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MotivationMotivation

For a given accelerating gradient For a given accelerating gradient (Ε0) and and 
group velocity, the product  group velocity, the product  PP × ωω2 2 ≅ const.

ExplicitlyExplicitly:   P∝ (Ε0 λ)2/Vgr

We  reduce the power by a factor of 16 if the We  reduce the power by a factor of 16 if the 
frequency is increased by a factor of 4 !!frequency is increased by a factor of 4 !!



Definition of the ModelDefinition of the Model

RF  (TMRF  (TM0101):):

EEzz(r,z,t(r,z,t)=E)=E00II00((ΓΓr) r) cos(cos(ωωtt--kzkz--ψψ))
EErr(r,z,t(r,z,t)=)=--γγphphEE00II11((ΓΓr) r) sin(sin(ωωtt--kzkz--ψψ))
HHφφ(r,z,t(r,z,t)=)=--γγphphββphph(E(E00/ / ηη00)I)I11((ΓΓr) sin(...)r) sin(...)

DCDC (beam):(beam):
EErr(r(r<<RRbb)= )= -- (en(en00/2/2εε00)r)r

ηη00HHφφ(r<(r<RRbb)= )= -- (v/c(v/c22)(en)(en00/2/2εε00)r)r
Guiding FieldGuiding Field -- BB00



Particles’  DynamicsParticles’  Dynamics

AzimuthalAzimuthal motion:motion:
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Particles’  DynamicsParticles’  Dynamics

Radial motion:Radial motion:
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Particles’  DynamicsParticles’  Dynamics

Longitudinal motion:Longitudinal motion:

( ) ( )

[ ]ψω

µβγ φ

−−Γ−≈

−≈

+−=

)(cos)(00

0,

tzktrIE
mc
e

E
mc
e

HVE
mc
e

dt
d

ii

z

rzizi



Field  DynamicsField  Dynamics

PoyntingPoynting theorem: theorem: 

Interaction impedance:Interaction impedance:

Neglect contribution of the radial motion to Neglect contribution of the radial motion to 
energy exchangeenergy exchange
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Field  DynamicsField  Dynamics

Amplitude equation: Amplitude equation: 

Phase equation:Phase equation:
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Comparison of 35GHz & 8.75GHzComparison of 35GHz & 8.75GHz

1D motion1D motion

Identical beams (500kV, 200A, 3mm radius)Identical beams (500kV, 200A, 3mm radius)

Energy conservation Energy conservation ⇒⇒ same input (20kW)same input (20kW)

At  the  input At  the  input 

Same gain:Same gain:

Phase advance per cell  120Phase advance per cell  12000
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Comparison of 35GHz & 8.75GHzComparison of 35GHz & 8.75GHz

Parameters:Parameters:

At this stage it is assumed that if the phase At this stage it is assumed that if the phase 
velocity  varies, the change in the velocity  varies, the change in the 
interaction impedance is negligible.interaction impedance is negligible.
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Comparison of 35GHz & 8.75GHzComparison of 35GHz & 8.75GHz

GrowthGrowth--rate at 35GHz sensitive to beam quality.  rate at 35GHz sensitive to beam quality.  

Not critical !!Not critical !!
In practice, In practice, 
energy spread energy spread 
of 1% is of 1% is 
achievable.achievable.



Comparison of 35GHz & 8.75GHzComparison of 35GHz & 8.75GHz

Energy spread at the output as a function of the Energy spread at the output as a function of the 
energy spread at the input for the same energy spread at the input for the same 
parameters.parameters.

Note the dramatic Note the dramatic 
effect of high effect of high 
interaction interaction 
impedance.impedance.



Guiding Field EffectGuiding Field Effect

Energy spread at the Energy spread at the 
input  1% .input  1% .

Tapered structure:Tapered structure:

Simulation terminates Simulation terminates 
if:  particles hit the if:  particles hit the 
wall or are reflected.wall or are reflected.
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BeamBeam--Quality EffectQuality Effect

RRintint=6mm=6mm

B=0.5TB=0.5T



BeamBeam--Quality EffectQuality Effect

RRintint=6mm=6mm

B=0.5TB=0.5T



Varying Interaction ImpedanceVarying Interaction Impedance

The dependence of the interaction impedance The dependence of the interaction impedance 
on the phase velocity was calculated on the phase velocity was calculated 
analytically at 35GHz:analytically at 35GHz:
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HighHigh--Efficiency InteractionEfficiency Interaction

Varying interaction Varying interaction 
impedanceimpedance

Three tapering criteriaThree tapering criteria

For a good density For a good density 
modulated beam 65% modulated beam 65% 
efficiency is achievableefficiency is achievable

40

50

60

70

0 30 60 90 120 150 180
Ef

fic
ie

nc
y 

(%
)

∆χ

β = < β >
ph

1/β =  < 1/β >ph

f = 35Ghz
I = 200A
V = 0.5MV
B = 0.5T
R

int
 = 6mm

R
beam

 = 2mm
N

part
 = 5120



High Order Mode SuppressionHigh Order Mode Suppression

Preserving a high internal radius (>6mm) we Preserving a high internal radius (>6mm) we 
solved one problem but we generated another: solved one problem but we generated another: 
high order modes. high order modes. 

Solution open structureSolution open structure



SummarySummary

For less than 5%  energy spread at the For less than 5%  energy spread at the 
input, a  KA system should operate as Xinput, a  KA system should operate as X--
band one.band one.

B=0.5T should suffice to confine a 3mm B=0.5T should suffice to confine a 3mm 
radius beam which produces radiation with radius beam which produces radiation with 
30% efficiency in a 6mm internal radius.30% efficiency in a 6mm internal radius.

Allowing  the interaction impedance to vary Allowing  the interaction impedance to vary 
in space facilitates increase of efficiency in space facilitates increase of efficiency 
of up to  65%  (of up to  65%  (RRbb=2mm).=2mm).
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