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The complexity of Energy Transition

» Global energy demand is rising

(conventional growth, Al, et.).

 Renewable Energy Sources (RES) face

limitations:

o Spatial intermittency and low energy density.
o Lack of rotating inertia for grid stability.

o Grid Impact: RES high penetration complicates
protection systems.

o “OIMBY” factor: renewables aren’t just about
zeroing your electric bill. They must power
heavy industry and the Al revolution!

Warning: An RES-only grid is currently

technically unsustainable.
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1] IEA,2025 https://www.iea.org/data-and-statistics/data-tools/energy-statistics-data-browser, https://www.iea.org/search?g=energy%20consumption%20by%20source
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... And the geopolitical scenario

US-China relations

6

Energy security
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La guerra mette a rischio le forniture energetiche mondiali : Climate risk

Confindustria avverte:
“Con una guerra in Iran

Questi 8 paesi producono il 29,8% del petrolio mondiale Low Impact High Impact
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Durante le audizioni a Montecitorio sul
Documento di Finanza Pubblica, Confindustria
illustra scenari molto preoccupanti per I'ltalia in
caso di prosecuzione del conflitto in Iran

Geopolitical risks have a significant impact on the global economic outlook, influencing economic growth,

inflation, financial markets, and supply chains.

[2] https://www.spglobal.com/en/research-insights/market-insights/geopolitical-risk
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But... what about Italy?
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Ritorno al nucleare in Italia, perché non sara

Nucleare in Italia: cosa sta per cambiare, prossimi passaggi, pro e contro
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e OnJune 4t 2026, Italy’s Chamber of Deputies approved the “Sustainable Nuclear Energy Bill” at its first reading.

* Following Senate approval, the relaunch of the country's nuclear program will become law.

[3] https://www.corriere.it/economia/energie/26_giugno_07/ritorno-al-nucleare-in-italia-perche-non-sara-necessario-fare-un-nuovo-referendum-d3057105-a90d-49ae-875¢c-f8855891 exlk.shtml

[4] https://www.infobuildenergia.it/approfondimenti/nucleare-in-italia-camera-approva-pro-e-contro/
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Magnetic (MCF) and inertial (ICF) confinement

Both magnetic confinement fusion (MCF) and inertial confinement fusion (ICF) aim to satisfy the Lawson criterion,

plasma temperature.

g |

PARAMETER

The Concept

Temperature

Density

Pressure

Confinement Time

Heating Source

Operation Style

Main Challenge

nitg = (nTE )crit

which requires the product of particle density and energy confinement time to exceed a minimum value for a given

MAGNETIC CONFINEMENT (MCF)

a Indirect drive b Directdrive

INERTIAL CONFINEMENT (ICF)

.aser o

The Invisible Bottle

Uses giant magnets to trap hot plasma in a

donut shape, keeping it away from the walls.

~100 Million Degrees

Ultra-Thin

~10? g_.»"cm5

~1 Atmosphere

Minutes

Neutral beam injectors & Radio frequency

Waves.

Steady State

Ideally runs continuously.

Keeping the plasma stable and preventing
heat leaks from turbulence.

[6] https://nucleus.iaea.org/sites/connect/FUSEpublic/SitePages/MCF-%26-ICF.aspx

eams
The Implosion

Uses powerful beams to blast a tiny pellet,

crushing the fuel with its own inertia.

> 50 Million Degrees

Super-Dense
100 — 1000 g/cm?

Hundreds of Billions of Atmospheres

~1071" seconds

High-power Lasers ar X-rays.

Pulsed
Repeated "shots”.

Achieving a perfectly symmetrical
compression of the fuel pellet.
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The Concept

Temperature

Density

Pressure

Confinement Time

Heating Source

Operation Style

Main Challenge

MAGNETIC CONFINEMENT (MCF)

The Invisible Bottle

Uses giant magnets to trap hot plasma in a

donut shape, keeping it away from the walls.
¥

~100 Million Degrees

Ultra-Thin

~109 g/em 3

~1 Atmosphere

Minutes

Neutral beam injectors & Radio frequency

Waves.,

Steady State

Ideally runs continuously.

Keeping the plasma stable and preventing

heat leaks from turbulence.

—d

MCF main features:

a low-density plasma (n ~ 101° — 102° m~3) is confined using

strong magnetic fields in a toroidal configuration;

the plasma is heated to temperatures exceeding 100 MK;

the plasma must be maintained in equilibrium for relatively long

timescales, ranging from seconds to minutes.

nil

T1
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Magnetic (MCF) and inertial (ICF) confinement

Both magnetic confinement fusion (MCF) and inertial confinement fusion (ICF) aim to satisfy the Lawson criterion,

plasma temperature.
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[6] https://nucleus.iaea.org/sites/connect/FUSEpublic/SitePages/MCF-%26-ICF.aspx

eams
The Implosion

Uses powerful beams to blast a tiny pellet,

crushing the fuel with its own inertia.

> 50 Million Degrees

Super-Dense
100 — 1000 g/cm?

Hundreds of Billions of Atmospheres

~1071" seconds

High-power Lasers ar X-rays.

Pulsed
Repeated "shots”.

Achieving a perfectly symmetrical
compression of the fuel pellet.
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Magnetic (MCF) and inertial (ICF) confinement

a Indirect drive b Direct drive

Laser
beams

Hohlraum

F.uel

Fuel

capsule capsule

ICF

ICF main features:

» fusion conditions are achieved by compressing a millimeter-scale

nt fuel capsule, to extremely high densities (100 — 1000 g cm™3).

» the resulting temperatures and densities are sufficient to initiate
r thermonuclear burn before the fuel disassembles.
o + confinement times are therefore extremely short, of the order of

1071%, and the process is intrinsically pulsed.

PARAMETER

The Concept

Temperature

Density

Pressure

Confinement Time

Heating Source

Operation Style

INERTIAL CONFINEMENT (ICF)

The Implosion

Uses powerful beams to blast a tiny pellet,
crushing the fuel with its own inertia.

= 50 Million Degrees

Super-Dense
100 — 1000 g/cm?

Hundreds of Billions of Atmospheres

~10"1? seconds

High-power Lasers or X-rays.

Pulsed
Repeated "shots”.

Main Challenge

Achieving a perfectly symmetrical
compression of the fuel pellet.
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The microbubble implosion (MBI)
4

e

* Microbubble implosion (MBI) is a
novel theoretical concept proposed by
Prof. M. Murakami:

« for the generation of ultra-high
electric and magnetic field;

* by using a target composed of an
empty nanometric cavity
surrounded by hydrogen;

* ionized by a fs UHIL pulse.

\ * Novelty: we proposed to extend the MBI

concept to the nuclear fusion.

Envisioned picture showing the MBI event [7]

[7]1 M. Murakami, et al., https://doi.org/10.1038/s41598-018-25594-3, https://doi.org/10.1063/1.5093043, https://doi.org/10.1063/5.0068815
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The microbubble implosion (MBI)

Phase 0: Target Setup (t < 0 fs) Phase 1: Laser lonization (t = 0 fs) Phase 2: Charge Separation Phase 3: Coulomb-Driven Implosion

Phase 0: Target Setup (t < 0 fs) Phase 2: Charge Separation Phase 3: Coulomb-Driven Implosion

The multi-layer target with a hollow Phase 1: Laser lonization (t = 0 fs) Intense ChU_fge SGDO'fGtiOH generates lons compress to the nanometer scale
internal cavity is prepared prior to Electrons achieve rapid thermodynamic a volumetric, sphencqlly symmetric until stopped by outward electric
laser arrival. equilibrium (m, << m;). Coulomb electric field. fields, releasing gained energy.
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The microbubble implosion (MBI)

Phase 0: Target Setup (t <0 fs)

Phase 1; Laser lonization (t = 0 fs) Phase 2: Charge Separation Phase 3: Coulomb-Driven Implosion

Phase 2: Charge Separation Phase 3: Coulomb-Driven Implosion

Phase 1: Laser lonization (t = 0 fs) Intense charge separation generates lons compress to the nanometer scale

Electrons achieve rapid thermodynamic a volumetric, spherically symmetric until stopped by outward electric
equilibrium (m, < m;). Coulomb electric field. fields, releasing gained energy.

Al-generated image

Phase 0: Target Setup (t < 0 fs)

The multi-layer target with a hollow 0) Initially, we have a multi-layer hollow sphere that has an internal cavity in
internal cavity is prepared prior to

laser arrival. the order of micrometers or lower.
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The microbubble implosion (MBI)

Phase 1: Laser lonization (t = 0 fs) Phase 2: Charge Separation

R Phase 2: Charge Separation
Phase 1: Laser lonization (t = 0 fs) Intense charge separation generates
Electrons achieve rapid thermodynamic a volumetric, spherically symmetric
equilibrium (m, < m;), Coulomb electric field.

Phase 3: Coulomb-Driven Implosion

Phase 3: Coulomb-Driven Implosion
lons compress to the nanometer scale
until stopped by outward electric
fields, releasing gained energy.
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The microbubble implosion (MBI)

Phase 1; Laser lonization (t = 0 fs)

Phase 2: Charge Separation Phase 3: Coulomb-Driven Implosion

Al—generated image Phase 2: Charge Separation Phase 3: Coulomb-Driven Implosion
Intense charge separation generates lons compress to the nanometer scale

a volumetric, spherically symmetric until stopped by outward electric

Coulomb electric field. fields, releasing gained energy.

Phase 1: Laser lonization (t = 0 fs)

Electrons achieve rapid thermodynamic
equilibrium (m, K m;).

1) When the target is irradiated by a femtosecond laser pulse, hot electrons are displaced within the cavity itself.
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The microbubble implosion (MBI)

Phase 1: Laser lonization (t = 0 fs) Phase 2: Charge Separation

o Phase 2: Charge Separation
Phase 1: Laser lonization (t = 0 fs) Intense charge separation generates

Electrons achieve rapid thermodynamic a volumetric, spherically symmetric
equilibrium (m, << m;), Coulomb electric field.

Phase 3: Coulomb-Driven Implosion

Phase 3: Coulomb-Driven Implosion
lons compress to the nanometer scale
until stopped by outward electric
fields, releasing gained energy.
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The microbubble implosion (MBI)

Phase 2: Charge Separation

Phase 1: Laser lonization (t = 0 fs)

Al-generated image

Phase 1: Laser lonization (t = 0 fs) A
Electrons achieve rapid thermodynamic Phase 2: Chﬂfge Separation
equilibrium (m, < m;). |
Intense ChOrge separation generates
a volumetric, spherically symmetric
Coulomb electric field.

Phase 3: Coulomb-Driven Implosion

Phase 3: Coulomb-Driven Implosion
lons compress to the nanometer scale
until stopped by outward electric
fields, releasing gained energy.

2) The ionization induced by the laser produces an intense charge separation that, in turn, generates a volumetric

spherically symmetric Coulomb electric field.
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The microbubble implosion (MBI)

Phase 1: Laser lonization (t = 0 fs) Phase 2: Charge Separation

o Phase 2: Charge Separation
Phase 1: Laser lonization (t = 0 fs) Intense charge separation generates

Electrons achieve rapid thermodynamic a volumetric, spherically symmetric
equilibrium (m, << m;), Coulomb electric field.

Phase 3: Coulomb-Driven Implosion

Phase 3: Coulomb-Driven Implosion
lons compress to the nanometer scale
until stopped by outward electric
fields, releasing gained energy.
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The microbubble implosion (MBI)

Phase 1: Laser lonization (t = 0 fs) Phase 2: Charge Separation

Al-generated image

- Phase 2: Charge Separation
Phase 1: Laser lonization (t = 0 fs) Intense charge separation generates

Electrons achieve rapid thermodynamic a volumetric, spherically symmetric

equilibrium (m, << m;). Coulomb electric field. PhOSE 3: COUIOmb'Driven |mp|OSi0n

lons compress to the nanometer scale
until stopped by outward electric
fields, releasing gained energy.

3) The established charge unbalance will produce an implosion of the cavity walls, where the stagnation density can

be as high as 1034 m~3.
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Pros and cons of MBI

_ Traditional Direct-Drive ICF Microbubble implosion

Laser Energy Large range (it depends...) Low energy
Laser ablation & shockwaves Isotropic Coulomb electric field
Compression Driver (external pressure, (r=2 dependence) driven by
often non-isotropic) charge separation

Nanoseconds (10~ 7s).
Timescale Slow enough for fluid dynamics to
govern behavior.

Femtoseconds (10~ 1°s).
Sub-picoseconds sequence.

Dynamics are completely
outpaced. Implosion is too fast for
hydrodynamical phenomena
to develop.

Highly susceptible to Rayleigh-
Instabilities Taylor instabilities, disrupting
hotspot formation.

The working principle may

Losses Severe Bremsstrahlung losses.
reduce Bremsstrahlung losses.

V. P. Loschiavo | Breaking boundaries: new horizons in inertial confinement fusion | ET2026, June 18" 2026
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Proton-boron fusion via MBI

_ Deuterium-Tritium (D-T) Proton—-Boron (p—B11)

Fusion Cross Sections

Neutronic (produces uasi aneutronic
s Nature of the ) . (p o Q
. radioactive activation (produces clean
reaction .
10° products) alpha particles)
>
=107 | Higher (scales with Z?2), in
ks rinciple, but the workin
B Bremsstrahlung SEGS ) < 2
» 1072 Moderate - principle may
8 Losses :
5 reduce Bremsstrahlung
107 1 losses.
10 : : : ! lenition High
10° 10! 102 10° 10* Dgff' It Standard H (smaller fusion cross
COM Energy (keV) IThiculty section)
— DT
s DD . . .
. . - Electricity generation +
— P-Bl1I I Primarily electricity ye
Applications : alpha-particle source for
generation . .
medical applications

» D+ T — He +n (14.1 MeV)

Cost and . - .
availability Expensive/Rare Relatively cheap/Abundant

Al-generated icons

> P+ B11 — 3He (8.7 MeV)

[8] Thomas A. Mehlhorn et al. “Path to Increasing p-B11 Reactivity via ps and ns Lasers”, Laser and Particle Beams (2022), https://doi.org/10.1155/2022/2355629.
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The nano-target architecture: a multi-layer hollow sphere

' Layer 1: Gold (Au) Outer Shell
[Thickness: ~40nm, High-Z]

Functions as structural containment, primary electron donor,
and an electrostatic repulsor [pusher) due to heavier mass.

>

-
Layer 2: Boron (B) Inner Shell
—» | [Thickness: ~15nm]

The heavier component of the nuclear fuel stream.

=
Layer 3: Hydrogen [H) Innermost Shell
» | [Thickness: ~15nm]

The lighter fuel stream. Expands outward against the imploding
| boron past-stagnation.

-
Layer 4: Empty Cavity

» [Radius: ~30nm]
The vacuum staging ground for the electron cloud avalanche.

Al-generated image
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Numerical analysis: a 1-D hybrid PIC-MD code Q

The system of equations, modeling the MBI as a 1-D phenomenon, has been extended to a three-

species (p, B, Au) description: 1

1) V2= 4me(n.($) — Ty Zsns) 508
2) V¢, = 4men,(¢) B o6
3) E=-Vo¢, void E 04
4) % = Y i <Q€22j) + er‘jz + QE(r;) § 0.2

1

5 ne(@) =neo|1+ () ()] 0

14

Normalized Time (t)

» The system of equations must be solved for each time step, updating time by time the positions of the

ions and recalculating the electric field.

* Only the ions are treated as computational particles. — MD (molecular dynamics)

* The electrons are treated as an ideal gas with a given polytropic index. — PIC (particle in cell)
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.~ Numerical analysis: a 3-D hybrid PIC-MD code (under development)

» A 3-D version of the previous PIC-MD code is currently under development.

y [nm]

logao(|v| [M/s])

-100 =50 0 50 100

* Here, just a preliminary result is shown (i.e., particles velocity).
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Reactivity estimation

* A novel procedure to evaluate the fusion reactivity
<1071 Reactivity as function of the gold layer Z

(ov) has been proposed [9], that allowed to avoid solving 45
the coupled Vlasov system of equations. 4t
35
« Reactivity is defined as: w °f
B 25t
0= [[ () f5@) v, = v 7pn) v : |
& 15+
> f,(v) and fz(v) are the distribution functions '
1 -
> |v, — vg| is the relative velocity
05
> opp is the nuclear cross section 0 ! . . . .
10 20 30 40 50 60 70
Gold ionization degree [//]
« It has been observed a strong dependence of the Fusion reactivity

(computed with a 1-D hybrid
PIC-Molecular Dynamics code)

reactivity on the ionization degree of the gold layer, that

is the main source of electrons.

[9] V. Ciardiello, D. Davino, V. P. Loschiavo, “Proton-boron fusion via microbubble implosion: a preliminary study”. In: Laser and Particle Beams 44.11 (Feb. 2026), p. 20003. DOI: 10.3788/LPB.2026.20003.
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A parametric analysis of the single target

A parametric analysis has been

performed considering different
thicknesses for each layer (outer =15
radius fixed to 100 nm) £
« The main figure of merit ﬁj h
| considered is the a-particle yield: 5
& 54
— a, = 3{av)egly N, NgVp
Void Hydrogen Boron  Gold @ 04
15
* In the framework of pB11 fusion, an alpha particle yield
of 103 particles/shot X sr can ben achieved (1077]). 0 o Cavity diameter [nm]
Proton Layer thickness [nm]
: Energy produced
e E h h f
nergy produced is then computed as the product o (computed with a 1-D hybrid PIC-Molecular
a,, and the characteristic Q-value (8.7 MeV). Dynamics code)

Main result: the breakeven cannot be achieved for a single target BUT the target considered here

1-12

1-12.5

-13

-13.5

-14

-14.5

IS

much smaller than a typical laser spot size (~10 nm vs ~1 um).

[9] V. Ciardiello, D. Davino, V. P. Loschiavo, “Proton-boron fusion via microbubble implosion: a preliminary study”. In: Laser and Particle Beams 44.11 (Feb. 2026), p. 20003. DOI: 10.3788/LPB.2026.20003.
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From single to multi-target parametric analysis

« A further optimization has been

performed considering a structured

target.

« The expected alpha particles yield has

been increased by 3 order of magnitudes.

 Even if the breakeven is still challenging,

Gold layer

this extremely localized alpha production

is interesting for applications other than

energy production [9].

[9] V. Ciardiello, D. Davino, V. P. Loschiavo, “Proton-boron fusion via microbubble implosion: a preliminary study”. In: Laser and Particle Beams 44.11 (Feb. 2026), p. 20003. DOI: 10.3788/LPB.2026.20003.
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Further potential applications

Radiotherapy (PBCT - proton boron capture therapy)
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[10] P. Blaha, et al., https://pubmed.ncbi.nIm.nih.gov/34262867/
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Realistic laser-matter interaction for MBI

» 2-D Particle In Cell (PIC - EPOCH) models for studying the laser target interaction have been used.
- Alaser intensity of I = 1018 is already sufficient and for higher values there is a plateau.

* A novel figure of merit, i.e. the Synchronism Action (SA), has been defined.

T T T T T 23 6
® Hydrogen
D r—
@ ®  Boron - NE /_:9 5L
Y ﬁ‘%j L o)
51029' .D 0o ® 121 E 34—
=& = = c
g .l. @ 120 B -8 3
c Q
S @ ¢ g <
é 19 é E 21
c
= o o = >
18 8) D1y
- :
, , , , , , 0
0 50 100 150 200 250 300 350 10" 10" 10" 10% 10" 10% 107
Implosion time [fs] Intensity [W/cmz]
_ 1 ng(Ro, 1) ng(Ro, 1)
SA[R,, 1] = — — max ( ——5— | max | ——5—
w2 [P Ry, I) — £ (Ry, I) + At| ny np

[11] V. Ciardiello, D. Davino and V. P. Loschiavo. “Laser intensity scalability analysis for p-B11 fusion via microbubble implosion”. In: Frontiers in Physics, Volume 14 - 2026 (2026). DOI: 10.3389/fphy.2026.1801035.
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Next steps and network [1/3]

1) Further numerical analyses

Al-generated image
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Next steps and network [2/3]

2) Target manufacturing

AFESNeated image
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Next steps and network [3/3]

S

3) Experimental campaigns

Al-generateg

ELI BEAMLINES,
PRAGUE ==

UNIVERSITA DEGLI STUDI ;
DEL SANNIO, BENEVENTO

Dr. Daniele Margarone
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Conclusion

S

No easy solutions to the “Energy Transition” problem.

The concept of the MBI has been applied to the nuclear fusion giving promising

preliminary results.
An improved 3-D MD-PIC code is currently under development.

International collaborations have been established to advance analytical and

numerical modelling and to design experimental tests.

The ultimate goal is to apply for an experimental campaign to have a proof of

principle.
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Definitions

a-particle yield Synchronism Action (SA)
1 ny (R, I ng(Ro, [
= 3(ov)egly N, N5V, SAlRo 1] = =0 o max <—H( > )) max <—B( > )>
ay = O\OV)€giTNyNpVE wy [ty (Ro, 1) —tg * (Ro, 1) -|_-At| ny Np
> (ov) is the reactivity [cm3/s]; > w) is the hydrogen plasma frequency;
> €5 is the stoichiometric efficiency [—]; » I is the laser pulse intensity;
» Iy the nuclear cross section; > max(ns(Ry, 1)) is the maximum stagnation density at the implosion time ™7, found
within a circular domain Q SR? with a radius of r; = 0.1 um centered at the target
> N, and Ny are the average densities of the origin;

species during the interaction time [¢cm™3];

> nQ is the initial density for the species s € {H, B}.

» Vg is the average final volume to which the
system is compressed [cm?].
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Numerical analysis framework

Numerical Modeling Framework: Resolving Extreme Densities

The CFL Bottleneck The Dual Hybrid Framework

EPOCH PIC Code (2D/3D)
Simulates initial laser-matter interaction,
electron cloud formation, and ionization
states (e.g., Z¢ of Gold).

w
o

S ‘. y
. ‘f’i"“‘:-ﬁ
LA
TS AP R RS

o
< — : =
i S S ——— 1D Hybrid PIC-MD Code = 29.5
Sl - ; S (=—  Models stagnation dynamics. Treats 5
o 3 : k electrons as a quasi-static fluid gas c
At peak MBI densities (~10”34 mA-3), standard PIC grid ) (polytropic index y - 1) and models ions -8 g |
spacing falls below ion Debye lengths. This demands = b via Molecular Dynamics to capture c
impossible time steps (107-20 s) to maintain numerical extreme nanoscale compression. =
stability in a 3D environment. e 28 5
(@)] &
Al-generated image Ntk ..%
T
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-
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The “synchronism action” (SA) figure of merit

Zona Inferiore
(<10 W/cm?)

Nessun Innesco. L'energia e
insufficiente per riscaldare gl

elettroni; la cavita non si riempie.

Al-generated image

La Fascia Ottimale
(10%° - 1022 W/cm?)

Plateau di Sincronismo.
Gli elettroni riempiono la cavita,

generando il campo di Coulomb perfetto.

Massima Azione di Sincronismo (SA).

Esplosione di Coulomb. Gli
elettroni diventano troppo energetici,
sfuggono dal target, e la struttura
si disintegra prematuramente.

A NotebookLM
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Nuclear energy in the EU, 2023

(gross nuclear electricity production, GWh)

Fission: The Essential w0

Bridge [=1 619 601 (GWh)
‘ gross nudear
electricity production

‘ EU countries with nudlear
electricity production
Sweden @ Nuclear electricity production
. Netherlands 48470 (E%Wh) _— :
e VALCOE Analysis: When system costs 3985 _ bl
are included, Nuclear is the most | 30410 r
competitive low-carbon source. Belgum N P
37928 ‘ ermany
. . .. 7216 . ‘_‘Hun?ary
e High power density: About 400 fission e By a4 't
\ . |
plants in the world produces 9% of the o Rongma
@
global energy demand 1191 B
‘,.--"'16 63
e Technology Status: .
- Current: Gen Il and Gen Il (highly Spain Slovenia**
reliable) UL 2603
- Future: Gen IV (expected ~2030) and eyt e
SM RS. Admini: ive boundaries: © EuroGeographics © UN-FAO © Turkstat. Cartography: Eurostat - IMAGE, 02/2025
eurostati&

[2]: EUROSTAT, https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Nuclear energy statistics
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Magnetic (MCF) vs inertial (ICF) confinement

| Record JET e A i ey Record NIF
JET‘beats its own record il ——

at the Joint Torus (JET) facility have announced that a new fusion energy record wa:

Energy (MJ)
uies 1e81e|

A\
/ B
/B
F I\
“
Zd N o Il
B y | I \

I B [ , E 1 B
1st(12/2022) 2nd(7/2023) 3rd (10/2023) 4th(10/2023) 5th(2/2024) 6th(11/2024) 7th(2/2025) 8th(4/2025) Sth (6/2025) 10th (10/2025)

Laser Energy Delivered to Target = Fusion Energy Produced —NIF Target Gain

g . N
The JET control room on the day of final plasma experiments in December 2023. Credit United Kingdom Atomic Energy Authority / EUROfusion.

https://www.iter.org/node/20687/jet-beats-its-own-record, https://lasers.linl.gov/science/achieving-fusion-ignition
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Pros and cons of MBI

Features of the MBI

approach

Since 1t’s required to heat just
electrons with a fs laser 1t 1s not
required the adoption of high
energy lasers;

symmetric allowing for an
1sotropic implosion;

@ The system 1s intrisically highly

‘ The working principle of MBI
s may reduce Bremmsstrhalung
losses;

Potential challenges and
aspects to enlighten

It’s still a theorical phenomenon
@ which needs to be confirmed

experimentally;

The plasma regime under

consideration has been
mvestigated for astrophysical

research;

The conditions for the existence of

‘ this plasma can be maintained for a

very limited time window—
tens of fs:
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