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Impedance modeling
• 束流尾场模拟计算简介
• 麦克斯韦方程
• 洛伦兹力
• 尾场函数和阻抗基本定义
• Panofsky-Wenzel定理介绍

• 探讨1: 尾场函数和阻抗的特性

• 探讨2: 尾场函数定义的推广

• 探讨3:	Panofsky-Wenzel定理的推广
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束流尾场模拟计算简介
• 基本流程:	驱动束团通过2D或3D结构，记录束流激励产生的电磁场，进而计算尾场势	

• 以GdfidL[1]为例，束团通过9-cell	TESLA/ILC加速腔时束流尾场:	

• 一些基本观察：	
• 束流以接近光速通过结构，束流自身电磁场(self-field)紧随束流前行。	

• 3D结构为腔型结构时，结构本身有不同频率的谐振模。部分谐振模被束流激励，形成驻波式电磁场。	

• 高频电磁场不会被局部俘获，能够在波导结构中朝束流行进方向(和反方向)传输。	

• 束流以光速直线行进时，束流激励起的电磁场不会超越束流本身。

From	http://www.gdfidl.de/
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束流尾场模拟计算简介
• 使用GdfidL计算尾场势流程	

• 3D设计 ->	GdfidL	3D建模 -> 束流参数设置 -> 电磁场数值模拟 -> 后处理(计算尾场势和耦合阻抗)

Courtesy	of	T.	Ishibashi

CAD	design	of	SuperKEKB	collimator GdfidL	model	of	SuperKEKB	collimator
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束流尾场模拟计算简介
• 以水平方向尾场势为例(定义参考[2]):	

• GdfidL输入参数设置	

• 驱动束流:	-lcharge	xposition=0,	yposition=0	
• 尾场观测点:	-wakes	wxatxy=(0.5e-3,0.),	wyatxy=(0.,0.5e-3)	

• 设置不同的xposition/yposition和wxatxy/wyatxy，做多次计算，然后根据上式即可得到单极
(Monopolar) 、二极(Dipolar)、和四极(Quadrupolar)尾场势	

• 其他尾场计算程序:	ABCI(https://abci.kek.jp/),	ECHO(https://echo4d.de/),	CST	Particle	Studio

Monopolar	part Dipolar	part Quadrupolar	part

Offset	of	
driving	beam

Offset	of	
monitoring	positionRelative	position	in	moving	direction
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束流尾场模拟计算简介
• GdfidL计算实例: 简化的束流准直器
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SuperKEKB-type collimator

• Wake calculation using GdfidL and ECHO3D at BNL

- BNL (GdfidL): Driving bunch =0.5/1 mm; Mesh sizes: dx=dy=dz=0.025 mm; Use“-windowwake” method.


- DESY (ECHO3D): Driving bunch =0.5 mm; Mesh sizes: dx=dy=0.1 mm, dz=0.25 mm.


- KEK (GdfidL): Driving bunch =0.5 mm; Mesh sizes: dx=dy=0.2 mm, dz=0.1 mm (limited by available computing 
resources); Use standard “-fdtd” method.

σz

σz

σz
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Courtesy of A. Blednykh

Blue solid line: GdfidL (mesh 0.025 mm)
Red dashed line: ECHO3D (mesh 0.1/0.25 mm)
Green dashed line: GdfidL (mesh 0.2/0.1 mm)

Computing short-bunch wakes of small-collimators is a challenging task (pushing CPU resources)



麦克斯韦方程
• 加速器中研究束流动力学的三个基础[3,4]	

• 麦克斯韦方程: 描述电磁场变化规律	

• 洛伦兹力: 描述电磁场对带电离子的作用规律	

• 弗拉索夫方程: 描述束流在6D相空间中的变化规律
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Lorenz	gauge:

Hendrik	Lorentz	
(1853-1928)	
Dutch	
->	Lorentz	force

Ludvig	Lorenz	
(1829-1891)	
Danish	
->	Lorenz	gauge

Photos	from	Wikipedia



麦克斯韦方程
• 加速器中研究束流动力学的三个基础[3,4]	

• 麦克斯韦方程: 描述电磁场变化规律	

• 洛伦兹力: 描述电磁场对带电离子的作用规律	

• 弗拉索夫方程: 描述束流在6D相空间中的变化规律[5]	

• 联合方程的解耦[3,4]	

• 刚性束流(Rigid	beam)近似	

• 冲击(Impulse)近似	

• 束流动力学模拟的基本流程	
• “Drift”: 外部场(External	fields)作用下束流运动(束团内部粒子间不相互作用->单粒子动力学)	
• “Kick”: 自身场(Self-field)作用(束团内部粒子间相互作用->束流集体效应)	
• “Drift”	->	“Kick”	->	“Drift”	->	“Kick”	...
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Charge Current

注:	这两个近似在加速器物理中非常重要,	是很多
理论(特别是尾场函数和阻抗理论)的前提条件



洛伦兹力
• 笛卡尔坐标系下洛伦兹力的旋度和散度[6]	

• 从麦克斯韦方程考察洛伦兹力的特点
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Vorticity	(涡度):



尾场函数和阻抗基本定义
• 基本概念[5,7]	

• 尾场(Wake	field): 束流激励的电磁场(广义定义包含空间电荷场、辐射场和环境相互作用产生的场)	
• 通常束流接近光束前行，其激励的电磁场作用于尾随的粒子，称为尾场。但是束流非光速或沿曲折轨道前行时，尾场能作用于前行离子。	

• 尾场势(Wake	potential): 尾场对带电粒子作用力的积分效应。尾场势适用于单粒子或束团	

• 尾场函数(Wake	function): 对尾场势进行多级展开，展开式中仅与纵向位置有关的系数项	

• 阻抗(Impedance): 尾场函数的傅里叶变换	

• 经典数学表达形式[5]
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Photo	from	Wikipedia

Wake	fieldWake	potential

Wake	function
Impedance:



尾场函数和阻抗基本定义
• 广义数学表达形式[2,6]	

• 尾场函数: 单位电荷通过环境时对尾随单位电荷作用的积分效应(格林函数定义, 描述环境对束流的响应; 激励电荷
可以沿直线匀速行进，也可以沿曲线行进)	

• 尾场势：尾场函数对电荷分布的积分	

• 阻抗：尾场函数的傅里叶变换	

• 变量 的物理含义:	源粒子和测试粒子的相对位置(非常重要)𝑑 = 𝑣𝜏
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约束条件变量个数:	7变量个数:	5



尾场函数和阻抗基本定义
• 广义数学表达形式[2,6]	

• 尾场函数: 单位电荷通过环境时对尾随单位电荷作用的积分效应(格林函数定义, 描述环境对束流的响应; 激励电荷可以沿直线匀速
行进，也可以沿曲线行进)	

• 纵向尾场函数 中的负号(-)和 相关联(非简单的传统定义，参考Panofsky-Wenzel定理的讨论)	

• 横向阻抗 和尾场函数 中的和传统有关。	
• =1对应简单的傅里叶变换定义，但是Panofsky-Wenzel定理的表达形式不够简洁 

• (其中 )为通常定义[5]，Panofsky-Wenzel定理形式简洁 

• 在文献中(特别是1990年代以前的早期文献)也较常见 

• 要特别注意傅里叶变换中 的对应关系。这里为束流的绝对速度。 在质子、重离子加速器中、或低能电子加速器中会出现，
此时阻抗和尾场函数的变化必须考虑 (阅读文献时要留意)

𝑤𝑧 𝑑 = 𝑣𝜏 = 𝑧0 − 𝑧

𝑧⊥ 𝑤⊥ 𝜅

𝜅

𝜅 = 𝑖 /𝛽 𝛽 = 𝑣 /𝑐

𝜅 = 𝑖

𝑑 = 𝑣𝜏 𝑣 𝛽 < 1

𝛽 < 1
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尾场函数和阻抗基本定义
• 广义数学表达形式[2,6]	

• 广义的尾场函数和阻抗定义包含五个参数：源粒子和测试粒子的横向坐标、以及纵向相对位置。这个定义不方便使用，因此会做
各种简化。	

• 一种简化的方法是将尾场函数或阻抗对源粒子和测试粒子的横向坐标做泰勒展开(参考[2]中的讨论)。这在尾场的数值计算中非常
常见(参考“束流尾场模拟计算简介”部分的讨论)	

• 假定尾场函数和阻抗与横向粒子坐标关联性很小，则可以忽略横向坐标。从而将3D的阻抗模型简化为1D，这种处理方法在空间
电荷效应(SC)和相干同步辐射(CSR)问题中较常见	

• 另外一种处理办法是对电荷分布进行积分，计算”平均”效应。公式表达如下:

15

对源电荷的横向分布做平均	
这里假定横向分布和纵向位置无关

对测试电荷的横向分布做平均	
这里假定横向分布和纵向位置无关



尾场函数和阻抗基本定义
• 广义数学表达形式[2,6]	

• 广义的尾场函数和阻抗定义包含五个参数：源粒子和测试粒子的横向坐标、以及纵向相对位置。这个定义不方便使用，因此会做
各种简化。	

• 一种简化的方法是将尾场函数或阻抗对源粒子和测试粒子的横向坐标做泰勒展开(参考[2]中的讨论)。这在尾场的数值计算中非常
常见(参考“束流尾场模拟计算简介”部分的讨论)	

• 假定尾场函数和阻抗与横向粒子坐标关联性很小，则可以忽略横向坐标。从而将3D的阻抗模型简化为1D，这种处理方法在空间
电荷效应(SC)和相干同步辐射(CSR)问题中较常见	

• 另外一种处理办法是对电荷分布进行积分，计算”平均”效应。公式表达如下:
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对源电荷的横向分布做平均	
电荷密度可以是三维分布

对测试电荷的横向分布做平均	
电荷密度可以是三维分布



Panofsky-Wenzel定理
• 经典表述	

• Panofsky-Wenzel	(P-W)定理的经典表述假定 	(源粒子和测试粒子以相同速度沿同一直线方向运动)	

• P-W定理是麦克斯韦方程(结合两个近似假定[3,4])的直接推论。	

• P-W定理是尾场函数和阻抗理论体系的基础。

�⃑�(𝑡) = 𝑣 ⃑𝑖𝑧
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Panofsky-Wenzel定理
• Panofsky-Wenzel	(P-W)定理经典表述	

• P-W定理的经典表述假定 	(源粒子和测试粒子以相同速度沿同一方向运动)	

• P-W定理是麦克斯韦方程(结合两个近似假定[3,4])的直接推论(不需要边界条件)。	

• P-W定理是尾场函数和阻抗理论体系的基础。	

• P-W定理确定了横向和纵向尾场函数(包括阻抗)的严格关系，与所处理问题的边界条件以及介质等无关。	

• 衍生含义	
• 学习阻抗和尾场理论应以P-W定理为起点，同时注意其成立的条件	

• 做阻抗、尾场的相关研究(数值计算、理论推导)或使用相关的理论和数值结果时，须时时考察P-W定理

�⃑�(𝑡) = 𝑣 ⃑𝑖𝑧
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探讨1: 尾场函数和阻抗的特性
• 尾场函数为实函数，确定阻抗实部和虚部的关系[6]	

• 时阻抗特性 
• 因果律(Causality)-> 等价表述:

𝑣 = 𝑐
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注意:	的定义影响横向阻抗的特性	

问题:	为实数时，结果如何？

𝜿

𝜿

注1:	可以在实际问题应用这些关系做辅助计算	

注2:	这些关系不适用于包含SC和CSR的问题



探讨2: 尾场函数定义的推广
• 当粒子沿曲线运动时，尾场函数和阻抗的定义需要推广	

• 纵向尾场势表示为洛伦兹力对测试粒子的做功(更妥当)[6]	

• SC和CSR问题探讨中必须使用推广的尾场函数定义
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探讨3: Panofsky-Wenzel定理的推广
• 广义的P-W定理[3,4,6]	

• P-W定理的关键是麦克斯韦发出和洛伦兹力的特点，描述电磁场冲量的自身特性
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注:	此项能否为零,	需要具体问题具体分析

广义的P-W定理

另一个关系



探讨3: Panofsky-Wenzel定理的推广
• 广义的P-W定理[3,4,6]	

• 作为特例 

• 是排除空间电荷效应的特例
�⃑�(𝑡) = 𝑣 ⃑𝑖𝑧

�⃑�(𝑡) = 𝑐 ⃑𝑖𝑧
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非常重要的关系



探讨3: Panofsky-Wenzel定理的推广
• 广义的P-W定理[8]	

• 同步辐射(SR)和扭摆磁铁辐射(Undulator	radiation,	UR)不能用经典P-W定理	

• P-W定理的自然推广是源粒子 为任意函数。如何确定冲量矢量的三个分量之间的关系是关键	

• 问题: 刚性束流近似如何沿用或推广？这个问题比较复杂。可以假定 不是空间坐标的函数(即空间内任意位置的电荷运动速度相
同)	

• 以CSR问题为例，可以选择Frenet-Serret坐标系。此时测试粒子的速度为空间位置的函数

�⃑�(𝑡)

�⃑�(𝑡)
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Impedance effects (mainly in e+e- circular colliders)

• Longitudinal single-bunch effects

- Potential-well distortion and synchrotron-tune shift/spread

- Microwave instability


• Longitudinal multi-bunch effects

- Stationary distribution

- Longitudinal coupled-bunch instability


• Transverse single-bunch effects

- Beam tilt (=transverse potential-well distortion)

- Betatron-tune shift/spread

- Transverse mode-coupling instability (TMCI)


• Transverse multi-bunch effects

- Transverse coupled-bunch instability


• Interplay between impedance effects and others (beam-beam, lattice, feed-back, etc.)

- Wanted: Damping

- Unwanted: Emittance blowup and instabilities
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Potential-well bunch lengthening

• Discrepancy between impedance calculations and beam-based measurements

- For several decades, theories and numerical tools for impedance calculations have been “well established”.

- Techniques for experimental observations of impedance effects have also matured in parallel.

- However, discrepancies remain in each accelerator project, to varying degrees [1].

25[1] V. Smaluk, NIMA 888, 22 (2018). [2] B. W. Zotter, CERN-SPS-81-14-DI (1981).

x3 − x −
cIb

κηω0σz0σ2
δ0(E/e)

Im(
Z∥

n )
m=1

eff

= 0

Zotter’s equation [2]:

We must be cautious:
The model can be a source of discrepancies 
if its assumptions are violated.

https://www.sciencedirect.com/science/article/pii/S0168900218300640
https://cds.cern.ch/record/129783/files/198107013.pdf


Potential-well bunch lengthening

• rms bunch length 


-  is sensitive to imaginary part of impedance

- If real part of impedance is large, it also contributes to bunch lengthening

σz

σz
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σ2
z = ∫

∞

−∞
(z − zc)2λ0(z)dz = ∫

∞

−∞
z2λ0(z)dz − z2

c

x2 − 1 −
cI

2πσz0
Zeff

∥ (x) = 0

Zeff
∥ =

2π
c ∫

∞

−∞
dz(z − zc)λ0(z)𝕎∥(z)

1) Exact prediction by Haissinski equation
2) A generalized version of Zotter’s equation

“Effective impedance” for bunch lengthening:

Zeff
∥ = − ∫

∞

−∞
dkZ∥(k)λ̃0(k)[i

d
dk

λ̃*0 (k) + zcλ̃*0 (k)]

dλ0(z)
dz

+ [ z
σ2

z0
−

1
ησ2

δ
F0(z)] λ0(z) = 0

Trick: Multiply by  and then integrate this equation over z z

Stretching force average over charge density
Both real and imaginary parts of impedance contribute 
to bunch lengthening if the bunch is deformed

Definition:

→

𝕎∥(z) = ∫
∞

−∞
W∥(z − z′ )λ0(z′ )dz′ Wake potential:

I =
Ibσz0

cησ2
δ0(E/e)

Normalized current:

x = σz/σz0

λ0(z) = Ae
− z2

2σ2
z0

− I
σz0

∫∞
z dz′ ∫∞

−∞ W∥(z′ −z′ ′ )λ0(z′ ′ )dz′ ′ 

I =
Ibσz0

cησ2
δ0(E/e)

Haissinski 
equation:



Example 1: SuperKEKB LER

27

Haissinski distribution Effective impedance

xZeff
∥ (x) = Constant

T. Ishibashi et al., ICFA Newsletter #85, 2023

x2 − 1 −
cI

2πσz0
Zeff

∥ (x) = 0 x3 − x −
cIb

κηω0σz0σ2
δ0(E/e)

Im(
Z∥

n )
m=1

eff

= 0



• Inverse problem of Haissinski equation [1]
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Wake potential with different bunch 
profiles

Real part of impedance extracted from 
Haissinski solutions

Imaginary part of impedance extracted 
from Haissinski solutions

Example 1: SuperKEKB LER

λ0(z) = Ae
− z2

2σ2
z0

− I
σz0

∫∞
z dz′ ∫∞

−∞ W∥(z′ −z′ ′ )λ0(z′ ′ )dz′ ′ 

Z∥(k) =
σz0

Ic2λ̃0(k) ∫
∞

−∞ [ d ln λ0(z)
dz

+
z

σ2
z0 ] e−ikzdz .

[1] A. Chao, “Lectures on Accelerator Physics”, World Scientific, 2020.

L. Carver et al., PRAB 26, 044402 (2023).



Example 2: SuperKEKB HER
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Haissinski distribution Effective impedance

xZeff
∥ (x) = Constant

T. Ishibashi et al., ICFA Newsletter #85, 2023

x2 − 1 −
cI

2πσz0
Zeff

∥ (x) = 0 x3 − x −
cIb

κηω0σz0σ2
δ0(E/e)

Im(
Z∥

n )
m=1

eff

= 0



Example 3: SLC damping ring with original vacuum chamber [1]

30[1] R. Warnock and K. Bane, Phys. Rev. Accel. Beams 21, 124401 (2018).

SLC is a special case:
* With original vacuum chamber, 
inductive character is dominant.
* Zotter’s equation does not apply 
because of large resistive impedance

Haissinski distribution Effective impedance

xZeff
∥ (x) = Constant

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.124401


Example 4: SLC damping ring with improved vacuum chamber [1]

31[1] R. Warnock and K. Bane, Phys. Rev. Accel. Beams 21, 124401 (2018).

Haissinski distribution Effective impedance

xZeff
∥ (x) = Constant

SLC is a special case:
* With improved vacuum chamber, 
resistive character is dominant.
* Zotter’s equation does not apply 
because of relative large resistive 
impedance

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.124401


A global picture

32

Vlasov-Fokker-Planck equation

“Quadratic” equation

Cubic equation 
(Zotter)

Haissinski equation

Zc equation

Zm equation

Subset diagram

VFP equation:
∂ψ
∂s

+
dz
ds

∂ψ
∂z

+
dδ
ds

∂ψ
∂δ

=
2

ctd

∂
∂δ [δψ + σ2

δ0
∂ψ
∂δ ] Haissinski equation: λ0(z) = Ae

− z2

2σ2
z0

− I
σz0

∫∞
z dz′ 𝕎∥(z′ )

“Quadratic” equation: x2 − 1 −
cI

2πσz0
Zeff

∥ (x) = 0 Zotter’s equation: x3 − x +
cIb

κηω0σz0σ2
δ0(E/e)

Im(
Z∥

n )
m=1

eff

= 0

Zc equation: zc(I) = Iσz0κ∥

Zm equation: zm = Iσz0𝕎∥(zm)



Longitudinal pseudo-Green’s function impedance model for SuperKEKB LER and HER

• Long. wakes for SuperKEKB [1]

- T. Abe, T. Ishibashi, M. Tobiyama, and others 

calculated the wakes with 0.5 mm Gaussian 
bunch. I collected wake data for MWI 
simulations using VFP solver.


- Most of the wake calculations were done 
using GdfidL.


- Compare with KEKB: Most of LER chambers 
were new; most of HER chambers were 
reused.

[1] D. Zhou, Impedance Issues in SuperKEKB, Talk presented at the 19th KEKB Accelerator Review Committee, KEK, Mar. 3, 2014. 33

https://research.kek.jp/people/dmzhou/BeamPhysics/ImpedanceBudget/Impedance_Issues_SuperKEKB_MAC_2014.pdf


Longitudinal pseudo-Green’s function impedance model for SuperKEKB LER and HER

• MWI simulations for SuperKEKB [1]

- MWI simulations were done with design 

configurations.

- For LER, CSR is important in defining the MWI 

threshold.

- For HER, CSR effect is negligible.

[1] D. Zhou et al., Impedance calculation and simulation of microwave instability for the main rings of SuperKEKB, in Proceedings of IPAC'14, Dresden, Germany. 34

MWI/microbunching driven by impedance at high 
frequencies  (CSR, SC, RW) is a rich 
topic at both storage rings and FELs.

k ≫ 1/σz0

https://research.kek.jp/people/dmzhou/BeamPhysics/ImpedanceBudget/Impedance_Zhou_IPAC14.pdf


• Scan LER  (with LER  and HER  fixed as the values of the parameter table of 2021.12.21)

- Coupling impedances included


- Weak horizontal blowup when 

νx νy νx,y

0.5 + νs < [νx] < 0.5 + 1.5νs

Interplay of beam-beam and impedance effects at SuperKEKB
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Electron σ*y

Positron σ*y

Electron σ*x

Positron σ*x

X-Z instability is sensitive to .νx



• BBSS simulations: Scan LER  with bunch currents varied (with LER  and HER  fixed as the 
values of the parameter table of 2021.12.21, BB+Wxy+Wz)

νy νx νx,y

36

* The interplay of BB+Wx,y+Wz causes instability, 
consistent with Y. Zhang and K. Ohmi’s findings. 
* This instability has a threshold that is -dependent.νy

Electron σ*x

Positron σ*x

Electron σ*y

Positron σ*y

Interplay of beam-beam and impedance effects at SuperKEKB



• Beam-beam simulations for post-LS1 operation (1E35 luminosity). Factors affecting luminosity:

- (1) Bunch lengthening and synchrotron tune spread caused by longitudinal impedance  Unavoidable


- (2) Beam-beam-driven fifth-order betatron resonances   Cured by crab waist


- (3) Vertical TMCI-like instability driven by the interplay of beam-beam and vertical impedance [1]


- (4) Dynamic beta and dynamic emittance caused by linear transverse beam-beam force ( , )


- (5) Crab waist (CW) suppresses the fifth-order beam-beam resonances

→
νx ± 4νy + α = N →

β*y ↘ ϵy ↗

37

 mA
 mA

Ib+ = 0.89
Ib− = 0.63

(1)&(4)

(2)&(5) (1)&(3)&(4)
(2)&(5)

[1] Y. Zhang et al., PRAB 26, 064401 (2023)

post-LS1 1E35 Comments
HER LER

Ibunch (mA) 0.63 0.89
# bunch 2345 2022a operation value
εx (nm) 4.6 4.0 w/o IBS
εy (pm) 30 30 Single-beam emittance
βx (mm) 60 60 Lattice design value
βy (mm) 0.8 0.8 Lattice design value
σz0 (mm) 5.1 4.6 Natural bunch length (w/o MWI)

νx 45.532 44.524 2022a operation value

νy 43.574 46.589 2022a operation value

νs 0.0272 0.0222 Calculated from lattice

𝛕x,y (ms) 58.0 53.1 Transverse damping time (w/ NLC)

𝛕z (ms) 29.0 26.6 Longitudinal damping time

Crab waist 80% 80% Lattice design

Interplay of beam-beam and impedance effects at SuperKEKB



• Beam-beam simulations for post-LS1 operation (2.4E35 luminosity). Factors affecting luminosity:

- (1) Bunch lengthening and synchrotron tune spread caused by longitudinal impedance  Unavoidable


- (2) Beam-beam-driven fifth-order betatron resonances   Cured by crab waist


- (3) Vertical TMCI-like instability driven by the interplay of beam-beam and vertical impedance [1]


- (4) Dynamic beta and dynamic emittance caused by linear transverse beam-beam force ( , )


- (5) Crab waist (CW) suppresses the fifth-order beam-beam resonances

→
νx ± 4νy + α = N →

β*y ↘ ϵy ↗
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 mA
 mA

Ib+ = 1.17
Ib− = 0.938

(1)&(4)

(2)&(5)

(1)&(3)&(4)
(2)&(5)

[1] Y. Zhang et al., PRAB 26, 064401 (2023)

post-LS1 2.4E35 Comments
HER LER

Ibunch (mA) 0.938 1.17
# bunch 2345 2022a operation value
εx (nm) 4.6 4.0 w/o IBS
εy (pm) 21 21 Single-beam emittance
βx (mm) 60 60 Lattice design value
βy (mm) 0.6 0.6 Lattice design value
σz0 (mm) 5.1 4.6 Natural bunch length (w/o MWI)

νx 45.532 44.524 2022a operation value

νy 43.574 46.589 2022a operation value

νs 0.0272 0.0222 Calculated from lattice

𝛕x,y (ms) 58.0 53.1 Transverse damping time (w/ NLC)

𝛕z (ms) 29.0 26.6 Longitudinal damping time

Crab waist 80% 80% Lattice design

Interplay of beam-beam and impedance effects at SuperKEKB



• From the luminosity viewpoint, we list some important issues [1]:

- Issue 1: Limits on bunch currents

- Issue 2: Multi-bunch effects

- Issue 3: Optics distortion at high beam currents

- Issue 4: Impedance effects

- Issue 5: Lsp injection correlation

39

L ≈
NbN+N− f

2π σ*2
y+ + σ*2

y− σ2
z+ + σ2

z− tan θc

2

e
− Δ2

2(σ*2y+ + σ*2y−)

#1,2,3,4,5
#5

#1,2,3,4,5

#2,5

#4 BB, CW, …

[1] D. Zhou et al., PRAB 26, 071001 (2023).

SuperKEKB (Final design)

SuperKEKB (2021c)

Interplay of beam-beam and impedance effects at SuperKEKB

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.26.071001


Summary

• An introduction to fundamental formulations of impedance and wakes, and impedance modeling 
for components in accelerators.


• An introduction to impedance effects in electron storage rings, with practical examples of 
SuperKEKB.
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