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Compton Backscattering used for...

❖Investigation 

of nuclear 

structure and 

cross-sections

❖Nuclear 

resonance 

fluorescence

❖Photo-Fission

Photo Nuclear 

Reactions

❖Brilliant light 

source at TU  

Darmstadt

❖Crystallography 

microscopic 

radiography…

Material & Biomedical 

Science

❖Non-destructive 

detection

❖Energy and 

energy spread

❖ERL with LCB   

   development

Electron Beam 

Diagnostics

Near future: Far future:

+

Bright, monochromatic and tunable X-Ray (to γ Ray) sources of very small size
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Compton Backscattering – Photon Energy

𝐸𝑝ℎ =
(1 − β cos ϴ𝑖 )𝐸𝐿

1 − βcos ϴ𝛾 + 1 − cos ϴ𝑠 Τ𝐸𝐿 𝐸𝑒

Scattered photon 

energy

Higher photon energy 

preferred
Scattered photon gains energy

γ =  𝐸𝑒/(𝑚𝑒𝑐2)

𝐸𝑝ℎ
𝑚𝑎𝑥 =

4γ2𝐸𝐿

1 + 4γ2 Τ𝐸𝐿 𝐸𝑒

Lorentz boost 4γ2 of scattered 

photon energy



420.03.2023  |  DPG Frühjahrstagung 2023 - Dresden |  Christoph Lorey  |  JGU Mainz – KPH  |  Status of Thomson Backscattering Investigation at MESA

Compton/Thomson Backscattering - Recoil

θ : observation angle of scattered
photon in lab reference system

electron & photon 3D-momenta

Thomson cross-section is very low:

3D Recoil factor :
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Compton/Thomson Backscattering - Recoil

θ : observation angle of scattered
photon in lab reference system

electron & photon 3D-momenta

Thomson cross-section is very low:

3D Recoil factor :
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Compton/Thomson Backscattering - Recoil

θ : observation angle of scattered
photon in lab reference system

electron & photon 3D-momenta

Thomson cross-section is very low:

3D Recoil factor :
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Compton/Thomson Backscattering - Recoil

θ : observation angle of scattered
photon in lab reference system

Thomson cross-section is very low:

3D Recoil factor :

recoil examples: for
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Impacted Electron Phase Space

Qbunc

h

= 0.77 pC

mne = 2000

θ = 0

λ = 1030 nm

Ee = 130 MeV

Eph ≈ 1.2037 eV

E’
ph ≈ 313.323 keV

σth ≈ 6.6525·10-29m2 

Δ ≈ 0.0024

Ēe ≈ 130.511 MeV

Ēe ≈ 130.197 MeV
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Compton Backscattering - Flux

𝜑 = ϴ𝑖 - 𝜋 

L =
𝑓𝑁𝑒𝑁𝐿cos 𝜑/2

2𝜋 𝜎𝑒,𝑦
2 + 𝜎𝐿,𝑦

2 (𝜎𝑒,𝑥
2 + 𝜎𝐿,𝑥

2 )cos2 𝜑/2 + (𝜎𝑒,𝑧
2 + 𝜎𝐿,𝑧

2 )sin2 𝜑/2

𝐹 = 𝜎𝑇𝐿Flux

Luminosity

𝐿 =
𝑓𝑁𝑒𝑁𝐿

2𝜋(𝜎𝑒
2+𝜎𝐿

2) 

νℎ ≪ 𝑚𝑐2
σ𝑇 = 66.5 fm2

Head-On

High Laser Pulse 

Energy (𝑁𝐿)

High scattering 

frequency (𝑓)

Small beam size at IP

❖For higher Energy

❖Easier overlap

Head-On Collision

Higher photon energy 

preferred
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Compton Backscattering | Bandwidth

09.07.2023 10Physik | Institut für Kernphysik | Maximilian Meier

Δ𝐸𝑝ℎ

𝐸𝑝ℎ
≥ 2

𝜎∆𝐸𝑒

𝐸𝑒

2

+
𝜀𝑛

𝜎𝑒

4

+
𝜎∆𝐸𝐿

𝐸𝐿

2

+
𝑀2λ

2π𝜔0

4

Relative 

bandwidth

Low 𝑀2 

Low 𝜎∆𝐸𝑝
; 

𝜎∆𝐸𝐿

𝐸𝐿
≤

𝜎∆𝐸𝑒

𝐸𝑒

R. Hajima et al., Phys. Rev.  Accel. Beams 19, 020702 (2016)

High Laser Pulse 

Energy (𝑁𝐿)

High scattering 

frequency (𝑓)

Small beam size at IP

❖For higher Energy

❖Easier overlap

Head-On Collision

Higher photon energy 

preferred
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Thomson Backscattering at MESA

possible location for 
Thomson scattering arc

Courtesy of D. Simon

10 m

Mainz Energy-recovering Superconducting 
Accelerator MESA

- MESA can generate electron beams up to 105-155 MeV

- 0.77 (7.7) pC bunch charge at 1300 MHz RF-frequency

- can run in Energy Recovery (ER) or External Beam (EB) mode

- spin polarization of the electron beam available at lower beam 

current of 150µA instead of 1mA
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Sampling scheme as currently under 
development
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Results of Comparse

Cross-section

in 3D 

electron rest frame space
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Results of Comparse

Polarized (fully linear) 

cross-section

in 3D 

electron rest frame space
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Results of Comparse

Polarized (fully linear) 

scattered photons

on screen
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Results of Comparse
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Laser Compton Backscattering @ S-DALINAC 

09.07.2023 17Physik | Institut für Kernphysik | Maximilian Meier

Laser

Injector

Main Accelerator

Electron Guns

40 m Beam Transport

❖For higher Energy

❖Easier overlap

Head-On Collision

Higher photon energy 

preferred

Low 𝑀2 

Low 𝜎∆𝐸𝑝
; 

𝜎∆𝐸𝐿

𝐸𝐿
≤

𝜎∆𝐸𝑒

𝐸𝑒

High Laser Pulse 

Energy (𝑁𝐿)

High scattering 

frequency (𝑓)

Small beam size at IP
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Coupling Chamber of LCB-Source

Electron Beam deposition < 

1%
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Small beam size at IP

Laser System

09.07.2023 19Physik | Institut für Kernphysik | Maximilian Meier

❖ λ =1030 nm 

(Ytterbium)

❖
Δλ

λ
~ 1 ∙ 10−3 

❖ 𝑃𝑎𝑣𝑔 =100 W

❖ 𝐸𝑃𝑢𝑙𝑠𝑒 ≤ 0.5 mJ

❖ 𝑓 =200 kHz – 

40MHz

❖ 𝑀2 < 1.3
❖ 𝜎𝑧 = 3 ps

Amplitude – Laser

Tangor 100

Low 𝑀2 

Low 𝜎∆𝐸𝑝
; 

𝜎∆𝐸𝐿

𝐸𝐿
≤

𝜎∆𝐸𝑒

𝐸𝑒

High Laser Pulse 

Energy (𝑁𝐿)

High scattering 

frequency (𝑓)

❖For higher Energy

❖Easier overlap

Head-On Collision

Higher photon energy 

preferred

❖SHG:

λ = 515 nm

η > 50 %
❖THG:

λ = 343 nm

η > 25 %

Higher 

Harmonic 

Generation
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Laser Beam Line

09.07.2023 20Physik | Institut für Kernphysik | Maximilian Meier

Low 𝑀2 

High Laser Pulse 

Energy (𝑁𝐿)

High scattering 

frequency (𝑓)

Small beam size at IP

❖For higher Energy

❖Easier overlap

Head-On Collision

Higher photon energy 

preferred

Low 𝜎∆𝐸𝑝
; 

𝜎∆𝐸𝐿

𝐸𝐿
≤

𝜎∆𝐸𝑒

𝐸𝑒
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Laser Beam Transport

09.07.2023 21Physik | Institut für Kernphysik | Maximilian Meier

Simulation:

▪ Zemax OpticStudio

▪ Physical optics propagation

▪ 40 m beam transport

▪ Telescopes and “relay imaging“

▪ Off-axis parabolic mirror with hole

Physical optics propagation @ IP:

▪ Total power: 94.5 W (100 W) 

▪ Waist size: 53.6 µm (12 mm)

▪ Rayleigh length: 8.8 mm
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Laser Compton Backscattering @ S-DALINAC 

09.07.2023 22Physik | Institut für Kernphysik | Maximilian Meier

39MeV - 98,8 MeV & 10 μA(~3 fC) 

@3 GHz

Injector

Main Accelerator

Electron Guns

28keV - 179.7 keV < 500 Photons /s

MOPA-Laser:

95 W @ 1030 nm, 

475 µJ, 3ps

200kHz

Parameters Values

Electron Beam

Electron Energy (𝑬𝒆) 39 MeV − 98.8 MeV

Rel. Error of Electron Energy (∆𝑬𝒆) < 10−3

Beam Current (𝑰) 10 µA

Beam normalized emittance 5 ∙ 10−6 m rad

Electron Beam Size (𝝈𝒆,𝒓𝒎𝒔) ≤ 100 µm

Laser Beam

Wavelength (𝝀) 1030 nm

Photon Energy (𝑬𝑳) 1.2 eV

Error Photon Energy (∆𝑬𝑳) 1 ∙ 10−3 eV

Pulse Energy (𝑬𝒑𝒖𝒍𝒔𝒆) 0.25 mJ

Repetition Rate (𝒇𝒓𝒆𝒑) 200 kHz

Beam Size (𝝈𝒑𝒖𝒍𝒔𝒆,𝒓𝒎𝒔) ≤ 100 µm

Scattered Photon – Results for Head-On Collision

Energy 28 keV − 179 keV

Min. rel. Energy Bandwidth, FWHM 0.7 %

Total Flux 6 ∙ 103 ൗPh
s

Spectral Flux at min. Bandwidth 38 ൗPh
s 

Δ𝐸𝑝ℎ

𝐸𝑝ℎ
~2.5 %
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Background Measurement @S-DALINAC

Maximum Electron Beam 

Energy:

85 MeV

Electron Beam Energy in 

3. Recirculation:

65 MeV

Electron Beam Current:

5 µA

MOPA-Laser:

100 W @ 1030 nm, 

0.5 mJ, 3ps,

200kHz, 

𝝈 = 100µm

Measurement

Simulation

LCB: 77.8keV 

473 Ph/s
Δ𝐸𝑝ℎ

𝐸𝑝ℎ
~2.5 %
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Current Status and Outlook

⚫ We can calculate the polarized and unpolarized 

angular Thomson cross section with linear laser 

polarization and the relativistic 3D collision between 

photon and electron with recoil

⚫ The sampling routine combining the polarized cross 

section and relativistic collision calculation with a 

flux formula to estimate realistic scattered photon 

distributions in space will be finalized

⚫ We will verify our results using simulation software 

and measurements

⚫ Finally, several case studies of varying laser and 

electron beam energies and polarizations including 

concrete MESA implementation scenarios will form 

the feasibility study

Redistribution of

the Quadrupoles

Compton Backscattering 

Simulations

(Atoosa Meseck, Christoph Lorey)

Internship at KPH Uni Mainz

Write & Publish

 a Paper

Techniques for photon flux 

measurements
Data Analysis

Test Setup in Parts
Laser Transport, 

Coupling Chamber
Pre-Commissioning

Electron Beam

Simulations: Elegant
Beam Dynamic Simulations

Finish Order Process

Finish with PhD ThesisFinal MeasurementCommissioning
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Thank you!

Supported by…
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Thank you for your attention!

Fin. ...for now
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