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Elmar Vogel
DESY Beschleuniger-Betriebs-Seminar, Grömitz, 17-20 November 2008

Status of theStatus of the
33rdrd Harmonic Module ACC39Harmonic Module ACC39

Elmar Vogel for everyone involved in the FLASH 3rd harmonic system

• purpose of the system
• the subsystems and the work distribution
• survey on all the work done
• test results
• actual status
• what comes next

FLASH Seminar at January 26th 2010
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Bunch-Compression at FLASH
3

Linearization by 3rd harmonic

Additional effects: space charge, longitudinal wake fields, ...

Sum voltage required: ~19 MV

Using nine-cell superconducting cavities

4The geometry of 3.9 GHz cavities 
follows the one of 1.3 GHz cavities

pick up

HOM coupler

346 mm
506 mm

38.4 mm

power coupler

HOM coupler

With 14 MV/m we need four cavities …

5

FNAL build 3.9 GHz module ACC39 

ACC39
contains four!
3.9 GHz cavities.

6DESY colleagues are taking care
of the power rf (MIN)

7

cavity tuner motor drivers (MCS2)
8

rf-control (MSK)
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several cavities

9

cryogenic integration (MKS1)
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10

beam and coupler vacuum (MVS)
11power coupler assembly and

processing (MHF-sl)

12cavity and module tests
(MHF-sl & FNAL colleagues)

13

study of beam dynamics (MPY)
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14ACC39 has been inserted in FLASH
after ACC1 and before BC2

15Some time ago,
the work started at Fermilab…

16Development, production, and test 
of the cavities and the module

17

The basic design

pick up

HOM coupler

346 mm
506 mm

38.4 mm

power coupler

HOM coupler
Idea:

• shape of
1.3 GHz cavities

• cells 3x smaller

• beam pipe 2x smaller

• coupler, rf pick-ups und HOM antennas similar to 1.3 GHz

• initial HOM f-part design like at 1.3 GHz, but 3x smaller

18Cavity fabrication
in the area of Chicago / Illinois
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19Mechanical cavity fabrication:
Electron beam welding at Sciaky

20Chemical cavity surface treatment:
BCP done at Argonne

21

Activities in A0 at Fermilab

‘A0’

22

High pressure rinsing
23

Clean rooms for assembly work
24

Cavity in vertical insert

25

Vertical test cryostat
26

Vertical cavity testing
27

Redesign of HOM f-parts
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Typical results of vertical tests

gradient (MV/m)  (at 1.8 K)
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measurements by FNAL
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Inserting cavities in He vessels
30

Helium vessel leak check

31

Preparation for horizontal test
32

Meson Hall and MP9 at Fermilab

‘Meson Hall’

‘MP 9’

33

Horizontal cavity test stand

34

Horizontal cavity testing
35

Performance of the four cavities

18 MV/m22 MV/mF3A3

18.3 MV/m24 MV/mF3A8

18 MV/m22 MV/mF3A5

26 MV/m

maximum horizontal
gradient achieved

21.7 MV/mF3A7

no field emission 
measured below a 

gradient of
cavity

36

Double and one leg HOM f-parts
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37

Different HOM absorption spectra
1st and 2nd dipole path bands for cavities #5 and #7.

2nd dipole path band for cavity #5 is narrower than for cavity #7.

measurements from Timergali Khabiboulline

38Cavity sequence for
most ‘optimal’ HOM damping...

Each cavity to cavity beam pipe will have both types of HOM 
dampers (DLF and SLF) and the cavity adjacent to ACC1 a 
SLF HOM damper.

(Beam from right to left)

39Clean room for the
cavity string assembly

40

Experts discussing the assembly
41String of three cavities

(December 2008)

42Leaving the clean room
(January 2009)

43

Cold mass assembly
44

Cold mass assembly (continued)
45Transportation for further 

assembly in Technical Division Hall

6/02/2009
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46Cavity to cavity alignment 
complete

47

Outer module vessel and cantilever
48

Preparation of the transporation

49

The ‘big box’
50

Air transport (April 2009)
51

Roller floors

52

Charles de Gaulle April 27th 2009
53Checking shock lock data and the 

cavity vacuum

54

Truck transportation
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55

Arriving Hamburg...
56

... and DESY
57

Unpacking

58

Everything ok with ACC39?
59

Needle bearing revision
60

Needle bearings

61

Coupler installation (June 2009)
62

Intermediate storage in Hall 1
63CMTB adaptation 1.3 to 3.9 GHz

August 2009
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64

ACC39 transport to CMTB
65

Installation at CMTB
66Connecting feed- and end cap 

(September 2009)

67

Wave guides installed 
68

Checking the klystron safety
69

Checking tuner movements

70Warm coupler processing
(October 2009)

71Checks while changing 
waveguides

72Troubles with the HV connection
to the klystron modulator
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73Tuning the cavities on resonance 
after cool down (October 2009)

74

Module & cavity performance
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FLASH design value 14 MV/m

75

Cross talk between the cavities

Coupling matrix:

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

1107.0002.0003.0
123.01035.0008.0
022.0016.01546.0
002.0005.0051.01

76Testing the rf control
(November 2009)

77

Who ordered this oscillation?
78

Is it caused by vibrations?

79

Or by the electronics?
80

RF control stability finally achieved

See FLASH Seminar Talk ‘Status of 3.9 GHz LLRF’
from Markus Hoffmann given at January 12th 2010

81

Quenching HOM (at cavity #4)
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82

ACC39 leaving CMTB
83

Survey check (December 2009)
84

Flying modules (December 2009)

85

Approaching final position
86

ACC39 has been inserted in FLASH
87

What comes next?

• remaining technical installation

• technical commissioning (start: February)

• cool down (end of March)

• commissioning with beam (start: mid April)

88
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