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ABSTRACT
A novel magnetically driven reconnection platform was created by a pair of U-shaped Cu coils that connect two parallel Cu plates irradiated at
a focused laser intensity of 3  1016 W/cm2 and characterized using ultrafast proton radiography. The proton data show two prolate voids,
each corresponding to the coil current, with an inferred maximum magnitude of 57 6 4 kA. A center “ﬂasklike” feature was also observed in the
proton radiographs. By prescribing electromagnetic ﬁelds associated with magnetic reconnection in proton ray tracing simulations, characteristics of this center feature were reproduced. These results demonstrate the robustness of the laser-driven capacitor coils for generating strong
magnetic ﬁelds and provide promise of using such coils as a viable platform for studying magnetically driven reconnection in the laboratory.
Published under license by AIP Publishing. https://doi.org/10.1063/1.5095960

I. INTRODUCTION
Magnetic reconnection is a ubiquitous plasma phenomenon
characterized by the breaking and reconnecting of magnetic ﬁeld
lines,1 with wide-ranging applications to low-b plasmas such as coronal mass ejections2,3 and solar ﬂares.4,5 Among the outstanding questions in magnetic reconnection is the nonthermal particle acceleration.
There is ample observational evidence of a nonthermal particle spectrum6–8 attributed to reconnection. While several theories describing
acceleration mechanisms exist,9–11 they are untested in laboratory
plasmas. Dedicated laboratory reconnection experiments, such as
MRX (Magnetic Reconnection Experiment)12 and VTF (Versatile
Toroidal Facility),13 utilize low-b plasmas to produce magnetically
driven, axisymmetric reconnection. Signiﬁcant experimental results
have been generated for quantitative comparisons with theory and
numerical simulations in studies of the classic Sweet–Parker MHD
model,14,15 two-ﬂuid effects,16–18 the electron diffusion region,19,20 and
energy partitioning,21 to name a few. Direct detection of the
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nonthermal charged particles, however, has been limited due to short
Debye lengths for local in situ measurements and short mean free
paths for remote measurements.
In recent years, magnetic reconnection experiments in laserdriven high-energy-density (HED) plasmas have been intensively
investigated. These experiments either build on the self-generated magnetic ﬁelds by the Biermann battery mechanism,22–26 where intense
lasers irradiate a foil target, or apply a compact external magnetic ﬁeld
generator on two colliding plasma plumes.27 While remote detection of
nonthermal charged particles becomes feasible for these hot HED plasmas, the reconnection process is strongly driven by plasma ﬂows, a situation less relevant to most space and astrophysical applications.
A robust platform for generating strong external magnetic ﬁelds
has emerged more recently using intense lasers and a unique
capacitor-coil target. First introduced by Korobkin28 in 1979, the technique has been developed by many groups29–38 and provides a reliable
method to generate up to kiloTesla magnetic ﬁelds.39,40 Such capacitor
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coil targets are generally composed of two parallel metallic plates (the
capacitor) connected with thin wires in different geometric shapes.
Hot electrons are generated as the laser beam hits the back plate,41,42
which builds up a voltage difference between the front and back plates
and drives a large current through the connecting coil. This large current therefore results in strong magnetic ﬁeld generation.
In this paper, we develop a magnetically driven, quasiaxisymmetric reconnection platform using laser-driven capacitor coils with more
direct relevance to space and astrophysical plasmas and an ultimate
goal of studying particle acceleration. The target design is based on
two parallel U-shaped Cu coils connecting two Cu plates. The voltage
built between the two capacitor plates drives currents through both
coils, forming a quasiaxisymmetric magnetic reconnection geometry
between the coils. This reconnection geometry is similar to that from
MRX and, thus, termed “micro-MRX”. Similar targets made out of Ni
were previously studied using an optical probe.35 By contrast, in our
study, ultrafast proton radiography of the reconnection geometry was
performed to characterize the platform. The proton data show two
prolate voids due to proton deﬂections by the currents in the coils,
from which 31–44 kA currents in each coil at 3–6 ns after laser
irradiation were inferred. In the reconnection region between the two
coils, a center “ﬂasklike” feature has also been observed in the proton
radiographs. By prescribing electromagnetic ﬁelds from in-plane electrical ﬁelds and out-of-plane currents in the proton ray tracing simulations, this center feature is recovered and consistent with magnetic
reconnection processes.
The paper is organized as follows. Section II describes the experimental setup. Section III presents the experimental results and interpolation of the experimental observations using proton ray tracing
calculations. Section IV provides discussions of our analyses. Section
V summarizes the results and future work based on this study, in
particular, particle acceleration due to magnetic reconnection.
II. EXPERIMENTAL SETUP
The experiments were conducted on the OMEGA EP Laser
System at the Laboratory of Laser Energetics, University of Rochester.
Two EP long pulse beams [total energy 2.5 kJ, square pulse duration
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1 ns, 351 nm wavelength (3x)] were used to drive the main interaction. A maximum intensity of 3  1016 W/cm2 on target is achieved.
A schematic of the target chamber geometry is shown in Fig. 1(a).
The targets are made of two parallel Cu plates (square,
1500 lm length, 50 lm thickness) connected by two parallel Ushaped Cu coils (square cross section, 50 lm thickness) separated
by an intercoil distance of 600 lm. The U-shaped coils are comprised of two parallel straight sections of 500 lm length connected
with a semicircle with a radius of 300 lm. Two laser entrance holes
are formed in the front foil, allowing the long-pulse beams to pass
through and focus onto the back foil. These lasers irradiate the rear
plate, generating a beam of superthermal hot electrons. These hot
electrons stream onto the front plate and build up an electrical
potential between the plates. This results in large parallel currents
ﬂowing through the coils from the back plate toward the front plate,
generating strong magnetic ﬁelds around the coils. In the intercoil
region, an antiparallel ﬁeld structure is formed. Due to the curvature of the coils, this results in a quasiaxisymmetric 2-D reconnection geometry, with the normal to the reconnection plane aligned
along the tangent of the coil curvature. A zoomed-in view of the
main target coils is detailed in Fig. 1(b); the magnetic ﬁeld structure
and resulting reconnection plane are shown. The coil currents rise
to a maximum until the laser pulses are turned off and then subsequently decay. The decay in current corresponds to a decrease in
the driven magnetic ﬁeld, driving pull reconnection.12
Electromagnetic ﬁelds were diagnosed with TNSA (target normal
sheath acceleration)43 proton radiography. Up to 60 MeV protons are
generated44 by irradiating a 20 lm-thick Cu foil with the 0.3 kJ, 1 ps
OMEGA EP backlighter. The energetic protons stream 7 mm toward
the main interaction target coil region. The Lorentz force from local
electromagnetic ﬁelds deﬂects the protons, and they are ﬁnally deposited onto a radiochromic ﬁlm (RCF) pack 80 mm from the coil
region. The RCF pack is composed of alternating layers of Al ﬁlters
and ﬁlms, allowing measurement for various proton energies. The timing of the short-pulse backlighter relative to the main interaction lasers
enables time-dependent analysis of the ﬁeld structure.

FIG. 1. (a) Experimental setup on OMEGA EP. As the EP long-pulse beams irradiate the back Cu plate and build a voltage between the two parallel plates, strong currents are
generated in each of the coils creating antiparallel magnetic ﬁelds between the coils. (b) shows a zoomed-in view of the coils and coil currents, along with the reconnection ﬁeld
geometry. A sample reconnection plane is shown for the top-most wire segment. This reconnection plane can be swept, following the coil currents to form the quasiaxisymmetric 2-D geometry. (a) Experimental setup. (b) Zoomed-in coils.
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III. EXPERIMENTAL RESULTS
Proton radiographs were taken of the target region at 3, 4, and
6 ns after the start of the long-pulse laser beams. Taking into account
time-of-ﬂight for the energetic protons to reach the target area, the
radiographs represent ﬁeld measurements at t ¼ 3.158, 4.149, and
6.137 ns with respect to the beginning of the square pulse. The experimental radiograph for t ¼ 3.158 ns is shown in the right panel of Fig.
2. The square copper foil and target stalk can be seen in the image, as
well as the two coils as viewed from the target face-on direction. The
primary feature is the formation of two prolate voids that are generated by the magnetic ﬁeld from the driven coil currents. An additional
center “ﬂasklike” structure between the voids is also observed and is
analyzed in more detail below.
For analysis of proton radiography images, synthetic radiographs are generated via a particle ray-tracing code. Local magnetic
ﬁelds are calculated with the Biot–Savart law. To calculate the coilgenerated magnetic ﬁeld, the semicircular coil is discretized into 50
equal-length current-carrying segments. The magnetic ﬁeld from the
coils is computed for vertices in a cubic mesh (2.5 mm side length,
5 lm mesh size) centered around the coil region. Details on calculations of prescribed reconnection-motivated ﬁelds are described in
Secs. III B 1 and III B 2. In the ray-tracing simulation, protons are
advanced via a fourth-order adaptive Runge-Kutta algorithm. At each
time step, the local electrical and magnetic ﬁelds are calculated at the
proton location using trilinear interpolation from the electromagnetic
ﬁeld mesh. The mesh is shown to be sufﬁciently ﬁne by comparing
synthetic radiographs using precalculated mesh ﬁelds with those
using closed-form magnetic ﬁeld proﬁles for simple geometries, such
as a circular current loop.

ARTICLE

scitation.org/journal/php

inferred for the three time measurements. A comparison of the synthetic image with experimental data for t ¼ 3.158 ns is shown in Fig. 2.
Coil current was inferred for the three proton radiography measurements, and the time evolution is shown in Fig. 3. From the
lumped-circuit model of capacitor-coil operation,34 the current
roughly undergoes exponential decay with time after the laser is turned
off. The exponential ﬁt implies a decay time constant of s  8.6
6 1.6 ns. The current decay time can be approximated by an RL circuit
with time constant L/R. Compared to a capacitor-coil target with 1
coil, the load resistance and inductance are both halved, resulting in a
similar L/R value for the two cases. Resistance and inductance are
approximated as R  0.1 X and L  1.2 nH, respectively,34 giving an
estimated s  L/R ¼ 12 ns, consistent with the experimental measurement. Extrapolating the current magnitude to t ¼ 1 ns, the maximum
coil current is inferred to be 57 6 4 kA, which corresponds to a coil
center magnetic ﬁeld strength of 110 T. This measured coil current
is signiﬁcantly higher than that reported in Ref. 33 due to an improved
target design avoiding current shorting in between the two Cu plates.
Plasma parameters were not experimentally measured, so we assume
an electron density ne ¼ 1018 cm3 and temperature Te ¼ 500 eV
based on experimental measurements on a similar conﬁguration.45
Thus, the plasma beta is 0.02, which is in the low-beta regime that
we wish to experimentally replicate.
B. Center bubble feature related to magnetic
reconnection

The size of the prolate voids created by the U-shaped coils has
been shown to scale as r / I 0:5 Ep0:25 , where r is the size of the void, I
is the coil current, and Ep is the proton energy.33 By comparing the
size of the voids with synthetic radiographs, coil current can be

In addition to the primary feature, a center “ﬂasklike” bubble
with relatively high proton ﬂuence between the two prolate voids is
observed. This feature is not present in synthetic radiographs simulated with only the coil magnetic ﬁelds (Fig. 2). Motivated by a
magnetic reconnection picture, two primary candidates that can
potentially explain the center bubble structure are explored: an inplane electric ﬁeld Ein and an out-of-plane current density Jout. Both
ﬁelds can generate the center feature by providing an opposing force
to the deﬂecting coil magnetic ﬁelds, thus allowing an area of higher
proton ﬂuence between the voids.

FIG. 2. Synthetic radiographs of coil-generated magnetic ﬁelds compared with
experimental data. The left panel shows a synthetic radiograph of the “vacuum
ﬁeld” with a coil current of I ¼ 44 kA, scaled to the target plane. A comparison with
the experimental data (right panel) indicates close agreement in structure and size
of the primary feature. Here, t ¼ 3.158 ns, Ep ¼ 24.7 MeV.

FIG. 3. Time evolution of coil current as measured by proton radiography at
t ¼ 3.158, 4.149, and 6.137 ns. The data points are calculated from radiographs
with proton energy Ep ¼ 24.7 MeV. The red line indicates an exponential decay ﬁt
and is used to infer the coil current at t ¼ 1 ns (at laser turn-off). The decreasing
trend of the coil current over time implies a pull reconnection regime.

A. Prolate void due to driven coil current
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Ein ¼ E0 tanhðy=dy Þ exp ðy2 =d2y Þ exp ððx  aÞ2 =d2x Þ;

1. In-plane electric field

In fast magnetic reconnection, an in-plane electric ﬁeld (hereafter
referred to as Ein) is often generated. During pull reconnection, this
electric ﬁeld can be directed along the outﬂow direction [see Fig. 1(b)].
In a Cartesian coordinate system with 6y as the outﬂow direction, 6x
as the inﬂow direction, and z out of plane, the in-plane electric ﬁeld
can be written as46
Ey ¼ ve;z Bx 
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(1)

Here, E is the electric ﬁeld, ve is the electron velocity, B is the magnetic
ﬁeld, n is the electron density, e is the electron charge, me is the electron mass, pe is the electron pressure tensor, and the x, y, and z subscripts represent the corresponding directional components. The
largest contribution to Ey has been shown in particle-in-cell simulations46 to be vez Bx , with the remaining smaller terms with opposite
signs, which reduces the magnitude of Ey. vez Bx is, therefore, a good
approximation for an upper bound on Ein. The direction of Ein is
toward the outﬂow direction, namely, along þy for y > 0 and along –y
for y < 0. An estimate of the expected electric ﬁeld magnitude can
then be calculated as Ein  vez Bx  ðjez =ene ÞBx . We assume a current
sheet aspect ratio of d/L  0.1 (typical for fast reconnection47), and in
the incompressible, steady-state limit, the magnetic ﬁeld ratio can be
approximated as the aspect ratio, giving By =Bx  L=d  10. We estimate the out-of-plane electron current as jez  By =ðl0 de Þ; Ein
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
 0:1By vA;e where vA;e ¼ By = l0 ne me is the electron Alfven velocity
and de is the electron skin depth. Plasma density was not experimentally measured, so in the calculation, an estimated value of ne  1018
cm3 is assumed. Magnetic ﬁeld strength is approximated as
B  100 T. The resulting estimate of the in-plane electric ﬁeld strength
is Ein  9:3  108 V/m.
To study the effect of such an electric ﬁeld, synthetic radiographs
were generated with the addition of an artiﬁcial electric ﬁeld to
model the in-plane ﬁeld described above. Along every azimuthal slice
of the semicircular coil, the electric ﬁeld is calculated as a Gaussian
distribution

(2)

where y is the outﬂow direction, x is the inﬂow direction, a ¼ 300 lm
is the radius of the semicircle, and dy ¼ dx ¼ 150 lm are the “widths”
of the electric ﬁeld distribution in the outﬂow and inﬂow directions,
respectively. For simplicity, an aspect ratio of dy =dx ¼ 1 is chosen.
Since azimuthal symmetry is assumed, Ein has no dependence on the
out-of-plane coordinate h. Values of E0 were tuned to best match the
experimental data. As with the magnetic ﬁeld calculation from the
driven coil current, the prescribed electric ﬁeld is calculated for points
on the same mesh to enable faster ray-tracing computation.
Figure 4 shows the synthetic proton data with prescribed inplane reconnection electric ﬁeld compared to the experimental data.
The “ﬂasklike” structure is well-replicated in terms of the maximum
width and general shape using E0 ¼ 2.0  1010 V/m. This required
ﬁeld magnitude is 20 times larger than our estimation shown above.
2. Out-of-plane current

An out-of-plane current sheet is a frequent indicator of magnetic
reconnection. The current is distributed over the current sheet, creating an out-of-plane current density (henceforth referred to as Jout).
The direction of Jout depends on whether push or pull reconnection
occurs: Jout is antiparallel to the driven coil current during push reconnection and parallel to the coil current during pull reconnection. As
the proton radiography measurements are taken well past the laser
turning off, and therefore, as current is decreasing (Fig. 3), pull reconnection is expected. In the analysis, Jout is, therefore, assumed to be
parallel to the coil current.
An estimate can be made of the magnitude of the out-of-plane
current. Assume a simple current sheet with thickness d, Jout  B=
ðl0 dÞ. The total current can then be written as Iout  Jout dL ¼ BL=l0 ,
where L is the length of the current sheet. Taking L  200 lm (onethird the intercoil distance), Iout  16 kA. A hard upper bound is established by the magnitude of the coil currents: since the current sheet
forms as a response to the decrease in the coil currents, Iout < 2Icoil .

FIG. 4. Synthetic radiographs of Ein with different electric ﬁeld magnitude E0 for 24.7 MeV protons (from left to right: E0 ¼ 1.0  1010 V/m, E0 ¼ 2.0  1010 V/m,
E0 ¼ 4.0  1010 V/m), compared with experimental data taken at t ¼ 3.158 ns (rightmost panel). In the synthetic radiographs, the electric ﬁeld proﬁle is given by
Ein ¼ E0 tanhðy=dy Þ exp ðy 2 =d2y Þ exp ððx  aÞ2 =d2x Þ, with dy ¼ dx ¼ 150 lm, giving an aspect ratio of 1. Icoil ¼ 44 kA is taken from the inferred coil current from vacuum ﬁeld comparisons. The center bubble structure increases in size as E0 increases. An estimate of experimental E0 can be determined by matching the maximum width of
the center structures: this analysis implies E0; exp  2:0  1010 V/m. Also note the close match in shape between the E0 ¼ 2.0  1010 V/m case and the experimental data.
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FIG. 5. Synthetic radiographs of Jout with different total out-of-plane current Iout for 24.7 MeV protons (from left to right: Iout ¼ 16 kA, Iout ¼ 28 kA, Iout ¼ 48 kA), compared with
experimental data taken at t ¼ 3.158 ns (rightmost panel). In the synthetic radiographs, the current sheet is modeled as a rectangle with dimensions 100 lm  80 lm to maintain an aspect ratio  1, and Icoil ¼ 44 kA. The center bubble structure increases in size as Iout increases. An estimate of experimental Iout can be determined by matching the
maximum width of the center structures: this analysis implies Iout; exp  28 kA.

The above current sheet approximation of Iout comfortably falls within
this constraint.
For synthetic ray-tracing simulations, the current sheet can be
approximated as a rectangular region centered between the coils. Due
to the azimuthal symmetry, this 2-D current density proﬁle is swept
along h to match the coil geometry. Dimensions are chosen as
L  d ¼ 100 lm  80 lm to maintain an aspect ratio close to unity.
The artiﬁcial current distribution is simulated by multiple wires spaced
evenly on a rectangular mesh with separation 10 lm, with each wire
carrying an equal fraction of the total current. The Biot–Savart law is
again used to compute the resulting magnetic ﬁeld from the current
sheet: each wire is subdivided into 50 segments, and the magnetic ﬁeld
contributions are summed for each wire segment on grid vertices.
Driven coil currents are taken to be Icoil ¼ 44 kA, as inferred from
Fig. 3. Figure 5 shows synthetic radiographs for different current magnitudes for the chosen current sheet. Qualitatively, it is observed that
the center structure grows in size with increasing Jout.
A match to experiment is obtained by comparing synthetic radiographs with experimental data. The current magnitude is tuned to best
match the maximum widths of the center feature. Using this method,
the total out-of-plane current is inferred as Iout  28 kA. Despite the
matched width, the shape of the feature generated by the artiﬁcial ﬁeld
does not match the experimental feature well. This can be attributed to
the many other parameters of the current sheet that are not wellunderstood: shape and dimensions of the current sheet, tilt of the current sheet, current distribution within the current sheet, and location
of the current sheet relative to the coils. In addition, 3D reconnection
effects that are not covered by the existing 2D model may be responsible for the observed differences. In our study, crude assumptions were
made regarding these parameters, but further work is needed to better
model the current sheet.
In addition, the inclusion of Iout changes the void feature caused
by the driven coil current. This effect can be seen in Fig. 5, where the
two prolate voids are clearly bigger in the Iout ¼ 48 kA case, compared
with the Iout ¼ 16 kA case. Therefore, in our out-of-plane current
model, the estimated value of the coil current shown in Fig. 3 overestimates the true coil current. This, in turn, overestimates the
out-of-plane current, as the size of the center structure is determined
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by force balance between the magnetic ﬁelds generated by the two currents. To obtain a best ﬁt consistent with the model, both values of Iout
and Icoil are tuned simultaneously. This best ﬁt is given by Icoil ¼ 41 kA
and Iout ¼ 26 kA (an overlay of the synthetic radiograph on experimental data is shown in Fig. 6). As expected, the best ﬁt currents are
smaller than the originally estimated values of Icoil ¼ 44 kA and
Iout ¼ 28 kA. The error bar for the t ¼ 3.158 ns data point in Fig. 3 is
extended downward to account for the decrease in inferred Icoil.
A comparison of the artiﬁcial out-of-plane current magnitude
with the earlier estimate of 16 kA shows relatively good agreement.
In addition, the current easily falls within the upper bound constraint.
IV. DISCUSSION
In Sec. III, reconnection-related Ein and Jout were investigated as
possible candidates to explain the center “ﬂasklike” bubble feature.
With the information we currently have, it is difﬁcult to identify the

FIG. 6. An overlay of a synthetic radiograph with Icoil ¼ 41 kA and Iout ¼ 26 kA on
experimental data. This represents a best ﬁt of the out-of-plane current model with
experiment, deﬁned by matching the size of the prolate voids and the maximum
width of the center feature.
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FIG. 7. Synthetic radiographs of Jout with the same total out-of-plane current
Iout ¼ 30 kA but different current sheet dimensions. In both cases, the current sheet
is modeled as a rectangle with constant current density but with dimensions
200 lm  40 lm (left panel) and 100 lm  80 lm (right panel). Icoil ¼ 44 kA and
Ep ¼ 24.7 MeV to match experiment. Despite the same current density magnitude,
the resulting center structure shape and width are dramatically different. This indicates that further research is needed to determine the shape and structure of the
current sheet as it plays a large role in understanding the proton radiography data
and reconnection physics.

dominance of the two candidates in creating such feature. For example, a decrease in the plasma density can result in a higher Ein, making
the estimated electric ﬁeld more consistent with our ray tracing results.
In the out-of-plane current case, the bubble size from Jout is dependent
on current sheet dimensions. As is shown in Fig. 7, for the same outof-plane current Iout ¼ 30 kA, the bubble size for a 100 lm  80 lm
current sheet is larger than that for a 200 lm  40 lm current sheet.
The inferred Iout of 28 kA is based on dimensions of 100 lm  80 lm
in our analysis, and that value can change depending on the actual
current sheet size. Further experiments are being planned to evaluate
the strength of the two candidates. Plasma parameters will be measured using interferometry or optical Thomson scattering. By probing
the reconnection region in face-on (TNSA protons approaching the
target from the front) and back-on (TNSA protons approaching the
target from the back) directions for proton radiography, contributions
from electric and magnetic ﬁelds can be distinguished because the proton deﬂection from electric ﬁelds remains the same for face-on and
back-on radiography while magnetic ﬁeld deﬂection orientations are
opposite for the two cases.
In addition, the shape of the simulated center feature for Jout does
not match the data very well. This can be attributed to the multitude
of parameters that can be tuned in addition to current sheet size: the
shape of the current sheet, the angle of the current sheet with respect
to the coils, current distributions in the current sheet, the location of
the current sheet, and 3D effects. More ﬂuid and particle-in-cell simulations are being performed to get insights into these parameters.
V. CONCLUSIONS
In conclusion, MG-level antiparallel magnetic ﬁelds generated by
a pair of U-shaped coil currents creating a magnetically driven reconnection geometry were directly measured by proton radiography. The
measured coil current amplitude was 44 kA, 39 kA, and 31 kA, at
3.158, 4.149, and 6.137 ns after laser irradiation, respectively. This corresponds to an estimated 57 6 4 kA maximum current at the time of
laser turn-off and a 110 T magnetic ﬁeld at coil center. The measured
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currents and magnetic ﬁelds were 2 times larger than reported in
our previous work33 due to an improved target design involving the
removal of a plastic spacer between the foils.
A center “ﬂasklike” bubble feature was observed in the proton
radiographs. The feature was compared to synthetic proton images
with artiﬁcial ﬁelds motivated by magnetic reconnection: Ein and Jout.
Both candidates seem to generate correct proton deﬂections. Ein is
shown to reproduce the center bubble shape with a ﬁeld strength 20
times higher than our simple calculations. Jout is shown to provide
good agreement with constraints and estimates on the current sheet
strength. With an assumed rectangular current sheet (100 lm
 80 lm), the maximum width of the center structure is matched with
Iout ¼ 28 kA. However, the shape of the feature is difﬁcult to match due
to several parameters of the current sheet that are not well-understood:
in particular, the shape and positioning of the current sheet and current
density distribution within can affect the feature signiﬁcantly, and they
are not accounted for in this study. It is demonstrated that the dimensions of the current sheet have a large impact on the shape and size of
the resulting bubble feature. Further experiments need to be performed
to measure plasma parameters as well as better understand current
shape and positions to identify the dominant contributions.
The fact that characteristics of the center feature were recovered
by prescribing electromagnetic ﬁelds associated with magnetic reconnection shows promise of using such coils as a viable platform for
studying magnetically driven reconnection in the laboratory. Our next
focus will be an intense study of particle acceleration using this platform and comparisons with space and astrophysical observations.
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