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How Much Pressure Dges a PW Laser Exe

1 PW/1lum spot size
corresponds to 107 w/cm?

That is the equivalent of the ;
pressure of 10 million Eiffel 4

Towers on the tip of your LY
finger!!
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LA LUMIERE EXTREME:
Fournit les intensites les plus elevees,
Les champs electriques les plus grands,
Les pressions les plus importantes,
Les accelerations les plus grandes
Les temperatures les plus élevees

Elle est |la source universelle de particules et de radiations
de haute energie.
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CPA : A Universal Source of High & 50 Gev - attainment of highest energies
Energy Particles and Radiations

. electron acceleration TeV

petawatt

> @ proton and ion acceleration TeV
107 W/em?

X-rays, gamma rays MeV

- high field science, ultra-relativistic optics
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Chirped Pulse Amplification (CPA) I

0 How does it work? © ! I

A short light The pulse is
pulse from a (2 3 compressed and its
laser The pulse is intensity increases
l stretched which The S tretch?dp ulse dramatically
reduces its peak is ampiijied
. FHDMM power j —
A
P -

Bmgg grating Bragg grating '“
pair — pulse pair — pulse
stretcher compressor



Extreme light ultra high intensity roadmap

OCD ~ 10% W/cm? - nonlinear QED: E-e-A =2m * 1PeV
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"DE PARTICULES

Laser wakefield acceleration - e
Tajima et Dawson (1979) | s

' G'e':'V/_c_m
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Giant wakefield acceleration in solid
lajima et Dawson (1979)

Laser-particle accelerations to the 1eV/cm level become possible

X-ray

. Tomorrow
. = pulse

* visible laser induced wakefield
*about 100 metres long
* the size of a football pitch

Beyond tomorrow
* laser induced X-ray wakefield

*about TeV/cm
* the size of a microchip
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CPA in Nuclear Medicine

Proton therapy

Extreme light technology
will be tens of times more
compact, more precise and
less expensive
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CPA in Nuclear Medicine

Proton therapy Nuclear therapy

Extreme light technology Radionuclides are
will be tens of times more used to implant
compact, more precise and radioactive pellets

less expensive directly into a tumour
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CPA in Nuclear Medicine

Proton therapy Nuclear therapy Nuclear diagnostics

Extreme light technology Radionuclides are When a scanner needs a
will be tens of times more used to implant radioisotope, extreme laser
compact, more precise and radioactive pellets acceleration in the clinic

less expensive directly into a tumour would make this fast and safer
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Figure 1: The radiotoxicity of the spent nuclear fuel may be reduced from the level of no
reprocessed case to a level reduced by about 1000 times if we transmute the spent fuel. This is

why the substantial benefit may be gained by the transmutation. [10],[11]




Low Hanging Fruit: High Energy Proton
Generation

MeV-GeV
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NUCLEAR TRANSMUTATION CONCEPT

Technetum P L P

Neutron Radiation Tc-104 Ru-104

(B-ray) Half-life: 18min Stable
— @

—_—> —_—>
@ Tellunum

Neptunmum Tin Antimon:
Np-237 Sn-130 Sb-130 Te-130
Half-life: 2.14 mil. year Half-life: 4min Half-life: 40min Stable
B-ray B-ray
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CPA Transmutation of Nuclear Waste
For example
*9971c (1echnetium) half-life of 200 000 years
* 1001c has a half-life of 16 seconds
*it decays to a stable 100Ru (Ruthenium)

J\ ey 4
™ o Vil .;.., 1M
AW o (Q , e AW o
Isotope A Isotope B Isotope C

T'= 200 000 years T'= 16 secs no radiation
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CONCLUSION

1. La lumiere extréme offrent des possibilités considerables, a la recherche,
I” innovation mais aussi a I industrie francaise et europeenne.

2. Elle a eu un enorme impact sur I' industrie francaise du laser.
Elle a permis a celle-ci d’ innover et de dominer le marché mondial.

3. Je suis heureux qu’avec le CNRS et la Commission Europeenne nous ayons pu
realiser les projets ELI et Apollon et contribuer a | unification de la science dans

les pays emergents de |I' Union Européenne.

4. Heureux aussi de contribuer au leadership de la recherche Francaise et

Europeenne dans le monde.



And the Best is Yet To Come !




~ Neutron _
- reflectron -
— FP—

Neutron

—

source

Figure 2. The structure of the liquid state layers of the solution (FLiBe) with TRUand FP
surrounding the central fusion neutron source. The schematics, whose more functional details are
shown in Fig. 9.
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NUCLEAR TRANSMUTATION CONCEPT

How to Transmute MA and LLFP

@
Example of fission reaction of MA {Tmfﬂg‘?ﬁ} {'_:'_::-1_02} i'}'a;fﬁ
112 [3 ray w:_* -r
Np-237 /- @
(T12=2.14Myr.) Flssmn reaction *

Nﬂte 10% or less of FPs

Neutron
iiiii o - =)

are Long-lived ones.
High energy neutrons

| N @
(> 1MeV) are suitable Neutmn @

for fission reaction. -133 E’ TaY Xe-133 B -ray Cs-133
(T4p=21hr.) (T,,=5d) (stable)
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Changing the Fut g n}iz CPA 1 4
Extreme Light Infra ture (ELI) Ut
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: O ELIL Beamlines
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2 ELI Attosecond Q©

Szeg Hungary

O ELI Nuclear Physics
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Intralase flap creation
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CPA femtosecond lasers revolutionised ophthalmology
24 million eye operations since 2001!

: 0. — o
13KU 18.8% 1.90m 8822 970221 B-1.4% 19.8X 1.00m 8827 970221

300 femtosecond 50 picosecond
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High Precision Micro Machining

A femtosecond (fs) laser will cut the material without damaging it

continuous nanosecond femtosecond
wave laser laser laser



Extreme light ultra high intensity roadmap

OCD ~ 10% W/cm? - nonlinear QED: E-e-A =2m * 1PeV
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High Precision Micro Machining

A femtosecond (fs) laser will cut the material without damaging it

30um

YB - RPI SEI 50KV X370  10um WD 210mm
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Giant wakefield acceleration in gas and solid
lajima et Dawson (1979)

the fa e of a wave is acceleratec?"by energy of the wave
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Figure 3: Neutrons are generated by the laser 1irradiation of a nanometric deuteron foil, deuteron
acceleration and interaction with tritiated solid or gas target. (A) Schematic of neutron
generation using laser. (B) D+ energy spectrum @ 100 fs, 550 fs, 700 fs and 1000 fs. The
average deuteron energy at 550 fs 1s 100 keV corresponding to ~10% energy efficiency
conversion from laser to deuteron.
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Figure 3: Neutrons are generated by the laser irradiation of a nanometric deuteron foil, deuteron
acceleration and interaction with tritiated solid or gas target. (A) Schematic of neutron
generation using laser. (B) D+ energy spectrum @ 100 fs, 550 fs, 700 fs and 1000 fs. The
average deuteron energy at 550 fs 1s 100 keV corresponding to ~10% energy efficiency
conversion from laser to deuteron.
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