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the bulk targets produced a high yield {0* neutrons per steradian
beamed preferentially in the laser propagation direction.
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200 TW ILANL Trident laser facility

High-energy shorpulse (HESP) lasers are
more compact than accelerator systems, f

a) b) FTOR sty 3 been established to excite intense ion
(Plasticscintillator & PMT)

beams, mainly protons. A typical ion
acceleration scheme using shpuise lasers
is the secalled target normal sheath
acceleration mechanism (TNSA).
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C232pn directed

n-lmager
The emission of
) neutrons is a superposition of an isotropic
- s e component into 4 and a forward directed, jelike
' contribution, with

S5mm
*ord* N Target
geam Themsen Parabola S O Converter/iWASP
-y A maximunm ffluxcof1414 d0neutrons/sr has
been observed and used for fast neutron
Neutronbeam4r1t #3 .
#2 radiography.

D. Jung, et al., Phys. Plasn 056706 (2013)

Direct laser acceleration (DLA) works effectively in

near-critical electron density (NCD) plasma and with a
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100-kT mf generation using paisley
targets by femtosecond lasér
plasma interactions

Generation of megatesla magnetic
fields by intense-laser-driven
microtube implosions

M. Murakamil™, J. J. Honrubia?, K. Weichman?, A. V. Arefiev’ & S. V. Bulanov**®

Mlcro-sca[e fUS/On /n del]se f@/&l‘lV[SZ‘/@ microtube implosion driven by ultraintense laser pulses is used to produce ultrahigh magnetic fields.

Zosa et al, Appl. Phys. Lett. 120 (2022)

Due to the laser-produced hot electrons with energies of mega-electron volts, cold ions in the inner
nanOW/rea,Tay p/asmas wall surface implode towards the central axis. By pre-seeding uniform magner‘tic fields on the kilotesla
U p to 2 I 06 fUSIOn order, the Lorenz force induces the Larmor gyromotion of the imploding ions and electrons. Due to the
resultant collective motion of relativistic charged particles around the central axis, strong spin current
ne utro nle I n DI D fUSIOn densities of ~ peta-ampere/cm? are produced with a few tens of nm size, generating megatesla-order

magnetic fields. The underlying physics and important scaling are revealed by particle simulations
and a simple analytical model. The concept holds promise to open new frontiers in many branches of
fundamental physics and applications in terms of ultrahigh magnetic fields.

reactions
Curtis et al, Nature Commun. 9 (2018)

Scientific Reports, 10 (2020)
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Abstract c h o ¢ mmooc h omm o’y ™ “ne e
The acceleration of hydrogen 1ons up to 35 MeV 1s observed in the z-pinch experiments on the < x e - ! - -
GIT-12 generator at a 3 MA current and (0.6 MV driving voltage. High ion energies are obtained ® h o = e ™ ae X mMmt o a -
with a novel configuration of a deuterium gas-puft z-pinch. In this configuration, a hollow T % * 1o« Tx o«
cylindrical plasma shell is injected around an inner deuterium gas puff to form a homogeneous, ( 0 e @h' 0 C m m m" ta ’Y )e :
uniformly conducting layer between electrodes at the imitial phase of z-pinch implosion. The * < *% LI
stable implosion at the velocity up to 650 kms™" is important to deliver more current onto the ot od m eo 0 heox ’E h ~e Q X m ¢t o .
z-pinch axis. Magnetohydrodynamic instabilities become apparent first at stagnation. After the —_— , - * o !
disruptive development of m = () instabilities, ~20 ns pulses of high-energy photons, neutrons, ’H - ’Y —~o0 h ~ 0 t a ™.: "h "ot h~™ ¢
electrons, and 1ons are observed. The average neutron yield 1s 2 x 102 The ion emission is — < < * = ©< < — 7 - <
characterized by various diagnostic techniques including those based on the usage of neutron- T ’Ee o t’ = o (E@ 6 h @ ¥ e ox 0 e
producing samples. When a large neutron-producing sample 1s placed onto the axis below a < o < @ * * v+ 1 <

cathode mesh, the neutron yield 1s increased up to (1.1 £ 0.3) = 107, Considenng a ~ 130 kJ
energy input into z-pinch plasmas and magnetic field, this implies the neutron production
efficiency of ~10% neutrons per one Joule of the z-pinch eneray.



MIF/MTF experiments

The MTF approach is currently being studied primarily by the
VNIIEF, LANL , AFRL, SNL, HyperV, Roch.U, UW, General fusion, etc.

Rochester Uniwv LANL - PLX (b)
. Compressing Firstplasma icaad laser
backiiges Magnetic Fields with on Sept.13,2011 Lisor - beam
D+3He—4He+p High-Energy Lagers on thePlasma
(14.7 MeV) = erging . .
plasma jets Lingsrexperiment Initial axial
Access magnetic field
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preheated

Sandia Nat Lapuel

MagLIF concept
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Plasma guiefore implosion Slutz et al, PoP 17, 056303 (2010)
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Knauer et al, Phys Plasmas, 056318 (2010)’
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O.V. Gotchev et al. JFE 27 (2008) 13
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Relative to the primary ICF approach, MagLIF uses a very
different (conservative?) fuel compression method and

largely unvalidated magneto-inertial fusion prlnCIples

IFAR black=Z blus=Z300
X-ray Drive on 100 kJ MagLIF onf=—"te bt bt f
Metric NIF Z i -
26 MAatl mm | - -
Pressure [~140-160 Mbar| is 100 Mbar | - -
Force vs. o= -
Radius Goes as R"2 Goesas 1/R | .- -
Peak - - : ——
. o ~  Plastic-coated,
velocity | 350-380 klm,a"s 70-100 km/s - * magnetized Be liner
13-15 (high E"I"'"""I'"""''I""""'I"""" at CRof 1310 25
Peak IFAR | foot) to 17-20 8.5 =  Magnetic drive is fundamentally different
Hot spot | 35 (high foot) than x-ray or laser-driven ablation
CR to 45 _ 25 * By traditional ICF implosion metrics MaglLIF is
Volume | 43000x (high) very conservative, though different physics
Change to 91000x 625x . : . :
= Reaching fusion conditions relies on largely
Fuel rho-R| >0.3 g/cm”2 | ~0.003 g/cm*"2 . .
unvalidated MIF principles
Liner rho-R n/a >0.3 g/cm”2 1 S ) N
BR n/a 0.5 MG-cm ong StQEraUDE.UI:‘nZe (2 ns) . mqlare
Burn time | 0.15t0 0.2 ns 1to 2 ns susceptible to high-£ contamination
T ion >4 keV o4 keV . Maﬁnetic Sueeression of heat transport

Sinars Dan_MagLIF plenary ICOPS 2015
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The interaction processes between magnetized targets and
powerful radiation sources
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Computer simulation of the effect of external magnetic field on the
plasma jet system

The initial data of the air environment
7@ and characteristics of the capillary discharge
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Temperature spatial distribution
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The temperature of the central part of the target can reach T = 250 million K
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