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total: 116 cavities (16.5%)
tested RF stations: A2..A23
4 modules per station
8 cavities per module
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Cryo module test limits
AMTF

European XFEL LINAC RF System Conditioning and Operating Test.

D.Kostin, J.Branlard, A.Gössel, O.Hensler, M.Omet, D.Reschke, A.Sulimov, N.Walker, M.Wiencek.

Abstract
96 accelerating modules with 768 TESLA / European XFEL type
superconducting RF cavities were installed in the European XFEL LINAC tunnel
(XTL) in fall 2016. Warm conditioning of the RF system - High/Low Level RF
System and main input couplers - begun even before finishing the accelerator
installation works. All modules were conditioned and tested prior to the
installation in the tunnel in the AMTF test stand at DESY. Nevertheless, due to
some repair activities on warm input coupler parts, warm conditioning was
needed on a few modules/couplers. Cooling down to 2K begun in December
2016 and was finished in January 2017. Since then cold conditioning and tests
are running. A few input couplers did have problems with conditioning and were
disconnected, limiting otherwise the system performance. Some cavities in the
modules showed multipacting (MP) effects, mostly because the cavity vacuum
was vented with dry nitrogen for mentioned repairs on couplers in some
modules. Such MP effects did appear in AMTF as well. All MP effects were
successfully conditioned until now.

Figure 1: Solving FPC push-rod vacuum leak problem.

Figure 2: Warm FPC conditioning: problem signatures.

Summary
 96 European XFEL accelerating modules installed in the main linac tunnel

(XTL), 4 modules are postponed.

 Technical Interlock (TIL) system is completed/installed and commissioned.

 All fundamental power couplers (FPC) capacitors were replaced by coax
gaskets – no push-rod leaks anymore, problem well understood and fixed.

 Warm FPC conditioning is done with 64 modules (stations A2..A17). Cold
FPC conditioning is done up to station A23 – 88 modules. Stations A24 and
A25 (8 modules) are yet to be taken into operation.

 4 FPCs are shorted (not used) because of the coupler problems – cold 70K
window overheating, caused by the cold/warm part, coupled with not
conditionable discharge, two more couplers show such effects – t.b.d.

 88 modules are commissioned and accelerating the beam up to 14 GeV
already and the last 8 modules (cryo-string 9) are still under commissioning.
Some cavities did show multipacting effects during the commissioning.
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Figure 3: Cold FPC conditioning: problem signatures and summary table.

Figure 4: Testing the cavities: multipacting statistics.

FPC simulation:
leak spot contact-discharge

(confirmed) 

FPC push-rod leak:
leak spot discovered

FPC coax-gasket:
capacitors are replaced

E-XFEL Fundamental Power Coupler

All capacitors are replaced by coax gaskets: no push-rod leaks since then
problem solved

CST MWS simulation

RF power [dBm] / coupler A16.M2.C1 max.power 160 kW

T70K [K]

e-1 [mA]

XTL A16.M2.C1
warm coupler conditioning
cold part problem example

Almost no progress in conditioning for 2 weeks.

A16.M2.C1.e- ADC signals:

70K window A16.M2.C1 overheating

RF power [dBm] / coupler A12.M4.C1 max. power 190 kW

T70K [K]

e-2 [mA]

XTL A12.M4.C1
warm coupler conditioning
warm part problem example

A12.M4.C1.e- ADC signals:

70K window A12.M4.C1 overheating

A12.M4 bad coupler vacuum as well:

p.cpl.max → 10-6 mbar

A4.M4.T70K [K]
T70K overheating and RF 
discharge at cold (2K)

A4.M4.C4
ADC signals:

A12.M4.T70K [K]

C4

C1

A20.M4.T70K [K]

C1

A20.M4.C1
ADC signals:

N position module status summary

1 A4.M4.C4 XM72 shorted
T70K → 200K, high e-1 signal 
(discharge), cold part problem. AMTF:
push-rod replaced, no other problems.

2 A12.M4.C1 XM53 shorted T70K → 150K, discharge, warm part 
problem. No problem in AMTF.

3 A13.M2.C8 XM51 OK high e-2 signal – conditioned.

4 A16.M1.C1 XM69 OK high e-1 signal – conditioned.

5 A16.M2.C1 XM60 shorted
T70K → 150K high e-1/2 signals, cold 
part problem. Problem seen in AMTF, 
T70K → 115K (overheating).

6 A16.M2.C2 XM60 OK high e-2/3 signals – conditioned.

7 A16.M4.C7 XM66 OK high e-2/3 signals – conditioned.

8 A19.M3.C4 XM-2 testing T70K overheating – no discharge.  
Observed in AMTF as well.

9 A19.M3.C6 XM-2 OK conditioned (5hr) up to 150kW FT-
pulse (25MV/m)

10 A20.M4.C1 XM65 shorted high T70K, cpl.vac. increased, high e-2 
signal bursts, warm part problem.

11 A21.M2.C5 XM92 testing
T70K overheating – no discharge. WP 
was already replaced in AMTF – same 
problem.

MP quench

 RF station (4 modules) is limited
by one cavity of 32 – usually by a
breakdown – given by the WG RF
power distribution;

 Apparently more MP conditioning
(~ 16 times) compared to AMTF;

Qload ↓

normal pulse

breakdown
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