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Quasi-monochromatic, polarized and tunable gamma-ray beam with high flux, Eγ ~ 1 – 20 MeV
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Quasi-monochromatic, polarized and tunable gamma-ray beam with high flux, Eγ ~ 1 – 20 MeV

Eγ
max ≈ 4γe

2EL EL ≈ 1 - 3 eV  Ee ≈ 500 MeV  multi-turn lattice
Laser Compton 

backscattering (LCB)
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Quasi-monochromatic, polarized and tunable gamma-ray beam with high flux, Eγ ~ 1 – 20 MeV

Eγ
max ≈ 4γe

2EL EL ≈ 1 - 3 eV  Ee ≈ 500 MeV  multi-turn lattice

Flux ~ collision frequency

Flux ~ number of electrons per bunch

Flux ~ 1/emittance of beam

Electron accelerator parameters

 Superconducting radiofrequency (SRF) technology

 Linear accelerator

 Energy recovery linac technology (ERL) + sustainable

Laser Compton 

backscattering (LCB)
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Quasi-monochromatic, polarized and tunable gamma-ray beam with high flux, Eγ ~ 1 – 20 MeV

Eγ
max ≈ 4γe

2EL EL ≈ 1 - 3 eV  Ee ≈ 500 MeV  multi-turn lattice
Laser Compton 

backscattering (LCB)

Flux ~ collision frequency

Flux ~ number of electrons per bunch

Flux ~ 1/emittance of beam

Electron accelerator parameters

LCB @ Multi-turn SRF ERL

4th generation γ-source

 Superconducting radiofrequency (SRF) technology

 Linear accelerator

 Energy recovery linac technology (ERL) + sustainable
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1 Basics

2 Our Expertise

3 Facility Concept DICE

4 Summary
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4th GENERATION γ-SOURCE
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LCB @ Multi-turn SRF ERL

𝐸𝛾
𝑚𝑎𝑥 ≈ 4𝛾𝑒

2𝐸𝐿
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𝐸𝛾
𝐸𝑒

𝜃𝐿

𝜃𝛾

LCB

B A S I C S



Physik | Institut für Kernphysik | AG Pietralla | S-DALINAC | Michaela Arnold10.10.2025 9

LCB @ Multi-turn SRF ERL

𝐸𝛾
𝑚𝑎𝑥 ≈ 4𝛾𝑒

2𝐸𝐿

LCB

Multi-turn ERL

𝐸𝐿

𝐸𝛾
𝐸𝑒

𝜃𝐿

𝜃𝛾

4th GENERATION γ-SOURCE

B A S I C S
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MULTI-TURN ERL OPERATION
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Running SRF multi-turn ERLs

 CBETA (USA): 4-turn  1 nA, beam loss

 S-DALINAC (TUDa): 2-turn  up to 7μA 

and max. 87% recovery

Near future SRF multi-turn ERLs

 PERLE (France)

 MESA (Mainz)

 CEBAF (5-pass) (USA)

Adapted from C. Adolphsen et al., arXiv:2207.02095 [physics.acc-ph] (2022)

B A S I C S
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© Jan-Christoph Hartung 
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PHOTONUCLEAR REACTIONS

O U R E X P E R T I S E Talks by J. Isaak, V. 

Werner, N. Pietralla
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TWO-TURN ERL

O U R E X P E R T I S E

F. Schliessmann et al., Nat. Phys. 19, 597-602 (2023).
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TWO-TURN ERL

F. Schliessmann et al., Nat. Phys. 19, 597-602 (2023).

max(𝜂main LINAC) ≈ 87 %

O U R E X P E R T I S E
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1x dec

2x dec

1x acc

2x acc

3 cm

O U R E X P E R T I S E
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COMMON BEAM TRANSPORT
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E0

E0

ΔE = 1

ΔE = 1

E1 – 1. recirculation (accelerate and decelerate)

E3 – 2. recirculation (accelerate and decelerate)

E2 – 1. recirculation (accelerate and decelerate)

E4 – max. energy, interaction point (180° phase shift)

 Limited in degrees of freedom (e.g. transverse limitations in two-turn ERL operation S-DALINAC)

 Foreseen for multi-turn ERLs close to construction/operation

O U R E X P E R T I S E
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SEPARATED BEAM TRANSPORT
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 High efficiency, reliability, robustness  separate transport as promising concept 

 Proposals of

 DIANA (Daresbury Industrial Accelerator for Nuclear Applications): ~ 1 GeV, multipass SC-ERL  

 DICE (Darmstadt Individually recirculating Compact ERL): ~ 520 MeV, 26 mA, multipass SC-ERL

Idea of separate transport: 

Peter Williams and David 

Douglas

P. Williams, ERL Design Concepts DIANA and 

DICE, Electrons for the LHC: Workshop on the 

LHeC, FCC-eh and PERLE (2019).

https://indico.cern.ch/event/835947/contributio

ns/3553736/

G. Pérez Segurana et al., Phys. Rev. Accel. 

Beams 25, 021003 (2022).

E0
E0

ΔE = 1

ΔE = 1

E1 – 1. recirculation (accelerate)

E2 – 1. recirculation (decelerate)

E3 – 2. recirculation (accelerate )

E1 – 1. recirculation (decelerate)

E2 – 1. recirculation (accelerate )

E3 – 2. recirculation (decelerate)

E4 – max. energy, interaction point (180° phase shift)

O U R E X P E R T I S E

https://indico.cern.ch/event/835947/contributions/3553736/
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LCB @ COBRA
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O U R E X P E R T I S E

 Example parameters for collision

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

Δ𝐸𝑝ℎ
𝐸𝑝ℎ

~2.5 %
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O U R E X P E R T I S E

93% of 100 W

Electron

Beam

Laser

 Example parameters for collision

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

Δ𝐸𝑝ℎ
𝐸𝑝ℎ

~2.5 %

 Laser system

commissioned

 Set-up ready

 Commissioning of collision

planned for 2026

Posters by L. Dingeldein (COBRA) & 

D. Schneider (electron beam stabilization)
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O U R E X P E R T I S E

93% of 100 W

Electron

Beam

Laser

Existing facilities + 

expertise
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O U R E X P E R T I S E

Lessons learned

93% of 100 W

Electron

Beam

Laser

1x dec

2x dec

E0
E0

ΔE = 1

ΔE = 1

Existing facilities + 

expertise
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O U R E X P E R T I S E

Lessons learned

93% of 100 W

Electron

Beam

Laser

1x dec

2x dec

DICE

Darmstadt Individual-

Recirculating Compact ERL

E0
E0

ΔE = 1

ΔE = 1

Existing facilities + 

expertise
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FACILITY CONCEPT DICE
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MAIN LAYOUT
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 Thrice-recirculating SRF ERL

 Concrete parameters for LCB machine chosen

 Feasibility of concept shown

 Further parameters / experiments / layouts

possible

M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E

Parameter Value Unit

Max. injector energy 10 MeV

Max. energy 520 MeV

Max. average current 26 mA

RF frequency 1300 MHz

Repetition rate ≤1300 MHz
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BEAMDYNAMICS
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M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E

 Longitudinal solution found

 Different operation modes possible, e.g. non-

isochronous/off-crest + minimal bunch length

at LCB interaction

 Next: 6D tracking, space charge effects, 

detailed magnet design and optimization of

first design
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LCB EXPERIMENT
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M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E

Distance to collimator: ~ 30 m
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LCB EXPERIMENT: γ-BEAM
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M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E

Parameter Unit DICE IR
DICE 

green
DICE UV

Min. energy keV 184 367 550

Max. energy MeV 4.9 9.8 14.5

Min. bandwidth: 33 µrad coll. (1 mm radius), 520 MeV, 70 µm e- beam

Bandwidth % 0.3 0.6 0.3

Total flux ph/s 1.4·1012 3.4·1011 1.5·1011

Spectral density ph/(s·eV) 5.5·104 3.9·103 2.1·103

Max. sp. density: 333 µrad coll. (1 cm radius), 520 MeV, 40 µm e- beam

Bandwidth % 3.4 3.4 3.3

Total flux ph/s 2.5·1012 6.2·1011 2.7·1011

Spectral density ph/(s·eV) 8.2·105 1.0·105 3.1·104
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FURTHER POTENTIAL

10.10.2025 28

 Upgrade of LCB source

 1 GeV electron energy  higher gamma beam energy

(~ 18 to 50 MeV for same laser systems)

 Increase of bunch charge by a factor of four

 fluxes increased by a factor of four

M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E
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 Upgrade of LCB source

 1 GeV electron energy  higher gamma beam energy

(~ 18 to 50 MeV for same laser systems)

 Increase of bunch charge by a factor of four

 fluxes increased by a factor of four

 (e,A) collision in ERL mode

M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E
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 Upgrade of LCB source

 1 GeV electron energy  higher gamma beam energy

(~ 18 to 50 MeV for same laser systems)

 Increase of bunch charge by a factor of four

 fluxes increased by a factor of four

 (e,A) collision in ERL mode

 Fixed-target experiments in

conventional mode

M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E
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SUMMARY
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TAKE HOME MESSAGE
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4th generation γ-source

𝐸𝐿

𝐸𝛾
𝐸𝑒

𝜃𝐿

𝜃𝛾

S U M M A R Y
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TAKE HOME MESSAGE
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Expertise: Photonuclear
reactions, ERL 
operation, LCB before
final commissioning

4th generation γ-source

𝐸𝐿

𝐸𝛾
𝐸𝑒

𝜃𝐿

𝜃𝛾

93% of 100 W

Electron

Beam

Laser

S U M M A R Y
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Facility concept DICE 
– LCB machine

4th generation γ-source

𝐸𝐿

𝐸𝛾
𝐸𝑒

𝜃𝐿

𝜃𝛾

S U M M A R Y

Expertise: Photonuclear
reactions, ERL 
operation, LCB before
final commissioning

93% of 100 W

Electron

Beam

Laser
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Facility concept DICE 
– LCB machine

4th generation γ-source

𝐸𝐿

𝐸𝛾
𝐸𝑒

𝜃𝐿

𝜃𝛾

S U M M A R Y

Expertise: Photonuclear
reactions, ERL 
operation, LCB before
final commissioning

93% of 100 W

Electron

Beam

Laser
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M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E
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M. Arnold, N. Pietralla et al., Design Study for an Energy-Sustainable MeV-Ranged Photon-Beam Facility, EPJ ST, in preparation.

F A C I L I T Y  C O N C E P T D I C E


