS of Niobium sheets
(developed for EuXFEL, now done at DESY for 
very many SRF based (large) scale facilities)

Tools for successful cavity fabrication in 
industry were developed and handed over, 
and are still maintained by DESY.

Cavity tuning machine (developed 
(w/ FNAL support) and handed 
over, and still maintained by DESY).



Construction of large XFELs requires strong labs
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Infrastructure at DESY, CE Saclay, and IJCLab Orsay

Remarkable SRF infrastructure was set-up 
by several partners of the EuXFEL
Accelerator Consortium. 



Component testing and quality assurance
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The Accelerator Module Test Facility (AMTF) Facility at DESY

Test stands (cavity & module), for the EuXFEL
designed, built and operated, with the help of 
major in-kind contributions.



New infrastructure at U.S. labs and SHINE
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Labs worldwide mimic the DESY / EuXFEL installations with adaptations 



… and more 
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Chinese Labs and industry are developing quickly 



The FLASH success will continue
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As key partner in the TESLA R&D effort

• we started a great development
• we have built FLASH, and are successfully operating a worldwide very visible FEL facility
• we established SRF linac technology at large
• we were setting the scene for SRF based hard X-ray FELs
• we successfully operate the longest SRF linac worldwide to drive the European XFEL  

with highest reliability
• we are further developing SRF technology, well embedded in the SRF community
• we are looking forward to seeing even more benefit from our 30+ year R&D

• we enjoyed working with partners and friends
• we can all be happy and proud of what we have reached during the last 25+ years
• we still have excellent ideas 


	Slide 1: Superconducting RF Linacs and FELs - a Successful Partnership
	Slide 2: A little bit of history…. Let‘s go to the mid 90ies
	Slide 3: First cavities and first module at TTF / FLASH
	Slide 4: Most recent FLASH modules offer 30 MV/m
	Slide 5: Other historical annotations - SRF for FELs
	Slide 6: Other historical annotations - SRF for FELs in 1999
	Slide 7: Setting the scene – reminder and memories
	Slide 8: Setting the scene – reminder and memories
	Slide 9: Setting the scene – reminder and memories
	Slide 10: FLASH would not exist w/o TESLA Collaboration
	Slide 11: TTF/FLASH technology for EuXFEL (RF power couplers)
	Slide 12: TTF/FLASH technology for EuXFEL (RF power couplers)
	Slide 13: TTF/FLASH technology for EuXFEL (RF frequency tuners)
	Slide 14: TTF/FLASH technology for EuXFEL (module alignment)
	Slide 15: TTF/FLASH technology for EuXFEL (string assembly)
	Slide 16: TTF/FLASH technology for EuXFEL (module assembly)
	Slide 17: TTF/FLASH technology for EuXFEL (module installation)
	Slide 18: TTF/FLASH technology around year 2000
	Slide 19: TTF/FLASH as a module test bed
	Slide 20: Exotic and fascinating technology byways
	Slide 21: Exotic and fascinating technology byways
	Slide 22: SRF Technology facilitates Science at User Facilities
	Slide 23: FLASH R&D led to so far three large FELs worldwide
	Slide 24: Construction of large XFELs requires industrialization
	Slide 25: Construction of large XFELs requires strong labs
	Slide 26: Component testing and quality assurance
	Slide 27: New infrastructure at U.S. labs and SHINE
	Slide 28: … and more 
	Slide 29: The FLASH success will continue

