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Motivation

- HPLS needs latest development in optical components
- In particular high LIDT for ultrashort laser pulses
- most of the optical components : LIDT (ns, 532/1064 nm)

In house LIDT metroloqy expertise is needed

- Complementary developments for next generation. Example:
- Plastic and glass materials for spectral broadening
- HfO, layers for next generation mirrors
- Investigation of peroxide films depositions
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Figure 1. Experimental Setup: I) | and Z-scan for
Nonlinear Absorption Coefficient and Nonlinear
refractive index (NRI) measurements, Il) LWDIS for
LIDT measurements (in transmission T_LIDT in
reflection R_LIDT) and lll) Fiber Spectrometer (FSp)

for Self Phase Modulations (SPM) measurements.
The setup has the following optical elements: A1, A2 and A3 - Apertures, BS1, BS2-
beamsplitter, EM -energy meter, FS- fiber spectrometer, FM- flip mirror, LASER - Ti:
Sapphire, L1 and L2 -focusing lenses, M1,M4-high reflective mirror, M2- 99%
reflective mirror, M3- spherical mirror, ND- neutral density filter, POL- polarizer, PD1,
PD2 and PD3 photodiodes, TP- FS thin plate, TS- translation stage, RT -rotation
stage, WP - half-waveplate

LWDIS-Long Working Distance Imaging system
ELI-NP 2022
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Nonlinearities
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Other Capabilities

Laser system based on Ti: Sapphire amplification (800 nm) similar to HPLS;
Femtosecond pulse duration;

LIDT in transmission and reflection (dedicated to coated surfaces);

10 Hz or single shot;

1-on-1 or R-on-1 LIDT qualification methods;

Horizontal or vertical polarization;

13 um resolution;

3 ways to monitor the LIDT

User interface and completely automatized.
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Laser properties: Energy, Pulse duration, Spot size, Wavelength, beam profile, etc.

Input parameters: Range Tuning Diagnostics
Pulse duration 40 -200 fs Compressor Autoccorelator & FROG
Pulse energy 0.1 uJ-6mJ Malus law (POL+WP) Energy meter
Spot size 80 um -8 mm Lenses + beam reducers LWDIS, USAF target calibration

Table 1. Experimental setup parameters
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Figure 2. Temporal laser parameters used for measurements (FROG). Figure 3. Spatial laser parameters used for measurements.
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Material/Sample

Detection methods: ISO 21254-4 standards: scatter, plasma and thermal radiation, fluorescence,
reflectance, transmittance, online microscopy, photothermal detection, etc.

Novel proposal

A. Rubenchik, Modulation instability in high power laser

Spatial frequencies (g / pm-1) method amplifiers, Optics Express, 2010

Images

Images treatment

Fourier analysis

LIDT estimation

i J. Wheler, G. Bleotu, Laser Physics, submitted
LWDIS (Il) recorded images

Size, background subtraction, fluence, Python interface

| Compute the 2-dimensional discrete Fourier Transform of the images

Discrete Fourier Transform sample frequencies for X and Y axis
| Histogram integration of the FT data

Spatial Frequency amplitude

1 Ratio magnitude

Cross check with a microscopic method (microscope, profilometer)

ELI-NP 2022
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Figure 4. LIDT threshold using spatial frequencies: Left) laser beam at low and high energy and right): Beam profile
(up), Spatial frequencies of the beam (inset — beam evolution with the energy increment) and the ratio Ampl n/
Ampl,y(down)
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Example: HfO, layers for next generation mirrors

LIDT in reflection
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Figure 5. Top) Leica microscope 20X and bottom) LWDIS images

G.-P. Bleotu et al. “Experimental setup for optical films Laser Induced Damage Threshold measurements”, ICPAM 2021, Spain

@ELIRO, LPTC project NUCLEU-LAPLAS
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Example Investigation of perovskites thin films

LIDT in reflection
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Figure 7. Typical damage morphology before and after damage

Sample 1716, 10 Hz, 1000 shots (damage not observable on-line,
only off-line)
@Project UTRCPTF
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Example Investigation of perovskites thin films
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Figure 8. Left) Power spectrum as a function of beam’s spatial
frequencies and Right) the ratio Ampln/Ampl,(down)
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Figure 9. Damage probability (5
sites/ energy value, for statistic)
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Test mode Sample LIDT
103%-on-1 1716 132 £7 mJ/cm?
103-on-1 STO 235 +9 mJ/cm?

5-on-1 HfO, 362 £15 mJ/cm?
30-on-1 Glasses 300-350 mJ/cm?
30-on-1 Plastics 120-200 mJ/cm?

Table 2. LIDT damage threshold results

ELI-NP 2022



Conclusions and Outlook

v Experimental setup used for: Nonlinearities, LIDT and Spectral broadening;

v LIDT station, build in house, for damage measurements in reflection & transmission;

v' Complete characterization of the laser parameters;

v LIDT in fs regime, 800 nm!!

v Setup and method presented in 2 projects, 1 conference, 2 papers and detailed in
ELI-NP annual activity report.

» Experimental setup can be used for a variety of samples-> USER FACILITY;

» Extend the LIDT station using LWDIS and Spatial frequency method to E4,

» Nonlinearities measurement of the mirror coatings during LIDT — B-integral
estimation;

ELI-NP 2022
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