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Accelerating Modules

Five accelerating modules were installed into the TTF tunnel as a part of the VUV FEL Linac
Each module has 8 superconducting cavities and RF power input couplers

position | module | assembled | coupler type | cold window | warm window
ACCI 2% Jan. 2004 | FNAL/TTF lll | Conical/Cyl. Planar/Cyl
ACC2 1* Mar. 2000 | FNAL/TTF Il | Conical/Cyl. Planar
ACC3 3* Feb. 2003 TTF Il Cylindrical Plane, WG
ACC4 4 Jul. 2001 TTF Il Cylindrical Plane, WG
ACC5 5 Mar. 2002 TTF 1l Cylindrical Cylindrical
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VUV-FEL LINAC RF Power Couplers

TTF Il Coupler
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RF Coupler Specifications

frequency

1.3 GHz

operation

pulsed: 500 psec risetime,
800 usec flat top with beam

two windows, TiN

» safe operation

coated » clean cavity assembly for high Eacc
2 K heat load 0.06 W

4 K heat load 0.5W

70 K heat load 6 W

isolated inner conductor

bias voltage, suppressing multipacting

diagnostic

sufficient for safe operation and
monitoring

TTF TESLA 9cell / YFEL
upgrade
Peak + 250 kW
ea power_ 250 kW >0 / 150 kw
control margin 500 kW
Repetition rate 10 Hz 5Hz 10 Hz
3.2 kW /
A 3.2 kW 1.9 kW
verage power 6.4 KW
: adjustable fixed adjustable
Coupling (Qext) | 106 107y | (3*109) (106 - 107)
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waveguide to room light detector (PM)
coax temperature
transition window

warm vacuum Warm coax cold coax
pumping port @ 62 mm @ 40 mm

Qext Z=50 Ohm Z="70 Ohm

tuning
knob

cold window
4.2 K point

qousoop

bias voltage e
feedthrough pickup tuning pickup
rod

isolating roomtemperature 70 K point 1.8K

Kapton foil isolation vacuum flange to
ITF Ill coupler flange cavity
doorknob light detector (PM) warm coax cold coax
waveguide to R @62 mm @ 40 mm
coax transition T £=50 Ohm 2="70 Ohm

cold window

Qext

tuning knob

bias voltage
vacuum
feedthrough

isolating
Kapton foil

iy
warm vacuum

pumping waveguide roomtemperature 70 K point 1.8 K
window isolation vacuum flange to

port
TTF Il coupler flange cavity
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RF Coupler in Module
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RF Couplers Performance

Total of 40 RF power couplers connected to the superconducting
cavities in the VUV FEL linac, eight in a module.

All couplers in the VUV FEL linac could be processed and operated
up to the cavity performance limits.

The parallel processing of 8 respectively 16 couplers at the
modules is slower than that at the test stands or in the horizontal
cryostat.

RF power couplers were tested up to 1 MW of pulsed power at 1.3
ms pulse length 2 Hz at the test stand.

RF power couplers operated ~350000 hours*coupler.

Last coupler design TTF lll has simplified assembly as well as
better performance, conditioning time is shorter.

TTF Il couplers are tested together with cavities at gradients of 35
MV/m (600 kW) 5 Hz without degradation of cavity or coupler.
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TTF Il RF test: Power distribution/measurement diagram

RF Test

8
= 5 = ACC1/Module 2*

Power meters

GPIB-Ethernet (netwaork)
Klystron 5

ACC2/Module 1% ACC3/Module 3* RF Power Calibration

Power meter
R
sh. At
GPIB-Ethernet (network) \/4 Q Qload Pfor _Q07“|

Klystron 4

cavity

TITITLGETIITL |t

______ S S v Sl I e S S S S S S evaluated error margins for accelerating
gradients in this test are about +10..16%.

ACC4/Module 4 ACC5/Module 5

[ [ Pover meers Rsh/Q=10309Q, Lcavity=1.035m,
Qload=3x106, f0=1.3GHz, Pfor=5kW,
GPIB-Ethemet (network) tfill=1300us (for calibration,
SUN 500us for flat-top (FT))

[ Jitf2vnc
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Cavities @ ACC1

EP cavity

Module 2*

35

3dB WG power attenuator put before cavity 7
to lower the fieldemission and to use cavities
5,6 and 8 with higher gradients

”””:’A

Cryostat tests:
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R Horizontal
B Module (5Hz)
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Cavities @ ACC2

Module 1*
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Cavities @ ACC3

Module 3%

During Module 3 disassembly couplers antennae touched
cavity surface. Cavity 4: cavity tuner problem.
Cavity 7: 6dB WG power attenuator installed.

Cavity tests:

B \ertical (CW)
R Horizontal (10HZ)
Module 3 (10Hz)
I Module 3* (5Hz)
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Cavities @ ACC4

Module 4 Cavity tests:
B \ertical (CW)

R Horizontal (10Hz)
B Module 4 (1Hz)
B2 Module 4 (5Hz)
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Cavities @ ACC5

Module 5 Cavity tests:

L B \ertical (CW)
Cavity 6 is a source of a dark current of 200 nA (peak) at 553 Horizontal (10Hz)
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Modules Operating Gradients

TESLAS00 specs.

0-
Modul 1* 2% 3* 4 5
ACC?2 ACCI ACC3 ACC4 ACC5S
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Q, Measurements
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EP Cavity @ ACC1

. ® | ow power test
Cavity AC72 O High power pulsed test 1Hz
A High power pulsed test 5Hz
B Accelerator RF test
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- Same performance with beam as in previous low and high
power tests without beam

Very low cryogenic losses as in high power tests

Standard X-ray radiation measurement indicates no radiation
up to 35 MV/m
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Conclusions

* All couplers in the VUV FEL linac could be processed and operated up to
the cavity performance limits.

* The last two modules, 4 and 5, fulfill the TESLA500 specifications.

* ACCS5 / module 5, tested at the repetition rate of 5 Hz was operating at
the accelerating gradient of 25.5 MV/m , 500 + 800 us full length flat-top
pulse and quality factor of 1x101°.

* ACCS5: cavity 6 is a source of a dark current of 200 nA (peak) at 25 MV/m.

* ACCL: cavity 7 is a source of a dark current, up to 10 mGy/min measured
on axis.

* All modules have functioned continuously during certain periods of time.
* The beam operation started with all modules.

* Cavity 5 (AC72, EP) tested in Module 2* / ACC1 reached 35 MV/m,
confirmed with beam.
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