European Nuclear Physics Long range plan
Perspectives of Nuclear Science and its applications with Multi
PW Lasers and Multi-MeV brilliant gamma beams.
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Transmutation by ADS and also by [
photonuclear processes







strategy at European scale

for the field

Nuclear Physics news (4/years 6000
copies- 27 years)




1967 = 2004 20900
2037/




Study of nuclear matter in all its forms
and exploring their possible applications

Nucleosyntheses

Nuclear Physics
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Ringdown

h+ at 20 Mpc
o

4M

Inspiral

Gravitational wave emission
seen together with electromagnetic signals

Angela Bracco



Up-coming Facilities

Experimental set ups under construction-
scientifique program with electromagnetic
probes unique



The Pressure of

Light?

| = 10% w/cm?

10 millions Eiffel Towers
on the tip of your finger!

E -Field ~ TV/m
E. ~ Ten’s of GeV in mm
E.,, < 150 MeV/u

ion

charge ~ 10’s of pC
DE/E ~ 1-2% (e’)
e~10°> mm mrad

A surfer on a wave rides down the face and is
accelerated forward by the energy of the wave.



SLAC 50GeV, 3km long

Stanford Linear collider (USA)



1PW HPLS Input 150KW
Output: 40J@1Hz = 40W

efficiency<103

X-CAN
The Future is Fibre Accelerators (Nature
Photonic April 2013)
IZEST( X-Polytech-CEA-ELI,...)



LASER DRIVEN Nuclear PHYSICS



lon Induced Fission

Nuclear Fission- Fission Products

N= 126 waiting point
bottleneck for
niclzesynthesis

of actinides



A collider based on the most advanced components: electron
accelerator and lasers ,unique in the world

Electron Linac up to 720 MeV

Energy (MeV) E

Bandwidth rms (%)

photons/sec within <
FWHM bdw. 8.3-108

Source rms size
(mm)
Linear polarization >99
(%)
Collisions
e-photons Macro rep. rate
Yag Laser (Hz)
# pulses per macro 32
E_~ 300 MeV Eg < 3.5 MeV pU|5e
Pulse-to—pulse ‘
E, ~ 720 MeV E, < 20 MeV separation (nsec)

Laser-Photo cathode

« E, ~2.4 ¢V (green)
* J-class 100Hz




Experiments with high-brilliance gamma
beams at ELI-NP

Electromagnetic dipole response of nuclei

NRF GDR

p-nuclei and actinides

weak channels

Nuclear Resonance Fluorescence (NRF)

Giant/Pigmy Resonances (GANT) ; Decay channels

Photonuclear reactions (y,n), (y,p), (y,a) and Astrophysics high statistics
Photofission (y,ff)
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Tremendous advance to measure these rates directly-
very high intense y beam needed @ELI-NP



Both ENERGY
Infinity Fusion,

From Fission
Quarks to

Material
science




Laser Driven Proton therapy






fingerprint

NRF signal

U-238
2.176 MeV for U-238 2176 MeV
E
AE/E < 1%
AE

Photon energy (MeV)



Its origin related to defense, Its cost structure (high investments
,delayed returns )

Questions insufficiently dealt with in the past:
Proliferation (Pu mostly) , Safety and Nuclear waste management



200t Once-through case (US,Sw)
| 1GWe.yr=1t of

enr-i;:g:d N _, PWRR fissioned material

Pu recycling(Fr.J)
-

U.Pu precious fuellll
Waste:

- Fission products

- 0.1% Pu

- 100% Np, Am, Cm

\




1 ton UO, used fuel
(50 GYVdIt)

935 kg U
12 kg Pu

1 kg Np

0,8 kg Am

0,6 kg Cm

50 kg PF (3,5 kg
PFVL)

Burden of HLW
for more than
300,000 y

Todays Recycling
(La Hague)

U+ Pu
recycled

MA recycled &
~50 kg HLW to
Geolo. Disp. In
specific packaging
(FP?7?)

Presently R&D
programme (FR,
JP, EU, CN, ROK,
USA)

Burden of HLW
for ~300 y

R&D level




1GWe.yr=1t of
fissioned material

Relative radiotoxicity

Uranium
naturel

Time (years)

transmutation spent fuel no reprocessing

of spent fuel reprocessing



particles protons

beam energy
beam current
mode

MTBF

ADS concept

Transmutation

600 MeV power ~85 MW,

2.4t0 4 MA Kef 035

cw spectrum fast (flexible)

s 2c0h fuel 30 to 35% Pu MOX
coolant LBE

| U

main reaction spallation
output 2.10%7 nls
material LBE (coolant)

power 2.4 MW



laser










