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Initiate unprecedented large experiments provided by
high technological measuring equipments that are widely
used in international laboratories -
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density laser fields with matter is an
Important rapidly expanding branch
of physics since the last five yearss

Chemistry
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Performance Parameters/of
Lasers

Since their starting steps In 1985, high density

short pulse (HDSP) lasers have been developed to
generate very short pulses with typical high
performance parameters:




Light — Matter Interaction
Normally, Induced Dipole Reradiation
(electronic response)

(D,l{,E ® &l{ &E

1. Optical interactions depend on the
Electric field in the light wave.

2. Valence/outer bound’ electrons that respond to this field.
But,

3. Does this idea work when you go to high light Intensities?

NI



What is this talk all about?

=1017 2
lhea=10"" W cm

50 mJ, 100 fs
E =100V cm-!
A(o 05J, 10-13) em

"Peak’ power
0.5 x102 W

lons Z9* v
Light X-rays/ly-rays

Light pulse - Spatial Packet (Length approx. 65 micrometers !)
less than the breadth of human hair!



Intense Light Fields

Extremely large E fields generated
by short pulse, high energy lasers

Comparison with the intra-matter Coulomb field

Hydrogen atom - 1s electron 1/2

E~10°VIeM o ntensity ] = 2{8—0] " =107/ em®
K

Current Highest Intensity — 1027 W/ cm?!
(about 1072 Vicm)



Created Exotic Conditiohs




Physics In ULTRA-INTENSE Light Fields

" S 1024 em-3
Matter totally /Large charge densities (> 104 cm™)

lonized N\ Energetic electrons ( 103 - 106 eV )« Sui

Nonequilibrium dynamics - violently driven systems
==> Non-Maxwellian particle distributions

Gigantic magnitudes
Magnetic fields 10° G Electric field 10° V cm
Pressure 10° barsTemperature 108 K ( for e)

Relativistic and QED effects

multiphoton Compton scattering, pair production

Nuclear excitation and fusion



Nonlinerities

fundamental phenomena
nuclear physics, high
energy physics,
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Breakthroughs %2\

We shall also point out important
Innovative projects that are
expected to raise the Scientific
Research Capabilities in EGYPT
specifically CAIRO UNIVERSITY
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Silicate glass
laser
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Suggested Innovation %
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Chirped Pulse Ampllfleét\\

Femtosecond oscillator I atER
e A

Power amplifier  Preamplifier

Pulse stretcher

H / % Pulse
- ‘/) COMpIEssor
%% _
Q) Ultrashort high power output




A glance at the laser ...
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Injection demonstration at GA to simulate the
full length of a LIFE fueling system have
demonstrated many objectives

L

1S

w ; . Target
= Injection

—

+ Injection at 6 Hz (burst mode) 400 m/sec to 200 um demonstrated

+ Additional R&D needed for Cryogenic targets and >10 Hz



The fuels are virtually inexhaustible — one in every
6,500 atoms on Earth is a deuterium atom - amd

One gallon of seawater would provide the
equivalent energy of 300 gallons of gasoline; fuel
from 50 cups of water contains the energy
equivalent of two tons of coal.

A fusion power plant would produce no climate-
changing gases, as well as considerably lower
amounts and less environmentally harmful
radioactive byproducts

than current nuclear power plants.




|I-Fusion Fuels,
 the heavy isotopes of H (

Deuterium i_,a

Heaction products
plus energy

NIF is designed to produce fusion burn and energy gain using a technique
known as inertial confinement fusion

NIF's intense laser beams, focused into a tiny gold cylinder called a
holhlraum, will generate a "bath" of soft X-rays that will

In the resulting conditions — a temperature of more than 100 million
degrees Celsius and pressures 100 billion times the Earth's atmosphere —
the fuel core will ignite and thermonuclear burn will quickly spread
through the compressed fuel,




An inertial fusion energy (IFE) power plant/con f
target production facility (or target factory):

1. Target factory
To produce many low-cost targets.

sorver

To heat and compress the A
target to fuslon Ignition. '

3. Fusion chamber
To recover the fuslon energy
pulses from the targets.

4, Steam or helium driven turbine-generator
To corvert fuslon heat Into electricity.

Mary Focusing
beams alement
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In the plant, many pulses of fusmﬁ N
ea

per second (typically 10-20) woul

low-activation coolant, such as lithium-
bearing liquid metals or molten salts,
surrounding the fusion targets.

A NIF-scale laser operating at this
repetition rate would produce over 1000
MW of electricity to the grid—enough to
power a city the size of San Francisco.
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Advanced Accelerato rnﬁﬂarch in israel '
Electron Acceleration Electron Acceleration with
using Intenss Lassrs In Intens® Lasers In Vacuum

Plasma
irie Zigler Levi Schdcliter
Hebrew Univ., Jerusalem Techmion-IIT, Haifa
=Masma chapoels based op capullany lasd buaa ge Cprticend Bragg A cceleraifos

Clprical guding - pusdmg up to & cm ——
(hundreds of Ravileigh lengths) amd : "
: &I nteraction impedance

laser pensities i rangs of 100 Weny
a Bragg structure r
the order of 200041

| = eMaximum surface fied
’ for 1GV/m gradient of
« »the order of 26V/m I



ooking deep into the ongoing researcl

worldwide, one could easily simulate/t
S ' i




Understand the needs & concerns of researchers




TENTATIVE PROJECTS =

INVESTIGATING TARGET HOT SURFACE LAYER
using HDSP laser due to high pressure shock/ waves,

PHOTONICS AND NANOTECHNOLOGY experimental studies
of surface nanostructure of silicon, titanium...etc by ablation
with HDSP laser pulses in liquids.

NUCLEAR REACTIONS & the PRODUCTION of ISOTOPES USING
HDSP LASER (e.g.sLI, -Be, 11C, 13N, 150, 18F ) positron
emitters
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Scientific Communit%g\\\ ;

Create programs through which international cooperative
activities could exist

Understand the needs & concerns of researchers
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Research Action in HDS

stimate Economic Dimensions -
dopt cooperation with Int. countries

ay down capacity building projects







