Prospects for extreme photon sources
at the CERN accelerator complex
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Outline

The CERN accelerator complex
= Brief history / introduction, key enabling technologies
= [nterest 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
= A7 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 demonstration of heavy ions in LHC enables the production of extreme high-flux y-rays
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Storage Ring

Linac

ERL

Design

“Can one make a technological leap of
7 orders of magnitude to deliver similar
fluxes to FELs in the Gamma-rays?”

Example:
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

Under commissioning

*  Existing

So far, the only facility currently
providing such beam is the LHC




Basic idea: Use the Doppler effect with ultra-relativistic ions

In the lab frame
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Proof of principle experiment location

Interaction
region
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Proof of principle experimental setup
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Laser systems and integration into SPS

Laser system Fabry-Perot cavity assembly Integration in SPS
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Laser front-end performance

Excellent phase-noise performance Testing with ThomX FP cavity
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Electron sources available at CERN
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Burst-mode enhancement cavities

Injected electron bunches
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Burst-mode transient energy storage
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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 | — Proof of principle experiment starting 2027 to produce 44 keV photons at 101> ph/s
= Phase Il —in LHC up to 400 MeV photons at 106 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 10° ph/s
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Expected performance
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