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Resistive-wall wake
Wake functions (round pipe, ultra-relativistic case β=1)
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L: pipe length    b: pipe radius    σc: electric conductivity
Z0: vacuum impedance (376.73 Ω)     z: distance from bunch
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• Transverse wake(dipole mode)

• Longitudinal wake(monopole mode)
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smaller b & longer z
→ Transverse wake effect > Longitudinal wake effect



Transverse kick of resistive-wall wake

N: Number of electrons per bunch   E: Beam energy

∆θy = −
e2N

E
W⊥ ⋅ y =

e2N

E
⋅

cL

πb3z1/ 2

Z0

πσ c

⋅ y

• Kick angle due to resistive-wall wake per bunch

• Kick angle by the preceding bunch (ERL prototype)

    eN=77pC, E=200MeV, z=0.23m, σc(Al)=3.5x107 Ω-1m-1

     → ∆θy[rad] =1.42 ×10−13 ⋅
y[µm]L[m]

b[cm]3

• Angular divergence of the bunch (ERL prototype)

    βy=10m, εy=0.26-2.6 nm·rad (εn,y=0.1-1.0 mm·mrad)

     → σ y'[rad] = 5 −16( ) ×10−6 >> ∆θy( )
But number of bunches M → L !!



Equation of motion

τB: bunch separation in unit of seconds  ky: external focusing
s: position of resistive-wall pipe, s=0 at the entrance

yM
′′(s) + ky

2yM (s) = S(M − N)yN (s)
N= 0

M −1

∑

Equation of motion for an particle in the M-th bunch
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M
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( J. M. Wang and J. Wu, PRST-AB 7, 034402(2004) )

Asymptotic solution for M → L (M ~ t/τB)

IB =
eN

τ B

, IA =
4πε0mc 3γ

e
, δskin =
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Asymptotic solution (1)

(1) Only the first bunch (M=0) has offset (Initial bunch offset)
      → y0(0)≡y00M0, yM(0) ≡yM0=0 (MM0), yM′(0) ≡yM0′=0 (∀M)
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(B) Strong focusing case
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Asymptotic solution (2)

(2) All the bunches have the same offset (Injection error)
      → yM(0) ≡yM0=y00M0 (∀M), yM′(0) ≡yM0′=0 (∀M)
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(A) No focusing case
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(B) Strong focusing case
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Results of NF case (1)

Growth Time of No Focusing(NF) Case

ERL Prototype: E=200MeV, eN=77pC, 1/τB=1.3GHz
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Results of NF case (2)

Time Dependence of yM/y00 or yM/yM0 (Amplification Factor)

Initial bunch offset (y00M0) Injection error (yM0M0)
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yM/y00 ∝ t-9/10 exp[(t/tNF)1/5] yM/yM0 ∝ t-1/10 exp[(t/tNF)1/5]



Results of NF case (3)

Amplification Factor yM/yM0 (yM/y00) after 12 hrs
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Effect of Electric Conductivity

σSS = 1.4×106 [Ω-1m-1],  σAl = 3.5×107 [Ω-1m-1]
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Results of SF case (1)

Growth Time of Strong Focusing(SF) Case
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Results of SF case (2)

Time Dependence of yM/ yM0 
(Injection Error : yM0M0)

b=1cm, L=50m b=0.5cm, L=10m
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Results of SF case (3)
Amplification Factor yM/yM0 after 12 hrs

(Injection Error : yM0M0)
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Parameters for ERL Projects

Strong Focusing Case(ky=3 m-1)

2×1011(0.072)6×109(0.0017)14(7×10-13)   yM/yM0(yM/y00)

1.832.77560   Growth time tSF[sec]

6×1081(4×1069)2×10111(2×1099)4×1061(2×1049)   yM/yM0(yM/y00)

1.7×10-73.7×10-86.8×10-7   Growth time tNF[sec]

No Focusing Case(ky=0 m-1)

121212Injection time[hrs]

5.9×1075.9×1073.5×107Conductivity[Ω−1m−1]

0.30.31.18Pipe radius[cm]

1443801253Pipe Length[m]

1507777Bunch charge[pC]

1.31.31.3RF frequency[GHz]

355Energy [GeV]

BNL-ERL(ID)KERL(ID)KERL
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