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LPB, 36(2), (2018) 171-178.

Two ideas are combined by L.P. Csernai, N. Kroo, I. Papp:
[ Patent # P1700278/3 ] (2017)



3

The absorption 
coefficient is linearly
changing with the 
radius: In the center, 

r = 0,  αK = 30 cm-1

while at the outside 

edge αK = 8 cm-1.   

The temperature is 
measured in units of 
T1 = 272 keV, and Tn

= n T1.

Simultaneous, 
volume ignition is up 
to 0.9 R, so 73% of 
the fuel target!

T (MeV)

L.P. Csernai, N. Kroo, I. Papp, LPB, 36(2), (2018) 171-178.
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Kőszeg, September 14, 2019 - Int. Workshop on  Collectivity   
First meeting on the NAPLIFE  project     (12 people)
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(2020)
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Thick coin like flat target  &  Two beams only 

XThickness of 
the target is: h …

.

h depends on 
pulse energy, 
ignition energy, 
target mass, …

[ Csernai et al., (NAPLIFE
Collaboration) Phys. of 
Wave Phenomena, 28 (3), 
187-199 (2020). ]
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Without nano 
antennas

The deposited energy from laser irradiation from 
one side only. The absorption is constant, this 

leads to an exponentially decreasing energy 
deposition, and only a negligibly small energy 

reaches the opposite end of the target.
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With nano 
antennas

The deposited energy from laser irradiation from one side 
only. The absorption is modified by nano antennas so that 
the absorptivity is increasing towards the middle, so that the 
deposited energy is constant up to the middle. Then the 
absorptivity is decreasing, but hardly any energy is left in 
the irradiation front. Thus again only a negligibly small 
energy reaches the opposite end of the target.

The absorptivity is 
increased towards 
the center, due to the 
implanted nano 
antennas.



9

With nano 
antennas

Ignition energy is: Qi /m
e.g. for DT target: Qi /m = 27 kJ/g
 if we have  Q = 100 J , then 
we can have a target mass:
mDT = Q / Qi g = 3.703 mg.

Then with mDT and  ρDT given 
we get the DT-target’s volume, 
VDT   and   hDT =  2.67 mm .

Irradiation from both sides.
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With nano 
antennas

Ignition is reached at 
contour line  Q = 1.

[ Csernai et al., 
(NAPLIFE
Collaboration) Phys. of 
Wave Phenomena, 28
(3), 187-199 (2020). ]

Simultaneous  
ignition in the 
whole target 
volume
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( 2020 ) 
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( 2021 )  
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For pre-compression  before ignition
Electron (e) Energy to Ee ≈ 100 MeV or more   
IF:  vLW = ve ≈ vion  EH-ion ≈ 1836 Ee ≈ 183.6 GeV
me = 0.511 MeV, mp = 938.3 MeV, γ = γ e ≈ γp ≈ 195   y = 5.97

Beam density:  nH = γ n0 = 195 g/cm3 

Target  density after interpenetration: nt = 2 nH = 390 g/cm3 

Relative rapidity:  y = 11.94  

The ionization of the H atoms at ignition in a Laser Wake Field (LWF)
wave due to the irradiation from both the +/- x directions

[Papp, I., et al., NAPLIFE Collaboration, Phys. Lett. A396,127245 (2021)]
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The electric field, Ey (top) and magnetic field, Bz (bottom) in a Laser Wake Field 
(LWF) wave formed by irradiation from the ±x- direction. The rest number density 
of the H target is nH = 2.13  1025/m3 = 2.13  1019/cm3. The laser beam wavelength 

is  λ = 1μm. The LWF wavelength is about 20 λ. Pulse energy is 19.6 J. 

. .

[Papp, I., et al., NAPLIFE Collaboration, Phys. Lett. A396,127245 (2021)]

Ey

Bz
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Two basic principles are tested on non-fusion material targets at low energies

• Implanted with nano-antennas   Amplified absorption  √
• Multilayer targets   Simultaneous Ignition   (in progress)

M. Aladi,
M. Kedves,
A. Kumari,
P. Rácz,
B. Raczkevi
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( 2021 )  
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( 2022 )  
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With Nanorods (Au2) 
at 25 mJ laser pulse
~4 times  increased  D 
production, compared 
to  1 mJ pulse
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( 2022 )  
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excitation / emission

ex em

Ellipsoidal antennas 
(~nano-rods) have some 
advantage
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( 2022 )  
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Resonant light 
absorption by nano-rod 
antennas
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( 2022 )  
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25x130 nm antennas, 
resonant for λ=795 nm

[L. Novotny (2007)]

Initial   2 ord. magn. 

“Final.
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( 2023 )  



28

Accumulated momentum of 
conduction electrons in vacuum (blue) 
and in UDMA (black)

25x85 nm  antennas, 
resonant for λ=795 nm in
UDMA polymer

[L. Novotny (2007)]
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in  polymer  UDMA [ I.Papp’s talk ICNFP2022 ]

Initial   3 ord. magn.
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EPOCH – PIC COMSOL - FEM
I. Papp  et al. M. Csete et al.

Deposited energy 
in the nano-rod 
(green)

Calculation Box (CB):
530x530x795 nm
λ = 795 nm

Laser pulse EP=30mJ in 
CB, TP=106 fs ≈ 40λ/cMaximum  momentum of 

spilled out electrons

Distribution of 
momentum of 
spilled out 
electrons
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Margaret Island Symposium 2022 on Vacuum Structure, Particles, and Plasmas, 
Budapest, May 15-18, 2022. 
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( 2022 )  



1. DIAGNÓZIS (kráter térfogat)
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( 2022 )  
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Archana Kumari, 11th Int. Conf. 
on New Frontiers in Physics 

2022, Kolymbari, Crete, Greece, 
7th Sept. 2022. 

( 2022  May)  

Péter Rácz, Margaret Island 
Symposium 2022 on Vacuum 
Structure, Particles, and Plasmas, 
Budapest, May 15-18, 2022
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SUMMARY

- Crater size increase, in excess of laser beam energy increase, 
in case of plasmonic nano-rods!

- Deuterium production (nuclear reactions) are indicated in case 
of nano antennas by Raman spectroscopy!

- Deuterium production is indicated in case of nano antennas by 
low statistics LIBS spectroscopy (not confirmed  yet        ); 
Theoretical estimates without  nano-rods give no significant D 
production.

- Higher  (10x) energy laser pulse  would be needed to  test/verify 
the mechanisms of Deuterium production,  the possibilities of  
other nuclear fusion reactions and their reaction rates.
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ELI-ALPS Szeged: 
EU Extr. Light Infrastructure   
Attosec. Light Pulse Source

2PW High Field laser
10 Hz,    <10fs,     20 J

European Laser Infrastructure – Szeged, HU

Csernai, L.P. [NAPLIFE] 
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The END
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