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Laserele luminii extreme:
Lasere de mare putere cu pulsuri ultra-scurte
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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
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Atom in stare

dehazd Emisia stimulata (Albert Einstein, 2017¢steprocesul prin care, sub
I nf | ue folettamatemaemiteenergiesubforma unui alt foton carare
a c e é&recvd@ntalungimedeundg 'HiazacaHi f ot onul i nji
Dupa Rezultatulacestuprocesesteo amplificarea fluxului defotoniincidenti
absorbtie .

. Absorbtia stimulata este procesul prin caa foton esteabsorbitde un
atomaflatin stareaenergeticale baza iar atomulrespectiirecein starea
excitata
Rezultatulacestuprocesesteo atenuare fluxului defotoniincidenti
Emisia stimulata genereazan fasciculderadiatiecu intensitatedirect
proportionalecu intensitateaadiatieiincidente
Radiatia obtinuta prin emisie stimulata are aceleasi caracteritici ca
radiatia incidenta: lungime de unda, faza, directie, polarizare

Atom Ff; j{are Emisia stimulata nu poate fi distinsa de radiatia optica incidenta
excitata



https://www.setthings.com/wp-content/uploads/2015/07/Emisia_stimulata.jpg
https://en.wikipedia.org/wiki/File:Albert_Einstein_(Nobel).png
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Energy

2. Amplificarea optica
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Energy

Population iV, , Vg

N, Emisie spontana
Absorbtie stimulata o Bip 7(71) Ny
MN, _ N
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=€ Xpee kT . Emisie stimulata 2
g =
B N1 > Nz /’(/721)‘ “0 : — r(n21)‘x:|_
N, + N, =N, l x=0 | Mediu arrlpllflcator -
optic
Rezulta o atenuare a fluxului de radiatie incidenta L
Populatia atomica pe doua nivele Ww(n,,) _
energetice conform legii de distributie t21 =hn, Br(n,)(n,-n)
Boltzmann la echilibru termic ";7 h B
7 (7;,) =—2—r(,)(n, - n) =
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Datorita emisiei stimulate, in conditiile inversiei de populatie,
rezulta o amplificare a fluxului de radiatie optica incidenta

-
— e,
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N, <N,

/

Inversia de populatie atomica

} (3,;), densitateaeradiatiecu frecventas,,
B, coeficientulEinstein
n=n,i n,, densitateanversieide populatie

U, sectiuneaficacedeemisiestimulata

G:i:exp{s nL]
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Metode de pompaj optic

Inversia de populatie se poate obtine prin descarcare electrica in gaze sau
prin pompaj optic in cazul unui mediu activ solid.

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)

Pump
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transition | I Laser
| | T2 transition
L

Wis ]I | 75,(Slow)
|
|
I | N
Ground T t E WAl A

level

O

Population density

Schema unui laser cu trei niveluri de energie
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73‘\ (Fast)

15, (Slow]

T o (Fast)

Population density

Schema unui laser cu patru niveluri de energie
Nd:YAG (Nd:Y,AlO,,), Nd:sticla, Ti:safir (Ti:Al,O,)
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R e Oscilatorul LASER
(Light Amplification by Stimulated Emission of Radiation)

Amplificarea radiatiei optice :

Emisie stimulata in prezenta inversiei de populatie intre atomii situati pe doua niveluri energetice
Inversia de populatie seobtineprin descarcarelectricain gazesauprin pompaj optic in cazul unui mediu activ solid.

Oscilatorul laser :

Mediul amplificator laser esteintrodusintr-un rezonator optic (cel mai simply, douaoglinzi cufeteleparalelg unatotal
reflectantacealaltacu transmisiepartialala lungimeade undalaser)

Intensitate Banda spectrala

-
L

LTt spectrala de fluorescenta
o] medin actv % | fascicul laser
3. Rezonator Optic -op--eCil acv :
2 'l."_: ______ — _J— !_—__,__:_-h_ -— -_J + Ll
oglinda cu

_ oglinda / Frecventa,
reflexie totala T semitransparenta Banda spectrala

, de emisie laser
sistem de pomypaj

Daca amplificarea radiatiei optice in mediul activ depaseste
pierderile din rezonator, la iesire se obtine un fascicul LASER
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»Pentru munca fundamentala in domeniul electronicii cuantice, care a condus la
construirea de oscilatoare si amplificatoare bazate pe principiul maser-laser”

Alexandr Prokhorov
1916-2002

Premiul Nobel 1964

Nikolay Basov
1922-2001
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Charles Townes
1915-2015



https://en.wikipedia.org/wiki/File:Charles_Townes_Nobel.jpg

: - Intalnireade sambat&d 6.11.2019
) d] % N Solid-State Laser Oscillator
Nuclear Physics E, Continuous wave (unda continua) <
. Pulsed free-running generation (oscilatii libere in regim pulsat) T
Vp VL aser T. Maiman, Laser cu Rubin pompat cu flash-lamp, Mai 1960 High i
El Loss Loss
/ Te‘i’iﬂiﬂ = I 1T2 .A((?S 1 S Hemispher(igg; . —_'— i(:;l‘;l)ne-parollel
= e 1 ,,(,.-i.f‘: ™ st
I A SR giat: & Ry ol 1 Stable” ggz :
™ L Stable v (1.0) 1-L/R,
¥ o SEEE ’/ Hemispherical
Optical pumping | ) :
/ X | 1=
L / . T Concentric
1 Jostmserog gt PRPHERIN ST e W O 5 5 T o
CLUTLLLTTL e Wi
emission SRDITIRIN R T A
ﬁ High High
Loss Loss
L, R

Threshold condition for a laser oscillator:

RM,2 RM, {TGT)" 2
G, :exp[(sa n- a)La]

Chi 100mv  [@QiP] 5mV__ M 25Ms Chi J 146mV

RM; ,RM,, mirrors reflectivity

T, ,T,, transmission of laser medium end faces
L., length of the laser medium

U, emission crossection

n, population inversion per unit of volume

U absorption coefficient per unit length

Stability diagram for passive laser resonators

Light rays that bounce forth and back between the spherical mirrors experiencg
periodic focusing action in the laser resonator.
In an optical resonator operated in the stable region, the waves propagate bety
reflectors without spreading appreciably.

The intensity radiation profile is reproduced after each rdtipdnside resonator

a stable resonator laser oscillator

Threshold conditiomepresentsghe first condition to build

Thestability criterion

()£

represents theecond condition to build a stable resonator
laser oscillato(R;, R,, mirror radius of curvature)
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Generarea de pulsuri laser de nanosecunde prin
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Nudear Physics comutarea factorului de calitate (Q-switching) al | £
rezonatorului optic 3
E3 A Q
\ E ]
|
Laser ] ) @ ) '
Vp Vi Q: factorul de calitate al rezonatorului laser 2 Low Q l
El _‘6 cmax
g ol | HighQ
EO é ; -
|
R,=1 R,<1 \ :
M4 Flashjamp initi !
PC POL 1@ _ I L
p— ' i threshold |
LASER MEDIUM — R S AL L
C
< | > B Ny = t
HV Pulse POL, Polarizer . 4
Vi PC,PockelsCell - I
o/ 4, -Qavaendthrewavelate &
2
] . 8 Pmin t
Electro-optically Q-switched laser
Time
. . . . - . Devel ent of a Q-switched laser pulse. The flashl: 0 , resonator loss, lati
For a certain laser medium, the Q-switched pulse duration Udecreases if: e p;:f::z,,n,'h,; e e i

- Initial inversion of population (n;) increases
- Laser resonator length (L) decreases
- Q-switching time becomes shorter (typical < 5 ns in case of Pockels cells)

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




) d" Principiul cuplarii in faza a modurilor longitudinale de > Intalnireade sambatd 6.11.2019
Nuclear Physics oscilatie (mode-locking) Dwt = N Dut =2p
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M Ehsies Metode de cuplare in faza a modurilor longitudinale de oscilatie
(Mode-Locking, ML)

Early mode-locked picosecond laser systems (°70 years):

- Passive mode-locking Active ML
- Active mode-locking _
> Nd:YAG, Nd:glass iror
By placing inside a laser cavity amplitude modulator (AM) or a frequency Efﬁ Eoﬁufsling Laser
modulator (FM) driven at exactly the frequency separation of the axial modes, pne g crystal
can get a train of modecked pulses with a pulse repetition ratd of c/2L. 1=
AM modulation: Aloss modulator operating at a frequegys inserted into the
. . . . - ~ Frequency
laserresonator. Theptical carrier frequency, will develop sidebands witg, N f , modulator
corresponding to the adjacent longitudinades Output

rf

Nd:YAG T pulsuricu duratadezecideps coupler
Generator

Nd:glass’ pulsuricuduratadeps Output

End-pumped and actively modeckedNd laser
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) —— Ti:sapphire
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) d] Principle of Kerr-lens mode-locking (KLM)

Nuclear Physics

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

Mediu neliniar Kerr

An=n; I(r, ;
Monlinear Mediam n=n;l(r.y Apertura

Lowr Power

Puls laser
intens

Fascicul laser
incident

Beam intensity

Fascicul de
Hi gh Powvret n(| ) =n, + n2| intensitate redusa

Mediu Kerr
Self focusing by fhe opfical Kerr effociona
beam waist of a high and @ low infensify )
baam.

1 and .:.:.:::::::::::::555555:.
Kerr Lens Focal Length, f : = 24 P
fw oW LU/I/\ |
’\ Fa'scuif.ul Iasgl de
w, beam radiusg, thickness of the nonlinear Fascicullaser de iicaintensitate

. .. mare intensitate
medium;P, incident beam power


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

Nuclear Physics
/ \ j(W)=ut+f
, J (Wg) =t +/ 4

Laser de pompaj

faza,
U

intr-o pereche de prisme

Pentru a se obtine oscilatia in regim de ML dispersia pozitiva de

. . 1 1 p% o 1Py 3
— w.) +——2— w+ — D +— D +...
C;:!)tli?:' ./ (VV) ./( 0) ].IHVJWO 2!'.,“/,/2 WO( ,/V) aumf WO( VV)
& =t —
aw P Dw=w- w,
ter propagatio ﬂzj t i_@ O_f -0 — Pulse propagation
the¥ frequency component ™% = un? T without dispersion
5.
E—I/I//ZZ L::;; 0 - linear frequencychirp
p_3j 3 Uztpr . .
p- i o 0 - quadraticfrequencychirp
M M

s > (0, inmediul laser (Ti:safir) este compensata in

interiorul oscilatorului laser prin dispersie negativa, —~ <0
$1/%

6
i)
-

lnmm’m*—_év |
M v o+
(b)

He

(a)
Signal structure of an ideally modiecked

[0}
laser with aiGaussiandistribution of spectral & Dn

Intensity and flat spectral phase.

(c)

0.441

0C f
02

lesire Ti:safir
laser

03

Pereche de prisn O“I}
launghi Brewster

Fascicul laser
01 de pompaj

Dn = spectralbandwidth(FWHM)
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Nudear Physics (pulsewidth ~10 fs)
Ti:safir Fascicul laser
Anti-reflex coating 0 - - de pomp aj
Substrate || '“\_ v~

> " CM

B . Oglinda
— S deiesire
L M <A

] CM CM

Chirped mirror for phase dispersion contrpl

Schematic drawing of &i:sapphireoscillator with chirped mirrors (CM)

- Alternate layers of &4 with different refractive index with
increasing thickness to the substrate
- Penetration depth and group delay varies with wavelengt

-

=

My
introducing negative phase dispersivIO >0

.‘..llll.

Caracteristicile oscilatoarelor cu pulsuri de femtosecunde:

Intensitatea spectrali (ua.)

Energia pe puls: cativa nJ
Durata de puls: sub-10 fs pana la cateva zeci de fs m ™ m m m m o

Frecventa de repetitive a pulsurilor: ~80 MHz Lungimeade undd (um)
Puterea medie de emisie: cateva sute de mwW

Spectral intensity profile of SynergiroFemtolasersscillator
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Nuclear Physics

() (=) (38) () (e) () () (o) () (o) () () (08

Supported Fourier-limit: 4.86 fs
The shown spectrum is the usable output spectrum filtered for the 1064 nm seed.
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Emitted Spectrum

spectral power density [dB/nm]

— 1.0

— 0.8

— 0.6

— 0.4

— 0.2

[wiou] Aysuap samod |esoads

0.0

O OOO G & OO

1064 nm seed.

Top-side view VENTEON

Top-side view of the VENTEON | PULSE : ONE oscillator (typical picture shown);

(BD) = beam dump (for un-used pump radiation), (BWo) = output Brewster window, (EM1) — (EM4) = extra-cavity mirrors, (EM4 /
OPCPA1) = spectral filter for OPCPA 1030 nm seed, (FC) = fiber collimator, (HWP) = half-wave plate, (IF) = narrowband interference
filter for 1030 nm, (L) = focussing lens, (M1) — (M7) = cavity mirrors. (OC) = output coupler. (OPCPA2) — (OPCPA3) = turning
mirrors for 1030 nm seed, (P) = BaF, plate, (PH1).(PH2) = beam reference pinholes, (PM1),(PM2) = pump alignment mirrors,
(PZ.s5t) = piezo (fast), (PZsiow) = piezo (slow), (STPfrep) = stepper motor for coarse resonator length tuning, (W) = BaF2 wedge
pair (dispersion fine-tuning), (X) = Tiwmapphire crystal.

600

700

intensity [norm.]

800 900 1000 1100 1200
wavelength [nm]

Pulse duration

Re-compressed using DCM7 dispersion compensating mirrors + CaF, glass material.
The shown pulse is characteristic for the usable few-cycle output measured after filtering for the

1.0

0.8

0.6 -

0.4

0.2

0.0

time [fs]
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Laser pulse amplification
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Nuclear Physics

100

Gg= 500

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.

80

€0

40

Eficienta de exiractie (%)

20

0 1 2 2 4
Fin /Fsat

Eficienta de extractie a energiei

Energy gain, G:

_nV, hn

lav —

Gain calculation for :

Rectangular input pulse
t, << @

Uniform inverted population density throughout the laser materig
Negligible absorption and scattering losses in the laser medium

!

Not saturated amplifier

=nlhn

Fi, , incidentfluence(energy per surface unit)
hrn,
sa
F..(Ti:sapphir¢ & 02 9

. Saturatiorfluence

F =

sat

J/ cm

3, , laser frequency

U, , stimulated amplification crossection

G, = exp@,nl), low-signal gain G,,,)

n, population inversion per unit of volume

|, propagation length in the amplifying medium

t, laser pulse duration

U, fluorescence lifdime

F .o » laser energy available for amplification in an active
medium volume with an aperture equal to a surface unit.

L.M. Frantz and J.Nodvik, J. Appl. Phys34, 2346 (1963)
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Problems of short laser pulses amplification

Intalnireadesambatd 6.11.2019

Nanosecond-picosecond pulses

Surface damage:
Fluences restricted due to the laser induced damage threshold (LIDT)

Fornanosecond laser pulses: F pr @ -1® J/cnd for Nd:YAG andTi:sapphire
F < 2 J/cm for safe operation

Fupr @ 0 4 p @
Fuor 2 t p (2

In thens — ten-hundred of ps range,
pulse duration

, whel'rgeis the

Bulk damage and wavefront distortions:

Fornanosecond pulses, F =2 J/cn?, 10 ns pulse duration,

n=n,+n,l >
=21 10°Wicn?
2p =1 d Bi nt e gwasefrontdistortion aftelL propagation length
mz X B<1to preserve the spatial and temporal quality of the |
beams

n, (Ti:sapphirg¢ = 5 10%cm?W,n,1 & 10

Contribution of the nonlinear refractive index to the self-focusing and
wavefront distortion is negligible

" For propagation length. in the range ofnmor more, theB integral

Femtosecond pulses

Surface damage:
In theps-fs range an approximate cubic dependencé-gf;
has beemlemonstrated

In the range of femtoseconds, the surface damage threshold is
morethan two orders of magnitude lower than for nanosecond
laser pulses

Bulk damage and wavefront distortions:

For femtosecondpulses at near saturatiinence to gethigh
energy extraction efficiency,
| > 10"2W/cn, n, (Ti:sapphir¢ = 5 106cm2/W, n,| & 103

value is >>1significant self-focusing and wavefront distortion
can be produced
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Problems of femtosecond pulses amplification
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Surface damage due to the lovileenceof LIDT in case of ultra shortp&fs)

pulses compared to ns pulses
Volume damage due to the beam detfusing andvavefrontdistortion

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




) &4 Principiul amplificarii pulsurilor laser cu deriva de frecventa
Nuclear Physics Chirped Pulse Amplification (CPA)
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1
| N "
Femtosecond R - - Temporal
oscillator »  Stretcher > Amplifiers compressor
q) , recompressed amplified pulse duration
B., amplified pulse frequency bandwidth
Femtosecond oscillators .
+ | High power femtosecond
laser systems
Chirped pulse amplification
GERARD MOUROU
& DONA STRICKLAND
D. Stricklandand GMourou, A Compr essi on of ampl i1
(NObeI 2018) Opt. Commun 56(3), 219 221 (1985.




'»»” ] COMPRESSION OF AMPLIFIED CHIRPED OPTICAL PULSES ©
Nuclear Physics

Donna STRICKLAND and Gerard MOUROU

Fashorgrory for Laser Enerperics, Universinr of Rocheser, 250 Easr River Rood, Rocheser, NY Pda2 i 00000 84

Received 5 July 1985

06 prm laser pulses with pulse widiths of 2 ps and energies at the mullijoule level s presented.

We have demonstraied the amplification and subsequent recompression of optical chirped pulses. A system which produces

Intalnireadesambatd 6.11.2019

60 nJ/ 150 ps

1 mJ/2 ps

Acnerg = 1.7x104
~1.25x108

Apower

Volume 56, number 3 OPTICS COMMUNICATIONS 1 December 1985
I
/\
| CW Mode-Locked {3
| Nd:YAG Laser |
Regeneralive Amplifier .
I | | 1.4-km
Nd:Glass | — 1y Single-Mode
Lﬂ‘ E [ E’ in ']\‘ﬁ’ Fibar
A t

. pol
Pockels /4 Polarizer — -

Call \
\ W\
Y B W

g, T Amplitier and compression system confipuration

A schematic diagram of the amplifier and compres-
sion system is shown in Ag. 1. A CW mode-locked,
Nd : YAG laser (Spectra-Physics Series 3000) is used
to produce 150 ps pulses at an 82 MHz repetition rate.
Five watts of average power are coupled into 1.4 km
of single-mode non-polarization-preserving optical
fiber. The fiber (Corning Experimental SMF/DS™)
has a core diameter of 9 um. The average power at
the output of the fiber is 2.3 W. The pulses have a
rectangular pulseshape with a pulse width of approx-
imately 300 ps, as can be seen from the autocorrela-
tion trace in fig. 2. The bandwidth of the pulses is
50 A. The stretched pulses are injected into a pulsed,
Nd : glass, regenerative amplifier, by reflection from
an AR coated window. An AR coated window is used
to protect the fiber end from being damaged by the
retroreflected, amplified pulses. The glass (Kigre Q-
246} is a high gain silicate glass, with a 350 A band-
width. The gain of the Nd : glass amplifier peaks at
1.062 pm. A guarter-wave plate trustrates lasing and
rejects the injected pulses after two round trips. A
pulse is trapped in the cavity, by applying a quarter-
wave voltage to the Pockels cell, which then com-
pensates for the quarter-wave plate. The Pockels cell
is triggered at the peak of the fluorescence. After ap-
proximately 100 round trips (1 us), the Pockels cell is
triggered again with a voltage sutficient tor halt-wave
rotation, in order to reject the pulse from the cavity,
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Chirped Pulse Amplification System
“Standard” Architecture of “Table-top” Laser Systems
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o fd i f o f ! f 4 d * 3 2d !
i \ LENS1 | LENS? | DG2 | s |
’ e '
DG1 e |
| ' VDG
d ! : /.
\ | : sinr, =— -sin
REF1 ! d
M2
” M1
A\
M6 High energy
‘ T compressed pulse
Low energy High energy
stretched pulse stretched pulse
M3 %/M

E. B. Treacy, AOptical puls
gratingso, | EEE 5M454453@a608)t u m
O. E. Mart i ne-powerAlibeshor pylse o f
amplifiers by expansion and
Electron.23, 13851387 (1987).

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

* Stretcher with diffraction gratings in a Mx1 magnification telescope configuration

* Treacy configuration of the temporal compressor

* Positive group velocity dispersion in the stretcher must be fully compensated for by the
enegatioeroup eelcity dispersion iintthb tentbordl ompressdri o n

BJecendl torder nand third order phase distortions can be compensated for by the
hrangldtion/rotation of the diffraction gratings of the temporal compressor or stretcher
Amglifledpupetiveatiod isosoafly, >30fEEE J. Quant um

For shorterpulsesadvancedmethodsfor phasedispersioncompensatiorare required
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High power ultrafast lasers (TARW) were developed in the last 30 years i
3 0.8
3OJ 5(; 0.6 -
PW-class lasers 305105 - 10°W =1PW 2 o)
= 0.2

300 . 46 0.0+ — . : ' -

10 PW lasers m-ld W =10PW e,

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:

S 10/m? 103 10 %cn? cny

| >101W/cm? onthe target before the main laser pulse, the generatqugsma
disturbs the experiment

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

Pentrua ajungela energiafinala a pulsurilorlaseramplificate in sistemeldaser
multi-PW estenecesara amplificarede ordinul 10, de lanJla sutede J.
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Amplificatoare regenerative: dela nJ lamJ

band Es
di- '/"'L~“ -11
NUClear PhYSlCS % Absorption .'.‘ \ Fluorescence %
E; z 08 {Pectrum :': %, spectrum - o8 &
5 ; : £
: / \ ]
N Laser £ os " % 06 &
Pum L B transition E i \ g
transl;tiorl g Ts2 ; o : .':_ i P g
g 5, £
e N £
0.2 - 02
E, "\M
0 1 1 L 1 q 0
,Efrﬂ = 0.1 ps 400 500 600 700 800 900 1,000
Ground Radiation wavelength [nm]
level E,
(nJ) 1n
l
: N o) p—
~__
™~ POL1
M4 ) : M2
TiSa
Photodiode H POL2
H PC2
7
M1 oUT Mp
mJ L
(mJ) “15‘@1?
TiSa, Brewster angle cut Ti:sapphire crystal
- M1-M4, high reflectance mirrors at 800 nm
Oscilloscope PC1, injection Pockels Cell

PC2, extraction Pockels Cell
POL 1, POL 2, Polarizers
FL, Focusing lens

* Un puls laser largit temporal este injectat intr-un rezonator
optic cu oglinzi cu reflectivitate mare
e Pulsul laser este amplificat printr-un mare numar de treceri,

30-40, prin cristalul de Ti:safir
» Cand amplificarea ajunge la saturatie, se extrage din

rezonator pulsul laser cu cea mai mare energie

C o >100mV

il

20ns mn:a

RN

{ed

Pulsurile laser care circula in interiorul rezonatorului unui amplificator
regenerativ vizualizate cu un osciloscop. (a) Trenul de pulsuri laser fara
extragerea pulsului amplificat. (b) Trenul de pulsuri laser dupa
extragerea pulsului amplificat. (c) Pulsul laser extras din rezonator.
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Amplificatoare multi-pas: de la mJ la sute de J

Intalnireade sambatd 6.11.2019

EIN(l)

O Ti:sapphire M2

Pump disk
Laser 1 Pump
Laser 3
I_Pu mrp2 Pump
ase Laser 4
SH of Nd
Lasers Eour()
. Es| A 3
10-100ns | | 10-20ns
a Es
\ / Two-pass amplifier ¥ Laser ¥ |
<—> . . P
= IN — Broad bandwidth chirped laser pulse, E,
ﬁ central wavelength ~ 800 nm ~
1 V4
PUMP1-4 = IN OUT  time Nd-Laser pumping — Nd:YAG, 532 nm,
Yb:YAG, 515 nm, Nd:glass, 527 nm E,
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PW beam amplifier (THALES Optronique) Intalnireadesambatd 6.11.2019

100 mm diameter Ti:sapphire crystal
in the liquid cooled mechanical mount

Layout of the 35 J amplifier
for 1 PW laser beam

(b)

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 intr-o monturi prin care circuli lichidul de
racire. (¢) Cristal neprelucrat, cu diametrul de 275 mm.
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Compresoare temporale pentru
lasere din clasa multi-PW

Retea de aur
1480 mm'!

@ Dimensiuni: 940 x 750 mm?
e Spectru larg in jurul lungimii de unda de

800 1um

e Limitare datorita pragului de disirugere:

fluenta maximi 0.2 Jiem? Retele de difractie ale compresorului wnui
lasercuputere de 1.3 PW (Compania Thales)

IESIRE
FASCICUL

ig" \

Radiatie
transmisa prin
oglinda de iesgire

INTRARE
FASCICUL
LASER

A\

Desen 3D al unui compresor temporal
pentru un laser din clasa PW

Densitate de energie pe retele < 150 mJ/em?
Diametru de fascicul ~ 200 mm
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.

v

Pump laser

Problemele amplificarii pulsurilor laser de
mare energie in cristale laser (Ti:safir)

Intalnireadesambatd 6.11.2019

Red
shifting

!

Input pulse

spectrum
- 10)X]

SPECTRUM CONTROL &2

o

o

((J) Amplitude

Near saturation
Ti:sapphire amplifier

»
»

Amplified pulse
spectrum

Rezultate nedorite:
» Cresterea duratei pulsurilor re-compresate temporal

* Inrautatirea contrastului de intensitate

* Distorsionarea frontului de unda
o Efect laser parazit pe fetele discurilor de Ti:safir de mare diametru

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)

Spectrum narrowing and red-shifting after Regen Amplifier
and first Multi-pass Amplifier (25 mJ pulse energy) in the

TEWALAS laser system (INFLPR)

1 L"ELEN
[N
Oscillator 09- [\
a—»/ . | . +—GAIN
_— spectrum . ."; R
|I I \III i
] o — I|| ; I'. |
Multi-pas amplifier g of [ Vo
| — = [ \ .
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8 \ !
= [ [} !
5 05 III , § llll
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2 o4 f I_r I 11\ )
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Gain narrowing
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Polarized fluorescence
spectra and calculated
gain line for a opticat-
axis normal cut
Ti:sapphirerod;

n i c-axis parallel
polarized radiation;

6 1 c-axis normal
polarization




) d] Metode avansate pentru controlul
Nuclear Physics | | parametrilor pulsurilor laser de femtosecunde

amplificate in domeniul PW

Intalnireadesambatd 6.11.2019

Filtre spectrale reflective

Controlul intensitatii si fazei in domeniul spectral /

Filtre dispersive acusto-optice programabile (AOPDF)

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

Calculator pentru
Senzor de procesarea datelor

front de unda

Unitate de control

—

Fascicul laser
corectat

Oglinda
deformabila

Fascicullaser cu front
deunda cuaberatii

Normalised Intensity [Arb. Unit]

8

Delay [ps]

The blue line presents the contrast recorded with the Ti:Sapphire stage alone.

The green curve presents the contrast recorded with the Ti:Sapphire stage and the OPCPA stage
without XPW. An enhancement of the contrast of more than three orders of magnitude is obtained
outside the OPCPA pump pulse duration.

The red curve presents the contrast measurement of the full Front End system which is clearly limited
by the dynamic of the measurement tool.
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Optica neliniara — un nou domeniu

dezvoltat odata cu aparitia laserelor

Polarizatiaelectricaindusaintr-un dielectric sulactiuneaunuicamp laser, E

P:eoé c E + cEE + EEE .
e
Polarizatidiniara Polarizatieneliniara Polarizatieneliniara
deordinuldoi deordinultrei

Procesepticeneliniarede ordinul doi (interactiedetrei unde: Generarea armonicii a doua W, = 2 W
Generarea sumei/diferentei — o
—=(2) =y = =
P (wm)=¢e¢ @( ,w)i )Bg ) de frecvente optice W= W ¥
Amplificarea parametrica
Conservarea energiei cuantelor : vz, = h /27 +h

Adaptarea fazei undelor: |23 = |22 -|-|_<>1 ‘k‘——n nY indicelede refractive ldungimeadeundas-
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Principiul amplificarii optice parametrice
Optical Parametric Amplification (OPA)

Intalnireadesambatd 6.11.2019

OPA este un process optic neliniar de ordinul doi

¥p . : ¥p
—— = Non-linear crystal I,

¥s —»Y
i

'
e
e

Optical axis _ -~

‘,/'\d Collinear OPA ‘k P
ks ki

Non-collinear OPA — NOPA —

pY pump
sY signal
iY idler

b

/s’ kp

€ a Iptical axis 7 —
/
beam K;
beam b

h3, = h3; + h3, :
- Quantum Energy conservation

Y= A ¥

¥p>¥s> 7Y, monochromatic waves

OPA conditions are fulfilled for

— P k. k- Ol.—— Wave-vectors Phase-Matching

/
/

V k S
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

Parametric gain (Gy) Phase-matching
4 bandwidth

G =0 . (collinear OPA)
to0ved Cs(@x=0 /|
Phase-matching
. . bandwidth (NOPA)
N e | —

’ ' : Signal wavelength
}VSmin ;VSO )‘Smax g g
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A

Dichroic
mirror

Pulse stretching

Intalnireadesambatd 6.11.2019

—_— and A | OPCPA Temporal |-
Signal | synchronization compression Amplified
ulse '
P PuMp S|gTaI
A pulse puise
OPCPA este un proces instantaneu, care are
loc doar la suprapunerea spatiala si temporala
a pulsurilor laser de amplificat si de pompaj
B, ,  #;43.2¢s —_m—_———— -
E3 - -
¥ p Laser ¥ | TI.SaF\)/EPSISE CPA ¥ Signal
¥ = OPCPA ¥ pump R
E, / ¥ \dler
A 4
A. Dubietiset al , APower ful femtosecond pul se gleneration by ¢
amplification i nComniiB8a&37yl99)al 6. Opti cs
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Pump laser
pulse

Signal pulse

Multi-pass Ti:sapphire CPA versus
OPCPA in nonlinear crystals

10-100 ns

| 10-20ns

. ~10ns ,
>

PUMP 1-4

IN OuT

time |

ind\
Pump L
Laser 1

Pump
Laser 2

SH of Nd I\
Lasers ouT

'~1'ns

Single beam
Pump laser

Ti:sapphire M2

Nonlinear
crystal

Intalnireade sambatd 6.11.2019

Pump
Laser 3
Pump
Laser 4
1-2 ns
Amplified

Signal pulse

A Idler pulse
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Avantaje si dezavantaje: CPA versus OPCPA

Nuclear Physics

Amplificare in cristale laser (Ti:safir) - CPA Amplificare in cristale neliniare - OPCPA

»~

0 Noncritical pump pulse duration,
acceptablen therangeof 10-100ns

0 Non-critical signatpump pulse
synchronizatiortime, in the rangeof
10-ns

0 Noncritical seedpump beams
geometryconfiguration

0 For high-energy Ti:sapphire
amplifiers, high-energy green pump
laserswith ~ 10-20 ns pulseduration,
arecommerciallyavailable

>

0 Spectral band narrowing in high order of

magnitude amplification regenerativeamplifiers
and red shifting in the near saturationoperated
multi-pass  amplifiers provide longer
recompressedmplified pulse

0 Dueto the amplified spontaneousmissionthe

intensitycontrasiof amplifiedfemtosecongbulses
decreases

0 Thermalloadingof the laseramplifying crystals
generateghermal lenses,wavefront distorsions
phasalispersionandbadlaserbeamfocusing

0 Parasiticlasinglimits the pumpenergyin large
apertureTi:sapphirecrystalamplifiers

0 Freefrom spectralbandnarrowing
andredshifting.

Large spectral bandwidth can be
preserved during amplification
process

0 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

0 No thermal loading of nonlinear
crystals

Low amplified pulsebeamwavefront
distortions

0 Critical signatpump pulse synchronization
andspatialoverlapping

Optical synchronizationof signal and pump
laser pulses is necessary in case of

femtosecongpicosecond pulses parametric
amplification

Critical angle betweensignal and pump wave
vectors

0 Technicaldifficulties 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 singleshot multi-

PW lasersystems

0 Critical spatial and temporal pump laser
beamprofiles

Amplified laser pulse spectrum strongly
dependon pumppulsefluctuations

Very stablespatialandtemporalprofiles of the
pumplaserpulsesarerequired
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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.

e 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 1022 W/cm?2,

e 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

e 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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Hybrid chirped pulse amplification
combines
Chirped Pulse Amplification in Ti:sapphire crystals
with
Optical Parametric Chirped Pulse Amplification in nonlinear crystals

Key feature of hybrid femtosecond lasers is the matching of Ti:sapphire
laser spectrum with the gain bandwidth of OPCPA nonlinear crystals.

FRONT-END HIGH ENERGY AMPLIFICATION
Fe.r_ntosecc_)nd A [Temporal /\‘ CPA/ OPCPA ( \ H!Qh energy [\ fempora ﬁ
Ti:sapphire g > Low energy Ti:sapphire compressor/|
oscillator amplification amplifiers
J/pulse
nJ/pulse mJ/pulse

Schematic drawing of a hybrid femtosecond laser system

Front-End high intensity contrast.

OPCPA in BBO (p-BaB,0,) crystals: the central wavelength of the ulibaoad gain bandwidtborrespond$o the central wavelength
of the amplified spectrum dfi:sapphire about300 nm. Theamplification inBBO 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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Nuclear Physics (NU sunt de tipul CPA)

Mediul activ laser: sticle dopate cu Nd

A technician inside the NIF target chamber LLMIJ facility in Bordeaux, France

NIF (National Ignition Facility) la LLNL, USA, operational din 2009. LMJ (Laser Megajoule) la Bordeaux, Franta, in curs deconstructiesi punerein functiune
194 fascicule ddimensiunet0 cmi 40 cm cargyenereazin total 1.8 MJ, 176 fascicule ddimensiunet0 cmi 40 cm cargyenereazin total 1.4 MJpeo duratade
peo duratadepulsde 3 ns (0.6 PVgearmonicaa 3a) pulsde 3.5 ns (0.4 P\pearmonicaa 3a)

In anul2018 ageneratb energierecord de 2.15 MJ Va aveain final 240canale(~1.9 MJ)
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(hundred-femtosecond — ps laser pulses)
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160 OPTICS LETTERS / Vol. 24, No. 3 / February 1, 1999

Petawatt laser pulses

M. D. Perry, D. Pennington, B. C. Stuart, G. Tiethohl, J. A. Britten, C. Brown, S. Herman, B. Golick, M. Kartz,
J. Miller, H. T. Powell, M. Vergino, and V. Yanovsky

Lawrence Livermare National Labaratory, P.O. Box 808, L-477, Livermore, California 94550

Inside the pulse compressor of the NOVA Petawatt — the first

petawatt class laser worldwide (picture courtesy of LLNL).

Lawrence Livermore National Laboratory, USA

940 mm diameter gold coated gratings

660 J/440 fs, P = 1.5 PW, A = 1054 nm, Focused intensity 7x102° W/cm?

First PW-class laser worldwide, LLNL, USA, 1998.
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schematic of the petawatt laser system: (a) front
end. PC’s, Pockels cells; BS's beam splitters; TFP's, thin-
film polarizers (b) disk amplif ier section. Only three of
the five 31.5-cm amplifiers are fired for petawatt operation.
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Nuclear Physics (Central Laser Facility, RAL, UK)
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Compresorul temporal

Central Laser Facility,
Rutherford Appleton
Laboratory, UK
500J/500fs, P=1PW
A =1054 nm (2004)

Camera vidata
pentru experimente

The Vulcan Petawatt Target Hall
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-

Figure 4. Omega EP beamlines (picture courtesy of LLE). Figure 5. The Gekko XII and LFEX lasers at ILE, University of Osaka,
Japan (picture courtesy of Osaka University).
Laboratory for Laser Energetics, Rochester University, USA GEKKO XII facility, Osaka University, Japan
1kJ/1ps, P=1PW 420J/470fs, P=0.9 PW

2.6 kJ /10 ps (2006) Focused intensity, 2.5x101° W/cm? (2009)




el

Nuclear Physics

First Ti:sapphire PW-class femtosecond

laser system

Material
Stratcher
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AQPDF

r

]

: Oscillator
]

I

Froni-End Amplifier

~1md

Saturable

Grating Compressor
| Absorbar

~0.8 mJi/-25 s

1 First CPA stage, High contrast front-end

Lira-Fast
Pockels Cell

OPCPA
~3md, 10Hz

AQPDF
=10 pd

Grating Stretcher
=[G

The first Ti:sapphire petawatt class laser facility J-KAREN, Japan
(picture courtesy of JAEA).

0.85 PW, 33 fs (2003)

: Pra-Amplifiar

1 | ~50mJ, 10Hz ]
1

]

I

1| Power Amplifier

: -2 J, 10 Hz

I

i

1

Booster Amplifier-1

{BA1)
~23J, 01 Hz

Booster Amplifier-2

(BAZ)

~G63 J, 0.1Hz

Deformable
Mmirrar

Grating compressor
~40 M~ f5

L

Second CPA stage; High energy amplifier chain

o e e e

- —— -

Experimeantal chamber 1
11.3-3 off-axis parabolic mirror

1_

Experimental chamber 2
£110-20 off-axis parabaolic mirror

_

Experimental area

Schematic diagram of the J-KAREN-FP laser system.

P=1.3 PW, 30 fs, 0.1 Hz repetition rate
Hybrid femtosecond laser system

H. Kiriyama et al., Opt. Lett43 (11), p.2014, 1 June 2018
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PW CPA Ti:sapphire laser systems

(femtosecond laser pulses)

Intalnireade sambatd 6.11.2019

The BELLA laser facility, the world’s first 1 Hz petawatt laser

The Advanced Beam Laboratory at Colorado State University

(picture courtesy of Lawrence Berkeley National Laboratory). (picture courtesy of Colorado State University).
40J/30fs/1 Hz, A=815nm,P>13PW 26 J /30 fs/ 3.3 Hz, =800 nm, P=0.85PW
Primul laser PW cu frecventa de 1 Hz Pump laser is a novel high-repetition rate
Construit de firma Thales, Franta Nd:glass laser, frequency doubled in LBO crystals
Pus in functiune in 2013 (2017)
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High repetition rate PW CPA Ti:sapphire laser system
(ELI — Beamlines, Prague)

Intalnireade sambatd 6.11.2019

"

The L3 HAPLS laser was fully commissioned at LLNL before being shipped and re-installed at ELI-Beamlines (picture courtesy of LLNL).

High repetition rate Advanced Petawatt Laser System (HAPLS) based on diode-
pumped solid sate (DPSSL) pumped Ti:sapphire CPA technology (2018).
1PW/30J/10Hz.
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Multi-PW hybrid femtosecond laser system
Ultraintense Laser Laboratory, Advanced Photonics Research
Institute, GIST, Gwangju, South Korea (2017)

4.2 PW (83J/19.4fs/0.1 Hz)

(a) ' ] =

- AT
= ] & —~ 084 S, { & -
k) o E I / ‘\\ !
2 w s ] AT=19.41s 47 \ I
E B z (FWHM) wdosaaay
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Pump Energy (J)

Time Delay (fs)
i

The APRI Petawatt Facility at GIST, South Korea (picture (b)
courtesy of GIST).

Reconstructed temporal profile of the 4.2 PW laser
pulse (solid line) and calculated temporal profile of the Fourier-
o transform-limited pulse (dotted line). The inset shows the final
spectrum (solid line) and the final spectral phase (dotted line).

Oncillator Frontend Amp. XMW Stretcher OPCPA Amp. B
|-: 0675 MHz || 3ml 1kIz [Tl 0Sm, 1 kHe [ 7] 18.7 pavnm [T 50 m. S He o
1
oe 0.1
0.01 }
~~ 1E-35
o 2 1E4y
4 PW " 2™ Boosier Amp " 1" Baooster Amp. 2 Power Amp. ] 1" Power Amp g 1E-S §
Compessor =110 ), 0.1 Hz 5000, 0.1 He 450 5 He 1.E ) 5 He o0 2 IE-6y
¥ % ) @ IE7,
| | . (a) Measured output energy as a function of pump energy in § 1E-8 4
Mol glass laser Mi:plass laser the final booster amplifier. (b) Spatial beam profile after the final g 1E9
170, 0.1 He 100 1, 0.1 Hz booster amplifier. :E::?}
1E-12
. . - . . |
. . 1E-13 4— . : . - -
B Schemarics of the 0.1 Hz, 4.2 P CPA Ti:sapphire laser. P T o I . 725
I'he black and the thick red blocks represent pn:viuusl}-' existing, Time delay (ps)

parts and the newly added or modified parts for the 4.2 PW upgrade,

. Temporal contrast
rt'.‘.'iIJt‘L'll"f'tJ.}".



DL ell ‘

Nuclear Physics

Layout of Ultrashort Quantum Beam Facility, Korea

100-TW Laser-Plasma Lab
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Nuclear Physics (S1OM, Shanghai, China)

The SULF Prototype laser during final commissioning before
being transferred to the SULF building (picture courtesy of SIOM).

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.

Intalnireade sambatd 6.11.2019
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(a) Layout of the CPA experimental set-up
(b) Ti:sapphire high energy amplifier

W. Li et al., Opt. Lett43 (22), p. 5681, 15 November 2018
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First PW-class OPCPA laser system

Synchronization

Cr:Forstarita
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The PEARIL OPCPA laser facility at the Institute of Applied

Physics, Russian Academy of Sciences {picture courtesy of the Institute of

Applied Physics),

A

CW Ybcfiberpump 10W
&= 1077 nm
=810 nm
0.5 mJd
0.6 ns ]
OFA | OPAIl = 1
KDO'P KD*P
h=1250 nm
A=910nm
100 mJ
0.7 ns

Front-end system

ORa I
KD P

A =210 nm A =910 nm
244
0.9 ns 43 1s
—} Comprassor

-
system fs-laser
A =1250 nm
+ 2nd
40 fs
, Y
i MNd:YLF
] lasar Stretcher
1 % = 1054 nm 1nJ
i 06 ns
1J
] 10 mJ 1.1ns
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Y 24
] 1 mJ 13ns
Pulse | 2" Nd:YLF
i shapear amplifier 2o
R A
Clady Power system
i 1.3ns
300 J
1ns
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) 2oy
amplifier _h’ A
180 J 1 ns

0.56 PW (24 J / 43 fs/910 nm) laser system
based on OPCPA in DKDP crystals
(Nijnii Novgorod, 2007)
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Multi-PW OPCPA laser system
(SIOM, Shanghai, China)

The SIOM OPCPA Qiangguang 10 PW laser facility (picture
courtesy of SIOM).

All OPCPA in BBO crystals and in large aperture LBO crystals:
165 x 120 x 10 mm, 130 x 130 x 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

trace, by

CW/1053m

0.5n)/5ps
S00nm/100nm

Oscillator
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Stretcher
(800nm/Sps)

/l— PCF |

B T1:Sa Oscillator
B (SO0nm 1015)
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Focal spot images before (a) and after correction (b).

X. Zeng et al., Opt. Letd2 (10), p. 2014, 15 May 2017
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Powering up » PR e e

Theodore Maiman coaxed
Researchers at Lawrence Livermore National Laboratory (LLNL) in Livermore. laser light from a 2-centimeter-
California, set earty power records by amplifying energies in mammoth long ruby crystal pumped 4
machines. But a room-size laser in Shanghai, China, now holds the record, by photographic flash lamps,
after squeezing modest energies into extremely short bursts. Three important
techniques have propelled lasers to high powers, 2 Janus (LLNL)
The two-beam laser amplified
100-picosecond pulses to
100 joules of energy to create 1PW 1
the first terawatt shot

10 PW 1

Exawatt

3 Nova (LLNL)

Pulses from the Nova laser
were shortened using CPA to
achseve the first petawatt

Petawatt

100 TW;

Terawatt 10 TW 4

4 National Ignition
Facility (LLNL)

Shots fecus 192 high-energy
putses on a target to induce 1TW L--—-—-
fusion. Because the pulses
are long, their power dees not
excoed a petawatt.

Gigawatt

Megawatt

100 GW,
5 Shanghai
Superintense Ultrafast
Laser Facility

By squeezing laser pulses to
just tens of femtosecends. the
laboratory achieved record
powers with tabletop systems.

Kilowatt

10GW |

Watt

;

P
R

b e e e - -

=+
Oy

1GW

1985 1990 1995 2000 2005 2010 20

g

1990 2000 2010 2020
202

P |

Laser light Mode locking . Chirped-pulse
) Although very pure, laser Diffraction amplification (CPA)
Partial  jight is envtted over a grating Intense pulses can
R | CPAMdsthat
f x f 25 CPA avoids tha
S in cavities like guitar by stretching a laser
' strings. These modes putse with diffraction
Lasing  can be made to gratings. Alter safe
crystal  constructively interfere amplification, the pulse
for an intense burst tens s compressed.
of femtoseconds long

Optical parametric
amplification

A high-energy pump
beam can amplify a
stretched seed pulse
within a nonlinear
crystal that can be
made large to withstand
miense inputs.

Development of CPA Ti:sapphire fs lasers

Non-
linear

crystal !

610Z ‘€2 J18q0120 Lo ;Bio Beweous|os 8ousos) diy Wolj PaPEojuMog

_-,'—" Mirror ~— Amplified pulse

E. Cartlidge, Science, Vol. 359, Issue 6374, pp. 382-384, 26 January 2018
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October 20, 1962 — the first Romanian (He-Ne) Laser was obtained by a team
headed by Prof. Ion Agarbiceanu at the Institute of Atomic Physics, Bucharest

ION AGARBICEANU (1907 — 1971)

ANTON AGAFITEI
Laurentiu Blanaru, Virgil Vasiliu and Anton Agafitei (n. 14 noiembrie 1930)
(from left to right)

The achievement of this He-Ne laser, less than two years after that of Javan, Bennett and Herriott
was a direct consequence of the scientific background (advanced gas spectroscopy - theory and
experiments, vacuum deposition, Fabry-Pérot etalons and radiation detection) of the earlier
Laboratory “Optical Methods in Nuclear Physics” at the Institute of Atomic Physics.
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Femtosecond laser system (Clark MXR, USA)
for material microprocessing and micro/nanostructures direct laser writing

- el

e

StructuresM
syste _aunia

Operator

—

Er-doped Fiber Oscillator — Ti:sapphire Regenerative Amplifier
(Producator Clark MXR, CPA 2101)
Wavelength: 775 nm; E;< 0.7 mJ; t, <200 fs; f,,= 2 kHz
Instalat in anul 2006,
INFLPR, Sectia Laseri, Laboratorul de Laseri cu Corp Solid

‘
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10 TW laser system (TEWALAS) with real time command-control unit

Laserul TEWALAS (400 mJ/25fs, 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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Compresor Diagnosticare Partea frontali a
temporal pulsurilaser sistemului la ser

—— Dispunerea sistemului laser de 1 PW (25 J/25
fascicullaser in vid fs, 0.1 Hz), CETAL - INFLPR, in camera
Oglinzi cu banda spectrala curatﬁ..
largi peuru diiaren (a) Oscilatorul, lantul de amplificatoare cu
Ti:safir si laserele auxiliare de pompaj optic.
(b). Expandorul de fascicul, compresorul
temporal si masa optica cu sistemul de
diagnosticare a pulsurilor laser.
Ogfiudk parabalict pd (c) Sistemul de transport al fasciculului laser

pentrufocalizarea

o i la camera de interactii situtata la subsol.

Construit de firma Thales-Franta.
Instalat in anul 2013.
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5mJ
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Configuration of 2 x 10 PW HPLS (ELI-NP)

High energy CPA

100 TW/10 Hz
Beam Transport

1PW /1Hz
Beam Transport

»

10 PW/1 pulse/min

Low energy
CPA&OPCPA

Front End

5mJ

A 4

Beam Transport

320

10 PW/ 1 pulse/min

1= =V

40 J
______________________________ i
AMP 1 » AMP?2 AMP 3.1 » AMP 3.2
Nd:YAG Nd:YAG Nd:glass Nd:glass
pumps pumps pumps pumps
Nd:YAG Nd:YAG Nd:glass Nd:glass
pumps pumps pumps pumps
AMP 1 » AMP?2 AMP 3.1 » AMP 3.2

Beam Transport

1 PW/1 Hz
Beam Transport _

100 TW/ 10 Hz
Beam Transport

»

Hybrid femtosecond laser system
Estimated recompressed pulse duration ~ 20 fs
Intensity contrast > 1012 in the tens picosecond range
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2 x 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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Nuclear Physics 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 x 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 (XCELYS), 180 PW (12 x 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




