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➢ Calibration of beam energy

➢ Properties of scattered photons

➢ Synchrotron radiation



➢ Method: Compton back-scattering combining a bending magnet

Electron beam Nd:YAG Laser system

Energy (GeV) 120 λ(nm) 532

𝑁𝑒 15× 1010 Energy(J) 0.1

Collision angle 𝛼 ~ 2.35 mrad

Compton scattering cross section 202 mb

𝑋𝑏𝑒𝑎𝑚

𝑋𝑒𝑑𝑔𝑒

𝑋𝛾

• The technique is “non-destructive”: ~106 Compton 

scattered particles in one collision.

• Compton back-scattering method used in BEPC 

by measuring the energy of scattered photons 

with accuracy is 2 × 105.

https://doi.org/10.1016/j.nima.2011.08.050

Method of energy calibration
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https://doi.org/10.1016/j.nima.2011.08.050


𝑋𝛾 𝑋𝑏𝑒𝑎𝑚 𝑋𝑒𝑑𝑔𝑒

• Beam energy can be 

calibrated by:

₋ Position of the main electron 

beam particles(𝑋𝑏𝑒𝑎𝑚).

₋ Position of scattered photons(𝑋𝛾). 

₋ Position of the scattered electrons 

with the least energy(𝑋𝑒𝑑𝑔𝑒).

𝐸𝑏𝑒𝑎𝑚 =
(𝑚𝑒𝑐

2)2

4𝑤0

𝑋𝑒𝑑𝑔𝑒 − 𝑋𝑏𝑒𝑎𝑚

𝑋𝑏𝑒𝑎𝑚 − 𝑋𝛾

arXiv:1803.09595, 2018.

Spatial distribution of scattered particles
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Detector

Compton photons

Synchrotron radiation background

电子主束

Bending magnet

B 0.5 T

length 3 m



Theory

• For a horizontally accelerated electron, per solid angle 

𝑑𝛺 = 𝑠𝑖𝑛𝜗𝑑𝜗𝑑𝜑

𝜗 is polar angle; 

𝜑 is azimuth angle

Acceleration direction

velocity direction
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SR properties
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• Bending radius

Magnet parameter: B = 0.5 T, length = 3 m;

CEPC Higgs mode: 𝐸𝑏𝑒𝑎𝑚 = 120 𝐺𝑒𝑉
1

𝜌
𝑚 = 0.2998

0.5

120
= 0.0012

𝜌 = 800.5337𝑚

1. Critical energy

发射的光子的特征能量 𝐸𝑐与特征波长 𝜆𝑐 是：

𝐸𝑐 = ℏ
3

2

𝑐𝛾3

𝑅
= 4.7948 𝑀𝑒𝑉

连续光谱的特征波长是：

𝜆𝑐 =
4𝜋

3
𝜌𝛾−3 = 2.5876𝑒-13m



Theory

当一个带电粒子在一个弯转磁铁中作圆周运动时， 若在圆形轨道外一个固定点上观察，可以接受到电子
轨道上的一小段圆弧上来的同步辐射，这一小段辐射脉冲可以表示同步辐射的频谱。

同步辐射的完全谱分布：
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Theory

将谱的角功率分布对Ω进行积分，得到同步辐射的谱分布 :
将谱的角功率分布对频率积分,得到:
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Properties of scattered photons
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20𝜇rad

1/γ = 4.2583e-06
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Properties of scattered photons

Figure. The computed spatial photons of Compton gamma-ray photons by a head-on a circularly polarized 532 nm 

laser with an 120 GeV electron beam.
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Compton photons

➢ Samples

𝑋𝛾 = 𝐿1𝜃𝛾𝑐𝑜𝑠𝜑

𝑌𝛾 = 𝐿1𝜃𝛾𝑠𝑖𝑛𝜑

➢ Fit function

𝑑𝜎0
𝑑𝑋𝛾𝑑𝑌𝛾

= 𝐽𝑎𝑐𝑜𝑏𝑖𝑎𝑛 ∙
𝑑𝜎0
𝑑𝑢𝑑𝜑

𝑋𝛾 = X − 𝑋0

𝑌𝛾 = Y − 𝑌0

拟合参数

➢ Fit results

14



同

步

辐

射

计

算

15



Synchrotron radiation background

Nph =  3.3416e+13 [光子数/(秒·毫弧度·安培·GeV)]
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回旋频率： 𝑓𝑒𝑞 = 3000

束团数目： N = 242

单发束团一次的SR flux: Nph = 4.6028e+07 [光子数/(秒·毫弧度·安培·GeV)]

Synchrotron radiation background

Detector acceptance angle = 2/γ = 0.0085 mrad

Nph = 391238
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Synchrotron radiation flux
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