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ILC RF cavity with the HOM and input couplers:ILC RF cavity with the HOM and input couplers:
Downstream HOM coupler

Main couplerMain coupler

RF cavityRF cavity

Upstream HOM couplerUpstream HOM coupler



The couplers break the RF field symmetry and cause 
t RF ki ktransverse RF kick.

The couplers break the symmetry of the cavity and causeThe couplers break the symmetry of the cavity and cause 
transverse wake field.

Both RF kick and wake fields may be a reason of a beam 
emittance dilution.

DESY* made the first calculations of the RF kick and 
wake fields The calculations show that both RF kick andwake fields. The calculations show that both RF kick and 
wake fields may be a serious problem that could require 
the cavity improvement.y p

More detailed investigations are necessary!

*I. Zagorodnov, and M. Dohlus, ILC Workshop, DESY,31 May, 2007



RF kick
Simple estimations of the transverse fields caused by the main coupler:

RF voltage:RF voltage:
U=(2PZ)1/2, Z–coax impedance;
for P=300 kW and Z≈70 Ohms 
U ≈ 6 kVU  6 kV
Transverse kick:
Δpy·c ≈ eEy ΔZ ≈eU/D·D/2=eU/2.
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The RF field calculationThe RF field calculation 
precision should be better 
than 10-5!

Transverse kick caused by the couplers acts on a bunch the same direction for all 
the RF cavities of the linac. 
R l t b t d b th li f db k tReal part may be compensated by the linac feedback system;
Imaginary part dives the beam emittance dilution.



DESY results (MWS, two different meshes)



Mesh generation for HFSS for high-precision field 
l l ti th icalculations near the axis:

RegularRegular 
mesh

Fine 
mesh

Total number of the mesh nodes is up to 500,000



Zoomed mesh near the axis:

Regular
meshmesh

Intermediate 
mesh

Fine 
mesh



Results of the main coupler simulations:Results of the main coupler simulations:

(Strong coupling case)



Axial transverse fields for HOM coupler at different 
RF phases:

Electric field                                            Magnetic field



CALCULATION OF RF KICK. UPSTREAM END
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Panofsky-Wenzel (PW) theorem

(in order to cross-check direct 
calculations only)

Direct integration of fields component 
(Lorentz force equation)

Direct PW M DohlusDirect PW M.Dohlus
106 · Vx

Vz

-68.8+3.7i -65.6+7.6i -57.1+6.6i

6106 · Vy

Vz

-48.3-3.4i -53.1-2.1i -41.4-3.5i

Results of calculations and comparison with M. Dohlus 
(DESY) data.



DOWNSTREAM END

FULL 
equipped

Direct PW M.Dohlus

106 · Vx

V
-36.5+66.1i -27.3+67.2i -25.0+51.5i

Vz

106 · Vy

Vz

41.0+14.5i 40.9+12.8i 32.16+5.2i

Only PC Direct PW M.Dohlus

106 · Vx 35.6+76.5i 36.7+73.6i 34.3+55.7i
Vz

Only HOM Direct PW M.Dohlus

106 · Vx

Vz

-73.7-13.2i -71.6-9.7i n/a

106 · Vy 41.1+15.9i 40.3+14.6i n/ay

Vz

MWS simulations were done as well and the results are consistent to theMWS simulations were done as well, and the results  are consistent to the 
result of HFSS simulations.



V ( ) V *( )

Vx(-z,-x,y) =  Vx*(z,x,y)

Vy (-z,-x,y) = - Vy
*(z,x,y)



*
*

Phase shift between electric and magnetic fields along axis. 

Red line Power Coupler only (TW)Red line – Power Coupler only (TW). 

Blue line – HOM Downstream Coupler only (SW).

* iti f t t l i* - position of antenna central axis.
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ψ ψ

Imaginary parts of V (left) and V (right) vs angle of rotation of both HOM couplersImaginary parts of Vx (left) and Vy (right) vs. angle of rotation of both HOM couplers 
simultaneously when the angle between the coupler is fixed and equal to 115º *.

Red curve for Linac (φ=-5.1°), blue for BC1 (φ=-105°), and green for BC2 (φ=-
27 6°)27.6°)
*Angle α=115º provides optimal damping of both polarization of dipole modes and was 
determined experimentally.



Optimal position of the HOM coupler vs. the main coupler
(rotation angle ψ = 104°)(rotation angle ψ = 104 )

UPSTREAMUPSTREAM

DOWNSTREAM

Im(Kick)106 Linac BC1    BC2
Vertical

0° 13 4 15

*The most critical is the vertical 
kick because of small 
acceptable dilution of theψ =0°

ψ =104°
13 4         15
0 135 52

Horizontal

acceptable dilution of the 
vertical emittance.

Note that the kick spread is
ψ =0°
ψ =104°

76 86       109
60 -91         24

Note, that the kick spread is
proportional to the bunch length σ:
Δp┴/p ~Im(kick)·2πσ/λRF



Estimations of the vertical emittance dilution 
caused by RF kick:caused by RF kick:

Main linac.
Simple model:Simple model:
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(β = const over the linac, γ(zmax)>>γ0)
ν=Gy/G = 13·10-6 (vertical kick per unit length, current design);
G=31.5 MeV/m    (acceleration gradient);
σ=0 3 mm (bunch length);

⎦⎣

σ=0.3 mm            (bunch length);
β =80 m               (average β–function) ;
U0=15 GeV          (initial energy);
λRF=0.23 m (RF wavelength);λRF 0.23 m           (RF wavelength);
γ0=3·104 (15 GeV);
γ(zmax)=5·105 (250 GeV).                 δ(γε) ≈ 2.4·10-10 m = 0.24 nm.

More realistic beam dynamics simulations (LUCTETIA) are in progress.



RTML, Bunch Compressor-1.RTML, Bunch Compressor 1. 
One unit, 3 cryo-modules, each CM contains 8 RF cavities and quad. 
Present coupler orientation: ν1=Gy/G=4·10-6 –vertical RF kick.
U 5 G V 9 <β > 30 20U0=5 GeV, σ=9mm,<βy>≈30m, γεy=20 nm.
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l≈25 m – length of RF system. Thus, nmy 5)( ≈γεδ

Required value of the vertical emittance is 20 nm. The HOM coupler rotation by 
~180° may reduce the vertical emittance dilution in BC1.

RTML, Bunch Compressor-2. 
Present coupler orientation: ν1=Gy/G=15·10-6 –vertical RF kick.p 1 y
U0=5 GeV, Umax=15 GeV, σ=1mm,<βy>≈80m.
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Alternative axi-symmetrical couplers are under consideration.y p

An example of waveguide-coaxial coupler 
(S. Belomestnykh, et al. ERL 02-8, Cornell, 2002)



A new idea of a compact detachable coupler unit* that provides p p p
axial symmetry of the RF field and the cavity geometry in the 
beam channel:

The unit provides both required coupling of the operating mode andThe unit  provides both required coupling of the operating mode and 
suppression of the HOMs;

Simulations show that it is free of multipactingSimulations show that it is free of multipacting.

*N. Solyak, T. Khabiboulline, 2d ILC Workshop, Snowmass, Aug 14-18, 2005



The coupler for Nb-Pb superconducting RF gun*:

*J. Sekutowicz et al, PAC 2007.



An idea of a compact detachable quarter wave coupler unit that provides 
axial symmetry of the RF field and the cavity geometry in the beam 
channel:



Summary

The beam emittance dilution caused by RF kick looks to be 
significant for the main linac.  For BC1 and BC2 the 
emittance dilution caused by RF kick is unacceptable andemittance dilution caused by RF kick is unacceptable and 
should be reduces.

The active part of the RF kick should be compensated by the 
linac feedback system. Further investigations are necessary.

Detailed beam dynamics simulations in the main linac, BC1 
and BC2 are in progressand BC2 are in progress.

An alternative axi-symmetrical couplers are underAn alternative axi symmetrical couplers are under 
consideration. 


