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Laser room interior
https://xcels.ipfran.ru/

laser system “Luch” 
VNIIEF (Sarov)

ELF laser facility 
MEPhI (Moscow)3
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Principle scheme of the PEARL laser:
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Laser-plasma experimental facility PEARL:

Laser pulse characteristics: 
❖ 50 fs 
❖ 910 nm (+-17 nm) 
❖ up to 20J (in 20 cm aperture) 
❖ 3 shots per hour 
❖ Contrast: 10^8 at 0.5 ns

4

OPCPA (KD*P)

1 mJ , 1ns
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Laser-plasma experimental facility PEARL:
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300 J 180 J@2w (1 ns)
for LabAstro 

for plasma acceleration 

Laser pulse characteristics: 
❖ 50 fs 
❖ 910 nm (+-17 nm) 
❖ up to 20J (in 20 cm aperture) 
❖ 3 shots per hour 
❖ Contrast: 10^8 at 0.5 ns

OPCPA (KD*P)

1 mJ , 1ns
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Launch angle = -0.011 

divergence = 4,6 mrad 

 W = 260 MeV (±20 MeV) 

  dW = 18  MeV (±10 MeV ) 

18 pC 

Up to 300 pC in some shots

Soloviev et al.  Rev. Sci. Instrum. 82, 043304 (2011) 

Soloviev et al.  NIMA, Volume 653, Issue 1, 11 (2011)6

Laser wakefield acceleration (Stage 1):

Nozzle

Focusing F/6 and F/15
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Compressor

SM – spherical mirror f/40; M – transporting mirror; GC – gas cell; M1, M2 – deflection 
magnets; L1, L2 – scintillating screens; C1, C2 - CCD cameras.

Up to 20J, 50fs@910 nm

F/46 focusing
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Magnets M1 are M2 are 6cm@0.5T both.

Laser wakefield acceleration (Stage 2):

Gas Sell

w_0 = 40 um (1/e^2)
w_m = 14 um
N=1.5 e18  1/cm^3

- matched spot size
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TNSA

Basic laser parameters:
λ0 ≈ 910 nm,τ ≈ 60 fs, 
E ≈ 10 J, 
P ≈ 160 ТW 
D ≈ 100 mm, F/4.2, 
I ≈ 3 × 10^20 W/сm2  
С ≈ 2 × 10^8 (1 ns)
1 Shot/20min

List of diagnostic equipment:
•Thomson parabola
•RCF stack
•FSSR X-ray spectrometer
 

Thomson parabola data:

TP scheme
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Proton data: RCF

RCF1

Th= 3.1±0.3 MeV
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P. Mora model:
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The experimental results are in good agreement with the experimental results from the community.

Thus we realised, optimisation of the acceleration efficiency is only possible by optimising the laser source. 


The main issues:

1. Not enough intensity

2. Focusing is not perfect

3. Low stability


The solution:

1. CafCA (Compression after Compression Approach - peak power increase)

2. Focusing optimisation (linear distortions and nonlinear distortions cases)

3. Optical synchronisation for OPCPA
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Fig. 3.  Numerically calculated factor of spectral broadening Fω (a), factor of pulse shortening Fτ  (b), and factor 
of intensity increase Fi (c). Lower row of graphs are plotted for D=0 (red dots), D=0.02 (blue dots), and D=0.05 
(black dots). Solid lines show dependences plotted according to formulae (3).  

 

13



EAAC-2021: Soloviev A. 20/09/21
14



EAAC-2021: Soloviev A. 20/09/21
15



EAAC-2021: Soloviev A. 20/09/21
16



EAAC-2021: Soloviev A. 20/09/21

Example 4: at the output of the PEARL
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Example 5 (the most recent): output of the PEARL https://doi.org/10.1364/OE.434216 

Ginzburg, V. et al. 11 fs, 15 PW laser with nonlinear pulse compression.  
Opt. Express 29, 28297 (2021)
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https://doi.org/10.1364/OE.434216 

Ginzburg, V. et al. 11 fs, 1.5 PW laser with nonlinear pulse compression.  
Opt. Express 29, 28297 (2021)
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What happens if you focus the pulse a>er CafCA? 
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Adaptive optical system:

Linear phase distorBon correcBon Kudryashov, A. et al. 240-mm bimorph deformable mirror for 

wavefront correction at the PEARL facility. in Laser Resonators, 
Microresonators, and Beam Control XXIII (SPIE, 2021).
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Dynamic opBmisaBon of the reference waveforont

23

A.A. Soloviev et al 2020 Quantum Electron. 50 1115 

 (c) Michael A. Campbell

A.V. Kotov et al 2021 Quantum Electron. 51 593 

https://www.researchgate.net/profile/Michael-Campbell-70
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CW alignment beam (100 mW) 7J, about 50 fs

Full energy linear phase correcBon 
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A.A. Soloviev et al 2020 Quantum Electron. 50 1115 
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A.A. Soloviev et al 2020 Quantum Electron. 50 1115 

Linear phase correction results:

1. For the alignment beam  S=0.72

2. For the full poser beam S is up to 0.66

3. For the alignment beam + dynamic reference S=0.86

A.A. Soloviev et al 2020 Quantum Electron. 50 1115 
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Stability improvement: 

I.B. Mukhin, A.A. Soloviev, E.A. Perevezentsev et al 2021 Quantum Electron. 51 759

Principle scheme of the PEARL laser:
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I.B. Mukhin, A.A. Soloviev, E.A. Perevezentsev et al 2021 Quantum Electron. 51 759
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Yb MO Singal seed unit

Pump beam 
unit

CEP stabilised,  
200 nm bandwidth  

Stability improvement: 
OpBcal stabilisaBon approach 
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XCELS prototype conceptual design: 
(based on PEARL) 

I.B. Mukhin, A.A. Soloviev, E.A. Perevezentsev et al 2021 Quantum Electron. 51 759

Functional scheme of the (a) fibre, (b) solid-state, and (c) parametric parts of the front-end system: (MO) master 
oscillator; (NLF) nonlinear fibre for spectral broadening; (FA) fibre amplifier; (AOF) acousto-optic filter; (EOF) 
electro-optic filter; (DL) delay line based on a piezoelectric wafer; (FI) Faraday isolator; (CFBG) chirping fibre 
Bragg grating; (FRA1–FRA4) fibre regenerative amplifiers; (FSRA) femtosecond regenerative amplifier; (DRA) 
disk regenerative amplifier; (DMA) disk multipass amplifier; (TS1–TS3) pulse time shaping units; (TrS1 –TrS3) 
laser beam transverse shaping units; (NRA1 –NRA3) neodymium regenerative amplifier; (NA1 –NA3) neodymium 
rod amplifiers; (NG) unit for nonlinear parametric generation of broadband femtosecond radiation; (SHG1; SHG2) 
second-harmonic generation units; (FOPA) frequency domain optical parametric amplification unit; (XPW) cross-
polarised wave generation unit; (OPCPA) optical parametric chirped-pulse amplification unit; (FS) fibre stretcher; 
(GS1 –GS2) diffraction grating stretchers; (AOPDF) acousto-optic programmable dispersion filter.
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Conclusions:


- The low intensity of an fs-laser system is not a fundamental limitation.


- Even laser systems with relatively modest parameters can be easily upgraded with CafCA.

   (Peak power of the PEARL laser has been upgraded up to 1.5 PW / 11 fs)


- Particular importance is attached to improving the stability of the laser system


- Phase distortion becomes non-linear and must be adequately treated

Thanks for your kind attention!


