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Continut:

1. Cum se obtine un oscilator laser?

2. Oscilatoare laser cu pulsuri de durata ultra-scurta: de la nanosecunde la picosecunde

si femtosecunde.

3. Problemele amplificarii pulsurilor laser ultrascurte.

4. Amplificarea pulsurilor laser cu deriva de frecventa (“Chirped Pulse Amplification”-

CPA) in medii active laser.

5. Amplificarea parametrica a pulsurilor laser cu deriva de frecventa (“Optical 

Parametric Chirped Pulse Amplification”- OPCPA) in cristale neliniare.

5. CPA versus OPCPA: avantaje si dezavantaje.

6. Configuratii ale sistemelor amplificatoare laser din clasa PW- multi-PW. Cum alegem

cea mai convenabila configuratie?

7. Lasere din clasa PW in lume. Lasere de mare putere cu pulsuri ultrascurte la 

Magurele (INFLPR si IFIN-HH, ELI-NP).

8. Spre lasere de 100 PW?
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1. Emisia stimulata

Emisia stimulată (Albert Einstein, 2017) este procesul prin care, sub 

influenἪa unuifoton, materiaemiteenergiesub forma unui alt foton care are

aceeaἨifrecventa(lungimede unda) Ἠifazaca Ἠi fotonul iniἪial. 

Rezultatulacestuiprocesesteo amplificarea fluxului de fotoni incidenti.

Absorbtia stimulată este procesul prin careun fotonesteabsorbitde un 

atom aflat in stareaenergeticade baza, iar atomulrespectivtrecein starea

excitata. 

Rezultatulacestuiprocesesteo atenuarea fluxului de fotoni incidenti.

Inainte de 

absorbtie

Dupa

absorbtie

Emisia stimulata genereazaun fasciculde radiatiecu intensitatedirect 

proportionalacu intensitatearadiatieiincidente

Radiatia obtinuta prin emisie stimulata are aceleasi caracteritici ca 

radiatia incidenta: lungime de unda, faza, directie, polarizare

Emisia stimulata nu poate fi distinsa de radiatia optica incidenta
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Populatia atomica pe doua nivele

energetice conform legii de distributie

Boltzmann la echilibru termic
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Datorita emisiei stimulate, in conditiile inversiei de populatie, 

rezulta o amplificare a fluxului de radiatie optica incidenta

2. Amplificarea optica
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ů, sectiuneaeficacede emisiestimulata
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Schema unui laser cu trei niveluri de energie

Rubin - Cr3+ :Al2O3

Pompajul optic se realizeaza de regula cu:

- Lampi cu descarcare in gaz pulsate sau in unda continua

- Un laser auxiliar (dioda laser,  laser cu corp solid, laser cu gaz)

Metode de pompaj optic

Schema unui laser cu patru niveluri de energie

Nd:YAG (Nd:Y3Al5O12), Nd:sticla, Ti:safir (Ti:Al2O3)

Inversia de populatie se poate obtine prin descarcare electrica in gaze sau

prin pompaj optic in cazul unui mediu activ solid.
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Amplificarea radiatiei optice :

Emisie stimulata in prezenta inversiei de populatie intre atomii situati pe doua niveluri energetice

Inversia de populatie se obtineprin descarcareelectricain gaze sauprin pompaj optic in cazul unui mediu activ solid.

Oscilatorul laser :

Mediul amplificator laser esteintrodusintr-un rezonator optic (cel mai simplu, douaoglinzi cu feteleparalele, unatotal 

reflectanta, cealaltacu transmisiepartialala lungimeade undalaser)

Daca amplificarea radiatiei optice in mediul activ depaseste

pierderile din rezonator, la iesire se obtine un fascicul LASER

Oscilatorul LASER 

(Light Amplification by Stimulated Emission of Radiation)

Intensitate

spectrala

Frecventa

Banda spectrala

de fluorescenta

Banda spectrala

de emisie laser
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Nikolay Basov

1922-2001

Alexandr Prokhorov

1916-2002

Charles Townes

1915-2015

Premiul Nobel 1964

„Pentru munca fundamentală în domeniul electronicii cuantice, care a condus la 
construirea de oscilatoare și amplificatoare bazate pe principiul maser-laser”
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Solid-State Laser Oscillator
Continuous wave (unda continua) 

Pulsed free-running generation (oscilatii libere in regim pulsat)

T. Maiman, Laser cu Rubin pompat cu flash-lamp, Mai 1960 

M1 M2
T1 T2

( )
2

1 2 1 0 2 1RM RM T G T³ ³ ²

RM1 ,RM2, mirrors reflectivity

T1 ,T2, transmission of laser medium end faces

La , length of the laser medium

ůa, emission cross-section

n, population inversion per unit of volume

Ŭ, absorption coefficient per unit length

Threshold condition for a laser oscillator:

[ ]aa LnG )(exp0 as -=

Threshold condition represents the first condition to build 

a stable resonator laser oscillator 

La

Laser 

emission

The stability criterion:

represents the second condition to build a stable resonator 

laser oscillator (R1, R2, mirror radius of curvature)

Stability diagram for passive laser resonators

Laser

E0

E3

E1

E2

νP
νL

Optical pumping

Light rays that bounce forth and back between the spherical mirrors experience a 

periodic focusing action in the laser resonator.

In an optical resonator operated in the stable region, the waves propagate between 

reflectors without spreading appreciably.

The intensity radiation profile is reproduced after each round-trip inside resonator

Intalnireade sambata16.11.2019



R1 ≈ 1 R2 < 1

POLλ/4
PC

LASER MEDIUM

Generarea de pulsuri laser de nanosecunde prin

comutarea factorului de calitate (Q-switching) al 

rezonatorului optic

POL, Polarizer

PC, PockelsCell

ɚ/4, Quarter-wavelength wave-plate

For a certain laser medium, the Q-switched pulse duration Űdecreases if:

- Initial inversion of population (ni) increases

- Laser resonator length (L) decreases

- Q-switching time becomes shorter (typical < 5 ns in case of Pockels cells)

Flashlamp

Typical pulse duration: 5-15 ns; sub-ns pulse duration can be 

obtained in a Q-switched microchip lasers

Repetition rate, usually < 30 Hz. 

Maximum rep rate of available commercial lasers, 100 Hz

initial

threshold

final
l

HV Pulse

Vλ/4

Laser

E0

E3

E1

E2

νP
νL

Electro-optically Q-switched laser

Q: factorul de calitate al rezonatorului laser Low Q

High Q
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Principiul cuplarii in faza a modurilor longitudinale de 
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Early mode-locked picosecond laser systems (’70 years):

- Passive mode-locking

- Active mode-locking

By placing inside a laser cavity an amplitude modulator (AM) or a frequency 

modulator (FM) driven at exactly the frequency separation of the axial modes, one 

can get a train of mode-locked pulses with a pulse repetition rate of fm = c/2L.

AM modulation: A loss modulator operating at a frequency fm is inserted into the 

laser resonator. The optical carrier frequency ɜ0 will develop sidebands with ɜ0Ñfm , 

corresponding to the adjacent longitudinal modes

Nd:YAGïpulsuricu duratade zecide ps

Nd:glassïpulsuricu duratade ps

Broad-bandwidth femtosecond laser oscillators  (beginning of  ’80 years):

- Auto-cuplare a modurilor longitudinale prin efect Kerr in medii laser cu 

banda foarte larga de emisie

Self-mode-locking (Kerr-lens mode-locking, KLM)

Nd:YAG, Nd:glass

Ti:sapphire

Metode de cuplare in faza a modurilor longitudinale de oscilatie

(Mode-Locking, ML)

End-pumped and actively mode-locked Nd laser

Active ML
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Principle of  Kerr-lens mode-locking (KLM)

InnIn 20)( +=

Beam intensity

Kerr Lens Focal Length, fKL : P
w

dn

fKL

4

241

p
=

w, beam radius; d, thickness of the nonlinear  

medium; P, incident beam power

KLM se poate obtine in medii laser cu banda larga de emisie, cu un numar foarte mare de moduri

longitudunale de oscilatie si un contrast foarte mare intre intensitatea in regim ML si cea in unda continua

Intalnireade sambata16.11.2019

https://www.google.ro/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwilzMiSx-PNAhVFzRQKHY3gC8EQjRwIBw&url=http://www.fkp.uni-erlangen.de/methoden/2ppetutor/fslaser.html&psig=AFQjCNECgi1DE1qlmNNAXqYSj7OstFMbRA&ust=1468056578303943


Schematic drawing of early fs Ti:sapphire oscillators 
(pulsewidth ~100 fs) in anii ‘80

Signal structure of an ideally mode-locked 

laser with a Gaussiandistribution of spectral 

intensity and flat spectral phase. )(
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Pentru a se obtine oscilatia in regim de ML dispersia pozitiva de 

faza,               ,   in mediul laser (Ti:safir) este compensata in 

interiorul oscilatorului laser prin dispersie negativa,

intr-o pereche de prisme
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Ti:sapphire laser oscillators with chirped mirrors 
(pulsewidth ~10 fs)

Schematic drawing of a Ti:sapphireoscillator with chirped mirrors (CM)

Spectral intensity profile of Synergy-Pro Femtolasersoscillator

Chirped mirror for phase dispersion control

Caracteristicile oscilatoarelor cu pulsuri de femtosecunde:

Energia pe puls: cativa nJ

Durata de puls: sub-10 fs pana la cateva zeci de fs

Frecventa de repetitive a pulsurilor: ~80 MHz

Puterea medie de emisie: cateva sute de mW

- Alternate layers of ~ɚ/4 with different refractive index with 

increasing thickness to the substrate 

- Penetration depth and group delay varies with wavelength

introducing negative phase dispersion,

Anti-reflex coating

Substrate

0
prt

l

µ
>

µ
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Top-side view VENTEON

Emitted Spectrum

Pulse duration

Oscilatorul (VENTEON) laserului de 10 PW, ELI-NP
Intalnireade sambata16.11.2019



Energy gain, G: Fin , incident fluence(energy per surface unit)

a

L
sat

h
F

s

n
= ,  saturation fluence

n, population inversion per unit of volume

l, propagation length in the amplifying medium

tp , laser pulse duration

ŰF , fluorescence life-time

F lav , laser energy available for amplification  in an active 

medium volume with an aperture equal to a surface unit.

Fsat (Ti:sapphire) å 0.9 J/cm2

Gain calculation for :

Rectangular input pulse

tp <<  ŰF
Uniform inverted population densityn throughout the laser material

Negligible absorption and scattering losses in the laser medium

Not saturated amplifier

Laser pulse amplification

ɜL , laser frequency; 

ůa , stimulated amplification cross-section

G0 = exp(ůanl), low-signal gain (Gexp)

L.M. Frantz and J.S. Nodvik, J. Appl. Phys.34, 2346 (1963)
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In laser amplifiers the following aspects must be

considered:
- Gain and energy extraction

- Energy and power density at the optical elements of the

amplifier system

- Potential surface or bulk damage. Excessive energy or

power at the various optical elements of the amplifier,

diffraction effects, or self-focusing can lead to optical damage.

- Wave front and pulse distortions introduced by the

amplifier.

Eficienta de extractie a energiei
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Problems of short laser pulses amplification

Innn 20 +=

n2 (Ti:sapphire) = 5Ĭ10-16 cm2/W, n2 I  å 10-7        

ñ=

L

dxInB
0

2

2

l

p Bintegral Ÿ  wavefrontdistortion after L propagation length

B < 1, to preserve the spatial and temporal quality of the laser 

beams

For nanosecond pulses, F = 2 J/cm2 , 10 ns pulse duration, 

I = 2Ĭ108 W/cm2

Surface damage:

Fluenceis restricted  due to the laser induced damage threshold (LIDT)

For nanosecond laser pulses: FLIDT å 5-10 J/cm2 for Nd:YAG and Ti:sapphire

F < 2 J/cm2 for safe operation

In the ns  – ten-hundred of ps range,                                   , where Űp is the 

pulse duration )2(

)1(

)2(

)1(

p

p

LIDT

LIDT

F

F

t

t
º

Bulk damage and wavefront distortions:

Contribution of the nonlinear refractive index to the self-focusing and 

wavefront distortion is negligible

Nanosecond-picosecond pulses Femtosecond pulses

Surface damage:

In the ps-fs range an approximate cubic dependence of FLIDT

has been demonstrated

In the range of femtoseconds, the surface damage threshold is 

more than two orders of magnitude lower than for nanosecond 

laser pulses   

For  femtosecondpulses at near saturation fluence, to get high 

energy extraction efficiency, 

I > 1012 W/cm2, n2 (Ti:sapphire) = 5Ĭ10-16 cm2/W, n2 I  å 10-3 

For propagation length  L in the range ofmm or more, theB integral 

value is >>1, significant self-focusing and wavefront distortion 

can be produced

Bulk damage and wavefront distortions:
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Problems of femtosecond pulses amplification

- Surface damage due to the lower fluenceof LIDT in case of ultra short  (ps-fs) 

pulses compared to ns pulses

- Volume damage due to the beam self-focusing and wavefrontdistortion 

Possible solutions:

A. Very large aperture optical components to accommodate large 

diameter beams

B. Increase the amplified pulse duration

- Pulse stretching to increase the laser pulse duration. Surface 

damage threshold increases and the value of B integral decreases.

- Stretched pulse amplification

- Temporal re-compression of the amplified pulse 
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Femtosecond 

oscillator
Stretcher Amplifiers

Temporal 

compressor

Principiul amplificarii pulsurilor laser cu deriva de frecventa

Chirped Pulse Amplification (CPA)

Űp ,  recompressed amplified pulse duration

Bɜ, amplified pulse frequency bandwidth

n

t
B

p

1
´

D. Strickland and G. Mourou, ñCompression of amplified chirped optical pulses,ò 

Opt. Commun. 56(3), 219ï221 (1985).
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Femtosecond  oscillators

Chirped pulse amplification

+
High power femtosecond 

laser systems
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60 nJ/ 150 ps

1 mJ/2 ps

Aenerg ≈ 1.7×104

Apower ≈ 1.25×106



Femtosecond 

oscillator

Laser 

amplifiers

DG1

DG2

DG4

DG3

LENS1 LENS2

VDG

f f ff-d d

d

2d

REF1

REF2

Low energy 

stretched pulse

High energy 

stretched pulse

High energy 

compressed pulse

M1

M4M3

M2

M6

M5

Chirped Pulse Amplification System

“Standard” Architecture of “Table-top” Laser Systems

• Stretcher-compressor matched configuration is the key element of CPA

• Stretcher with diffraction gratings in a M×1 magnification telescope configuration

• Treacy configuration of the temporal compressor

• Positive group velocity dispersion in the stretcher must be fully compensated for by the 

negative group velocity dispersion in the temporal compressor

•Second order and third order phase distortions can be compensated for by the

translation/rotation of the diffraction gratings of the temporal compressor or stretcher

Amplified pulseduration is usually > 30 fs

For shorterpulses,advancedmethodsfor phasedispersioncompensationarerequired

1sin sinr i
d

l
= -

i

r0r1

DG

E. B. Treacy, ĂOptical pulse compression with diffraction 

gratingsò, IEEE J. Quantum Electron. 5, 454-458 (1969).

O. E. Martinez, ĂDesign of high-power ultrashort pulse 

amplifiers by expansion and recompressionò, IEEE J. Quantum 

Electron. 23, 1385-1387 (1987).
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High power ultrafast lasers (TW-PW) were developed in the last 30 years

PW-class lasers

10 PW lasers           

PWW
s

J
110
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Ultra-high intensity can be obtained by tightly focusing PW peak power lasers

High quality spatial profile of the laser beam is required to get a small focused spot

Peak laser intensity for a 10 PW laser:   2
23

28

16

2
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W

cm

W

m

PW
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P
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³
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I >1011W/cm2 on the target before the main laser pulse, the generated pre-plasma 

disturbs the experiment.

For PW-class lasers more than 1012 intensity contrast is required

High power ultrafast lasers for ultra-high intensity physics

Pentrua ajungela energiafinalaa pulsurilorlaser amplificate, in sistemelelaser 

multi-PW estenecesarao amplificarede ordinul 1011, de la nJla sutede J. 
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Amplificatoare regenerative: dela nJ la mJ

• Un puls laser largit temporal este injectat intr-un rezonator

optic cu oglinzi cu reflectivitate mare

• Pulsul laser este amplificat printr-un mare numar de treceri, 

30-40, prin cristalul de Ti:safir

(nJ)

(mJ)

• Cand amplificarea ajunge la saturatie, se extrage din 

rezonator pulsul laser cu cea mai mare energie

Pulsurile laser care circulă în interiorul rezonatorului unui amplificator 

regenerativ vizualizate cu un osciloscop. (a) Trenul de pulsuri laser fără 

extragerea pulsului amplificat. (b) Trenul de pulsuri laser dupa

extragerea pulsului amplificat. (c) Pulsul laser extras din rezonator. 

Photodiode

Oscilloscope
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EIN(1)

M1

M2
Pump 

Laser 1

Ti:sapphire

disk

Two-pass amplifier

IN → Broad bandwidth chirped laser pulse, 

central wavelength ~ 800 nm

Nd-Laser pumping → Nd:YAG, 532 nm, 

Yb:YAG, 515 nm, Nd:glass, 527 nm

SH of Nd

Lasers

ɇfå 3 ɛs

time

10-100 ns

PUMP 1-4 IN

Laser

E1

E4

E2

E3

ɤP
ɤL

OUT

10-20 ns

Pump 

Laser 3

Pump 

Laser 2
Pump 

Laser 4FOUT(1)

FIN(2)

EOUT(2)

Amplificatoare multi-pas: de la mJ la sute de J Intalnireade sambata16.11.2019



PW beam amplifier (THALES Optronique)

100 mm diameter Ti:sapphire crystal 

in the liquid cooled mechanical mount

Layout of the 35 J amplifier 

for 1 PW laser beam
Cristale de Ti:safir pentru lasere amplificatoare din clasa PW. 

(a) Cristal cu diametrul de 80 mm. (b) Cristal cu diametrul de 

120 mm fixat într-o montură prin care circulă lichidul de 

răcire. (c) Cristal neprelucrat, cu diametrul de 275 mm.

(a) (c)

(b)
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Desen 3D al unui compresor temporal 

pentru un laser din clasa PW

Compresoare temporale pentru

lasere din clasa multi-PW
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Problemele amplificarii pulsurilor laser de 

mare energie in cristale laser (Ti:safir)

Fenomene caracteristice amplificarii in Ti:safir:
•“Gain Narowing” – ingustarea benzii spectrale a pulsurilor amplificate

• Deplasarea spre rosu a spectrului pulsurilor amplificate (“Red shifting”)

• Incarcarea termica (~34% din energia de pompaj se transforma in caldura)

Rezultate nedorite:
• Cresterea duratei pulsurilor re-compresate temporal

• Inrautatirea contrastului de intensitate

• Distorsionarea frontului de unda

• Efect laser parazit pe fetele discurilor de Ti:safir de mare diametru

Spectrum narrowing and red-shifting after Regen Amplifier 

and first Multi-pass Amplifier (25 mJ pulse energy) in the 

TEWALAS laser system (INFLPR)

Oscillator 

spectrum

Multi-pas amplifier 

spectrum

Near saturation 

Ti:sapphire amplifier

Pump laser

Input pulse 

spectrum
Amplified pulse 

spectrum

Red 

shifting

Polarized fluorescence 

spectra and calculated 

gain line for a optical c-

axis normal cut 

Ti:sapphirerod; 

πïc-axis parallel 

polarized radiation; 

σïc-axis normal 

polarization 

Gain narrowing
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Metode avansate pentru controlul

parametrilor pulsurilor laser de femtosecunde

amplificate in domeniul PW

Controlul intensitatii si fazei in domeniul spectral

Filtre dispersive acusto-optice programabile (AOPDF)

Filtre spectrale reflective

Imbunatatirea contrastului de intensitate

Filtre cu absorbanti saturabili

Amplificare optica parametrica (OPCPA)

Generarea de unde polarziate incrucisat

(“crossed polarized wave generation” – XPW)

Corectarea distorsiunilor

frontului de unda

Oglinzi deformabile
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Optica neliniara – un nou domeniu

dezvoltat odata cu aparitia laserelor

Polarizatiaelectricaindusaintr-un dielectric sub actiuneaunuicamp laser, E

(2)
(3)

3 0 1 2 1 1 2 2( ) ( , ) ( ) ( )P E Ew e c w w w w=

(4)(3)(2)

0 ...P E E E E E Ee c c c
è ø

= + + +é ù
é ùê ú

Polarizatieliniara Polarizatieneliniara

de ordinuldoi

Polarizatieneliniara

de ordinul trei

Proceseopticeneliniarede ordinul doi (interactiede trei unde): Generarea armonicii a doua

Generarea sumei/diferentei

de frecvente optice

Amplificarea parametrica

2 12w w=

3 2 1w w w= °

Conservarea energiei cuantelor :
3 2 1h h hn n n= +

Adaptarea fazei undelor:
3 2 1k k k= +

2
k n

p

l
= nŸ indicelede refractive la lungimeade undaɚ

Intalnireade sambata16.11.2019



Principiul amplificarii optice parametrice

Optical Parametric Amplification (OPA)

Non-linear crystal
ɤs

ɤp ɤp

ɤs

ɤi

pk

sk ik

Collinear OPA
Optical axis

ɗ

Ŭ ɓ

pk

sk

ik

Non-collinear OPA → NOPA

ɗ

hɜp = hɜs + hɜi

ɤp= ɤs+ ɤi

ɤp > ɤs > ɤi

pŸ pump beam

sŸ signal beam

i Ÿ idler beam

Quantum Energy conservation

Wave-vectors Phase-Matching

OPA conditions are fulfilled for 

monochromatic waves

For an appropriate crystal orientation and a given 

(quasi)monochromatic wavelength pump laser, an ultra-

broad amplification bandwidth of a signal wave with a 

certain central wavelength can be obtained

OPA este un process optic neliniar de ordinul doi

Optical axis

Parametric gain (GS) 

50%

Phase-matching 

bandwidth (NOPA) 

λS0 λSmaxλSmin
Signal wavelength

100%

Phase-matching 

bandwidth 

(collinear OPA) 

0p s ik k k kD = - - =

GS (ȹk = 0)
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Signal 

pulse

Pulse stretching 

and 

synchronization 

OPCPA Temporal 

compression

Pump 

pulse

Amplified 

signal 

pulse

Dichroic 

mirror

Principle of Optical Parametric Chirped Pulse Amplification (OPCPA)

A. Dubietiset al, ñPowerful femtosecond pulse generation by chirped and stretched pulse parametric 

amplification in BBO crystalò. Optics Commun. 88, 437 (1992).

ɇfå 3.2 ɛs

Laser

E1

E4

E2

E3

ɤP
ɤL

ɤPump

ɤSignal

ɤIdler

Ti:sapphire CPA

versus

OPCPA

OPCPA este un proces instantaneu, care are 

loc doar la suprapunerea spatiala si temporala

a pulsurilor laser de amplificat si de pompaj
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Multi-pass Ti:sapphire CPA  versus 

OPCPA in nonlinear crystals

IN

OUT

M1

M2
Pump 

Laser 1

Ti:sapphire

disk

SH of Nd

Lasers

time

10-100 ns

PUMP 1-4 IN OUT

10-20 ns

Pump 

Laser 3

Pump 

Laser 2
Pump 

Laser 4

Pump laser 

pulse

Amplified 

Signal pulse

β

α

time

Nonlinear 

crystal

Signal pulse

Idler pulse

~10 ns
~10 ns

~1 ns

1-2 ns

1-2 ns

~1 ns

Single beam 

Pump laser 
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Avantaje si dezavantaje: CPA versus OPCPA

Advantages Drawbacks

ǒFreefrom spectralbandnarrowing

andredshifting.

Large spectral bandwidth can be

preserved during amplification

process

ǒ Signal pulse is amplified only

when signal and pump pulses are

temporally and spatially overlapped

in thenonlinearcrystal.

Intensity contrast is improved

outside the signal and pump pulses

overlappingtime window

ǒNo thermal loading of nonlinear

crystals

Low amplifiedpulsebeamwavefront

distortions

ǒCritical signal-pump pulse synchronization

andspatialoverlapping.

Optical synchronizationof signal and pump

laser pulses is necessary in case of

femtosecond-picosecond pulses parametric

amplification.

Critical anglebetweensignal and pump wave

vectors.

ǒTechnicaldifficulties arerelatedto the pump

lasersdevelopment.

High energy single beam pump laser with

useful pump energyis in the rangeof 1-3 ns

pulseduration

Low repetition rate of kJ-energypump lasers

causesthe developmentof single-shot multi-

PWlasersystems

ǒ Critical spatial and temporal pump laser

beamprofiles

Amplified laser pulse spectrum strongly

dependsonpumppulsefluctuations

Very stablespatialandtemporalprofiles of the

pumplaserpulsesarerequired

Advantages Drawbacks

ǒNoncritical pump pulse duration,

acceptablein therangeof 10-100ns.

ǒ Non-critical signal-pump pulse

synchronizationtime, in the rangeof

10-ns.

ǒ Non-critical seed-pump beams

geometryconfiguration.

ǒ For high-energy Ti:sapphire

amplifiers, high-energy green pump

lasers,with ~ 10-20 nspulseduration,

arecommerciallyavailable.

ǒ Spectral band narrowing in high order of

magnitudeamplification regenerativeamplifiers

and red shifting in the near saturationoperated

multi-pass amplifiers provide longer

recompressedamplifiedpulse.

ǒDueto the amplifiedspontaneousemission,the

intensitycontrastof amplifiedfemtosecondpulses

decreases.

ǒThermalloadingof thelaseramplifyingcrystals

generatesthermal lenses,wavefront distorsions,

phasedispersion,andbadlaserbeamfocusing.

ǒParasiticlasinglimits the pumpenergyin large

apertureTi:sapphirecrystalamplifiers.

Amplificare in cristale laser (Ti:safir) - CPA Amplificare in cristale neliniare - OPCPA
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Lasere de mare putere cu pulsuri de femtosecunde

• Pulsuri laser ultra-scurte (pico-femtosecunde) se pot obtine prin cuplarea in faza a modurilor longitudinale de

oscilatie , mode-locking (ML). Durata pulsurilor ML este invers proportional a cu largimea benzii spectrale.

• Pulsurile de femtosecunde sunt generate in oscilatoare laser cu banda larga (zeci-sute nm) prim Kerr-lens mode-

locking (KLM)

• Amplificarea pulsurilor laser de femtosecunde se face prin “chirped pulse amplification (CPA)”:

largire temporala, amplificare si re-compresie temporala.

• Amplificarea la mare energie se face in:

cristale laser (in principal Ti:safir) - CPA

cristale neliniare prin amplificare parametrica de banda larga – OPCPA.

• In procesul de amplificare trebuie pastrata banda larga spectrala si trebuie obtinut un contrast mare de

intensitate a pulsurilor laser de femtosecunde.

• Majoritatea aplicatiilor necesita intensitati mari ale radiatiei laser. In sistemele laser multi-PW se poate obtine in

fasciculele laser strans focalizate o densitate de putere de pana la 1023 W/cm2.

• Se folosesc metode avansate pentru generarea unor pulsuri laser adecvate experimentelor si aplicatiilor la

intensitate ultra-inalta a radiatiei laser: controlul intensitatii si fazei in domeniul spectral, imbunatatirea

contrastului de intensitate, corectarea distorsiunilor frontului de unda pentru focalizare eficienta.

• La alegerea solutiei constructive pentru un sistem laser de mare putere in femtosecunde se iau in considerare

avantajele si dezavantajele CPA si OPCPA.
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Arhitectura sistemelor laser CPA multi-PW

• Lasere cu energie pe puls de ordinul kJ, cu durata de puls de sute de femtosecunde, folosind

ca mediu laser activ sticle dopate cu Nd, pompate cu lampi-flash cu descarcare in gaz.

• Sisteme laser cu Ti:safir (all Ti:sapphire lasers) cu energie pe puls de pana la cateva sute de J, 

durata de puls zeci de femtosecunde, pompate cu lasere de nanosecunde de mare energie cu 

emisie in verde. 

• Sisteme laser bazate pe OPCPA cu amplificare la mare energie in cristale neliniare, de 

exemplu BBO, LBO, KDP, DKDP. 

• Sisteme laser hibrid in care amplificarea la energie mica se face prin OPCPA si amplificarea

de mare energie prin CPA in Ti:safir.
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Schematic drawing of a hybrid femtosecond laser system

CPA / OPCPA

Low energy 

amplification

Temporal 

stretcher

Femtosecond 

Ti:sapphire

oscillator

High energy 

Ti:sapphire

amplifiers

Temporal 

compressor

FRONT-END HIGH ENERGY AMPLIFICATION

nJ/pulse mJ/pulse

J/pulse

Key feature of hybrid femtosecond lasers is the matching of Ti:sapphire

laser spectrum with the gain bandwidth of OPCPA nonlinear crystals.

Hybrid chirped pulse amplification 
combines

Chirped Pulse Amplification in Ti:sapphire crystals

with

Optical Parametric Chirped Pulse Amplification in nonlinear crystals

- Front-End high intensity contrast.

- OPCPA in BBO (β-BaB2O4) crystals: the central wavelength of the ultra-broad gain bandwidth corresponds to the central wavelength 

of the amplified spectrum of Ti:sapphire, about 800 nm. The amplification in BBO crystals can be easily combined with high energy 

Ti:sapphireamplification

- Broad-bandwidth amplified pulses → very short duration recompressed laser pulses

- Low Front-End thermal effects and beam distortions

- High energy pump laser are available for high energy Ti:sapphire amplification stages

- Large aperture Ti:sapphire crystals are necessary for high energy amplifiers of PW-class femtosecond laser systems.
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NIF (National Ignition Facility) la LLNL, USA, operational din 2009.

194 fascicule de dimensiune40 cm Ĭ40 cm care genereazain total 1.8 MJ, 

peo duratade pulsde 3 ns (0.6 PW pearmonicaa 3-a)

In anul2018 a generato energierecord de 2.15 MJ  

LMJ (Laser Megajoule) la Bordeaux, Franta, in curs de constructiesi punerein functiune.

176 fascicule de dimensiune40 cm Ĭ40 cm care genereazain total 1.4 MJ, peo duratade 

pulsde 3.5  ns  (0.4 PW pearmonicaa 3-a)

Va aveain final 240 canale(~1.9 MJ)

Lasere din clasa PW cu energie de MJ si durata de puls de nanosecunde

(NU sunt de tipul CPA)
Mediul activ laser: sticle dopate cu Nd
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Lawrence Livermore National Laboratory, USA

660 J/440 fs, P = 1.5 PW, λ = 1054 nm, Focused intensity  7×1020 W/cm2

940 mm diameter gold coated gratings 

Sisteme laser CPA cu sticle dopate cu Nd

(hundred-femtosecond – ps laser pulses)
First PW-class laser worldwide, LLNL, USA, 1998. 
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Central Laser Facility, 

Rutherford Appleton 

Laboratory, UK 

500 J / 500 fs, P = 1 PW

λ = 1054 nm (2004)

PW CPA Nd:glass laser system 
(Central Laser Facility, RAL, UK)

Compresorul temporal

Camera vidata

pentru experimente
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Laboratory for Laser Energetics, Rochester University, USA

1 kJ / 1 ps, P=1 PW

2.6 kJ / 10 ps (2006)

GEKKO XII facility, Osaka University, Japan

420 J / 470 fs, P = 0.9 PW

Focused intensity, 2.5×1019 W/cm2 (2009)

PW Nd:glass CPA laser facilities
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First Ti:sapphire PW-class femtosecond 

laser system

P ≈ 1.3 PW, 30 fs, 0.1 Hz repetition rate

Hybrid femtosecond laser system0.85 PW, 33 fs (2003)

H. Kiriyama et al., Opt. Lett. 43 (11), p.2014, 1 June 2018
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PW CPA Ti:sapphire laser systems

(femtosecond laser pulses)

40 J / 30 fs/ 1 Hz,  λ = 815 nm, P > 1.3 PW

Primul laser PW cu frecventa de 1 Hz

Construit de firma Thales, Franta

Pus in functiune in 2013

26 J / 30 fs/ 3.3 Hz,  λ = 800 nm, P = 0.85 PW

Pump laser is a novel high-repetition rate 

Nd:glass laser, frequency doubled in LBO crystals 

(2017)
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High repetition rate Advanced Petawatt Laser System  (HAPLS) based on diode-

pumped solid sate (DPSSL) pumped Ti:sapphire CPA technology ( 2018). 

1 PW / 30 J / 10 Hz.

High repetition rate  PW CPA  Ti:sapphire laser system
(ELI – Beamlines, Prague)
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Temporal contrast

Multi-PW hybrid femtosecond laser system
Ultraintense Laser Laboratory, Advanced Photonics Research 

Institute, GIST, Gwangju, South Korea (2017)

4.2 PW (83 J/ 19.4 fs / 0.1 Hz)
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Layout of Ultrashort Quantum Beam Facility, Korea

PW Laser-Plasma Lab.

100-TW Laser-Plasma Lab

PW amplifier

1 PW x 2

100 TW system

Target 1

(proton)

Target 2

(electron)

Compressor

PW Target 

1

PW Target 

2

Target 3

(x-ray)

PW Laser 
Lab.
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Super-intense Ultrafast Laser Facility (SULF)

Shanghai Institute of Optics and Fine Mechanics (SIOM), China

202.8 J amplified pulse energy, 5.4 PW (2017) 

339 J amplified pulse energy at 800 nm in a 235-mm diameter 

Ti:sapphire crystal, 21 fs re-compressed laser pulse, 64% compressor 

transmission efficiency (2018), corresponds to 10.3 PW.

(a) Layout of the CPA experimental set-up

(b) Ti:sapphire high energy amplifier

Multi–PW CPA Ti:sapphire laser system 
(SIOM, Shanghai, China)

W. Li et al., Opt. Lett. 43 (22), p. 5681, 15 November 2018
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0.56 PW (24 J / 43 fs/910 nm) laser system 

based on OPCPA in DKDP crystals

(Nijnii Novgorod, 2007)

First PW-class OPCPA laser system
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Multi-PW OPCPA laser system
(SIOM, Shanghai, China)

All OPCPA in BBO crystals and  in large aperture LBO crystals:

165 × 120 × 10 mm, 130 × 130 × 10 mm

Pump laser: 1200 J / 3 ns/ 527 nm

168 J chirped pulse energy after the final amplifier

91 J femtosecond pulse energy after compressor

Pulse width 18.6 fs

Peak power 4.9 PW
X. Zeng et al., Opt. Lett.42 (10), p. 2014, 15 May  2017
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Evolutia laserelor de mare putere

1985    1990        1995        2000         2005       2010         2015      2020

10 PW

1 PW

100 TW

10 TW

1 TW

100 GW

10 GW

1 GW

2019

Development of CPA Ti:sapphire fs lasers

E. Cartlidge, Science, Vol. 359, Issue 6374, pp. 382-384, 26 January 2018
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ANTON AGAFITEI

(n. 14 noiembrie 1930)
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Operator

Laser control

Structures writing 
system

Fsec Laser

Er-doped Fiber Oscillator – Ti:sapphire Regenerative Amplifier
(Producator Clark MXR, CPA 2101)                            

Wavelength: 775 nm; Ep ≤ 0.7 mJ; tp < 200 fs; frep= 2 kHz

Instalat in anul 2006, 

INFLPR, Sectia Laseri, Laboratorul de Laseri cu Corp Solid

Femtosecond laser system (Clark MXR, USA)                                                                              

for material microprocessing and micro/nanostructures direct laser writing
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10 TW laser system (TEWALAS) with real time command-control unit 

Laserul TEWALAS (400 mJ/25 fs, P > 10 TW, 10 Hz) 

Construit de firma Amplitude Technologies, Franta. Pus in functiune in anul 2009.

INFLPR, Sectia Laseri, 

Laboratorul de Laseri cu Corp Solid
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Dispunerea sistemului laser de 1 PW (25 J/25 

fs, 0.1 Hz), CETAL – INFLPR, în camera 

curată. 

(a) Oscilatorul, lanțul de amplificatoare cu 

Ti:safir și laserele auxiliare de pompaj optic. 

(b). Expandorul de fascicul, compresorul 

temporal și masa optică cu sistemul de 

diagnosticare a pulsurilor laser. 

(c) Sistemul de transport al fasciculului laser 

la camera de interactii situtata la subsol.

Construit de firma Thales-Franta.

Instalat in anul 2013.

a b

c

Laserul de 1 PW, CETAl-INFLPR Intalnireade sambata16.11.2019



Front End

AMP 1 AMP 2 AMP  3.1 AMP  3.2
10 PW 

COMP

10 PW/1 pulse/min         

Beam Transport

AMP 1 AMP 2 AMP  3.1 AMP  3.2
10 PW 

COMP

10 PW/ 1 pulse/min         

Beam Transport

1 PW 

COMP

100 TW 

COMP

1 PW/1 Hz          

Beam Transport

100 TW/ 10 Hz          

Beam Transport

1 PW 

COMP

1 PW /1 Hz         

Beam Transport

100 TW 

COMP

100 TW/10 Hz          

Beam Transport

Nd:YAG

pumps

Nd:YAG

pumps

Nd:glass

pumps

Nd:YAG

pumps

Nd:YAG

pumps

Nd:glass

pumps

Nd:glass

pumps

Nd:glass

pumps

Low energy 

CPA&OPCPA

High energy CPA

Configuration of 2 x 10 PW HPLS (ELI-NP)

Hybrid femtosecond laser system 

Estimated recompressed pulse duration ~ 20 fs

Intensity contrast > 1012 in the tens picosecond range

5 mJ

5 mJ

4 J

4 J

40 J

40 J 320 J

320 J
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2 × 10 PW laser system at ELI-NP

Vedere panoramica a celor doua brate de 10 PW ale sistemului laser 

construit de firma THALES, Franta, pentru ELI-NP 
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Perspective in drumul spre 100 PW

Proiecte de lasere cu putere de ordinul 100 PW

1. China, Shanghai, Super-intense Ultrafast Laser Facility , Station of Extreme Light 

(SEL), >100 PW (3 × 40 PW), 2023.

2. USA, University of Rochester, Department of Energy, Optical Parametric Amplifier 

Line (OPAL), 75 PW – “single beam” (100 milioane dolari). 

3. Rusia, Institute of Applied Physics of the Russian Academy of Sciences, Nizhny 

Novgorod, Exawatt Center for Extreme Light Studies (XCELS), 180 PW (12 × 15 PW), 

2023-2026.      Estimated project cost: ~40 miliarde Ruble.

Toate proiectele se bazeaza pe amplificare parametrica in cristale neliniare cu apertura

utila de 30-40 cm diametru. 
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MULTUMESC PENTRU ATENTIE
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