
TANG Guangyi

On behalf of CEPC Energy Calibration Group

June 22, 2018



 IHEP: 
 LOU Xinchou, 

 HUANG Yongsheng,

 RUAN Manqi, 

 ZHANG Jianyong,

 AN Guangpeng, 

 TANG Guangyi, 

 XIN shuiting,

 DING Yadong,

 ...

 BNU: 
 ZHANG Chunlei, 

 JIANG Wenli.

 CWNU(西华师范): 
 LAN Xiaofei.

 ...

2

 Thank Muchnoi for his helpful discussion.



To show the feasibility of Compton scattering 
method.

 Introduction
 Common method

 Experience @BEPCII

 Compton scattering method
 Scattering with infrared laser, measure scattered photon 

energy.

 Scattering with micro-wave, measure scattered photon 
energy.

 Scattering with infrared laser, measure bending angle.

 summary
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 Higgs Mass from Recoil Mass method
 If we require 𝛿𝑀𝑟𝑒𝑐𝑜𝑖𝑙 < 1MeV,

than,𝛿𝐸𝐵 < 0.25~1.35MeV.

 𝜎 𝑍𝐻 measurement
 Find Left/Right Shift with 0.5% 

𝜎 𝑍𝐻b =200.5fb@240GeV

200.5f×(1±0.5%)~@240±0.5GeV

than,𝛿𝐸𝑐𝑚 < 500MeV.

 No significant impact on other

Higgs programs
 Event/Background selection efficiency.

 Branching ratio (Br(H->bb)) requires 𝛿𝑚𝐻<130MeV.

 WW threshold & Z pole: 

at least 𝛿𝐸𝐵<1MeV ~ LEP precision 2 × 10−5

 Try to do it better, 𝛿𝐸𝐵<100keV 4



 𝜇𝜇𝛾 events
 Uncertainty ~ 40-50MeV (CM energy, by Qinglei)

 Resonant depolarization technique (@Z-pole, LEP)
 Uncertainty ~ 2 × 10−5 (relative, beam energy)

 Compton scattering method. (beam energy)

 Others: 
 𝐽/𝜓 production with

extra beams. (beam energy)

 …
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 𝜇𝜇𝛾 events (by Qinglei)
 Uncertainty ~ 40-50MeV 

(CM energy)

 Resonant depolarization 
technique (@Z-pole, LEP)
 Uncertainty ~ 2 × 10−5

(relative, beam energy)

 CEPC: @Z-pole√, but @ZH?
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Patrick Janot, lecture gave in the 

2014 Frascati Spring school



 Compton scattering method. (beam energy)
 𝐸𝑏𝑒𝑎𝑚~𝑓(𝛼, 𝜔, 𝜔′); 

 𝛼: crossing angle; 𝜔: laser photon energy; 𝜔′: maximum 
energy of outgoing photon.

 Or, 𝐸𝑏𝑒𝑎𝑚 =
𝑚𝑐2 2

4𝜔

∆𝜃

𝜃0
;

 Experiences @BEPCII. 
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𝜃0
Δ𝜃



 Compton Back-scattering: 

 𝐸𝑏𝑒𝑎𝑚 =
𝜔′

2
1 +

𝑚𝑒
2

𝜔 𝜔′

 Hardware: locate at north IP of BEPCII
 𝐶𝑂2 Laser (𝜔=0.117eV, 50W) and optical system.

 High purity germanium detector: 16384 channels.

 Pulse generator and isotopes (Cs, Co, …).

 Data acquisition system.

 Side-by-side measurement.
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 Compton Back-scattering: 

 𝐸𝑏𝑒𝑎𝑚 =
𝜔′

2
1 +

𝑚𝑒
2

𝜔 𝜔′

 Calibration with isotopes and 

pulse generator.

 Fit of maximum photon energy 

(Compton edge).

 Performance studied by

comparison of 𝜓(2𝑆)
 relative uncertainty~2 × 10−5
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 If we do the same work @CEPC
 120GeV(beam) + 0.11eV(CO2 laser)→20GeV (maximum 

scattering photon energy). Too large to be measured precisely.

 Change crossing angle,

𝛼 ∈ 3.06, 3.13 rad.

 Or, change the laser 

frequency 𝜈~20GHz,

and crossing angle.

 The maximum energy of outgoing photon 𝜔′ ∈ 1,40 MeV.
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Scattering with infrared laser, 

measure scattered photon energy.

Scattering with micro-wave, measure 

scattered photon energy.



 If we do the same work @CEPC
 120GeV(beam) + 0.11eV(CO2 laser)→20GeV (maximum 

scattering photon energy). Too large to be measured 
precisely.

 The maximum energy of outgoing photon 𝜔′ ∈ 1,40 MeV.

1MeV         10MeV               20MeV                 40MeV

 Easy to calibrate 

and detect

 High SR background

 We choose 15MeV photon as the optimized value.

 Difficult to calibrate 
and detect

 Low SR background
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 (p, 𝛾) reaction to

calibrate



 Example: crossing angle 𝛼 = 3.108rad, (scatter maximal 
15MeV photon)
 𝛿𝐸𝑏𝑒𝑎𝑚~ (3.5 × 106 × 𝛿𝛼)2+(4.0 × 103 × 𝛿𝜔′)2

 If 𝛿𝐸𝑏𝑒𝑎𝑚 < 1MeV, 𝛿𝛼 < 2.8 × 10−7 and 𝛿𝜔′ < 2.5 × 10−4keV.

 Impact on 𝛿𝛼:
 Beam orbit, variance of beam momentum 𝛿  𝑝;

 Laser alignment.

 Impact on 𝛿𝜔′:
 Detector calibration;

 Statistic error.
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 Example: crossing angle 𝛼 = 3.108rad, (scatter maximal 
15MeV photon)
 𝛿𝐸𝑏𝑒𝑎𝑚~ (3.5 × 106 × 𝛿𝛼)2+(4.0 × 103 × 𝛿𝜔′)2

 If 𝛿𝐸𝑏𝑒𝑎𝑚 < 1MeV, 𝛿𝛼 < 2.8 × 10−7 and 𝛿𝜔′ < 2.5 × 10−4keV.

 Impact on 𝛿𝛼:
 Beam orbit, variance of beam momentum 𝛿  𝑝;

 Laser alignment.

 Impact on 𝛿𝜔′:
 Detector calibration;

 Statistic error.

 Beam position monitor + long linear orbit

 Long laser path
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 Beam position monitor + long linear orbit.

𝜋 − 𝛼=ArcTan(d/L).
 linear orbit 2km; BPM precision 0.1mm; alignment uncertainty 

40~100μm.

 𝛿𝛼 ≈ (1.16~1.33) × 10−7rad.

< 2.8 × 10−7rad.

 It is crucial to input beam parameters. 
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d
laser

Beam orbit. Its length (L) is 2km.
Laser-beam-interacting

point

𝛼



 Example: crossing angle 𝛼 = 3.108rad, (scatter maximal 15MeV 
photon)
 𝛿𝐸𝑏𝑒𝑎𝑚~ (3.5 × 106 × 𝛿𝛼)2+(4.0 × 103 × 𝛿𝜔′)2

 If 𝛿𝐸𝑏𝑒𝑎𝑚 < 1MeV, 𝛿𝛼 < 2.8 × 10−7 and 𝛿𝜔′ < 2.5 × 10−4keV.

 Impact on 𝛿𝛼:
 Beam orbit, variance of beam momentum 𝛿  𝑝;
 Laser alignment.

 Impact on 𝛿𝜔′:
 Detector calibration;
 Statistical error.


𝛿𝜔′

𝜔′ ~10−4,𝛿𝜔′~1.5keV

 Total beam energy 

uncertainty~6.1MeV.

 Signal-noise ratio? Statistical error?
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 Compare between different energy region:

 SR background of double

ring is smaller than that 

of pre-CDR.

 Balance SN ratio against

calibration.
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𝑑𝑁

𝑑𝜔
/𝐬 @3MeV @10MeV @20MeV @40MeV

SR
Pre-CDR 1015 1010 2000 10−11

Double ring 1013 104 10−7 10−32

CS 103~104 (integrated)



 The more statistics 

are, the smaller the 

statistical error is.
 Efficiency

 Laser power

 Duration

 Depends on the 

details of fits.

 The more precisely the beam parameters are input, 
the better fit we obtain.
 Energy spread, orbit, emittance…
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 Example: frequency 𝜈~20GHz, 𝛼 = 0.873rad, (scatter 
maximal 15MeV photon)
 𝛿𝛼~9.5 × 10−6, 𝛿𝜔 < 8.3 × 10−11eV and 𝛿𝜔′~1.5keV.

 Total beam energy uncertainty~6.1MeV.

 Cross section
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图2-15微波与电子束对撞微分截面与YAG激光与电子束对撞微分截面比较。绿色虚线是YAG激光散射截面*10^4；黑色实线是
20GHz微波散射的截面。



To show the feasibility of Compton scattering 
method.

 Introduction
 Common method

 Experiences @BEPCII

 Compton scattering method
 Scattering with infrared laser, measure scattered photon 

energy.

 Scattering with micro-wave, measure scattered photon 
energy.

 Scattering with infrared laser, measure bending angle.

 summary
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 If 𝛼=0, and the orbit difference of particles with different energy 
in dipole and the synchrotron radiation are omitted.

𝐸𝑏𝑒𝑎𝑚 =
𝑚𝑐2 2

4𝜔

∆𝜃

𝜃0
. 

 The magnetic induction B is 0.5T and the length of dipole is 3m. 
The drift distance between the dipole and detector is 1km. 
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𝜃0
Δ𝜃

1km



 Three positions should be measured:
 backscattered photon position, Xγ (which is set as the axis 

origin).

 the beam position, Xbeam.

 the position of the lepton with minimum energy after 
scattering, Xedge.

 If the uncertainty of position measurement is 6μm, 
the beam energy uncertainty is 1MeV.
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Beam energy

δXedge

corresponding to 

the case   

δEbeam = 1MeV

δXbeam

corresponding to 

the case   

δEbeam = 1MeV

δXγ

corresponding to 

the case   δEbeam = 

1MeV

120GeV 72μm 22μm 32μm

arXiv: 

1803.09595



 The IO check shows 
11.7MeV difference 
because of orbit 
differences.

 And this residue is stable 
while magnet, drift 
length and beam energy 
change.

 The positions with and 
without SR energy loss 
are nearly same and 
would not introduce 
measurable uncertainty.
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Figure 1 residue vs. drift distance

Figure 3  residue vs. and beam energy with B=0.5T, 0.49T and 0.51T



 Three schemes:
 Scattering with infrared laser, 

measure scattered photon 
energy.

 Scattering with micro-wave, 
measure scattered photon 
energy.

 Scattering with infrared laser, 
measure bending angle.
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 Systematic error:
~6MeV

~6MeV

~1MeV

 Still more topics should be discussed. 



 Beam energy could be measured precisely (error 
1~10MeV, or even smaller).

Uncertainty of crossing angle 𝛼 can be handled.
 beam orbit
 beam momentum
 laser alignment optics system with long light path.

Additional hardware is compatible with accelerator.
 Extract bunches
 Interface between micro-wave and accelerator (beam pipe)

Calibrate HPGe detector.
 isotopes         neutron capture or proton resonance reactions
 detector damage by (SR) radiation?

Statistical error is small enough.
 detector efficiency?  
 fit scheme?
 laser power         pulse laser or multiple reflection
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discuss with accelerator experts 
to understand bunch property.

study on detector 
and simulate.
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 Compare between different energy region:

 SR background of double

ring is smaller than that 

of pre-CDR.

 Balance SN ratio against

calibration.
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𝑑𝑁

𝑑𝜔
/𝐬 @1MeV @4MeV @9MeV @20MeV

SR WW mode 1012 10−2 10−20 10−54

CS 103~104(integrated)

𝑑𝑁

𝑑𝜔
/𝐬 @0.4MeV @1.4MeV @2.8MeV @5.7MeV

SR Z mode 1010 10−14 10−46 10−113

CS 103~104(integrated)



 How to measure polarimetry? 
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NIKOLAEV, Ivan et al. CERN Proceedings, [S.l.], v. 1, p. 109, jun. 2017. ISSN 

2518-315X.
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N. Muchnoi, talks in th 10th international conference on instrumentation for colliding
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Beam energy Relative acurancy

LEP II 80-104GeV (1.1~2.0) × 10−4 NMR model 

calibrated by RDP 

LEP 45GeV 2.4 × 10−5
Resonant 

depolarization 

(RDP)

BEPC II <2.5GeV 2 × 10−5 Compton back-

scattering

CESR 5GeV < 1.4 × 10−5 RDP

VEPP4M 1-5.5GeV

~10−6 RDP

5 × 10−6 Compton back-

scattering

DORIS 5GeV 2 × 10−5 RDP


