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Capabilities include

Imperial College
London

MAGPIE 1.4MA, 2.4MV, 240ns
Typically used to drive plasma loads

High impedance enables excellent
diagnostic access — ‘open load’

Laser probing, Thomson scattering,
high speed imaging, XUV and hard
X-ray imaging, Spectrometry (optical
to X-ray), X-ray power and yield

MACH 0.5 to 1.5MA, 80kV, 400ns
Dry system — no oil, water or SF,

ICE, Flyers, Exploding wires and
Convergent/shaped shockwaves

Diagnostics include laser
shadowgraph, interferometry,
multipoint velocimetry, line VISAR

Gorgon RMHD

3D Cartesian, Cylindrical &
Spherical geometry with mesh
refinement

2 temperature, E0S, Multi-group
Radiation, Magnetised Heat Flow,
Strength, Burn, extended MHD

New Platforms; Precise Measurements; Cutting Edge Simulations
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Highlights from the last 2 years.... London

Magnetised plasma flows Hydrodynamic instabilities and  Turbulence - and effect Power flow and
and (collisionless) shocks methods to mitigate them on laser propagation damage to electrodes

17ns after peak V t = 557n

s

New diagnostics for New u'Ised power
simulations HEDP experiments technology
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1. Radiatively driven ablation and shocks Mpere ~olege

Soft X-ray radiation pulse from imploding array
used to ablate targets and drive (magneto)
hydrodynamic experiments.

Main pulse ~ 400J/cm? over 25ns,
up to ~10GW/cm?
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Si Target

* Wirekarray
X

-ray
source
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Parameters of x-ray driven flow [1]

Velocity, u = 50 km/s

Electron density, n, ~1e18 cm

Average ionization, Z 5

Targets can be arranged to align with ambient field from pinch or
at an angle to it; or field can be separated from targets (targets
Mach number ~2 outside current return)

Mass density, p ~ 9x103 kg m3

Temperature =15 eV



1. Radiatively driven ablation and shocks

Anode disk

Return Structure
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Can explore boundary-free accretion shocks from the collision of counter-

streaming plasma flows (with and without ambient B-field)
Above /right has field parallel to flows
Comparisons with 1-D reverse shock model show agreement only fory < 1.2,

suggesting the importance of ionization and radiative cooling effects
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1. Radiatively driven flows into dipole fields lohdon T
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1. Radiatively driven flows into dipole fields
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Assuming pressure balance at shock: pu? = ZB—l => magnetic field=4.9 T
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2. A pulsed-power collisionless shock platform

Colliding plasmas, we are starting to explore creating N:?g)”netic
collisionless shocks P
1. Piston sweeps up magnetized ambient plasma, facilitating ®
reflection of upstream ions 9 ¢
2. Large velocity difference: reflected particles are “collisionless” piston Reflacted
W.r.t. upstream (mean free path oc V4) ® particle

Ablating wire array EXploding array
| - thin, short wire array for rapid
ejection of current loop / piston

Exploding wire array

Ablation array
- thick wires for ablation of counter-
streaming ambient

Expanding
piston
(current loop)

Anode

Cathode

1

Applied current &

Imperial College
London

Ambient
plasma flow

&

Y —

Vambien
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2. A pulsed-power collisionless shock platform  [TPera College

Colliding plasmas, we are starting to explore creating Magnetic Ambient
.. piston plasma flow
collisionless shocks
1. Piston sweeps up magnetized ambient plasma, facilitating ® ®
reflection of upstream ions 9 ¢ . <~
2. Large velocity difference: reflected particles are “collisionless” Vpiston Reflected > Vambien
w.r.t. upstream (mean free path o V4) ® particle ®

Ablating wire array EXploding array
- thin, short wire array for rapid t =180 ns
ejection of current loop / piston

Exploding wire array
b &

Ablation array
- thick wires for ablation of counter-
streaming ambient

Expanding
piston
(current loop)

<

Anode

s

Ambient: i
«: %

X
7
Y

Cathode

T Relative velocity piston to ambient v £ ’

Applied current D < 335 km/s — A;jref/Lsystem = 100

But no reflected ions yet seen via
Thompson scattering —heavier piston
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3. Synchrotron radiography of ETI T
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ESRF synchrotron now has 2 pulsed power systems
1) original ~30kA in ~1000ns

i) new ~100kA in ~500ns

256 frames of radiography 20-50 keV, 176ns apart
Typically used for wire in water / insulator expts
New x10 mag imaging with 3um resolutions
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3. Synchrotron radiography of ETI T

ESRF synchrotron now has 2 pulsed power systems
1) original ~30kA in ~1000ns

i) new ~100kA in ~500ns

256 frames of radiography 20-50 keV, 176ns apart
Typically used for wire in water / insulator expts
New x10 mag imaging with 3um resolutions

ldeal for measurements of ETI instability, showing
growth up to peak voltage / then relaxation after
current pulse

1 of 3 wires in water 20-30keV



3. Synchrotron radiography of RMI

Imperial College
London

Planar arrays produce planar shockwaves

In water

« Current splits resistively between wires —

X
N

all explode together

« Shockwaves merge to produce planar
shock

« Radiography enables quantitative density
estimates of shocked water ~ 1.07g/cc

* shock speed u, = 2.2+ 0.05 km/s
(M~1.5)

* RH conditions, shock pressure ~ 330 MPa

Can we use the shock itself as a driver for
hydrodynamic instability studies?

7.1mm

8mm

v

X-ray imaging 13x75um Cu array in
water driven by ~35kA
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3. Synchrotron radiography of RMI London

A = 4300 ym, a, = 300pm
A=(Pz-P)/ (P, +Py) ~-0.82

water ~ 1g/cc

2022708727
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3. Synchrotron radiography of RMI London

A = 4300 pm, a, = 300pm, A ~ -0.82 oo 00 o2 menggressfiTe g
. — experiment
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| : > _ . > .
s : 5 @ under-resolved, amplitude behaviour; while ay/A <1,
2 ke ﬁ ay/A =0.045 — 0.034 in lasts until dimensionless follows Richtmyer’s
= = 350 ns time ~ impulsive theory
timescale ~ interface 22 -1
z astic substrate R . 0 ¢ da(t) 2m
]_.y amplitude / shock speed 2mag Al a A AAua,



3. Synchrotron radiography of RMI

A = 4300 pm, a, = 900pm, A ~ -0.82

t=8.5us — planar shock reaches interface

t=11.7uys — jets are ejected from the troughs

t=9.2us — a rarefaction waves reflects from the interface
t=15.8us — jets develop Kelvin-Helmholtz-like shape
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3. Synchrotron radiography — suppression of RMI

DB: experiment_Strucka_scale_1pericd_baseline_0000000.root

Cycle: 0 Time:0

Psaugdacolor

Amplitude: 0.1 mm (100 pm)

Wavelength: 0.9 mm (900 pum)
Control case

uuuuuu

DB: experiment_Strucka_scale_1period_0000000.root

Cycle: 0 Time:0

Pseudoo

—

03128

Suppressed

with D. Sterbentz, W. Schill, J. Belof of LLNL
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3. Synchrotron radiography — suppression of RMI London

Jergus Strucka @ Imperial College 2023/03/03 11:465:40
10NS
Control Jergus Strucka @ Imperial College 2023/09/01 11:54:50

10NS

Suppressed
A ~ 900 um, 10% gelatine — Y ~ 0.05 MPa

Target uniformly driven by a planar shockwave.
Interframe time ~176ns
Resolution ~ 32um

with D. Sterbentz, W. Schill, J. Belof of LLNL
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3. Synchrotron radiography — suppression of RMI London

Control
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B Simulation mean
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Note: Suppression not due to compression by shockwave - Jet speed / mean speed = 1.9 (control); 1.4 (suppressed)
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4. Improvements to Gorgon RMHD code - Hall

Hall No Hall

( Axial ExB drift \

due to the Hall

term and radial
implosion

velocity forms

assymmetr
\ Y

400 Assymmetry due

to Hall effect
develops aftera
few growth times

200

Z (um)
o

—200

t=1.75Tx Hall effect

elongates the
low-density “tail”
of the instability

—400
Arrows are velocity

200 300
r(um)

0 150
magnitude and direction

250 300 100 150

r(um)

A new Hall solver has been implemented in the Gorgon code and used to
study m=0 instabilities:

« Uses a semi-implicit time-stepping scheme, then rigorously tested
against a suite of theoretical problems

« Growth rate of the instability increases due to the Hall effect - including
Hall in liner/z-pinch simulations could be important
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4. Improvements to Gorgon — Mesh refinement London

A static mesh refinement capability with has been implemented with

block-structured refinement strategy N |
arbitrary number of refinement levels See poster by Niki Chaturvedi
flexible splitting

novel transfer algorithm for MHD variables

1. Single wires 2. X-pinches 3. MARZ Magnetic Reconnection on 2)

Radiative cooling of layer requires resolving
50 um plasmoid dynamics on a 16 cm domain

Simulated in 2D using 1 um Simulated in 3D using 2 um resolution, e e e s e e
resolution on axis. shows dynamics of crossing point. :
Captures m = 0 growth
from possible ETI seed

Density contours with
mesh overlaid

Time - Time: 66 ns

0.0e+00 le+12 2e+12 3.0e+12
— —

Current density contours for
(left) p > pyac (right) p > 100 kg /m3

Density contours of ablation streams
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Summary ?

s0311_21

Lots of funs physics still to do
How can we join in Znet US?

Jergus Strucka @ Imperial College
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