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What is a Laser?

Historical milestones: 1917-1963: Theory: Einstein, Bose, Schrödinger (Richard
Tolman, Valentin Fabrikant, Kastler, Glauber
1950-1960: Charles Townes, Nikolay Basov, Alexander Prokhorov,Theodore
Maiman
What it is: Zillion of photons condensed into the same same quantum state, |α⟩
with the property that ⟨α|Ê|α⟩ = E⃗(⃗r, t).
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The 20’th Century: From model locking to Attosecond
Science
The Basics: Light Amplification by Stimulated Emission of Radiation produces
coherent and monochromatic light. It is probably the most important instrument
developed - pure quantum technology!

Outward intensity of solar radiation at the surface of the sun: 6.3 · 107 W/cm2

The Early Years (1960s-1970s): Techniques like Q-switching and mode-locking allowed
for shorter, more intense pulses. By the 1980s, intensity plateaued around 1015 W/cm2

Jan Petter Hansen WP 4: Nanoplasmonic Laser Fusion March 11, 2026 3 / 14



The 21st Century: Attosecond Science

The Breakthrough (1985): Chirped Pulse Amplification (CPA): Stretch,
Amplify, Compress (Nobel Prize, 2018)

Attosecond Science (Nobel Prize, 2023).

High Harmonic Generation (HHG):
When an intense ultra-short laser interacts with a gas or plasma, electrons
are ripped away, accelerated, and smashed back into their parent ions.
This violent collision emits high-energy photons in bursts lasting only
attoseconds (1 as = 10−18 s).
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Laser-Atom Interaction: The Hamiltonian
The total atomic quantum state is governed by the time-dependent
Schrödinger equation:

iℏ ∂

∂tΨ = [H0 + Hint(t)]Ψ

The Interaction (Hint): In the ”Length Gauge” (Dipole Approximation),

because the laser wavelength is vastly larger than the atom, the electric
field E(t) is considered spatially uniform:

Hint(t) = er · E(t)

Typical Electric field:

E(t) = E0 exp
( t
τ

)2
cos(ω0t)λ⃗
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Entering the Strong-Field Regime
Strong Fields (Hint ≈ H0): The laser’s electric field becomes comparable to the
Coulomb field binding the electron.

Barrier Suppression Ionization (BSI):
The laser severely warps the atomic potential well.
At peak intensities (1016 − 1018 W/cm2), the barrier is bent so low that
electrons escape classically.
Consequence: All the heavy ions (C, N, O) are already highly stripped,
initiating the Coulomb explosion.
Jan Petter Hansen WP 4: Nanoplasmonic Laser Fusion March 11, 2026 6 / 14



Tunneling Ionization: The ADK Model
Core Concept: It calculates the cycle-averaged tunneling rate for complex atoms
in alternating low-frequency fields.

WADK ∝
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)2n∗−1

exp
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−2(2Ip)3/2

3|E(t)|

)

Figure: https://doi.org/10.1103/PhysRevA.96.063417

Most ionization occurs purely at the absolute peaks of the cosine wave.
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Ultra strong fields I > 1019 W/cm2

The Lorentz force bend electrons in the laser propagation direction −→
ion acceleration following the electrons.
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The NAPLIFE Project: L. Csernai et al
Traditional laser fusion uses extreme, slow mechanical compression to create a
single hotspot, hoping the burning spreads faster than the target expands. The
NAPLIFE project takes a fundamentally different approach.
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The NAPLIFE Project: L. Csernai et al

Main Process:

1. Simultaneous Volume Ignition

By getting the laser inside the target, we can trigger the entire fuel volume
at the exact same time, leaving no time for mechanical instabilities to
destroy the target

2. The Antenna Effect

When this laser washes over the gold nanorods, the free conduction
electrons inside the gold oscillate resonantly back and forth along the axis of
polarization.
This sloshing creates a massive electron pile-up at the rod tips, generating
an extreme, localized electric field
Protons situated near these tips are violently accelerated by this near-field.

Jan Petter Hansen WP 4: Nanoplasmonic Laser Fusion March 11, 2026 10 / 14



UDMA Target with nanorods
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The Target: What is UDMA?

Material: Urethane Dimethacrylate (UDMA)
Chemical Formula: C23H38N2O8

Atomic Composition (per molecule):

Hydrogen (H): 38 atoms ( 53.5%)
Carbon (C): 23 atoms ( 32.4%)
Oxygen (O): 8 atoms ( 11.3%)
Nitrogen (N): 2 atoms ( 2.8%)

Over half the atoms in the target are Hydrogen. These are the protons we are
accelerating. The heavier C, N, and O atoms will act as near-stationary, repulsive
centers.
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FUSENOW: WP4 - GOALS AND ACTIVITIES:

Develope UDMA samples with optimized geometry and density
Expose samples to ELI-ALPS laser
Model the proton-X fusion processes (Monte-Carlo, Stopping power,
fusion-cross sections)
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FUSENOW: WP4 - GOALS AND ACTIVITIES:

The Ultimate Challenge: The Q-Value....
Qtarget: Fusion Energy Out / Laser Energy on Target.
Qwall: Fusion Energy Out / Energy from the Power Grid.

Team: Martin Greve1, Attila Bonyár, Ali Hassan, Laszlo Csernai, Jan Petter Hansen + 2
master students.

1On leave 2026
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