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Energy production = gain with losses Energy crisis
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Energy production = gain with losses Energy crisis
The good fuel: high energy to mass ratio
Alternatives of the present

Energy prices for households
EU 2008 - 2022, HU 6,45 (2017) 9-18 (2022)

Evolution of household electricity and gas prices in the EU
(in € per 100 kWh, all taxes and levies included)
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Energy production = gain with losses
Future energy: nuclear fusion

NAPLIFE: aims, results, plans
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Energy production = gain with losses

Energy crisis
Reaction to the crisis

The good fuel: high energy to mass ratio
Alternatives of the present
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Energy production = gain with losses

Specific data, available energy
J/mg = MJ/kg

https://afdc.energy.gov/fuels/properties; https://en.wikipedia.org/wiki/energy_density

@ coal 23; brown coal 18; turf 7; wood 11; biomass 10;
hulladék 9; olajpala 20

@ oil, PB gas 40; bio-fuel 30; waste 25
@ natural gas 47; H 40; biogas 20; waste gas 15

@ uranium 460.000; fusion 640.000.000
1 kg U =~ 20 tons of coal ~ 0.7 g fusion fuel
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Energy production = gain with losses
high energy to mass ratio
Alternatives of the present

Specific energy content

need for logarithmic thinking
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Energy production = gain with losses Energy crisis
The good fuel: high energy to mass ratio
Alternatives of the present

The "atomic” force

nuclear techniques

4 D Deuterium
He Helium
T Tritium
Li Lithium
6} Uranium
T - - Energy released

Y o=

Nuclear binding energy released

v

Atomic Mass A
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Energy production = gain with losses

Future energy: nuclear fusion

NAPLIFE: aims, results p\aln%
Thermal and equilibrium

Main stream and alternatives

ITER magnetic confinement

Biré, Tamas Sandor
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Energy production = gain with losses

Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Direct and sudden

Main stream and alternatives

NIF laser shots

Biré, Tamas Sandor
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Future energy: nuclear fusion

NIF

reactions and neutrons

DT-filled HDC
cepsule

P TP(r.y

\

Capsule fill
tube

Hohlraum NP(Y)

14028 MeV neutrons

Fig.1/Indirect-drive inertial confinement fusion. a, Laser energyis converted
into X-rays that compress and heat a spherical DT-filled capsule to generate
fusionreactions. The HDC capsule is filled with DT gas throughaafill tube and
cryogenically frozen to create asolid DT ice layer on the inside surface. On
heatingandc the fusion of DTi 14.028 MeV neutrons
(blue) and y-rays emitted by both fusion reactionand (n, y) reactionsin the
surrounding capsule (purple) and the target TMP (orange). b, I heating of the

oo

= $
Signal (V)

Main stream and alternatives

(T.n)ar 14.028 MeV
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iDTice fuel by a-particles (g itted by the fusi
exceeds theradiation and electron conduction losses, the hot-spot reaction can
b If- ¢, The QCD nToF dete: he NIF uniquely measure
bothy-and neutron signals at approximately 100 and 500 ns, respectively.
Low (n, y) bacl enableahigh-precision ofthemean
line-of-sight neutron velocity v for adetectoratdistance d, ;.




Future energy: nuclear fusion Main stream and alternatives

NIF

Announcements on achievments

energy out
energy in

2021 August: Q= 0.7
2022 December 5-th: Q = 1.4

industry would need Q ~ 300

Bir6, Tamas Sandor NAPLIFE MTA 2022



Future energy: nuclear fusion Main stream and alternatives

D + T fusion

why-s and problems pictures from Rafelski

D Neutron

) °
DT fusion safety and radioactive waste
" r \ N I\ -
— Energy u s )

Fusion it St
’ Paper Aluminium Lead  Thermal neutron absorber
{4 MeVneutrons| ;o2 = 940 MeV| [d + t —» (3.6 MeV) + n(14 MeV)|
T

E&
S

(dt
( """1"7"2 DT fusion leads to super-fast neutrons and associated problems: My
o objective today 15 the deve]epmem of aneutronic fusion in a d) namic
regimeie. uilibrium, forbidden by b s

1. energetic neutrons; 2. global tritium quantity (nuclear power
plants)
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Future energy: nuclear fusion Main stream and alternatives

Neutronfree fusion

some reactions

However, the 0-generation plasma fusion reactor under construction is based on
nuclear-weapon tritium cycle. My personal research interests are therefore today
focused on fusion concepts that sidestep extreme density and temperature
matter conditions required in the thermal equilibrium plasma devices, and the
production of weapons-grade neutrons. | will introduce: Muon catalyzed cold
nuclear fusion (not to be confounded with cold [con-]fusion); Laser driven
proton acceleration induced micro-explosion fusion; and laser driven dynamical
plasmon fusion. All three approaches are under active study, funded by both
private and government sponsored research programs.

(Johann Rafelski, MTA inaugural talk, 2022. June 13.)

NAPLIFE MTA 2022



Future energy: nuclear fusion Main stream and alternatives

Neutronfree fusion

examples (wiki)

High nuclear cross section aneutronic reactions!1!

Isotopes

Deuterium - 3He

Reaction
2D +3He— 4He+1lp + 18.3 MeV

Deuterium - Blithium 2D+ 6Li — 2 4He + 22.4 MeV

Proton - Slithium
3He - Blithium
3He - 3He

Proton - Lithium-7
Proton - Boron-11

Proton - Nitrogen

Ip 45 - JHe + 3He + 4.0 MeV
3He + 6Li »2%He +1p + 16.9 MeV
3He + 3He » “He + 2 1p + 12.86 MeV
Ip +7L ->2%He + 17.2 MeV
1p +11B »3%He + 8.7 MeV
Ip +15N > 12C + 4He + 5.0 MeV
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Future energy: nuclear fusion

Electrons in the fusion

Main stream and alternatives

PEP process, Widom-Larsen (wiki)

WL p —> N+ ve (-1.25MeV), p+n— d+~ (+2.22 MeV)

-

p‘+p‘—1H+E‘+|"‘_] ,—p'+e Pt H

SER| 3 poHe+y [He+poHeted v
| e

‘ He + *He — Be + p Lol

Be +e” —7Li+ 1 | TBe 4 pt =B+ y
He+ He—‘He+ 2p'| | Li+p' - ‘He+ ‘He B Bt et U

I

“Be* = *He + ‘He

Widom-Larsen theory
From Widpedia, he free encyclopedia

The Widom-Larsen theory is a proposed explanaton for Energy Nuclear R

ns (LENR) developed in 2005 by Allan Widom and

Lenis Larsen. Inthe paper describing th idea, they claim that utra ow momentum neutrons are I during
We: When prot eavy’ electro ride sufces ) Onesoure hs hed tht s unikely the eectron
energy treshald for eached in a meta at houtasubstantalenergyinput 1

The dea was expanded by Yogendra Srvastaa togeter with Widom and Larsenin 2014, who wenton to propose that t coud be an explanaton for

neutron observe inexplocingwire experiments, solar corona and flre, and neutron productionin thunderstoms
[

e, urealisic

trations of free electrons are needed fr the neut component o thunderstom neutrons, discounting the

o



Future energy: nuclear fusion Main stream and alternatives

NUclear fusion scales

in nature and in experiments picture from Rafelski

ITER
Megajoule
NIF

km

cm

pB
plasmonics

nm
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NAPLIFE: aims, results, plans

NAPLIFE individual features

Idea, plan, initial results

@ Plasmonic collectivity, energy concentration, threshold
lowering, lifetime cca. 20 — 30 fs

© Far from equilibrium, lightspeed, simultaneous ignitions

© Nanoantennas in target, ultrashort, high contrast laser
pulses (108, 40 fs @ Wigner)

© Energy balance and fusion products at low energy:
microcraters, D/(2D+H)

Bir6, Tamas Sandor NAPLIFE MTA 2022



Energy production = gain with losses

Future energy: nuclear fusion

NAPLIFE: aims, results, plans
NAPLIFE

laser board and vacuum chamber
Biré Tamas

Kroo Norbert

Biré, Tamas Sandor
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

Project scientific leader:
Bir6 Tamas Sandor (Wigner FK)

bl Project manager:
Szeledi Anett (Wigner FK)

Project Governing Body:
NI Szabé Gabor (ELI-ALPS), chair
NRAL Varga Dezs6 (WFK), secretary
Proj Surv Body Czitrovszky Aladar (WFK),
Prof Councel B Nagy Attila (WFK),

| Profi Supp Team Pohénka Zsuzsa (NKFIH)
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1PN G4
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NAPLIFE: aims, results, plans
Group Structure

cooperation

Nano-Plasmonic Laser Inertial Fusion Experiment Collaboration

Theoretical group (modelling,
> simulations)
Target properties

Target fabrication group

Material
(nanocomposite preparation,

properties
measurements)

Laser group
Irradiated target

(Target irradiation)

Target
performance

Bir6, Tamas Sandor
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Nanofusion

NAPLIFE: aims, results, plans

plasmons: barrier reduced, energy hot spots

The Lycurgus Cup -
A Roman

Nanotechnology

lan Freestone', Nigel Meeks?,

Margaret Sax* and Catherine Higgi

Bir6, Tamas Sandor
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NAPLIFE: aims, results, plans

Fusion cross section
when electrons screen the Coulomb barrier (Wong+Shih 2022)

— E+Us

Formula o(E, Us) = SIE+Us) [omy/2.20MeV/(E+Us) _ 1}*1.

U, =45 keV

= -36 .
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38 et RS I
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[
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44
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NAPLIFE: aims, results, plans

Plasmonics at work

with corr.

without corr.

nanoplasmonics simulations (M. Csete)

26.0/30 nm Au
without corr.
with corr.
30 nm Ag
‘without corr.

— with corr.

700
wavelength (nm)

g
E/E,=16.5 E/E,=17.9

with corr.

25 x79 nm 25 x 87 nm 26.0/30 nm 26.6/30 nm
E/E,=66.4 E/E,=79.9 E/E,=39.4 E/E,=45.5

e - » (i) ()

25 x 79 nm 25 x 87 nm 26.0/30 nm 26.6/30 nm

without corr.

«O0>» «F» «E» « > = Q>
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NAPLIFE: aims, results, plans

Plasmonics at work

near field enhancement (M. Csete)

Gold

Without corr With corr Without corr Silver With corr

E/E0 = 66.4 E/E0=34.8 E/E0 =79.7 E/E0=42.6

(=)

no Kroomium
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NAPLIFE: aims, results, plans

Plasmonics at work

polluted nanoantennas (M. Csete)

on tip

i ontip
(0a ) « )
k0= 112) =46. FJf0=134

on side

. on side
(C § . 4
E/E0 =648 =73, E
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NAPLIFE: aims, results, plans

Plasmonics at work
nanoantenna form variations (M. Csete)

Near-field enhancement with individual plasmonic
nanoresonators & Kroomium nanoparticles

core-shell nanorod triangle

E/E0~17.9 E/E0~42.6 E/E0~30

€
2
£
<]
<]
4
z
=
>
o
=
k=
3

E/E0~58.7 E/E0~33.9 E/E0~112.0 E/E0~45.4

oo

R=5nm

with attached
Kroomium NP

E/E0~24.0 E/E0~20.5

with nearby
Kroomium NP

o R=5nm

TOF I 7P F T =7

DA
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NAPLIFE: aims, results, plans

Kinetic model: PIC

Single nanorod momentum distributions (I. Papp)

m m
@ o
o 1}
£10? P
£ £
© ©
o Q.
= =2

=
o
e

Q
Q°

Py (MeV/c) Py (MeV/c)

109.4 fs 04 110.7 fs
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NAPLIFE: aims, results, plans

Kinetic model: PIC

Single nanorod

Compare vacuum to UDMA (I. Papp)

n=1, 4el5 W/cm?
n=1.5, 4el15 W/cm?

Py(GeV/c)
S

T
ALY
1Y &‘\;"a‘«‘,‘v\y\'\

IYTYTTTR
VAL,
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NAPLIFE: aims, results, plans

Kinetic model: PIC

Single nanorod time evolution (l. Papp)

Evglution of ionised Hydrogen around the nanoantenna
10 ---- electrons
---- H atoms
---- protons
104 H-electrons

- AR
AR AARMAYY W
e BSAANN RV

Py(MeV/c)
= =
2 2

fury
o
-
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NAPLIFE: aims, results, plans

Rapid and slow ignition

NAPLIFE (25 md, 40 fs) vs NIF (1 MJ, 10 ns)

(L. Csernai)
t A

Spot ignition, fast expansion - slow burning

slow expansion,
10-15% full burn-
burning

ol

NAPLIFE: Simultaneous, “time-like” ignition

extreme com pression

L.P. [NAPLIF
Bir6, Tamas Sandor

NAPLIFE MTA 2022

ae
31/52



NAPLIFE: aims, results, plans

NAPLIFE NANO

Au nanorods microscopic image, absorption curve (Bonyar)

The NAPIife plasmonic fusion project
UDMA polymer with resonant gold nano-rods

Gold nano-rods embedded in polymer matrix: Actual absorption curve for nano composites

Transmission electron microscope image; measured by optical spectroscopy. The

insert shows actual nano-rods absorption peak is tuned to resonate with laser
wavelength at 795 nm

25

Absorbance unit [cm ]

750 800 850 900 950 1000 1050
Wavelength [nm]

«O0>» «F» «E» « > = Q>
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NAPLIFE: aims, results, plans

NAPLIFE NANO

Scattered nanorod patterns (Bonyar, Veres)
/[ 0 )“L CHE‘ M0 l o
e W VN W/\t/\f v \(/\a &

\/
0 ‘
Chy

t
UDMA 0
H:C/LWO\/\U/\ VA

TEGDMA

Biré, Tamas Sandor
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NAPLIFE CRATER

craters’ scanning electro microscope images (J. Kdman)

UDMA_X

7. Surface structure of the laser ablated area,
investigated by SEM

UDMA_AU1L

UDMA_AU2

Bir6, Tamas Sandor
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NAPLIFE: aims, results, plans

NAPLIFE CRATER

microcraters in craters (J. Kaman)
SEM IMAGE OF UDMA WITH AU NANORODS

SEM IMAGE OF UDMA WITHOUT AU NANORODS

SEMHV: 80KV Dot: BSE
SM: RESOLUTION

L
Stage Tilt: 00° 50 pm
SEM MAG: 6.40 kx

SEMHV: 8.0kV.
i

Det: BSE
SM: RESOLUTION

S S
Stage Tilt: 0.0° 50 pm

Images at 17.5mJ laser energy, 1,16.10"7 W/cm? laser intensity.The volume of the

MIRA3 TESCAN
crater of the sample with nanorods is 1.98 times that of the sample without rods.

Bir6, Tamas Sandor
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NAPLIFE: aims, results, plans

NAPLIFE CRATER

microcrater contours (J. Kaman)

MICROCRATERS IN UDMA WITH PLASMONIC GOLD NANOPARTICLES

40.00 g —————m———————————— - S| e e Saaaas
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NAPLIFE: aims, results, plans

NAPLIFE CRATER

shot craters (A. Nagyné Szokol)
(uisner

With gold
nanorods

Without
gold

With gold
nanorods

Preliminary measurements

«O0>» «F» «E» « >
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NAPLIFE: aims, results, plans

NAPLIFE CRATER

Craters w/o Au

UDMA-Au2

Bir6, Tamas Sandor
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NAPLIFE: aims, results, plans

NAPLIFE CRATER

method to obtain the crater volume (A. Nagyné Szokol)

uiisner o
Volume determination method

. Setting of the reference plane i — i
. Mesuring of the H,,;, value on 4
different points, and averaging them
Recording the values VolUp, VolDn
and the number of the points
. Calculating the area of the pixels
. Calculating the volume of the
cylinder over the reference plane

Humin

Reference plane

V =VolDn + Tyixe * Points - Hpin — VolUp

Bir6, Tamas Sandor NAPLIFE MTA 2022 39/52



NAPLIFE: aims, results, plans

NAPLIFE CRATER

crater volumes vs pulse energy (A. Nagyné Szokol)
uisner

Crater volume

The analysis of the crater volumes —in 5 different points for every energy and target
186414

166414
148414
126414

16414

¢ UDMA-X
B UDMA-Aul
UDMA-Au2

10

Laser pulse energy (mJ)

«O0>» «F P> «E)» «
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NAPLIFE RAMAN

UDMA - TEGDMA copolymer (Veres)

modeling and calculations.

Figure 1. Chemical structure of UDMA monomer together with the selected part used for further

dCc @0 ON oH
Figure 2. Optimized (B3LYP/6-311++G(d,p)) geometry of UDMA model (C1Ha-C2H> and C3Ha-

C4H> groups are in anti and gauche conformational states, respectively).

Bir6, Tamas Sandor
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NAPLIFE: aims, results, plans

NAPLIFE RAMAN

Raman signals: vibration of molecular bonds (Veres)

Raanitensy, au

Raman intensity, a.u.

e T /MM
= Cale. C-DY
(modet > (D
S
o™ i /
1900 2000 2100 2200 2300 2400 2500  260C

Raman shift, cm™

A
e e p A lmn

liaser > 107®

Ramanintensiy, .
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NAPLIFE: aims, results, plans

NAPLIFE RAMAN

Raman signals: molecular vibrations from various spots in teh crater

0
=
c
3
a
-
®
a
z
+

ICD

UDMA-X  UDMA-Aut  UDMA-Au2
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

NAPLIFE LIBS

LIBS: plasma plum (Aladi)

— |+ AutomaticZoom v

DIAGNOSIS No3: LIBS analysis of the laser plume plasma

PHOTO OF A LASER SHOT INDUCED PLASMA PLUME

Biré, Tamés Sandor NAPLIFE MTA 2022 44/52



Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

NAPLIFE LIBS

LIBS: atomic ionisation — D/H (Aladi)

g

000

LIBS Intengity (a. u.L
g
8

~
&

g
8

LIBS Intensity (a. u.)
g
T

6558 6560 6562 6564 6566 6568 657,0
Wavelength (nm)
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NAPLIFE: aims, results, plans

NAPLIFE LIBS+

LIBS: spectral areas — D/(2D+H) (Kroo)

= DI(2D+H)
—— Linear Fit of Sheet1 D/(2D+H)

Delay (microscond)
At 17.5 mJ, D(A)=1.828, H(A)=8.32
D(A)/H(A)=0.21
D(A)/[2*D(A)+H(A)]=0.15
No. of H atoms=2.51*10"16
No. of atoms that were converted from H to D=3.765*10"15

Laser Energy (mJ)

Please refer to Agnes Nagyne Sokol’s talk on Crater Data Analysis!

Bir6, Tamas Sandor NAPLIFE MTA 2022




NAPLIFE: aims, results, plans

NAPLIFE LIBS++

LIBS: kinetic energy estimate (Krod, Bird)

Fits to LIBS D and H signals

T
g
2
7
5
H
g
5
o
2
e
5
g
£
g

2 25 3
1/ delay time

< > <
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Energy production = gain with losses
Future energy: nuclear fusion
NAPLIFE: aims, results, plans

NAPLIFE NUC

compare to p+ n — d + v (Bir6 + Jakovac)

In p and n CMS, no barrier, v, = v, = 0 approximation —
|PD| — |p'y| — E’y/c-

Mpc? + myc?® = mpe +|pD|

+ ¢lpol,
The deuteron binding energy dominates:
B = mpc? + mpc? — mpc® ~ 2.2 MeV

since it is much less than mpc? ~ 2 GeV, practically

Vp B

~

-~ c2”11'10_3'
D

Bir6, Tamas Sandor NAPLIFE MTA 2022



NAPLIFE: aims, results, plans

NAPLIFE MASS SPECTRO

mass spectrometer peaks: amu1 300, amu2 230.000, amu3 17.500, amu4 100 (Aladi)

| — 3omi scam2
..‘ — 30m) scan3

 omisem Mintak:
UDMA
UDMA+Au2
UDMA(30%D)
UDMA(30%D+Au2)

Fenti mintaspektrumok az

amu=2 tdmegszam terllet aranyok:
UDMA(30%D+Au2) minta amu=1, UDMA/UDMA =1

amu=2, amu=3 és amu=4 (UDMA+AU2)/UDMA =1.17
tomegszamu csucsait mutatjak UDMA(30%D)/UDMA =0.68
(UDMA(30%D+Au2)/UDMA = 0.89

Bir6, Tamas Sandor NAPLIFE MTA 2022



NAPLIFE: aims, results, plans

ENERGY: transmitted light < 2 %
M. Kedves
Laser pulse energy transmitted through the UDMA samples

T T I
0@

=4
w

° ° °
o " =

Transmitted energy [m]]

o
a

< UDMA-AUO
¥ UDMA-Aul
O UDMA-AU2

[

o
o

mHH\HH‘H\HHH‘HHH\H‘H\HHH‘\HHHH

15
Input energy [m]]
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NAPLIFE: aims, results, plans

ENERGY:17.5md —33J: Q=1887

Estimate the energy affairs N. Krod

velocities from LIBS delays: v ~ 70 km/s

Kinetic energy of a single deuteron:
Eiinp = 3mc®% ~53 eV ~8,5-10718 J.

Number of deuterons from crater sizes: Np ~ 1,68-10"°

Total energy for UDMA amu (470):
Smupmav? = 824 Eiup ~ 3,3 J.

Q=33Jd/17.4mJd ~ 188
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NAPLIFE: aims, results, plans

NAPLIFE FUTURE

plans and suggestions

Our proosal to NKFIH (March 30, May 31, June 30;
approvement October 30)

Our further plans:

Nuclear detection (CR39)

ELI cooperation (similar and bigger lasers)
Variation of the shooting geometry
Nanoparticles and medium matter variations
energy, deuteron and « observation
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