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横向极化方向

⚫ 二、CEPC Z能区纵向极化方案：
➢ 纵向极化束流对撞：

✓ 自旋旋转器：
自旋旋转器可以将极化方向从横向旋转

为纵向，经过IP之后，再将极化方向旋转
回来。

基于螺线管的自旋旋转器：
① 螺线管区域：
② 偏转磁铁区域：水平偏转角度0.015rad
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横向极化方向

Φ⊥𝜖[0,2𝜋]

Φ⊥: transverse polarization azimuthal angle

• 横向1
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• 横向2 Transverse polarization of 𝒆+/𝒆− beam 
influence the distribution on Ye axis of 
scattered electrons.
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2. Background sources need to be evaluated in the design of the polarimeter,

e.g. from physical processes resulting in beam 

particle loss in the area close to the polarimeter, such as scattering on beam-

gas molecules and on thermal photons, as well as from electron-

positron interactions at the main IP with very small transverse momentum exchange;

3. Whether the beam polarisation should be measured upstream or down-

stream of the IP, or both, should be clarified. This might depend on the background conditi

ons upstream and downstream, and on the capacity to evaluate beam-

beam depolarisation effects using simulations for reliably extrapolating the foreseen polaris

ation measurements to the IP.

CEPC IARC
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• 镜子尺寸：厘米量级
• 散射粒子和主束如果要区分成厘米量级的话，

也得是漂移几百公里；所以主束一定得通过镜
子，放在磁场前和磁场后是一样的效果；

• 唯一的补偿：我们的mirrow2是一个 可以拉伸
的装置，测量的话放进去，不测的话拉出来；

• 方案2： 激光和电子90度对撞；90度进，90度
出。 物理要改，α=180/2 = 90°；意味着截面
变小，意味着更长的取数时间。

• Layout about the mirror
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The motivation
 Essential requirement of experimental program is a stability of the collider parameters, including the beam 

energy spread of electron and positron beam[1].

 Reduce significantly a systematical error in the experiment of 𝑐 − 𝜏 lepton mass measurement[2]

influence the reliable initial-state radiation(ISR) factor and detection efficiency in hadron pair production.

 The statistics accumulation time at given collider luminosity L and mass measurement accuracy is 

proportional to the energy spread cubed[3].

𝜎𝑒𝑓𝑓 ∝
Γ

𝜎𝑤
𝜎0

Where, 𝜎𝑒𝑓𝑓 measured “effective” cross section of production of a narrow resonance with its intrinsic width being much smaller than 

the collider energy spread; Γ is the resonance width; 𝜎0 is the particle production cross section; 𝜎 is the beam energy spread

Mass measurement accuracy:

∆𝑀 ∝
𝜎𝑤

𝑁𝑒𝑣
∝

𝜎𝑤
3/2

Γ𝜎0𝐿

Therefore, 

𝐿 ∝
𝜎𝑤
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∆𝑀2𝜎0Γ

[1] Meshkov, Oleg I., et al. "Study of beam energy spread at the VEPP-4M." EPAC 2006-Contributions to the Proceedings. 2006.

[2] Kiselev, V. A., et al. "Comparison of the Methods for Beam Energy Spread Measurement at the VEPP-4M." APAC2007: 4th Asian Particle Accelerator conference. 2007.

[3] Borin, V. M., et al. "Measurement of the VEPP-4M Collider Energy Spread in the Entire Energy Range." Physics of Particles and Nuclei Letters 17.3 (2020): 332-342. 8



➢FCC-ee Polarizarion Workshop (Patrick Janot)

Requirement

 Targets set in the TLEP paper
• Precision on the Z width:100keV
• Precision on the Z mass:100keV
• Precision on the peak cross

section: 𝟏𝟎−𝟒
𝜎(𝑚𝑧) 𝜎(Γ𝑧)

𝜎(𝜎𝑧)/ 𝜎𝑧

 Relative precision of 0.2% 
required.

https://indico.cern.ch/.../2764992/attachments/1547206/2429244/EnergySpread.pdf 9



➢1. Chromatic dependence of vertical betatron oscillations 𝒗𝒚

Techniques
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在束流回旋振荡谱中，存储环的色度会导致同步带峰出现，也就是回旋频率谱上会出现多个峰。这些峰
的幅度与能散有关，可以测它们的相对幅度来得到能散。

Finite chromaticity of storage rings produces the synchrotron sideband 

peaks in frequency response of betatron motion and reduces the main 

peak height.

Nakamura, T., et al. "Chromaticity for energy spread measurement and for cure of transverse 

multi-bunch instability in the SPRING-8 storage ring." PACS2001. Proceedings of the 2001 

Particle Accelerator Conference (Cat. No. 01CH37268). Vol. 3. IEEE, 2001.

• The amplitude of the central betatron peak and the 

synchrotron satellites are:

𝑅𝑚(𝑦) =
1

𝑦2
න
0

∞

𝐽𝑚
2 (𝑥)𝑒−𝑥

2/2𝑦2

𝑥𝑑𝑥

𝑦 = (
𝑤𝛽𝛼

𝑤𝑠
+
𝑤𝑜𝐶𝑦

𝑤𝑠
)𝜎𝐸



➢ 2. Radial and longitudinal beam dimensions dependence of energy spread 

Techniques

[1]祝德充,随艳峰,岳军会,彭月梅,刘佳明,曹建社.高能光源增强器束流横向尺寸测量系统设计[J].强激光与粒子束,2021,33(04):85-89.

✓ 对HEPS Booster不同模式以及升能过程的束流状态进行观测：发射度与能散随着能量提高而降低，降至最低后，
达到平衡。

✓ VEPP-4M

• Radial and longitudinal beam dimensions 𝜎𝑥𝑧 were taken to determine current dependence of the beam 

energy spread.

𝜎𝑖
2 = 𝛽𝑖𝜀𝑖 + (η𝑖𝜎𝑤)

2

𝜀𝑖 : beam emittance
𝜎𝑤: beam energy spread
η𝑖 : 色散函数？

基于同步辐射光的束流尺寸测量方法：1. 同步光成像法； 2. 空间干涉法；3. X射线小孔成像法； 4. KB镜聚焦
成像法。采用同步光成像法，通过对束流光源点进行成像可直接观测束流状态，再对成像光斑进行高斯拟合
可得到束流水平及垂直尺寸。

➢ Principle

➢ Applications

➢ Measure beam dimensions
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➢ 3. Сompton Back-Scattering

Techniques

✓ BEPC、VEPP-4M 𝜔𝑚𝑎𝑥 ≈ 4𝑤0(
𝜀

𝑚𝑒𝑐
2
)2

• The width of the edge is mostly determined by the resolution of 

the photons detector and the energy spread in the electron beam

VEPP-4M BEPC

LASER Infrared laser with ω0 = 0.117eV Monochromatic laser with ω0 = 0.12eV

Electron beam Beam energy ε = 1842MeV at ZMEJ mode Beam energy ε = 1842MeV

HPGe Detector resolution 4 × 10−4 Energy resolution 10−3

Energy δε/ε ≤ 5×10−5 statistical accuracy δε/ε ≤ 2×10−5

energy spread δE = 1.13 ± 0.04MeV(3.5%) 6% 12

𝜎𝛾 𝜎𝑤



➢ 4. BEPCⅡ

Techniques

13[1]刘栋. 北京谱仪Ⅲ上e~+e~-→K~+K~-的研究主基于阈值效应的能散测量[D].中国科学技术大学,2019.

➢Center-of-mass energy spread 𝜎𝐸
• based on threshold truncation effect

• 𝜎𝐸 = 2𝜎𝐵

➢Beam energy spread 𝜎𝐵
• beam-constrained mass (MBC) spectra resolution. 



Techniques
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➢The center-of-mass energy spread 𝜎𝐸

𝑒+𝑒− → 𝑋

• The c.m. energy is equal to the invariant mass of the 

final states X: 𝑠 = 𝑀(𝑋)
• the reconstructed invariant mass tends be higher than 

𝑠 , due to the absence of some collisions below the 

production threshold caused by the energy spread.

• The observed invariant mass is expected to increase as 

the energy spread getting larger.

• ∆𝐸 = 𝑀 𝑋 − 𝑠

𝑒+𝑒− → ⋀𝑐
+ഥ⋀𝑐

−

✓ The distribution of 𝑀(⋀𝑐
+ഥ⋀𝑐

−) with (red) and without 

(blue) threshold truncation effect before (left) and 

after (right) detector reconstruction.

✓ The larger detector resolution, the smaller ∆𝐸

𝜎𝐸 = 2.2𝑀𝑒𝑉



Techniques
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➢The center-of-mass energy spread 𝜎𝐸

The toy MC simulation:

E = 4575MeV for different energy spread, 

the relationship between ∆𝐸 and 𝜎𝐸

𝑒+𝑒− → ⋀𝑐
+ഥ⋀𝑐

−

✓ An example of Method results

𝑀(⋀𝑐
+ഥ⋀𝑐

−) = 4575.28 ± 0.55𝑀𝑒𝑉

∆𝐸 = 𝑀(⋀𝑐
+ഥ⋀𝑐

−) − 𝑠 = 0.78𝑀𝑒𝑉

𝜎𝐸 = 2.2 ± 1.1𝑀𝑒𝑉



Techniques
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➢Beam energy spread 𝜎𝐵 𝑒+𝑒− → ⋀𝑐
+ഥ⋀𝑐

−

• The beam-constrained mass M is used to reflect the difference between data and MC simulations

• The beam energy is equal to the mass of ⋀𝑐
+ or ഥ⋀𝑐

−

M distribution fitted with signal shape obtained from pure signal 

simulation with (red dashed line) and without (blue solid line) beam 

energy spread at 4575MeV. The shapes are scaled by the number of 

events.

Scan

• Set a series of 𝜎𝐵, find the best fit result: χ2 value 

𝜎(𝜎𝐵) is the half of width of χ2 + 1
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Backup
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outline

2021-11-02日讨论：
➢ 束团尺寸/束团能散

• 卷积的话，自变量相同，如果是考虑能散，卷积cross section（u,φ）时，也得转换成σu，σφ；
• 如果是卷积cross section（x,y）时，考虑σs→对应的 σx，σy
• 单独分析𝜃𝑒 vesus 𝜀0 ：绘制 𝜃𝑒 与 ω图像，改变几组 𝜀0；
• 分析 𝑢𝜃0 vesus 𝜀0 ：绘制 𝑢𝜃0与 ω图像，改变几组 𝜀0；

➢ 对撞角度（非head-on-head）
• ∆𝛼 = mrad, 泰勒展开分析

➢ Layout
• 镜子尺寸：厘米量级
• 散射粒子和主束如果要区分成厘米量级的话，也得是漂移几百公里；所以主束一定得通过镜子，

放在磁场前和磁场后是一样的效果；
• 唯一的补偿：我们的mirrow2是一个 可以拉伸的装置，测量的话放进去，不测的话拉出来；
• 方案2： 激光和电子90度对撞；90度进，90度出。 物理要改，α=180/2 = 90°；意味着截面变小，

意味着更长的取数时间。



20

1. 来源
束流能量的精度取决于内在原因和技术因素，例如量子发射、空间电荷效应、Ｔｏｕｓｃｈｅｋ效应、同
步辐射等。

2. 意义
束流能量展宽，或称为束流能散，是束流能量的一个重要参量，表征着束流能量的集中性。对束流能散的
精确了解可以帮助减小在精确测量中的系统误差。例如，在强子对靠近阈值产生的过程中，能散会影响辐
射修正系数、探测效率等参数。对其精确了解可以帮助我们提高这些参数精度。

3. 测量方法
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[1]祝德充,随艳峰,岳军会,彭月梅,刘佳明,曹建社.高能光源增强器束流横向尺寸测量系统设计[J].强激光与粒子
束,2021,33(04):85-89.
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能散问题
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