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[ ] Waveguide Distribution System for FLASH

European

XFEL] Layout of FLASH after 2009 Upgrade

ACC = ACcelerating Cryomodule

ACC1 ACC2 & ACC3 ACC4 & ACC5 ACC6 & ACC7

Bunch Bunch
Compressor

Jrd Diagnos-
Laser harmonic tics Accelerating Structures

a3 MeV 130 MeV 470 MeV 1.2 GeV
- 315 m -

Bypass Experiments
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XFEL ] Accelerating Cryomodule and Cavity e

® 8 cavities per cryomodule
®  RF power per cavity up to 400 kW

cavity length about 1m
cavity gradient up to 35 MV/m
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XFEL | New Waveguide Distribution for FLASH

® 1300MHz ® Pulselength1l.3ms ® Repetitionrate 1l0Hz ™ Power per cavity up to 400 kW

Waveguide distribution based on WR650
common length about 300 m
80% linear waveguide made by SPINNER

EINEINES
1.5 MW 0.93 MW 1.87 MW 1.43 MW 1.5 MW 2.0 MW 2.0 MW

ACC1 \ \ ACC2 H ACC3 H ACC4 H ACC5 H ACC6 H ACC7 \
SBERBBS SSSSE0EMESSEEESS NS5 N SSEEESE NS0 E IS SSEEES S|

Power
divider

Elinac ~ 1200 MeV
Pklystrons ~19.5 MW

TUNNEL

HOLE

@

[ 5 MW } [ 1.7 MW ] [ 3.8 MW ] [ 3.8 MW 2.6+2.6 MW
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European

XFEL

Waveguide Distribution System for FLASH

( ACC2 19 MV/m ] [

ACC3 24 MV/m

) (

ACC4 21 MV/m

Waveguide distribution of Kly#5 and Kly#6

J (

1.8 MW

ACC5 24 MV/m ]

1.8 MW

1.4 MW
65 m
15%

1.4 MW
35m 37m
8% 8%

15%

3.5dB

>
a )
' iy
3

i

TH 2104
Thales <>
Kly #6
5 MW Circulator

FERRITE Ltd.

AST
2.5dB

TUNNEL

3.8 MW

TH 2104

5 MW Circulator
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“Old” Linear Waveguide Distribution since 1992

®  Equal power distribution for each cavity

Hybrids (RFT, Spinner)

400 kW Circulator (FERRITE)
400 kW Dummy Load (FERRITE)
0.2/1000 kW Dummy (FERRITE)
3 Stub Phaseshifter (Chine)
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European

XFEL ] Linear Waveguide Distribution in FLASH Tunnel

-
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Waveguide Distribution System for FLASH

Bulky 3D system — it needs more space

Inflexible — fixed power for each cavity

Difficulties with phase tuning

But it works more the 10 years without any improvement
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XFEL | Waveguide distribution of Kly#4

[ ACC7 27 MV/m ]

1.9 MW
2.2 MW

ACC6 25 MV/m

SR
—

42 m 50m
10% 12%

TUNNEL

| : |

TH 1801 :L_ﬁ___dl 10 MW Hybrid, FERRITE
Thales
1 o

| 2.6 MW
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XFEL]JACCY7 cavities test at CMTB

Cavities tests / performance:

PXFEL1 | FLASH 30MV/im Cavity tests: o)

XFEL goal B \Yertical

F5EE Horizantal (10Hz)
CMTE M8 (10Hz)
(

B CMTEB 10Hz)
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1-AC129 2-AC123 3-AC125 4-Z2143 5-Z2103 6-Z93
cavity 13.07.2009

r
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XFEL | New Waveguide Distribution for Cryomodule (XFEL type)

Waveguide Distribution System for FLASH

Compact distribution system with asymmetric shunt tees

There is no more the “weak cavity” limit in cryomodule!

L e
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I:)2’ QZ P3’ QS I:)4’ Q4
E, E, E,

Cavity gradient range from 18 to 35 MV/m
(from above limited by circulator only)
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Shunt Tee
with phaseshhifters

Isolators

Bellow

WDS 00.00-01

Wavequide Destribution System
{left branch/
Isheet 2/2/
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XFEL | XFEL type Waveguide Distribution for ACC7
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XFEL | ACC7 with Waveguide Distribution Transport
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Wavegwde Distribution and ACC7 in Tunnel

=t \ =

Compact 2D system — it needs small space \!
Flexible — adjustable RF power for each cavity

Pretuned phase

Possibility of preinstallation at the cryomodule

Works since 2008 on the FLASH
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XFEL | Waveguide distribution for Klystron #2

Waveguide distribution for klystron #2 (status 05.02.2010)

[ ACC1 22 MV/m j
N
3.0dB
TUNNEL
TH 2104
15%
Kly #2 H—{[
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XFEL

o

3D view of ACC1 Waveguide Distribution
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XFEL ]| Waveguide Distribution for ACC1 in Tunnel

MEEE " ACC1 waveguide distribution has no movable phaseshifters
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XFEL ] Cryomodule cavities phasing

ACC3 with 3 stub phaseshifters ~ ACC7 with integrated phaseshifters

90 90
0.025 0.04

The measurement has been done with beam
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XFEL | Waveguide distribution for Gun

Waveguide distribution for klystron #3 (status 05.02.2010)

AST| s0ce |

" RF power up to 4.3 MW

‘/SFKj ‘ - m GUN
" Pulse length 800 mks \
® Rate 10 Hz
f i Qutlet air
TUNNEL
®  Max overpressure 0.3 bar
" Air flow about 10l/min
®  Humidity 20 — 30 %
[[l RF window
5 MW som o
0 Directional Coupler
TH 2104 i
Inlet air & Phaseshifter
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XFEL

Waveguide distribution for Gun (3D view)

BA, Barceloha

Fixed Point

Bellow

S Fixed Point

Bellow

Fixed Point

Waveguide #1 30760 mm
Waveguide #2 30438 mm

L\ 74
Y
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XFEL
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Waveguide Distribution System for FLASH

Waveguide Phase Tuning by Pressure

Phase delay vs pressure
(for 24 m length waveguide)

0,05 0,10 0,15 0,20 0,25 0,30

y =-378,58x + 1,7053

g

-20

\\\

-40

\\

-60

phase delay

\\

-80

-100

-120

valery.katalev@desy.de

H H h Input 2

pressure, bar

Wavequide combiner based on Asymmetric Shunt Tee

Phase shift is about -15.8 degree/m/bar
for SPINNER WR650 waveguide!

CST d2(1)1(0?O%?O?,dph),(l.@.swg,y

[
ﬂ E

d=0.031099

-0.036047
csT Yy
i

05

«

Input 1 N
T 25
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XFEL | Gun Waveguide Distribution (Klystron area)

Thales
TH2104
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XFEL | Gun Waveguide Distribution (Gun area)

Dummy Load

5 MW ; - l-—

L7 \ 1
i\ S
- .
of .

[ et

AST 3dB
Combiner
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XFEL ]| Waveguide Component

Some new waveguide components have been developed for FLASH and XFEL

400 kW lIsolator = circulator + dummy (FERRITE St.Petersburg)

Asymmetric Shunt Tee (DESY, Mega Industries)

Directional Coupler with more then 40 dB directivity (DESY, FERRITE)

Movable Phaseshifter 5 MW (DESY, FERRITE, MicroPIus)

Fixed Phaseshifter (DESY, Mega Industries)

Shunt Tee with Integrated Phaseshifters (DESY, MicroPlus, Mega Industries)

5 MW circulator for Gun with small insertion losses (~0.3 dB) (FERRITE, St.Petersburg)
Air Flow Unit for Gun Waveguide System (DESY, MicroPIus)
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Waveguide Components — Binary Cell
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XFEL ] Asymmetric shunt tee (tunable)
Coupling ratio B dB

CST

Computer Simulation
Technology

'l
L
Type = E-Field (peak)
Monitor = p=field (f=1.3;v=18) [Z2] .
Component = Abs
Plane at » = 48
Frequency =1.3
Phase = B degrees

Maximum-Zd 299.898 V/m at Z20.6519 / 49 / -21.7887

valery katalev@desy.de Workshop on high power RF 06.05.2010

U/m

300
281 I
244
206
169 1
131 1

93.7 1

56.2 1

18.7 1
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XFEL | Waveguide Components — Asymmetric Shunt Tee

To split or to combine the RF power in proper way
_ to ACC5

to ACC4

AST dividers
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Air Flow Unit for Gun Waveguide

| | | |
| | \ |
1 i J/ \- |
| | ; 1 l I \ |
1 | 1 ./ ' . | ‘
o |

40 I/min

Humidity 20-30%
Pressure max 0.5 Bar
Oil free diaphragm pump

valery.katalev@desy.de
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XFEL ] Conclusion and Acknowledgement

B The waveguide distribution for FLASH has been modified and tested
B The new type of cryomodule waveguide distribution has been designed and applied to

B The new waveguide components for the European XFEL have been developed
and successfully tested in the FLASH waveguide distribution

B The new experience for the European XFEL has been received

In the end I would like to thank all members of our team
for the assembly, installation, tuning and RF measurements
of the many waveguide components and distributions
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XFEL

Thank you for attention
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