New method for laser fusion
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Recently, laser-induced nuclear fusion has undergone a revolutionary development. The National Ignition Facility
(NIF) project at the Lawrence Livermore National Laboratory in the United States has achieved 8.6 MJ of fusion
energy output from approximately 2 MJ of energy delivered to the target. This has led to a mushrooming of laser
fusion startup projects and laboratories. Most of these operate on the same principle as the NIF project: relatively
slow, mechanical extreme compression and the resulting large thermal temperature increase — most often through the
fusion reaction of cryogenically frozen Deuterium-Tritium. This initial conventional method has disadvantages. The
compressed target expands faster than the fusion burn from the ignited center, so only a small part of the target fuses,
and slow mechanical instabilities can also develop.

As early as the 1970s, it was observed that electrons could be extracted from the surface of gold samples with
nanosecond laser pulses at intensities of around 10'® W/cm? — as opposed to the expected values of around 10"
W/cm?. It was soon proven that the so-called surface plasmon polaritons (SPPs, the combination of near-surface
conduction electrons and the electromagnetic field attached to them) were responsible for this discrepancy [1]. These
plasmons can collect the energy of the laser pulses at a small volume, and moreover, the resolution limit known in
optics, the so-called diffraction limit, does not apply to them, so they can do this even on nanoparticles of suitable
materials. In this case, we are talking about localized surface plasmon polaritons (LSPPs). Due to this property,
surface plasmons can also be considered the light of the nanoworld. The lifetime of LSPPs, for example, in the case of
gold nanoparticles, is in the range of a few tens of femtoseconds, therefore Ti:Sa lasers operating in this time range are
optimal for exciting such plasmons.

It was obvious to try to combine this technology with nuclear processes that result in nuclear fusion and thus get rid of
several problems (see below) that occur with "slow" laser pulses, sometimes 10 nanoseconds long. This is how the
new method was developed.

Using a small tabletop Ti:Sa laser with 25 mJ pulses, we have already demonstrated using a single laser beam that we
could induce proton — deuteron and proton + 11B — 3 o nuclear reactions [2, 3], and that these processes are
accompanied by energy release. The new method uses the theory of radiation-dominated detonation as well as the
latest results in heavy ion physics. Thus, we obtain a non-thermal and moderate but very rapidly compressed, room-
temperature target with non-radioactive fusion fuel and reaction products. The non-thermal nature and the ignition
from two directions greatly improve the efficiency of the process and also enable industrial-scale application. The
presentation of the method is also a response to the article recently published in Fizikai Szemle [4], which attempts to
criticize the new method we have introduced from the perspective of the initial, traditional method.

Three of the authors of this article filed a patent application in 2017 [5] for a new method of laser fusion. We
described this in a short publication [6]. Then, in 2019, the NAPLIFE collaboration was established in Készeg [7]. The
method proposed by NAPLIFE was first published in detail in 2020 [8]. We recently described this method in the
Physical Review [9]. The need for the new method was inspired by ultra relativistic heavy-ion reaction research and
results from plasmonics, where radiation-dominated energy-emitting detonations behave fundamentally differently.



The burning (hadronization) of the quark-gluon plasma produced in such reactions typically occurs simultaneously in
most of the reaction volume. This is considered impossible by the followers of the initial, traditional approach,
because they follow either the non-relativistic Rankine-Hugoniot description, or the relativistic version of it, which
Abraham Taub, Einstein's colleague at Princeton, described [10] incorrectly! This was corrected by Csernai, but only
in 1987 [11], by which time it had already been experimentally shown that Taub's description was incorrect, or rather
incomplete. Unfortunately, this incorrect description has been adopted by most textbooks until now — for example, the
Hydrodynamics of the Landau-Lifsic series.

The description of detonations can be derived from the conservation of energy and momentum, and is therefore valid
for both thermal and non-thermal systems. Consequently, fusion must be ignited with a laser pulse so short as the light
passes through the target once and only once. A further condition is that the irradiation from the two directions must be
synchronized so that their superposition is constructive. This requires an accuracy of 1 femtosecond. These
requirements can be met by the ELI ALPS, and today it is the only device that has sufficiently high energy.

The article published in Fizikai Szemle in June 2025 and following the initial, traditional method (Foldes, 2025),
discussing the D + T reaction, concludes that fusion can only be achieved in a thermalized system. This is contrary to
the evidence of our method. In laser-induced fusion, the initial laser light is monochromatic, not thermal, and
polarized in transverse direction. In the final state, we also want to extract not heat, but electric current. Thus, each
thermalization step results in a decrease in efficiency. One of the essences of our method is that we try to avoid each
thermalization step. In the case of NIF, most of the incoming 400 MJ energy is already lost in the “hohlraum”
containing the target DT pellet, and only ~2 MJ reaches the DT pellet. In the traditional method, the absorption of light
is attempted to be enhanced by a series of shock waves.

Controlling the absorption of laser light in a fusion target is not trivial; in our method, we solve this for the first time
using nanotechnology. In our method, we take advantage of the fact that laser light is monochromatic, so we plant
gold nanorod antennas resonant at this frequency in the target, with which we can control the absorption of laser light.
These nanorod antennas are perpendicular to the direction of the laser light (thus parallel to the electric field vector) to
control and maximize the absorption. The plasmonic electron wave vibrating in the nanorod antennas, as a vibrating
dipole, accelerates the protons next to the rod to an energy of 150-200 keV even at a laser energy of 25 mJ. The
protons accelerated in this way are non-thermal, their energy is almost the same, and their direction is almost parallel
to the nanorod antennas [12]. Thus, we managed to create a p + 11B reaction without thermalization and compression
with a laser energy of 25 mJ [13]. Another key feature of the method followed by NAPLIFE is the appropriate
nanotechnological design of the target. This is currently under development — both in terms of target arrangement and
target production. The University of Debrecen, the Budapest University of Technology and Economics, the ELI ALPS
Ultrafast Nanotechnology Department, and the Nanotechnology Group of the University of Bergen within the
framework of the FUSENOW collaboration are also involved in this development.

One objection to our method is that “high-temperature ionized gas, plasma, similarly to metals, does not allow light to
pass through, laser light can only penetrate to the skin depth. Even very high-intensity short laser pulses can penetrate
to a fraction of a micrometer. ...”, writes Foldes. He made this statement referring to his own article [14, 15], jointly
with VT Tikhonchuk. We have investigated the penetration of laser light into plasma in detail in our experiments, and
since 2022 we have published this in numerous publications and lectures. The depth of the crater created by laser light
for a laser pulse with an energy of 25 mJ and an intensity of 10'7 W/cm? is 27 micrometers, while if nanorod antennas
are implanted in the target, this increases to 45 micrometers [16]. The craters on the irradiated target are visible to the
naked eye, and the presentation of their surface is convincing. It is peculiar that in the meantime, domestic
experimental articles have also been published that prove that plasma reflection ceases at high intensities [17, 18].



In the conventional method used by NIF, the extreme compression of the target takes approximately 10 nanoseconds,
which is of course not relevant to us, since compression is not the goal. Extreme compression apparently causes more
problems than benefits. In our method, the protons are directly accelerated by the dipole field created by the resonant
electrons, and their motion is not thermal at all, so the directly accelerated protons do indeed create fusion, as shown
in the experiment [13].

In the traditional method, industrial-scale implementation is hardly conceivable with the desired complicated
cryogenic target with an ablator surface. The production of a target and the cryogenic technology of energy production
involve costs that make the traditional method not feasible on an industrial scale. The industrial implementation of the
method introduced by us and currently under development can be much more favorable. The direction of the laser
injection, the emission of the resulting reaction products and the introduction of the fusion fuel and the target(s) are
possible in three mutually perpendicular directions. The cost of producing the target is also orders of magnitude lower
and does not require either cryogenic or radioactive technology.

The international NAPLIFE collaboration is open to the joining of all partners who or which organization wishes to
participate in the development of the method and positively contribute to it. (Repeated critical and offensive
expressions are not considered an intention to join.) Several university researchers and research groups have already
participated in the development of the method. The cornerstones of the NAPLIFE collaboration are Wigner FK
Budapest and ELT ALPS, Szeged. The latter partner is special because the desired high-precision (femtosecond) laser
beam is only available here today. As a result of the achievements, Norway (although traditionally anti-nuclear) has
also joined the laser fusion research using the new method: the Norwegian FUSENOW project, which is significantly
supported by the Trond Mohn Research Foundation / Tromse Science Foundation, is cooperating with the NAPLIFE
[*] project.

It is unfortunate that this project, which originated in Hungary, only has very limited access to ELI ALPS facilities.
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