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Overview

 XFEL cryogenic system overview

 Main cryogenic components

 Cool Down: limitations & procedures

 Cool Down of the XFEL linac and injector

 Static heat loads to the XFEL linac

 Conclusion & Acknowledgements
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European XFEL Project – superconducting Linac

Key figures:
• Length of accelerator:  1500m

• Length of facility:          3400m

• Accelerator modules :  96

• Max. electron energy:  17.5 GeV

• Laser wavelength:         0.2 – 0.05 nm

• Start of regular operation: July 1st,2017

Status June 2017:

14 GeV 0.15nm
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Use of ‚TESLA-Technology‘ for XFEL

8 cavities + sc Quadrupole = 12m Cryomodule

800  superconducting 9-cell   1.3 GHz cavities

Helium II bath cooling at 2.0 K   - 5/8K and 40/80K thermal shields



5

CEC/ICMC 2017  C2ORD Bernd Petersen DESY

SC SC

SC

SCSC SC

SC

SC

Distribution Box
DB54

Cold Compressors
CB44 

Distribution Box
XLVB

XRTL

(Building 54)

Cryo Plant

L1 L2 L3

Distribution Box
XLVB

Shaft

Distribution Box
XLVB

FB

CM FCEC 3,9 GHz

Injector

FB

CM FCEC 3,9 GHz

AMTF

Main LinacXLTL1 XLTL3XLTL2

CMSFC EC CMSFC EC CMSSCB ECCMSFC SCB

Overview of XFEL Cryogenic System 

Contractors

LINDE LKT

DEMACO

BINP Coldbox 41 Coldbox 43

Purifier XLTP

Distribution Box
XIVB

Warm
He-Pumps



6

CEC/ICMC 2017  C2ORD Bernd Petersen DESY

XFEL Cryogenic System- main components (1)

Two former HERA 

refrigerators
 Overhauled

 Modified for XFEL process

 20K return flow integrated

Circuit Parallel CB 

operation 

measured, 

kW

17.5 GeV 

operation 

calculated, 

kW

17.5 GeV 

design

specification,

kW

Single CB 

operation 

measured, 

kW

2K >2.56 1.46 1.90 >2.0
5/8K >4 2.4 3.6 2.8
40/80K >26.7 16 24 18

XFEL Refrigerator Capacities

Contractor: Linde Kryotechnik AG (LKT)
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XFEL Cryogenic System- main components (2)

Added refrigerator

components

 Distribution box DB54

 LT Purifier

 Refrigerator Transfer Lines

Contractor: LKT

Cryoworld,NL
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Distance:

170m

Transferline to linac XLTL1 

XRTL

Refrigerator bldg. 

XFEL XSE shaft bldg. 

XFEL Cryogenic System- main components (3)

CB44 (LKT)

Cold Compressors

XLVB (BINP)

Injector

XIVB

Linac

Contractor: DeMaCo

XRTL Transfer Line
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XFEL Injector cryogenic components

3.9 GHz 1.3 GHz

XIVB FB-feedbox

Budker Institute Novosibirsk (BINP)
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XFEL Linac cryogenic components

6 String Connection Boxes

3 Feed-Caps & 3 End-Caps Transfer Lines XLTL 1, 2, 3

96 XFEL 1.3 GHZ 

cryomodules

Contractor: DeMaCo, NL



11

CEC/ICMC 2017  C2ORD Bernd Petersen DESY

XFEL Cool Down: Limitations & Procedures (1) 

Limitations of thermal gradients must be respected for all circuits !

ΔT < 20 K

radial GRT gradient

ΔT < 50 K

40/80 K

5/8 K

ΔT < 50 K2 K

XFEL 

Cryomodule

Cross-Section
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XFEL Cool Down: Limitations & Procedures (2) 

LN2 heat

exchanger

removed

Cool Down 300K -> 40K

Cold Box ‚80K‘ mode

7th turbine switched off

1.9 MPa pressure for supply of all 

circuits

Cool Down 40K -> 4.5K

Cold Box regular mode
Mixing of warm and cold gas 

in XLVB and XIVB to keep the

limitations of thermal 

gradients in all circuits.

Process circuit Cold mass [kg] He mass transient

[kg]

He mass

stationary [kg]

2K 161000 5600 3600

5/8K 44000 1100 1100

40/80K 61000 200 200

Cold Mass & 

Helium 

Inventory

XFEL Refrigerator Cold Box

25000 ltr

Liquid He II
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First Cool Down of XFEL Linac

‚80K mode‘ one CB

second CB switched on

takes over 40/80k circuit

cold gas returns to CBs

regular CB mode

second CB switched off

return temperatures
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Static heat load to the XFEL linac 40/80K shield

->   86 W / Cryomodule – almost ‚as calculated‘ in TDR
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Static heat load to the XFEL linac 5/8K shield

->   8 W / Cryomodule – almost ‚as calculated‘ in TDR
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XFEL linac 2K heat losses – preliminary

Static load: <  6.3 W / Cryomodule – almost ‚as calculated‘ in TDR

 XFEL linac 2K  static heat losses: 609 W+/-20W (incl.Transfer Lines)

 {Very preliminary! Dynamic losses ( about 13 Gev, 18 MV/m, 10Hz)

290 W corresponding to about Qo=>1.1 * 10E+10}

Results of static heat load measurements 

of the XFEL linac 2K circuit
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Conclusions

 Straightforward cool down of XFEL linac

 So far: about 6 month continous & stable cold operation

 So far: no indication of any cold leaks

 40/80K, 5/8K, 2K static heat loads: as ‘calculated’

 Low heat loads allow ‘one cold-box-operation’

 XFEL reached commissioning milestones: 14 Gev, 0.15 nm

 Since July 1st ,2017: XFEL in regular operation state

 2K operation: See next paper this conference
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