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Motto: Only those, who are prepared to go too far, can
know how far they may go.



E = mc²

Laserbeams

2.The most succesful
technologies imitate

nature

1.Many of the breakthroughts are the results of combining
different technologies



THE NIF (LASER SOLUTION )

192 laser, 400MJ, on the target 1.8MJ. Pulse length: 10-50ns, 1 imp/day



PROBLEMS WITH THE  INERTIAL (NIF) FUSION:

Enormous energy needed to pump the lasers energy and  
many beams, (low laser efficiency, rare shots) 
„Slow” compression , long laser pulses (a few times 10ns)
Rayleigh-Taylor instability
Plasma mirror at the surface of the target
Ignition only at the center of the spherical target, not time-like

OUR BASIC IDEAS:
1. Nanoparticles in the target (fast process, plasmonic

amplification, volume compression, only two beams)    
Much smaller target, lower energy need, frequent fs pulses

2. Time-like ignition of the target (the presentation of L.P.Csernai) 



SURFACE PLASMON POLARITONS are a                 

„NEW TYPE OF LIGHT”, they are

1.BOUND TO THE (METAL) SURFACE,

2.HAVE SPECIFIC DISPERSION PROPERTIES,

3.THE  DIFFRACTION LIMIT DOES NOT APPLY,

4. MAY BE GUIDED, 

5.MAY HAVE A BANDGAP,

6. MAY INTERFERE,

7.REPRESENT  VERY HIGH ELECTRIC FIELDS, 

8.MAY BE LOCALIZED (e.g. to nanorods or nanoshells)

9.MAY BE THE SUBJECT OF NONLINEAR PROCESSES 

10.SPO „LASER–LIKE” PROPERTIES: SPASER

11.SHOW NON-CLASSICAL PROPERTIES

12.SOURCES OF SHORT, ENERGETIC ELECTRON BEAMS



HIGH FIELD PLASMONICS

Ti:Sa laser: ʎ=800nm (~1.55eV) ;  t(SPP)~30fs

SPP

LSPP

PLASMONICS AND HIGH EM FIELDS
Five examples to explore special plasmonic properties



SPP



1. Light gets through the holes much

smaller, than the wavelength of applied light.

MOST OF THE ENERGY IS 
CONCENTRATED AT THE SURFACE:  

GIANT FIELD ENHANCEMENT!

VACUUM

METAL   



LSPP



2.NEAR FIELD STM (NODIFFRAKCIÓS LIMIT )          
NEAR FIELD:LASER EXCITED SPP-s  GIANT EM FIELDS                    

(Kretschmann geometry)

ʎ = 670nm

Surface topology 100x100nm                   Localized SPP field



3.Matter under extreme conditions
(extremely high intensities)

I = 1016 W cm-2 E ~ 109 V/cm

Rapid ionization of valence electrons
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Tunnelling

1014 - 1015 W cm-2

Over the barrier

> 1015 W cm-2

Each atom loses at least one electron. Some can lose as many as 6 ! 

single 
atom

+
High intensity 
Photoeletric Effect
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Pulse train average power (mW)

slope: 4.3 ± 0.4

Multiphoton tunneling

transition at

~4x1010 W/cm2 incident

intensity, 

~5.5x108 V/m field

Keldysh-gamma =31

→ indication of well-known

field enhancement of surface

plasmonic fields

slope: 0.89 ± 0.03
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W: work function, El: laser field strength

MULTIPHOTON ELECTRON EMISSION FROM GOLD 

PLASMONIC 

ENHANCEMENT!



From multi plasmon
electron emission

Experiments up to ~10¹² W/cm²

Born-Openheimer: >10¹⁵ W/cm²;       Relativistic processes: 
>10¹⁸W/cm²                 

DOES PLASMONICS WORK AT THESE HIGH INTENSITIES ?

Nanopyramide: 
Field enhancement
up to 200 at the tip



Spectral tunability of the
nanoshell plasmon rezonance
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Not doped (enlarged: 30x)

Doped (enlarged: 40x)

A few per mill gold particles

Laser

Thickness: ~30μ
and 40μ

Focal spot: 85μ diameter
Pulse length: 300fs
Intensity:  max. ~4.10¹⁴W/cm²

4. PLASMONIC EFFECTS OF SHORT PULSES IN THE MATERIAL

300 fs laser pulses

Kumar



~10¹⁴ W.cm ̄²

Laser pulse length: 300 fs
Ti:Sa laser: ʎ=800nm, ~1.55eV

30μ 40μ

Giant plasmonic amplification;  the laserlight reaches the nanoantennas;

Spot size nearly constant



Checcotti

HIGH EM FIELDS



FEMTOSECOND LASER PULSES

HIGH REPETITION FREQUENCY
LIGHT SPEED: NO TIME FOR 

INSTABILITIES
ONLY TWO BEAMS
VOLUME IGNITION

d ~ n.10μ

NANOPARTICLES IN THE 
FUSION MATERIAL

NANOSHELL
(nx10nm)

NANOROD (~85x25nm)

ʎ = 800nmOUR PROPOSAL:

n.10μ

PLASMONIC ELECTRON 
COHERENCE AND SCREENING!



Also proton plasmons above10¹⁵W/cm² 

Pl. : Since coherent motion not N 
(proton number), but N² dependence

Potential SPP assisted LENR reactions

DEUTERIUM  and TRICIUM production?

A + n = (A+1) + ɣ
ɣ           heat



I>10¹⁵ W/cm²

5. IN HUGE EM FIELDS ALSO  PROTON PLASMONS

WIDOM-LARSEN CONCEPT



LENR: THE DOWN OF A BASICALLY NEW WORLD?

1 MW energy for 1.5M$, and 106  E-CAT–s in a container

SECRECY AND DOUBTS!!

Leonardo

10kW



Mourou, Tadjima,…

HIGH ENERGY PARTICLE BEAMS



Wakefield acceleration
TNSA (target normal
sheath acceleration) 

COLLIDING PARTICLE BEAMS

Nanoparticles: also
volume contraction

Light pressure



NAPLIFE PROJECT  ↗



THANKS FOR YOUR ATTENTION!


