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pipes with (loss free) surface impedance

M. Timm, S. Nokhatski and T. Weiland
pipes with surface roughness — dielectric layer model
pipes with thin dielectric surface layer

G. Stupakov and K. Bane
pipes with small corrugations

Surface impedance formalism for a metallic beam pipe with small corrugations
PhysRevSTAB 15, 124401 (2012)
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Wake Fields of Short
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boundary condition Zb(a)): — ! radius of pipe I,

G. Stupakov and K. Bane
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phase- and groop velocity
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W:% normalized frequency
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X = normalized surface parameter
iy
1
B, (W, x)=
1
\/1+ Z(X —2j
W

e
ﬂg_ﬁp(l B, aa)j C(1+2%)8,

required surface parameter (resonance condition)

(W)= 2| =
w2 B w” oy -1




simplified wake

start of corrugation

2iccoslk,8,2) (B, /B, -1)Z <2<0
W(Z,z)=1x z=0

0 otherwise

Kk loss-parameter (energy loss per length) K=

Z (upper case) = beamline coordinate
Z (lower case) = bunch coordinate



comparison with FEL

pipe with surface impedance

wave behind bunch

2Kcos(koﬂpz) (,Bg /B, —I)Z <2<0
W(Z,2)=1{x 2=0

0 otherwise

oz = ! [Aq longitudinal dispersion
Y

undulator

wave before bunch

2/ccos(kphﬁzz) 0<z< (,5’2'1 —I)Z
W(Z,z)=1x 2=0

0 otherwise
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derivation of FEL gain using wakefield approach

Derivation of FEL gain using wakefield approach
G. Stupakov and S. Krinsky, PAC 2003

longitudinal charge density /I(Z, Z) = f (Z, Z,}/)d;/

instantaneous longitudinal wake Ell(Z’ z) =[W (Z,u)ﬂ,(Z, Z— u)du

trick: use wake with retarded source distribution

E(Z,2)= | W(Z.u)A Z—CVZL\; ,z—u|du

Z

— power gain length, etc



using pipe with corrugated walls for FEL

Using pipe with corrugated walls for a sub-terahertz FEL
G. Stupakov, SLAC-PUB-16171, December 2014

power gain length (cold beam, on resonance)
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Using pipe with corrugated walls for a sub-terahertz FEL
G. Stupakov, SLAC-PUB-16171, December 2014

IV. NUMERICAL EXAMPLE

TABLE I. Corrugation and beam parameters

Pipe radius, mm
Depth h, pm
Period p, pm
Gap g, pm ?
Bunch charge, nC

Energy, MeV

Bunch length, ps

50

40

2

10

1 =100 A
f = 0.34 THz
1- 4, =0.0052
1- 3, =0.053

gain length

saturation power

slip condition

note:

argument of modified Bessel function

Lg ~7cm

P

sat

~ 6.7 MW

_u

V,=V|=4, > 4,~0.88mm

Vp
A, =1.8cm
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space charge effects (plasma oscillations)

period length of plasma oscillation with Z'(a)): 12, Fl %
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with parameters of example and o, ~0.44 mm

(for <ﬂTWiss>z2m and 78z1|.,lm)

—>Sp ~2.6m

saturation length L /L, ~10---20

but 0.25S, /L, ~10






accurate
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