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Large Chirped mirrors

New compression methods
with high damage threshold

Using nonlinear effects 
(χ(3)) as SPM in plastics

Spectral 
broadening

Pulse 
compression

+=

Pulse 
shortening

Towards 
single cycle 

regime

Ex: 10 fs → Δλ=93 nm (FWHM)

Motivation

Beyond 10 PW at ELI-NP using the Kerr effect

4



Contents

• Motivation

• Optical Kerr effect and ultrashort pulses

• Experimental setup

• Discussion

• Conclusions and Outlook

5



Optical Kerr effect and ultrashort pulses

𝑃 = 𝜀0 𝜒(1) +
3

4
𝜒(3) 𝐸𝜔

2 𝐸𝜔 cos 𝜔𝑡
𝐸 = 𝐸𝜔 cos 𝜔𝑡

𝑃 = 𝜀0𝜒
(1) ∙ 𝐸 + 𝜀0𝜒

2 ∙ 𝐸𝐸 + 𝜀0χ
3 ∙ 𝐸𝐸𝐸 +⋯

𝑛 = 1 + 𝜒
𝑛 = 1 + 𝜒𝐿 + 𝜒𝑁

𝑛 = 1 + 𝜒𝐿 1 +
𝜒𝑁

1+𝜒𝐿

𝜒 = 𝜒(1) +
3

4
𝜒(3) 𝐸𝜔

2 = 𝜒𝐿 + 𝜒𝑁

𝑛0= 1+𝜒𝐿

𝜒𝑁 =
3

4
𝜒(3) 𝐸𝜔

2

𝑛 = 𝑛0 1 +
𝜒𝑁

2 𝑛0
2

𝑇𝑎𝑦𝑙𝑜𝑟
𝑛 = 1 + 𝜒𝐿 1 +

𝜒𝑁

2 1 + 𝜒𝐿
2

𝑛0 = 1 + 𝜒𝐿

6
BALDWIN, George C. An introduction to nonlinear optics. Springer Science & Business Media, 2012.



Optical Kerr effect and ultrashort pulses

𝑃 = 𝜀0 𝜒(1) +
3

4
𝜒(3) 𝐸𝜔

2 𝐸𝜔 cos 𝜔𝑡

𝑛 = 1 + 𝜒𝐿 + 𝜒𝑁

𝜒𝑁 =
3

4
𝜒(3) 𝐸𝜔

2

𝑛 = 𝑛0 1 +
𝜒𝑁

2 𝑛0
2

𝑛 = 𝑛0 +
3𝜒 3

8 𝑛0
2 𝐸𝜔

2

𝑛 = 𝑛0 + 𝑛2 𝐼
𝑛0 = 1 + 𝜒𝐿

7
BALDWIN, George C. An introduction to nonlinear optics. Springer Science & Business Media, 2012.



𝑣𝑓 =
𝑐

𝑛 𝐼
=

𝑐

𝑛0 + 𝑛2𝐼
Adapted from Wolfram Demonstrations by Daniel Ursescu
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Temporal modifications caused by the non uniform n2
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Spatial modifications caused by the non uniform n2

Self focusing

From the change of the focal length with the intensity, we can find information about n2

𝒙

𝒏 = 𝒏𝟎 + 𝒏𝟐𝑰𝒏

𝑂𝑃𝐿 = 𝑛 ∙ 𝐺𝑃𝐿

OPL – Optical Path Length 
GPL – Geometrical Path Length 
n – Refractive index
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Description 
▪ Working regime:

Mode locked
▪ Wavelength: 800nm 

(NIR)
▪ Bandwidth(FWHM): 

40nm
▪ Power: 380 mW
▪ Repetition rate: 90 MHz
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SAGA

AVESTA Laser System

Stretcher

Regen. Amp.
Compressor

Pulse picker

Two pass 
Amp.
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CAM

M1

WP P

M2

M3

BD

LM

SM

BR

M1, M2, M3 – mirrors
WP – waveplate
P – polarizer
BD – beam dump
BR – ⅓ beam reductor
SM – spherical mirror
LM – leakage mirror
AF – adjustable filter
CAM – Basler camera

PULSE PARAMETERS
▪ Energy: 2 μJ
▪ Diameter: 13 mm
▪ Duration: 60 fs

AF
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BS1, BS2 – beam splitters
L1, L2 – lenses

L2

I-Scan
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Measured nonlinearities 

Z-Scan curves plotted and fitted 

Fused Silica: n2 = 2.46 ∙ 10−20
𝑚2

𝑊
BK7: n2 = 3.98 ∙ 10−20

𝑚2

𝑊

𝑍𝑆𝐶𝐴𝑁 =
𝐶𝐴

𝑅𝐸𝐹
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Used Method

𝑇(𝑧) = 1 +
4 ∙ 𝛥𝛷 𝐼0 0

(3)
∙
𝑧
𝑧0

𝑧
𝑧0

2

+ 9 ∙
𝑧
𝑧0

2

+ 1
𝜟𝜱 𝑰𝟎 𝟎

(𝟑)
= 𝒌 ∙ 𝜟𝒏 𝑰𝟎 ∙

𝟏−𝒆−𝜶𝟎𝑳

𝜶𝟎
– nonlinear induced phase change

𝜟𝒏 = 𝒏𝟐 ∙ 𝑰𝟎 – nonlinear induced refractive index change

𝒌 =
𝟐𝝅

𝝀
– wave-number

𝛂𝟎 – linear absorption

𝐈𝟎 – Incident beam intensity

L – sample thickness

I. Dancus et al., “Z-SCAN AND I-SCAN METHODS FOR CHARACTERIZATION OF 
DNA OPTICAL NONLINEARITIES,” Romanian Reports in Physics, vol. 65, no. 3, 
pp. 966–978, 2013.

𝒛𝟎 =
k𝛚𝟎𝐭

𝟐

𝟐
– Rayleigh range

𝛚𝟎 =
𝝀∙𝒇

𝝅𝑫
– waist of the beam

𝒇 – frequency

𝑫 – initial diameter of the beam
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Sources of errors

X. Lu et al., “Measurement of nonlinear refractive index coefficient using emission 

spectrum of filament induced by gigawatt-femtosecond pulse in BK7 glass,” 2012.
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Sources of errors
• Curve used for fitting
• Diameter – 𝜀𝐷 = 10%
• Duration – 𝜀𝜏 = 10%
• Energy – 𝜀𝐸 = 5%

𝜀𝐼 = 𝜀𝐸 + 2𝜀𝐷 + 𝜀𝜏 = 35%

𝐼 =
2E

𝜋 ∙ 𝜏 ൗ𝐷2

4

𝑛2 = 3.98 ∙ 10−20
𝑚2

𝑊



Contents

• Motivation

• Optical Kerr effect and ultrashort pulses

• Experimental setup

• Discussion

• Conclusions and Outlook

19



Conclusion and Outlook

Conclusions

• ELI-NP hosts an I-Scan/Z-Scan/LIDT setup in Optics Lab

• The setup was used for the determination of n2 in various transparent 

materials

Outlook

• There is still room for improving the current setup and the methods 

used for determining n2

• Making a similar setup for non-transparent reflective materials

• Search for negative n2 materials

• Based on the result, a material will be selected to be used in future 

campaigns 

• When successful, it will be possible to achieve the needed spectral 

broadening for going beyond the 10 PW present limit at ELI-NP.
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