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88 people from 34 institutes from 15 countries



The scheme

10/12/2021 Second PBC technology workshop: lasers & optics 2

SPS is the place at CERN to validate this scheme
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Interaction region location
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SPS ring

LHC ring

ATLAS

Optical transport line and laser 
room in the unused side tunnel, shielded from the SPS radiations



Collision scheme
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𝜎𝑥,𝑦

𝜎𝑧 = 𝑐𝜎𝑡

𝜎𝑥,𝑦,𝐿

Beams must be aligned, synchronized

𝜗

Not specific to Gamma Factory scheme
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Laser parameters optimization
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A muti-dimensional approach to optimize the laser beam parameters

𝜎X

Laser pulse duration/spectrum tunability is an asset B
E-
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Optical system: design
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A several mJ pulsed laser at 40 MHz is a natural candidate:
• Compatible with the atoms filling schemes
• Compatible with what one would need for (later) LHC operations
• State of the art technology: pulsed laser (freq. comb) + amplifier + resonant cavity

A 8 to 10m mirror Radius of curvature is 
preferred

A 2-mirror (plano-concave) cavity is considered: 
→ simpler operation, delivers naturally beam sizes close to optimum 

We expect to operate the optical cavity with 
an enhancement factor >5000

>4.5mJ pulses @ 40MHz, 180kW in cavity
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Three pilars of the optical system
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Fabry-Perot resonator to reach about 5mJ at 40MHz→ 200kW

A high gain optical cavity

High finesse (selectivity)

A high power amplifier An ultra-stable seed laser 
oscillator⟺

Small quantum defect
Yb technology

100W amplifiers are 
commercial systems

⟺

NB: we are employing this approach at IJCLab since 2011
The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP



The oscillator
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Fabry-Perot resonator to reach about 5mJ at 40MHz→ 200kW

A high gain optical cavity

High finesse (selectivity)

A high power amplifier An ultra-stable seed laser 
oscillator⟺

Small quantum defect
Yb technology

100W amplifiers are 
commercial systems

⟺

NB: we are employing this approach at IJCLab since 2011
The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP



Fabry-Perot interferometric filter
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Laser frequency must be precisely tuned
And remain stable !

NB: Compare with central frequency of 𝜈0 = 290𝑇𝐻𝑧

𝐹 =
𝐹𝑆𝑅

∆ν
= 20000

∆ν = 2𝑘𝐻𝑧

∆ν

ν0
< 10−11

Metrology-level requirement !
→careful choice of laser provider

𝑓𝑜𝑟 𝐹𝑆𝑅 = 40𝑀𝐻𝑧



Phase noise measurements
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Noise measurement
Optical beating RF technique

30as integrated time jitter

10kHz
PhD

Reference



Phase noise measurements
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Noise measurement
Optical beating RF technique

30as integrated time jitter

10kHz
PhD

Reference

Handled by feedback system (piezo in laser)

Free-run >1-10kHz



The amplifier

10/12/2021 Second PBC technology workshop: lasers & optics 12

Fabry-Perot resonator to reach about 5mJ at 40MHz→ 200kW

A high gain optical cavity

High finesse (selectivity)

A high power amplifier An ultra-stable seed laser 
oscillator⟺

Small quantum defect
Yb technology

100W amplifiers are 
commercial systems

⟺

NB: we are employing this approach at IJCLab since 2011
The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP



Amplifier
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Laser pulse duration/spectrum tunability is an asset 

Hybrid 50-100W laser amplifier

Use Chirped Pulse Amplification; System robustness is critical.

Fibre 50-100W laser amplifier

Pulse duration could be tuned with
temperature-controlled fibre Bragg 
Gratings (stretcher) → needs R&D

Robustness is critical

https://amplitude-laser.com/


The optical cavity
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Fabry-Perot resonator to reach about 5mJ at 40MHz→ 200kW

A high gain optical cavity

High finesse (selectivity)

A high power amplifier An ultra-stable seed laser 
oscillator⟺

Small quantum defect
Yb technology

100W amplifiers are 
commercial systems

⟺

NB: we are employing this approach at IJCLab since 2011
The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP



Trep=1/Frep

Fabry-Perot resonator
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Input laser beam must be matched to the cavity:
➢ Temporal superposition 
➢ Transverse mode matching

Resonate at different cavity lengths* 

*for a non-degenerate cavity

Input laser beam:
Few ps pulse duration

L

2L/c=Frep

Optical mirrors from LMA,
see earlier presentation by Laurent



High-order mode instability

But unstable at high-power

High-order mode instability
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Stable 200kW

But unstable at high-power

High-order mode instability

Highly sensitive to cavity topology
Rough understanding from simple simulations

→ HOM damping with additional D-cut mirrors in cavity
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Introducing losses to HOM



Conclusion/Prospects
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Know-how exists for this state of the 
art optical system

Main open points are :
- Stable laser beam transport

- operations (robustness, remote) 

Selection of oscillator provider
Careful phase noise measurements

Decide on amplification techno
Cost vs R&D and robustness

Investigate modal instabilities
Max power in cavity

System robustness
Extensive stress tests

Remote operation of system 


