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The scheme

Particle
Nuclear
Accelerator
Atomic
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SPS is the place at CERN to validate this scheme
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Interaction region location

— LHC ring
ATLAS

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

Beams must be aligned, synchronized

\

Not specific to Gamma Factory scheme

10/12/2021

Table 3: 5PS PoP experiment parameters.

PSI beam WEpp ™
- ion mass 193.687 GeV/ic*
FE — mean energy 15,652 TeV
4 = E/me= mean Lorentz relativistic factor 6.3
N — number ions per bunch 0.9 = 10°
o/ E = RMS relative energy spread 2% 10°°
e — normalised transverse emittance 1.5 mum mracd
7 = RMS transverse size 1047

(&3 mm

Infrared
A = wavelength (fiw = photon energy) 1034 nm (1.2 eV)
/A = RMS relative band spread 2% 1071
[/ = single pulse energy at IP Hml
i, — RMS transverse intensity distribution at 1P (op, = wy /2) 0.G5 mm
iy — RMS pulse duration 2.8ps
iy, = collision angle 2.6 deg
Alomic transition of = Ph' 8 =+ 2py 2
fewy, = resonance energy 230.81 eV
' — mean lifetime of spontaneous emission T6.06 ps
B — maximum emitted photon energy 44.473 keV
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Laser parameters optimization

I A muti-dimensional approach to optimize the laser beam parameters

indico.cern.ch/event/1076086

Fraction of excited ions (%)

BE-ABP Gamma Factory Software Development Workshop, https:
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|
0:=0.5 ps laser pulse

0:=1.0 ps laser pulse

0:=2.0 ps laser pulse
0:=4.0 ps laser pulse
0:=8.0 ps laser pulse
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Laser pulse energy (m])

Laser pulse duration/spectrum tunability is an asset
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Optical system: design

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

25 : : :
— R=4m 5 : A 8 to 10m mirror Radius of curvature is
ol — R=6m - : preferred

M. W. Krasny et al. SPSC-I-253

N
o

S — R=10m

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

050 05 1.0 15 20 25 30 35 '

z [m] I >4.5m)J pulses @ 40MHz, 180kW in cavity I

w(z) [mm]
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Three pilars of the optical system

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

!

! !

I A high gain optical cavity I I A high power amplifier An ultra-stable seed laser

0

II oscillator

I High finesse (selectivity) I Small quantum defect

Yb technology
100W amplifiers are
commercial systems

The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP

NB: we are employing this approach at IJCLab since 2011

10/12/2021
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The oscillator

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

An ultra-stable seed laser
oscillator

NB: we are employing this approach at 1JCLab since 2011
The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP
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Fabry-Perot interferometric filter

1 :
- FSR=83 MHz ]
Laser frequency must be precisely tuned 08r ]
And remain stable ! o 06k :
L_FSR_ Av = 2kHz g 04F 3
AV for FSR = 40MHz 0-2;- -
900 200 0 200 400
NB: Compare with central frequency of vy = 290THz A f[MHZ]
1 . S ——
& < 10~ 11 . ——FSR=33 MHz ]
Vo » 0.8 7
og 0.6 .
q 04f :
Metrology-level requirement ! © ook ]
— careful choice of laser provider oE | ]
-0.01 -0.005 0 0.005 0.01
A f [MHZ]

10/12/2021 Second PBC technology workshop: lasers & optics 9




Phase noise measurements Noise measurement

Optical beating RFtechnigte
0 Equivalent Phase Noise @ 40 MHz and Integrated Jitter for CW oscillator @ 1030nm
! T TTTT ! T TTTTT ! T TTT ! R ! TorrTTrTh ! HRRERREE
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Phase noise measurements

Noise measurement

Optical beating RE-techrigte
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The amplifier

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

A high power amplifier

0

Small quantum defect
Yb technology
100W amplifiers are
commercial systems

NB: we are employing this approach at 1JCLab since 2011
The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP
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Amplifier

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

£

S

2 I Use Chirped Pulse Amplification; System robustness is critical. I
= I Hybrid 50-100W laser amplifier I I Fibre 50-100W laser amplifier I
3
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Laser pulse duration/spectrum tunability is an asset
Robustness is critical
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https://amplitude-laser.com/

The optical cavity

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

A high gain optical cavity

High finesse (selectivity)

NB: we are employing this approach at 1JCLab since 2011
The ThomX project, being commissioned in Orsay, has similar requirements as GF-PoP
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Fabry-Perot resonator

Optical mirrors from LMA,

see earlier presentation by Laurent
Trep=1/Frep L

+—> <
Input laser beam: _._qu,\,_
Few ps pulse duration J'Wu’ ”‘M" “’Wv" M

»
»

D

Input laser beam must be matched to the cavity:
» Temporal superposition 2L/C=Frep
» Transverse mode matching

/

*for a non-degenerate cavity

Resonate at different cavity lengths*
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High-order mode instability

400 . ‘ ‘
But unstable at high-power » s
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Stable 200kW

400 : : : ,3\250_""l""l""l""l""l""_
iagh- ° : :
But unstable at high-power < 200f - :
s | i
=100 g 150} ISP O U S
E Z 100} Introducing losses to HOM_:
: g sof -
8_200 = 0' ......... I owogogeig ) gooop il oog 909 il i g g
ge) 0 5 10 15 20 25 30
2 Time (min)
E 100
@ ° High-order mode instability
0 1 I I
0 10 20 30 40
Input power (W)

Highly sensitive to cavity topology
Rough understanding from simple simulations
- HOM damping with additional D-cut mirrors in cavity
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Conclusion/Prospects

Three pilars of the optical system : : )
| Fabry-Perot resonator to reach about 5m) at 40MHz=> 200kW | Selection of oscillator prOVIder
] ] ] Careful phase noise measurements
[ A high gain optical cavity | [ A high power ampiifier | [ an u|tra-os::itl,||a.=_-t ::ed laser
| High finesseI([selectivny) | Small quagum defect
T | sowempnense | TR0 ] Decide on amplification techno
= e I Cost vs R&D and robustness

i

W0 15 20 28 i
Tiene fri) « = e .

Investigate modal instabilities

Know-how exists for this state of the Max power in cavity
art optical system

Main open points are : System robustness
- Stable laser beam transport Extensive stress tests
- operations (robustness, remote) Remote operation of system
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