resistive-wall wake field for two
beams propagating in opposite
directions
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considerations:

- longitudinal wake field, ~E., 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
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Panofsky-Wenzel theorem for 1 beam

(g, +(rxB), )= T
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using 5, "5 vt
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first, consider the classical regime of the res.-wall wake (A. Chao’s book)

i C
b/ y>>|z|>> b with y=
4710
WL oC —(Er — CBg) this term cancels in Lorentz force
conventional cB, = 20a —
wake field: o |
WJ_
e __ same
long-range
2_beam no Ionger cancellation!  \ygke. with
wake field: / 20a opposite
cB, 172 sign
o & Vo T
Z integral diverges!
? opposite s
L r +b to get a finite value for the
WL ppre integral, need we derive &

include short-range part?



single-beam short-range resistive-wall wake field
(K. Bane & M. Sands, SLACL-PUB-95-7074)

short range Green-function wake field (solid),
also shown oscillator component (dashes),
diffusion term (dot-dashes), and long-range
solution (dots)

0.5
E bzl-ﬂ' 3/2
" e 0.0
longitudinal wake field of a
Gaussian bunch for a dc conductivity
(dashes) and ac conductivity with —0.5
I'=0.4; curves are for several values L1t 1 1 1 |
of 6,/s,, if 5,/s,>5, long-range wake —4 —2 0 2 4
can be used - s/o,




we need to find the short-range behavior of the radial electric
and azimuthal magnetic fields; return to derivation in Alex’ book
(actually this may go back to Morton, Neil and Sessler, 1966);
and solve the problem by Fourier transform

E,r(z)—[(jgjkZ e“E_(k) E, :—%r2 +%(—i?A+ Bj
Bg(z)_[og;k[ "B, (k) o B, :—ikTArz +%(iﬁ+ Bj
2-beamwake: E_+B, = —ik?Ar2 +B~B
-beamwake: £ g _ A
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coefficients A and B from field matching at chamber surface

Bane & Sands

11 B 4ga neglected this
approximation: Vu‘ >> B,; A= bg(ikb _ﬂ, _i last term
2 k kb

2 4 rolk
C

take root in upper
complex plane Chao’s long-range

approximation
keeps only this!

Frank Zimmermann, RLC 17.02.2006



(1) extremely short-range wake

k? >> 2 y) 4
b B=—ZbA=——— 10
k . ik?b | drop the last term as
above pipe cutoff b 4T Bane and Sands did
27 A

8ga : 1 2 2
= Br-x(1-i)— with X =,[Z22 ¥ =£X

b k¥2 Y (1-i) c
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poles: K =Y 2/3 21/3{

integration path

e
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—iz /6

17716

for z<0

O=+5m/4 | ¢o=—3m/4

branch cut
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F(z,r=0)/e= j%e”‘zB

v 2
=—i) res(eikZ B)— j i(e”<Z B)dk
porh a7

1 2
Z3/2 _a3/2 Sﬁ(z_a)

to get the residues we need the expansion
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~iY res(e™B)

poles
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3
poles b

contribution from the two poles
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j iﬂ(e‘sz)dk
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C,+C,
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short-range 2-beam Green-function wake field in Gaussian units

W1—>2(z) — _% X 2/3b1/362x 213y =213 COS|:ZX Z/Bb_2/3\/§ 4 %:|

23/3(270 1 c)’ T
E +§

/
_ §b23 (27;0‘)1 3b1/3ez(27m/0)1/3b2/3 COS

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

2 |c 1
WJ-(Z) :_ﬂb3 \/;‘2‘1/2
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1-beam wake

;W@ [m] wake generated
by Gaussian bunch
for
b=1.5 mm
£=10 uQm
10 o,=7.55 cm
-0.2 -0.1 0.1 0.2
z/G, -W (2) [m”]
peak
30 x higher!
short-range 2-beam wake o
resistive-wall 4x10°
wake 2x10°
-0.2 -0.1 0.1 0.2

bunch length here is too long for the wake to be fully valid 2/c,
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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

B——YpA=— 492

— - drop the first term k? << —
K h? 1 ] which seems small b*
y) b for collimator
parameters below pipe cutoff
for example:
1) b=1.5 mm, p = 10 uQm, =100 MHz
— k?b/(2)\) ~4x10" m2, 1/(A b)~0.08 m2
2) b=1.5mm, p =10 uQm, =10 GHz
— k2b/(2)) ~0.01 m=2, 1/(A b)~0.002 m-2
1/2
Bz4qa 1_ or Bz4q2a K |
b2 1+ I b k1/2 + 1+ I
TG N 1) 2bX
b,/ == (L+i)k
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branch cut T
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short-range 2-beam Green-function wake field in Gaussian units

W (Z): 2 1 VC/J 4b27z'c7/C) C i E.I: Vlzl _1
e b3 4|z 2o b 2b~ 7o/ cC

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

W, (z) =- 23 \/? %/2 longer-range 2-beam wake field is
A" Vo |z essentially equal and opposite
to the classical one (as expected

from slide 4)

there is however a difference in the calculation of the total

wake effect:
L

Wit 152 = IW (Z)dZ versus Wtot,i =W, (Z )L

Pencounte this is the wake to use for the LHC
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introduce new variable U = k2 is this permitted?

fe—imlz
poles are e = (2Y )1/6< e_igﬁ/lz
e—i57z/12
\
A
Imu
Reu

branch cut
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contribution from

residues
F=| d—“ueiuz{— Beqa X(l—i)) L
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40a _ 4gac 1 _ 8ga 1
b{ikb_/l_iJ '342”0[2i/<b2 i+sgn(x) i J b*s (Zi"bz 1+ _ij
k kb - - 52 1/2

2 52 ‘K‘l/z P P K

%

2
K= @ analytical extension,
C branch cut on
Aroh? negative
o= ——— imaginary k axis
¢ Bane & Sands

neglected
this last term
when they
derived the
wake field

— calculation of residues and integration over branch cuts
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E,(z)= [—e"E, (k)
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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

approximation: W S>> 1%

_ T lim, %0( ar (pS 1(k r)+qS (k r))]+iwp+(|2(krr)_ |0(krr))jeikz

- ;dk..mm{Kps“?{'&krwﬂz(krr)}qf;r{Ko<krr>+r<2<krr>})ﬂe.kz

o viep. (k)1 (k1)

—00



