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Introduction
Fusion is the nuclear process driving stars like the Sun. It has the potential to serve as a baseline 
carbon-free power source on Earth. This potential remains unrealized due to the difficulty in orche- 
strating the conditions required for high reaction rates and sustaining them for long enough to yield a 
net gain in energy.

 

 

Theory
A reaction between two particles depends on their cross-section σ, given in Gamow form [1,2,3] as

where Ɛ is their collision energy. Each term above describes a step in the reaction process that is 
treated independently of the others—

 

Results

 
Acknowledgements

 

Conclusions

● NSF AGEP-GRS award no. 1903414
● Stanford Research Computing Center

🔥 FV analysis of LIT in terms of absorption / emission probabilities is in good agreement 
with CN results, supporting theoretical description of multiphoton fusion cross-section.

🔥 KH analysis of LIT in terms of time-averaged, oscillating barrier leads to predictions 
that are inconsistent with those of FV and CN.

🔥 LIT produces significant enhancement of the D–T cross-section in the case of soft 
x-rays (ħω ≲ 1 keV) at extremely high intensities (I ≳ 1024 W/cm2).
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Advances in high-intensity lasers have sparked recent interest [5,6,7] in the theory of boosting 
reaction rates directly, with the help of strong fields. While this effect is predicted to occur only at 
extreme field strengths, some speculate that it is within reach of next-generation light sources.

 

 I.           II.              III.

.example reaction between. 

.Deuterium (D) and Tritium (T):.

.17.6 MeV of nuclear binding energy.  
 is converted into kinetic energy,.
.which is radiated in the form of a.
.neutron (n).and.an alpha particle (α).

.🔥:.
.apply a. 

.laser field. 
—they are respectively referred to as the “geometric,” “transparency,” and “S” factors. This last 
factor is semi-empirical, often fitted [4] to measurement data in practice.

In principle, intense lasers are capable of manipulating the transparency factor Ƭ(Ɛ) in step II. 
Enhancement of the cross-section takes the form of many laser-induced tunneling (LIT) events.

I.  collision: the pair undergoes a charged-particle (a.k.a. Coulomb) collision

II.  tunneling: instead of being deflected away by their mutual repulsion, there is an 
exponentially small probability that they come into direct contact via quantum tunneling

III. nuclear interaction: upon physically touching, the particles temporarily form a 
meta-stable compound nucleus, which promptly decays into reaction products

Tunneling is described in terms of the particles’ relative motion, which is represented by a 
wave-function ψ that solves the time-dependent Schrödinger equation

[iħ ∂t – Ĥ(t)]ψ = 0

where Ĥ is the Hamiltonian. When it includes just a Coulomb force without any external fields, the 
resulting transparency has energy dependence –.log(Ƭ) ∝ Ɛ –1/2, giving rise to the Gamow formula 
typically plugged into σ (and also to the Geiger-Nuttall law explaining α-decay half-lives).
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.                              Crank-Nicolson (CN)                         .
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When Ĥ additionally includes a laser field, 
the TDSE can be solved analytically using 
FV or KH (above), as well as numerically 
using CN (left). This last method consti- 
tutes a first-principles model of LIT that 
avoids making simplifying assumptions.
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V(r) ↦ V(r – r₀ sin ωt).
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@ ħω = 1 keV

Above: comparison between methods for calculating the transparency factor for the D–T 
reaction at an example photon energy of ħω = 1 keV.

Right: overall enhancement of the reactivity ⟨σu⟩, which measures the total reaction rate, 
calculated for a range of laser parameters. It is obtained by averaging the multiphoton fusion 
cross-section over a distribution of collision geometries, in this case corresponding to a D–T 
plasma at an equilibrium temperature of T = 1 keV.

@ T = 1 keV
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