
Input Power Coupler - Functions

Provides power to make up for wall losses at Eacc

Provides beam power = beam current x Vgain

Plost to wall  = V 2

R * Qwall

Qwall  = V 2

R *Pwall  

Definition of Coupling Strength in terms of Q
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Q

 * Qwall

Plost through hole  = V 2

R
Q

 * Qhole

Defines Qhole or Qexternal

Qext  = V 2
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 *Pwall  

R/Q comes up again
and again !



TTF3 Coupler Description

Pump-out port

PMT

e- probes

Cold window

Warm window

1.8 K
4.2 K

70 K

•••• Designed for 5 kW average power

•••• Variable Qext range: 1××××106 to 2××××107 (calculated) for 15mm antenna movement

•••• Cylindrical RF windows made of 97.5% Al2O3 with TiN coating

•••• Cold coaxial line: 70 Ohm, 40mm OD 

•••• Warm coaxial line: 50 Ohm, 62mm OD

• All s.s. parts are made of 1.44 mm thick tubes

• Copper plating is 30 µµµµm thick on inner conductor and 10 µµµµm thick on outer conductor 

• There are two heat intercepts: at 4.2K and at 70K

e- probes



TTF- Input Coupler Features

• 250 kW for 500 GeV, 500 kW for one TeV
• Two windows, cold and warm
• Cold window seals cavity in clean room
• Adjustable coupling• Adjustable coupling
• Early versions allowed lateral motion for cold 

mass shrinkage
• 4.5K and 70 K intercepts
• Copper plated stainless steel components for 

reducing heat leak
• TiN coating for anti-multipactor
• Bias voltage for anti-multipactor



Multipacting, Secondary Emission Coefficient

• Not all potential barriers are active because 
electron multiplication has to exceed unity.

MP only active for these impact energies
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Many Generations of TTF Couplers



TTF-II



TTF3 Coupler

The TTF3 coupler
tested to 1.8 MW peak, 1.3 ms pulse length, 4.68 kW average power (TW); 

coupling is adjustable from Qext = 106 to Qext = 2××××107



ERL Injector Cavity Coupler,  50 kW average power

Cold Bellows Cold Window Warm Window

Antenna

2 K Flange

80 K Flange

300K Flange

Warm Bellows



Cold Assembly

Warm Assembly





Coupler Parts Produced in Industry













Coupler Mounted in the Cryomodule

Warm Window

80 K Flange 300K Flange
Cold Window2 K Flange



Cold Part of the Coupler

80 K Flange

Cold Ceramic Window

Antenna

Roller Support

5 K Intercept

80 K Intercept

2 K Flange

Rail

Rollers



Assembling the Warm Part of the Coupler (1)

● Inner part
of the warm
coaxial line
is attached

● Outer part
of the warm
coaxial line
is attached



Assembling the Warm Part of the Coupler (2)

● Air cooling pipe
and the big
300 K flange
are mounted

● Waveguide part
is mounted
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Couplers for SC cavity operated with beam
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Couplers designed and or tested on stands
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Couplers on the Cryomodule







Alignment Guides for Cold Part of the ERL Coupler

80 K Flange

2 K Flange

80 K Intercepts

5 K Intercept

Rail

Antenna

2 K Flange

Roller Supports

5 K Support FrameRollers

Adjustment Screws



Linac Cavity Input Coupler: TTF4

The TTF4 coupler is supposed to be multipactor-free 





TTF-V Coupler for Superstructure





High Order Mode Couplers

•Remove HOM power, 

•Damp HOM before next bunch

•Reject fundamental mode







Fundamental theorem of beam loading Vn beam  = ω
4

 (R
Q

)
n
q

Pdiss, HOM  = Ibeam   Vn, beam

Higher Order Mode Couplers

Better make Qext, n  = V n
2

R
Q

 *Phom,n  

Qext  < ω tbunch



HOM Couplers and Absorbers



Remove Higher Order Modes

Don’t penetrate cell

Reject fundamental mode

Don’t penetrate cell
Field enhancement, multipacting



CEBAF/Cornell



If you come across
Trapped mode
Change cell geometry
Introduce asymmetries



Coaxial HOM filter/coupler

SNS
version
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Damping vs Requirements
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For very high current (amp) applications
Q values need to be reduced to 100



Frequency Tuner

Objectives:

• Tuning range: ±±±± 1mm

• Resolution: ≤≤≤≤ 1 Hz/step

• Drive: Stepping motor and piezo (±±±± 100 Hz sufficient, ±±±± 300 Hz desirable)

• High stiffness, including drive (low microphonics detuning)

• High reliability; drive will move continuously• High reliability; drive will move continuously

• Drive (motor and piezo) outside of cryostat desirable



Tuning for Right Frequency













TTF: Blade TunerTTF: Blade Tuner



TTF: Detail of Blade TunerTTF: Detail of Blade Tuner



TTF: Tuner: Stepping MotorTTF: Tuner: Stepping Motor



Baseline Design ERL Injector: Based 
on DESY Blade Tuner

Matthias Liepe   9/20/2004
U N I V E R S I T Y
CORNELL - 62 -

stepping motor


