
resistive-wall wake field for two 
beams propagating in opposite 

directions
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considerations:
- longitudinal wake field, ~Es, changes sign

at long distances it becomes decelerating 
instead of accelerating

- total effect on particle in opposite beam must be 
obtained by integrating over z instead of 
keeping z constant; contribution from short-
range wake component likely significant 
(theory of Bane and Sands)

- dipole longitudinal impedance also changes sign
- transverse electric force stays the same, but 

magnetic force inverts sign (which part  
dominates the wake?)

- Panofsky-Wenzel theorem no longer holds 
Frank Zimmermann, RLC 17.02.2006



Panofsky-Wenzel theorem for 1 beam
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no longer cancellation!

opposite sign
z integral diverges!

first, consider the classical regime of the res.-wall wake (A. Chao’s book)

to get a finite value for the
integral, need we derive & 
include short-range part?

same
long-range
wake, with
opposite
sign



single-beam short-range resistive-wall wake field 
(K. Bane & M. Sands, SLACL-PUB-95-7074)
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short range Green-function wake field (solid),
also shown oscillator component (dashes),
diffusion term (dot-dashes), and long-range 
solution (dots)

longitudinal wake field of a 
Gaussian bunch for a dc conductivity
(dashes) and ac conductivity with 
Γ=0.4; curves are for several values 
of σz/s0, if σz/s0 >5, long-range wake 
can be used
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(1) extremely short-range wake 
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to get the residues we need the expansion

( )

( ) ( )∑ ∫

∫

+

∞

∞−

−−=

==

poles cutbranch 

ikz

21

e
2
1res

2
/0,

CC

ikz

ikz

dkBBei

BedkerzF

π

π

( )
...

3
21

2/32/3 −
−

=
− azaaz

( )

[ ]12/7212/2
6/13/1

6/73/13/2

2

6/3/13/2

2

poles

6/73/13/26/3/13/2

6/73/13/26/3/13/2

23
2

23
2

23
2

res

ππ

ππ

ππ

ππ

ieizYieizY

i

eizY

i

eizY

ikz

ii

ii

ee
Y

iD

eY
e

eY
eiD

Bei

−+

−

+−=

⎥
⎦

⎤
⎢
⎣

⎡
+−=

−

−

−

∑

Frank Zimmermann, RLC 17.02.2006



( )

( ) ( )[ ]
( ) ( )[ ]

]3/32cos[
3
28

23
28

23
2

23
2

res

3/23/22
3/1

3/7

3

3/2/323/2/32
2

3/1

3/7

3

12/72/3212/2/322
6/13/1

12/72/2/3212/2/2/32
6/13/1

poles

3/23/2

3/13/23/13/2
3/23/2

3/13/23/13/23/23/2

3/13/23/13/2

π

ππ

ππ

ππ

+=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ +
=

+−=

+−=

−

−

−−+

−−+

−−−+−

−

−

−

∑

zYe
Y

X
b
qa

eee
Y

X
b
qa

eee
Y

iD

ee
Y

iD

Bei

zY

iizYiizY
zY

iizYiizYzY

iiizYiiizY

ikz

( ) ]3/3cos[
3

32res 3/23/23/13/2
3

poles

3/23/2

π+=− −−

∑ XzbebX
b
qaBei Xzbikz

contribution from the two poles

Frank Zimmermann, RLC 17.02.2006



( )

( ) ( )
( )

( )
( )

( )
0

22
28

22

1
1

1
1

2

e
2
1

0
24/34/52/32/3

2/34/44/4

3

0
24/34/52/33

2/34/54/3

0
2/34/32/34/5

cutbranch 

ikz

21

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−++

−
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+−

−
−=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−

−
−−

−=

∫

∫

∫

∫

∞

−

−

∞

−

−

∞

−

+

YeeYueu
ueeeduX

b
qa

iYeeYuiu
ueeeduiD

iYueiYue
eduiD

dkB

iii

ii
uz

ii

ii
uz

ii
uz

CC

πππ

ππ

ππ

ππ

ππ

π

π

π

π

I find 0 contribution from the branch cut

Frank Zimmermann, RLC 17.02.2006



( )

( ) ( )
⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛−=

⎥⎦
⎤

⎢⎣
⎡ +−=

−

− −
→

3
/23cos2

3
32

3
3cos

3
32

3/2

3/1
/23/1

3/1

3

3/23/23/13/2
321

3/23/1

3/23/2

ππσπσ

π

πσ

b
czeb

cb

bzXebX
b

zW

bcz

bzX

short-range 2-beam Green-function wake field in Gaussian units

conventional 1-beam long-range Green-function wake field

2/13

12)(
z

c
b

zW
σπ

−=⊥

Frank Zimmermann, RLC 17.02.2006



1-beam wake

2-beam wake

peak
30 x higher!

bunch length here is too long for the wake to be fully valid

wake generated 
by Gaussian bunch
for 
b=1.5 mm
ρ=10 µΩm
σz=7.55 cm

short-range 
resistive-wall 
wake
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remarks
• this wake could enhance the effect of long-range 

collisions
• formula is correct for CLIC bunch lengths

problems
• consistency with long-range result?
• in particular, long-range term should come from 

branch-cut integral which seems to be zero
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(2) longer-range wake 
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short-range 2-beam Green-function wake field in Gaussian units

2/13

12)(
z

c
b

zW
σπ

−=⊥

conventional 1-beam long-range Green-function wake field
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introduce new variable 2/1ku ≡ is this permitted?
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contribution from
residues
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analytical extension,
branch cut on 
negative
imaginary κ axis
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wake field

→ calculation of residues and integration over branch cuts
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we could also start from the general solution 
of the electro-magnetic fields derived by Oide
and myself in PRST-AB 044201
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