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. Ce este fizica?
. Cum functioneaza laserul?
. Care sunt proprietatile luminii laser?

Ce e special la lumina extrema?

. Cum arata un experiment?
. Cum arata si cum functioneaza laserul de la

ELI-NP?

. La ce foloseste laserul de la ELI-NP?



M=

Nuclear Physics

Ce e fizica?
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Science is magic that works!
Kurt Vonnegut %



Imaginea de ansamblu
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| Gravitational I |Nuclear Weakl Nuclear | Missing... I
Strong



el

Nuclear Physics
F E = :']'E

Fp=qgvxDB

Padawan incepator

Padawan avansat

Formulation in terms of total charge and current""" ’|

Name Differential form Integral form
V
Gauss's law WEZE #EdA:Q( )
<o v o
Gauss's law for magnetism |/ - B = () #B -dA =10
av
e e UxE= 00§ Boai- T
ot s ot

Ampére's circuital law JE . aq’E,S
(with Maxwell's correction) VxB= P‘UJ + P-GEDE -ﬁSB -dl= JU'GIS + Hoco ot

Cavaler Jedi avansat ]
time

vy space —

‘m Feynman diagram of &

" electron/positron annihilation
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Padawan avansat

E(r,t) = Egcos(wt — k - r + ¢)
B(r,t) = Bgcos(wt —k - r + ¢g)

= f
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Radiation Type  Radio Microwave Infrared Visible Ultraviolet X ray Gamma ray

Wavelength (m) 103 107¢ 107 0.5x10~° 107 1072

Approximate Scale
of Wavelength o &

Buildings Humans Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

™" . E

104 10° 10'¢ 10' 10" 10'® 107°

Source: NASA
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Cum functioneaza
laserul?
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Spontaneous emission Stimulated emission
& S 85 —
(&) (]

o o N o—

The stimulated emitted photon has:  Same Phase (coherent)
Same Energy (wavelength)
Same Polarisation
Same propagation direction

Teorie introdusa de Maestrul Jedi Albert Einstein
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LASER - Light Amplification by Stimulated Emission of Radiation
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Optical Gain Medium

i)

Population inversion

a
—0-0-0—
Competitive processes:

Energy

Absorption

Spontaneous emission
Stimulated emission
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I Gain medium Laser emission

R=100% R<100%

Laser radiation characteristics:
- Coherent

- Monochromatic

- Collimated
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Care sunt proprietatile
luminii laser?
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Spontaneous emission Stimulated emission
& S 85 —
(&) (]

o o N o—

The stimulated emitted photon has:  Same Phase (coherent)
Same Energy (wavelength)
Same Polarisation
Same propagation direction
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Gain medium

Laser emission

R=100% R<100%

Laser radiation characteristics:
- Coherent

- Monochromatic

- Collimated
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(| T— Printarea 3D cu
m anta laser precizie micrometrica

CD, DVD, Blu-ray Disk..

=

u-raybisc
100Gb

Conexiuni prin satelit ~ 1%
Fibre optice pe fundul marii ~99% (2006)

20
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Chirurgie oculara Sudura, taiere, intarirea suprafetelor...

Revolutiile laser: In pregatire

Bujia laser (la INFLPRY!) Fuziunea cu laser => energia viitorului?

' od
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d° Urmatoarea revolutie stiintifica cu laserul:
'»»” ] Extreme Light Infrastructure

ICUIL World Map of Ultrahigh Intensity Laser Capabilities
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GUIDING LIGHTS

The three laser-research sites of the Extreme Light Infrastructure (ELI) rely
on European infrastructure funds typically meant for civic projects.

Prague (7 GH
ELI BEAMLINES ¢ REPUBLIC

Cost: €278 million Brezany

Power: Four lasers,
up to 10 petawatts each

o Budapes,;t"':
Focus: Biomedical HUNGARY ¢
applications, materials QSzeged ROMANIA

science, plasma physics \

ELI ATTOSECOND Vagurelo ¢ Bucharest
T Cost: €245 million

" Power: Multiple lasers, ELI NUCLEAR PHYSICS

- up to 2 petawatts each

Status: Construction began
in October 2012

Cost: €356 million

Focus: Short pulses for fast
snapshots of electrons Power: Two lasers,

10 petawatts each
Status: Construction P

expected to begin in October Focus: Nuclear physics

Status: Construction began

IFIN-} in June
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Lumina ultraintensa la marginea spectrului vizibil

> 2 brate de 10 milioane de miliarde de Watt
100 000 oocf)_'ooo 000

=

> Concentrati intr-o zecime din grosimea unui fir de par

B - —

19Pm WD1S

>} In 20 de milionimi de miliardimi de secunda:
..-‘- 0.000 000 000 000 020 secunde Echipament unic in lume!



D)l d] Parametrii asociati pulsurilor laser
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: 1/2
Camp electric i — 3, 9( Iy )
P Ey (V/em) =2.75 x 10’ — =

' . 6 Iy -
Camp magnet|c By (Gauss) = 9.2 x 10 (1016W/cm2>

Py =—(1+ R) ~ 3.3 Mbar =)(1 + R
Presiune L=—(1+R) o YT = (1+R)

[ )
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))»”) d] Spre intensitati extreme: puteri, intensitati si dimensiunea in focus
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. 100F-
Intensitatea de varf:
I=2P/nw; i
Talia fasciculului:
Wp = f#)\ F#
1.0
05

lonel L., Ursescu D., “Spatial extension of the electromagnetic field from
tightly focused ultra-short laser pulses” Laser and Particle Beams, 2014



qm”)gh Fasciculul Gauss-ian

Padawan avansat

Functia matematica ce descrie fasciculul gaussian este o
solutie a ecuatiei Helmholz paraxiale.

In acest caz, campul electric asociat este descries de:

wo —p? i
z) =F xp | —ikz — ik +i((2) ) ,
E(r, z) 0- e exp (u'?(z)) e\p( i ; ZR( 3 -2 ( ))

- [—

-100

-150

-200,

£ amplitude of intensity [W/h ] -400 =300 =200 =100 x(o 100 200 300 400
electric f'leld [V/im
Laser = “simplest” electromagnetic
field distribution

position x
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Camp magnetic

» 1 MG Strongest pulsed non-destructive magnetic field produced in a laboratory, Pulsed Field Facility at
National High Magnetic Field Laboratory's, Los Alamos National Laboratory, Los Alamos, NM, USA).[18]

» 12 MG Record for indoor pulsed magnetic field, (University of Tokyo, 2018) [19]

» 28 MG Record for human produced, pulsed magnetic field, (VNIIEF, 2001)[20]

» 10 GG -1 TG Strength of a non-magnetar neutron star.[21]

» >9.2 GG in reach at ELI-NP

Presiune

> >600 GPa Pressure attainable with a diamond anvil cell84

» 5TPa Pressure generated by the National Ignition Facility fusion reactor
> 2.5 x10M bar Pressure inside Sun's core (88

> >3.3 x1012 bar in reach at ELI-NP



https://en.wikipedia.org/wiki/Diamond_anvil_cell
https://en.wikipedia.org/wiki/Orders_of_magnitude_(pressure)#cite_note-84
https://en.wikipedia.org/wiki/National_Ignition_Facility
https://en.wikipedia.org/wiki/Sun's_core
https://en.wikipedia.org/wiki/Orders_of_magnitude_(pressure)#cite_note-88

el Comparatii
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Padawan avansat

Camp electric

When the electric field is expressed in terms of Electromagnetic potentials, one can get:

P
CA eA
E=—— B=VxA Define the normalized vector potentialas @ = 5
cot m,c
This is non-dimensional factor. It can be connected to the intensity of the laser through:
12
2@2/12[ —9 ,1/2 )
ay = (—0 = 0.855x 107 1" [W/em® Jio[4m]
Tm,c

For Intensities of 1018W/cm? and wavelength of ym, this becomes a,=1.
=> The electron dynamics needs relativistic description.



) d] Putem fierbe ceaiul cu 2x10PW de
Nuclear Physics a ELI-NP?

10PW

Versus

10PW

Q=460J c=4186 J / (kg °C)
m=0,1 kg

Q=m c AT => AT=Q/(m c)=460/418,6 °C =1,1°C
()
Clrisn >

[ )
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Cum arata un
experiment cu laserul?
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-Ultrashort pulse
Laser systems

.Laser pulse
diagnostics

.Pulse shaping

.n situ/ post
mortem
P aswe ;aCnVE
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Cum arata sl cum
functioneaza laserul de
la ELI-NP?
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,)»»’ d‘i Nobel 2018: Chirped Pulse Amplification

Nuclear

|Oscillator _»—|Stretcher

10

—
<

Focused Intensity (W / cm’)

1960

Vacuum Polanzation
Ultra Relativistic Optics

Relativistic Optics
E =m?
Bound electrons

-~

<«—mode locking

<«— (Q-switching

1970 1980 1990

CPA

2000

mJ

2010

Amplifier]

2020

2030/

Compressor |—p—

GERARD MOUROU
& DONA STRICKLAND
(Nobel 2018)
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Padawan avansat P

\ Retro

mirror

ing 1



) d-l Diferenta intre alungitoare s

Nuclear Physics com presoare

2d
A

Stretcher

(pulse duration x10¢) Compressor

(pulse duration /10%)

é Compressed

high-energy
Stretched pulse

high-energy pulse >
Stretched

low-energy pulse

(energv x10')

|

b ¥

@ Faza de ordinul 2 >0 (stretcher)
[ R Sau <0 (compresor)






el

Nuclear Physics

High Power Laser

System E5 1PW @ 1Hz

E4 0.1PW @ 10Hz
E6 10PW

E2 NRF

E3 Positron Source

E7 QED High Field
Gamma+Electron

Rom. Rep. Phys. 68 (2016) 3 6amma

Nuclear
Reactions

www.rrp.infim.ro

M=
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Gamma Beam System

A
A\

\ >/

Clrin s

[ )



THALES
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2017 January 20t

@C?E%}
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”»») d] Martie 2019 — demonstratia de 10PW
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Amplificarea cu energie E > 300]

AMP32 - IR energy and extraction efficiency

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Total pump energy (Joules)

Profilul laserului dupa amplificare la
327J

Pompajul limitat la 80% din total



,)))») d-l Aprilie 2019 — Amplificare la energie
E ~ 340J pe al doilea brat
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extraction Ampli 3-2 i
0T ' ‘ ® DN 2Er o
350 TEGRA  Thsttinne W TR St
300 [OEO5LP-S B INT

Average Value:

250 Maximum Value
/ Minimum Value:

RMS Stability

200 PTP Stabiiity:
Repetition Rate
/ Average Power:
/ | Std Deviation

r

[y
wn
o

[ary
o
o

Energie de sortie @ 800 nm (J)

» Average energy 300J
» RMS stability < 2%

w
Qo

0

0 50 100 150 200 250 300 350 400 450 500 550 600

Energie de pompe (J)

A Brib Rl B>

<)
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||))|||e_li Linia de transport pentru pulsurile de 10PW
T (LBTS)

10PW long focal vacuum system to E

.' |

1PW beamline to E1-E6

Under vacuum leak tests. *# ‘;“I. oaan |
l e . I
; 3::111 ﬂ':;
‘7:‘-‘ Mﬂ ‘;.,, -

10PW two beams vacuum syst
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10PW beamllnes to g1 1OPW beﬂT'_'[‘E? to

1PW beamline to E1/E6 === """ AU
' wilmin | | B il , { —

_______________________

10PW bearﬁline to E6
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La ce foloseste laserul
de la ELI-NP?
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& Biophysics

N [+] Medical

Material Science

Infrastructure - .y

Fission-fusion

Extreme Light Infrastructure - Nuclear Physics, Magurele - Romania
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Electromagnetic

| Gravitational I |Nuc|ear Weakl Nuclear | Missing... I
Strong



umneh Se cauta un model nuclear general
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! a-decay dominant ' v '
140 W p-decay dom. 0 13] g5
z=126 | W SF dom. X - o
120 - M p-emission dom. N = % . e | L.
et = Protoredipiing: L. b :
N by KTUY formula
E 100 - W [-stable nuclei
£ by KTUY formula
2 780 known nucl.(2000)
T 80 " : \. 298 =
g A [114],54
z Dsyg4
= 60 -
2 an example of r-process path
& 40+ —
20 =
' N=128 | N=t184 N=228
1 | ! 1 | || 1 ! ]

20 40 60 80 100 120 140 160 180 200 220 240
Neutron number N

Shell model
Droplet model
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B Big . Dying ~ Exploding Human synthesis
Bang low-mass = massive No stable isotopes “

fusion gtars (- stars
_ Cosmic __ Merging ~ Exploding mﬂ# “a‘" “‘E‘“‘ Neﬂ

ray neutron  white
i g@ fission L stars dwarfs sl S P g..S_umCJ... ;Ar.,
Sripiee | ’5% Pm 16 17 18
L ;,Gaa ----- sl V Cr Mn Fe Co Nl ..Cu Zn Ga Ge As =Se.,,¢.B|s.. ;..Kr..;

22

F%W"'aom @i@ K" 25,,_

ao WWWWUW%

Periodic table showing the origin of each element. Elements from carbon up to sulfur may be made in =
small stars by the alpha process. Elements beyond iron are made in large stars with slow neutron capture (s-
process). Elements heavier than iron may be made in neutron star mergers or supernovae after the
r-process.

Sursa: Wikipedia: Nucleosynthesis
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Gravitatie si materie intunecata

Sursa: Wikipedia: Galaxy rotation curve



m eh Radiatia emisa de o particula incarcata electric
wer s |9 acceleratii violente

Padawan avansat

Formulation In terms of total charge and current!""

Name Differential form Integral form
Gauss's law vE: ﬂ j{fE .dA = Q(V)
<o av €o
Gauss's law for magnetism |V - B = () # B-dA=0 ESRF :844 m electron accelerator
BV . e T - : . SRS oSy
: : SRE/D.
Maxwell-Faraday equation JB E.dl— dbp s lmage Credltﬂ. S MGREL
(Faraday's law of induction) VxE= _E = THL T _T _— = e v o
Ampére's circuital law JE B a(I’E,S ’1‘ = ok
(with Maxwell's correction) V xB=pd + FDEDE BSB -dl = pols + poco ot
BT e
S

“ ~ e
(T _ - e

https://www.compadre.org/osp/EJSS/4126/154.htm



) eh Convertirea luminii in materie si modificarea

werbss - nroprietatilor vidului

Propagation direction

of probe pulse
Strong laser

background

ntoraction
mgon

A matterless double slit
Ben King, Antonino Di Piazza & Christoph H. Keitel
Nature Photonics volume 4, pages92-94 (2010)

Dense GeV electron—positron pairs generated by lasers in near-critical-density plasmas
Xing-Long Zhu, Tong-Pu Yu, Zheng-Ming Sheng, Yan Yin, lon Cristian Edmond Turcu

& Alexander Pukhov
Nature Communications volume 7, Article number: 13686 (2016)



https://www.nature.com/articles/ncomms13686?proof=t#auth-1
https://www.nature.com/articles/ncomms13686?proof=t#auth-2
https://www.nature.com/articles/ncomms13686?proof=t#auth-3
https://www.nature.com/articles/ncomms13686?proof=t#auth-4
https://www.nature.com/articles/ncomms13686?proof=t#auth-5
https://www.nature.com/articles/ncomms13686?proof=t#auth-5
https://www.nature.com/articles/ncomms13686?proof=t#auth-6
https://www.nature.com/articles/ncomms13686?proof=t#auth-6
https://www.nature.com/articles/nphoton.2009.261#auth-1
https://www.nature.com/articles/nphoton.2009.261#auth-2
https://www.nature.com/articles/nphoton.2009.261#auth-3

el Aplicatii: lampa lui Aladin
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Nﬂ?l’jlﬂ!Spre terapia cancerului si spre fuziune nucleara

CREDIT: C. BICKEL/SCIENCE

fonl Detector

Ultrafast Laser-Driven Microlens to Focus and Energy-Select Mega-Electron Volt Protons
Toma Toncian, Marco Borghesi, Julien Fuchs, Emmanuel d'Humiéres, Patrizio Antici, Patrick Audebert,
Erik Brambrink, Carlo Alberto Cecchetti, Ariane Pipahl, Lorenzo Romagnani, Oswald Willi

Science 21 Apr 2006:
Vol. 312, Issue 5772, pp. 410-413
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'll))lléhziune nucleara
Nuclear Physics

Iindirect-drive
llumination

X-rays from
the hohlraum
create o
rocket-like
blowoff of
capsule surface,
compressing
the inner-fuel
poriion
of the capsule

o "L;o Q'l IQr‘-.- !
%Thermonuclear
burn spreads

rapidly through
the compressed

/ Laser beams

»“ rapidly heat
the inside

surface

of the
7\ hohlraum

// \co nfiguration

'.i

Tl

.:.

|I|

l)
E‘I v

Dunng the
final part of
the implosicon,

the fuel core

e reaches
"/" *‘ 20 times

fuel, yeilding
: c::‘:g::r:::; many fimes the
% igniles of input energy
100,000,000° C

‘O

Fusion burn
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Texas, on September 12, 1962
We choose to go to the Moon! We choose to go to the [g. S5aISs”, ESSTRNNENEEE.
Moon...We choose to go to the Moon in this decade (& : :
[...], not because they are easy, but because they [EESE
are hard; because that goal will serve to organize |?ff
and measure the best of our energies and skKills, |
because that challenge is one that we are willing to |
accept, one we are unwilling to postpone, and one we
\ o \ \\' b
Py R
A ) A
ol A
€ A R
¥ |
v

\

""

July 21,1969
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Ce este fizica? Magic that works!
Cum functioneaza laserul? Ca o avalansa de lumina.
Care sunt proprietatile luminii laser? Ultimate control.

Ce e special la lumina extrema? Forte electrice, magnetice si
presiuni uriase in volume micrometrice si timpi extrem de scurti.

Cum arata un experiment? Laser+ tinta+ detector+ concept de
investigat

Cum arata si cum functioneaza laserul de la ELI-NP? Fain tare!

La ce foloseste laserul de la ELI-NP? Sa intelegem si sa facem mai
buna viata de zi cu zi prin real magic
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