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Outline

The CERN accelerator complex

▪ Brief history / introduction, key enabling technologies

▪ Interest in high-flux Gamma-ray sources: beam cooling, muon sources, dark matter research…

Gamma Factory

▪ Concept: exploiting the Doppler effect in ultra-relativistic partially stripped ion beams

▪ A 7 orders of magnitude Gamma-ray photon flux leap

▪ Roadmap – Proof of principle experiment in SPS, final experiment in the LHC

▪ Status: Lasers, experimental area, expected performance

Inverse Compton Scattering X-ray sources

▪ Inherited technology from e+/e- colliders: high charge X-band accelerators in burst-mode operation

▪ High energy electro-optic frequency combs for Fabry-Perot cavities

Conclusions
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The CLIC development of high average current ultrafast electron sources enables the production of high-flux X-rays

The CERN accelerator complex
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Comparison to other X-ray and Gamma-ray sources

“Can one make a technological leap of 

7 orders of magnitude to deliver similar 

fluxes to FELs in the Gamma-rays?”

Storage Ring

          Linac

          ERL

  *       Design

  **      Under commissioning

  ***     Existing 

Gamma raysX rays

Gamma

Factory

CERN

GF

PoP

107

104

European XFEL Gamma Factory

27,000 pulses/s 40 MHz

24 keV 400 MeV

1016 photons/s 1016 photons/s

1.4 mJ/pulse 16 mJ/pulse

38 W (J/s) 640 kW (kJ/s)

The Gamma Factory naturally requires 

MW power and MJ of stored beam energy

Example:

So far, the only facility currently 

providing such beam is the LHC
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Basic idea: Use the Doppler effect with ultra-relativistic ions

Absorption

Emission

In the lab frame In the ion frame

Excited ion Excited ion

Emission
Emission

Absorption Absorption Lorentz transformation
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Proof of principle experiment location
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Proof of principle experimental setup

γL = 96.3

2s → 2p1/2

(230.81 eV)

Up to 44 keV

1015 ph/s

2.5 uJ, 2.8 ps 

40 MHz rep rate

Absorption

10-6

Diffraction

10-5

Transmission

10-4

⇒ 5000 Frequency comb 

linewidth < 2 kHz

18.6 TeV

5 mJ/pulse 

> 20% excited ions

Pulse energy requirement

40 MHz rep rate

200 kW

5 mJ, 40 MHz

“LIGO-type”

mirrors

Pulse duration / spot size
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Laser systems and integration into SPS

Laser system Fabry-Perot cavity assembly Integration in SPS

Laser room

5W

100W

Locking

70W
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Laser front-end performance

Demo GF PoP

FSR 160 MHz 40 MHz

Cavity linewidth 10 kHz 4 kHz

Finesse 24,000 10,000

Gain 6,700 5,000

Coupling efficiency 70% 70%

Amplified power 70 W 50 W

Estimated power 320 kW 180 kW

Tender amplifier to 100W

Installation at SPS in 2025-27

PoP experiments at SPS 

2027-2032

Next steps:

Feb 2024

Excellent phase-noise performance Testing with ThomX FP cavity
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‘Fresh’ from the press…
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Electron sources available at CERN
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3 GHz
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12 GHz (X-band)

CTF-2
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Burst-mode enhancement cavities

“An Efficient Optimisation of a Burst Mode-Operated Fabry-Perot Cavity for 

Compton Light Sources”, doi:10.18429/JACoW-FLS2023-TU1C1 (2023)

Phys. Rev. Accel. Beams 21, 121601 (2018)

CTF2: 𝟐 × 𝟏𝟎𝟏𝟎ph/s @ 890 eV

CLEAR: 3 × 𝟏𝟎𝟏𝟎 ph/s @ 740 keV
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Electro-Optic GHz repetition rate frequency combs
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Electro-Optic GHz repetition rate frequency combs
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Conclusions

The CERN accelerator complex provides a variety of unique beams for high photon energy production

Gamma Factory

▪ Phase I – Proof of principle experiment starting 2027 to produce 44 keV photons at 1015 ph/s

▪ Phase II – in LHC up to 400 MeV photons at 1016 ph/s

Inverse Compton Scattering X-ray sources

▪ High energy electro-optic frequency combs at multi-GHz repetition rate development underway

▪ Currently 2 electron beam user facilities operative with lasers and diagnostics for X-ray experiments

▪ Burst-mode high charge electron accelerators can yield 1 – 700 keV photons at 1010 ph/s
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Expected performance

GF PoP Gamma Factory

208Pb79+ 208Pb81+

18.652 TeV (SPS) 578.9 TeV (LHC)

40 MHz 40 MHz

44 keV 400 MeV

1015 photons/s 1016 photons/s

0.2 uJ/pulse 16 mJ/pulse

7 W (J/s) 640 kW (kJ/s)

J. Bieroń, M. W. Krasny, W. Płaczek, S. Pustelny, Optical Excitation of Ultra-
Relativistic Partially Stripped Ions. ANNALEN DER PHYSIK 2022, 534, 2100250.
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