[ |
International Workshop on Linear Colliders 2010 (ECFA-CLIC-ILC Joint Meeting)
European
XFEL Denis Kostin, MHF-SL, DESY. 21.10.2010

Superconducting Accelerating
Cryo-Module Tests at DESY




Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL ] Overview

Module Test Stand CMTB
Module Test Procedure
Module Test Results

Summary

"'/B/:‘S'\;‘
Denis Kostin, MHF-SL, DESY. International Workshop on Linear Colliders 2010 (ECFA-CLIC-ILC Joint Meeting) 21.10.2010 KO | ASSOCIATION



| ASSOCIATION

g HELMHOLTZ

!
AR H
o, -

-T2

21.10.2010

ILC Joint Meeting)

CLIC-

L
o
c
(4

11

wd
/)
()

-

International Workshop on Linear Colliders 2010 (ECFA-

7 .3

A
eﬂ, %

: | (1 _,,_,y//////////////////////////é//////

Superconducting Accelerating Cryo-Module Tests at DESY

MHF-SL, DESY.

&3

XFEL] Cryo Module

European

Denis Kostin




1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module / Cryogenics

He gas return pipe

Cavity type TESLA
Number of cavities 8

Cavity length 1.038 m
Operating frequency 1.3 GHz
R/Q 1036 Q2
Accelerating Gradient  20..35 MV/m
Quality factor 1010

Q. (input coupler) 3x%10°
Operating temperature 2 K

LHe cooling 2K / 31mbar

HERA cryoplant is used 2 phase LHe pipe
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Superconducting Accelerating Cryo-Module Tests at DESY
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Superconducting Accelerating Cryo-Module Tests at DESY

European
XFEL| CMTB LLRF System
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Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Gamma Radiation Measurement

Gamma detector "DUMP" Gamma detector "GUN"

|
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Hohlleiter-Verteilung V’
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Two gamma detectors are placed near the beam line on both ends of the module (by the end-caps).
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Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Vacuum System

Beam line

T Module

Coupler —

Common pumping line

Ti Sublimation Pump—» lon Getter Pump

A

TSP/IGP connected in parallel and IGP used as a vacuum gauge.
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Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL ] Coupler Technical Interlock

waveguide to room light detector (PM)
coax temperature
transition window

warm vacuum warm coax cold coax

pumping port @ 62 mm @ 40 mm
: Z= 50 Ohm 7=70 Ohm
Qext
tuning . :
knobg 3 times e- (charged particles)

light in coupler vacuum

cold window
4.2 K point

light in wave guide (air side)
temperature cold ceramic

temperature warm ceramic
vacuum coupler

J L vacuum cavity

el Dias voltage

1 cryogenic OK

bias voltage

feedthrough pickup tuning pickup
rod
isolating roomtemperature 70 K point 18K
Kapton foil isolation vacuum flange to
TTF Il coupler flange cavity

all thresholds are hardware set
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Test Procedure (1)

1. RF Cables Calibration.
e TDR cables check
e Dir.Couplers / Circulators: get calibration data.
e Calibrate RF power measurement cables with attenuators
at 1.3 GHz ( P for/ref att. ~ 93 dB, P trans/HOM ~ 40 dB )
e (Calibrate RF power measurement cables with attenuators
at 1...4 GHz ( optional )
e Make RF calibration summary table
2. Technical Interlock / Sensors.
e Check the sensors (e-, Light, Spark, Temp.)
e Set the hardware interlock thresholds
e Check the interlock
3. RF source / Waveguides / LLRF.
e Kilystron / LLRF check on the load
e \WGs visual check
e System check / RF leak check at low power (1 kW pro coupler)
4. Warm Input RF Couplers Conditioning ( all / 1234 + 5678 ).
e Run the standard conditioning program:
20, 50, 100, 200, 400 us pulse lengths up to TMW (min. 700kW),
800, 1300 pus pulse lengths up to 600 kW, 2 Hz rep.rate.

(If the klystron gives not enough of RF power divide the system into the
successive tests in such a way that each coupler will be conditioned up to 1TMW.)
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Test Procedure (2)

5. Cooldown to 2K.
6. Cavities Spectra measurements.
e Measure the fundamental mode spectra
e Measure the cavities HOMs spectra and Qjoaq
e (Calibrate the cold RF cables at 2K
/. Cavities Tuners Test.
e Test the cavities step-motor frequency tuners
e Tune the cavities to the 1.3GHz using the Network Analyzer
8. Couplers Qioag measurement.
e Measure the Qaq VS antennae positions,
check Qioad.min @nd Qioad.max Using the Network Analyzer
e Set Quaq = 3x10° for each coupler
9. Cavities On Resonance.
e Cavities fine-tuning to the 1.3GHz using LLRF system
e  Quad, K calibration ( Eace=kix(Pyans)’?)
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Test Procedure (3)

10. Cold Input RF Couplers and Cavities Conditioning.
e Find the cavities/couplers limits at 2 Hz rep.rate
e Run the standard cavity/coupler conditioning program:
20, 50, 100, 200 ps pulse lengths up to 1MW (min. 700kW),
300, 400 ps up to 330 kW,
500 us + 100, 200, 400, 800 us flat top pulse up to 250 kW,
2 Hz rep.rate. Ezccmax = 25 MV/m.
Cavities HPP test is part of the conditioning (automatic),
if the cavities limits are lower, run up to the min.cavity limit.
11. Module Performance Measurement.
e Module E;cc.max measurement at 2 Hz rep.rate
e Module accelerating gradient measurement at 10 Hz rep.rate
with cryo losses (Q,) and radiation measurements
e Radiation / Dark Current measurements, if needed.
e WG power redistribution possibilities check in case of
too different cavities limits (AEacc.max > 5 MV/m)
12. Single Cavities Measurements.
e Detune all cavities except the one under test
e Flat-top pulse measurements at 10 Hz rep.rate
with cryo losses (Q,) and radiation measurements
e Investigate the cavities limits at 10 Hz rep.rate
13. Cryo system performance test (if needed).
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFELIRF Calibration / Test
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1 Superconducting Accelerating Cryo-Module Tests at DESY
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XFEL | RF Couplers Conditioning Time
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BER x > 10 mGy/min
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Superconducting Accelerating Cryo-Module Tests at DESY
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Module Test Results: PXFEL1 (2)
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Test Results: PXFEL1 (3)
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Test Results: PXFEL2 (2)
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Module Test Results: PXFEL3 (2)
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1 Superconducting Accelerating Cryo-Module Tests at DESY

European

XFEL | Summary

The Cryo Module Test Bench ( CMTB ) was built at DESY to test the accelerating SRF modules
and cavities independently from the FLASH operation. CMTB allows the high and low power RF
tests, as well as cryogenic tests to be conducted on one SRF module. 9 SRF modules ( including
one 3.9 GHz module ) tested until now at CMTB.

7 superconducting accelerating modules are used now in the FLASH LINAC at DESY. 3 modules
were tested at FLASH and 4 modules were tested at CMTB facility.

First three XFEL prototype modules PXFEL1,2,3 were assembled in team-work with XFEL Cold
Linac Partners ( IHEP / Beijing, CEA-IRFU / Saclay, IN2P3-LAL / Orsay, INFN / Milano, CIEMAT /
Madrid, DESY ) and tested at module test stand CMTB at DESY.

Modules tested with equal cavity RF power distribution as well as single cavities with only one
cavity on resonance at time. The cavities were tested with the flat-top RF pulse with 0.5 ms rise
time and 0.8 ms flat-top. The own quality factors Q, measurements were done using the
cryogenic losses measurement on the CMTB, modules radiation measurements done as well on
the both ends of the module ( gun / dump side ).

In PXFEL1 cavities gradients from 27 to 36 MV/m are reached, module operation with average
gradient of 30 MV/m using tailored RF power distribution is possible. PXFEL1 is used in FLASH
(ACCT7).

Modules PXFEL2 and 3 suffered from some cavities degradation: one cavity in PXFEL2 and two
in PXFEL3 did not reach 20 MV/m.
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