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Over the previous decade, numerous experiments have been performed using a laser to drive a strong, quasi-static magnetic 
field. Field strength and energy density measurements of these experiments have varied by many orders of magnitude, painting 
a confusing picture of the effectiveness of these laser-driven coils (LDC’s) as tools for generating consistent fields. At the higher 
end of the field energy spectrum, kilotesla field measurements have been used to justify future experimental platforms, theoreti-
cal work, and inertial confinement fusion concepts. In this work we present the results from our own experiments designed to 
measure magnetic fields from LDC’s as well as a review of the body of experiments that have been undertaken in this field. We 
demonstrate how problems with prior diagnostic analyses have led to overestimates of the magnetic fields generated from LDC’s.

The first aspect of these experiments that must be addressed is conversion of laser energy to magnetic-field energy. While it 
is easy to claim results are feasible as long as energy in the magnetic field is less than the energy in the driving laser, the reality 
is that no laser experiment has a significant amount of free energy to generate a magnetic field. For certain experiments, the 
total laser absorption can be as high as 90%, but for the majority of experiments using drivers similar to those in most LDC 
experiments, it is much lower (50%). Hot-electron production is a potential source of free energy. Up to +30% of the laser energy 
could be converted to hot electrons at the higher values of Im2 used.1 For the parameters of most LDC experiments with lower 
Im2, however, a smaller percentage of the laser energy would be converted into hot electrons.2 When considering that all the 
potential energy sinks for this conversion, at most half the energy put into hot electrons can be converted to current. Therefore, 
a physically reasonable upper limit on laser-energy conversion to magnetic energy would appear to be 15% and, in most cases, 
should be much less. Examining each LDC experiment’s energy conversion by integrating the field energy density (B2/2n0) over 
a 10 # 10 # 10-mm3 volume produces the results in Fig. 1.3–15

Figure 1
The calculated energy conversion from laser 
energy to field energy for the variety of LDC 
experiments.3–15 Superscripts denote the diagnostic 
tool used to arrive at the result, while dotted 
diamonds around a shot indicate the presence of a 
short-pulse beam on the experiment. Experiments 
with conversion over 10% stand out because they 
have suspiciously high energy conversion.
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Figure 2
Experimental platform used to study the fields 
generated by LDC targets using a battery of 
diagnostics. (a) One campaign used both the 
sidelighter and backlighter beams to simultaneously 
probe the coil transverse and axially with protons. 
(b) A setup used the 4~ probe with a piece of 
fused quartz for Faraday rotation (polarimetry). 
All experiments had a B-dot probe placed roughly 
2 cm from the loop attached to a 6-GHz-bandwidth 
balun and scope.

Looking at the body of experiments, a trend emerges: several experiments measured fields that contained energy equal to 30%–
40% of the energy of the driving laser. These experiments also coincidentally measured the primary result using the B-dot while a 
short-pulse, high-intensity laser was present. This is highly indicative that the B-dot probe responds differently to these experiments 
than other diagnostics. To address this, we performed our own experiments with LDC’s using the entire battery of magnetic-field 
diagnostics: axial and transverse proton probing, Faraday rotation, and B-dot probes, as shown in Fig. 2. Two types of coils were 
tested to examine the effect of having the second plate on the target and were driven by a 1-ns, up-to-1.25-kJ, long-pulse UV beam.
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Several results from our experiments are shown in Fig. 3. A 40-T reference magnetic field was generated by MIFEDS (magneto-
inertial fusion electrical discharge system) and probed by the axial proton probe [Fig. 3(a)]. As protons travel through the magnetic 
field, a secondary deflection from the radial magnetic field induces a rotation of the reference mesh. This rotation increases with 
field strength and decreases with proton energy. The same proton probe was applied to our LDC’s and produced no measurable 
rotation. This indicates that the magnetic field in the LDC is below the measurement threshold (20 kA in the coil) for the axial 
probe. Using the more-sensitive transverse proton probe on the LDC produces a bulge near the top of the LDC, indicative of a 
small current of 2.5 kA. This current is far below that measured by most of the experiments shown in Fig. 1 and indicates a much 
poorer laser-to-field-energy conversion ratio.
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Figure 3
Axial proton probes of a known magnetic field generated by (a) MIFEDS and (b) a double-plate LDC. In (a) MIFEDS generated a 40-T field that induced an 
apparent rotation of the mesh fiducial dependent on the proton energy. This diagnostic technique is sensitive to fields generated by currents greater than 20 kA. 
In (b) no such rotation is measured, indicating that any current must be less than 20 kA. (c) A transverse proton probe of the same LDC shows a slight bulge 
near the top of the coil, indicating a current of +2.5 kA.
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Supplementing the proton radiography measurements were the Faraday rotation and B-dot probe diagnostics. Faraday rota-
tion measures the magnetic field in a medium by comparing the rotation difference between orthogonal polarizations as they 
pass through the medium in the presence of a magnetic field. In the case of our LDC experiment, no significant rotation was 
measured in the two polarizations of the 4~ probe. The error in the measurement between the two polarizations is !2%, which 
corresponds to a measurement limit of a 7.5-kA current in our coil, consistent with a 2.5-kA measurement of the proton probe. 
The B-dot probe acquired measurements in all experimental configurations, both with and without the short-pulse beams. When 
comparing the data in Fig. 4 it is clear that the B-dot probe is heavily influenced by the presence of the short-pulse beam. Since 
the short pulse-beams were timed 1 ns after the long-pulse drive beam in order to probe the interaction after the drive, the sig-
nal contributions between the two types of beams can be differentiated on the scope. When we account for the scope and cable 
attenuation based on assumed signal frequency, the signal from the long-pulse beam implies a current of 62.5 kA, much higher 
than all other diagnostics. The signal from the short pulse is roughly an order of magnitude higher than that of the long pulse, 
implying a very unrealistic current of over 600 kA.
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While a B-dot probe (with differentiation) is designed in theory to measure only a changing magnetic field, in reality the 
entire probe and cabling is subject to effects that are not completely neutralized, such as capacitive coupling, where electric fields 
can induce significant voltage. The signal generated on the B-dot probe by the short-pulse beam clearly indicates current that is 
unphysical from a conservation of energy perspective; however, this effect explains the conclusions of many previous LDC experi-
ments shown in Fig. 1. The “highest performing” experiments also utilized a B-dot probe in conjunction with proton radiography 
using a short-pulse, high-intensity beam. Similar to our experiment, other diagnostics (proton radiography or Faraday rotation) 
typically indicated field values far lower than the B-dot probe; however, in most of these experiments the B-dot probe result is 
given preference because of its larger value, despite the poorer accuracy of the method. When we account for this short-pulse 
interference of the B-dot probe, the majority of results fall into more-reasonable energy conversion ratios of, at most, a few percent.

We began experiments on laser-driven coils to develop a consistent platform for applying and measuring external magne-
tization of an experiment. In some regards we were successful: a field was measured that was relatively consistent across all 
diagnostics; however, the field values we measured departed severely from those in other publications. These experiments 
comprehensively demonstrated that laser-driven coils are not well described by a circuit or capacitor model nor do they produce 

Figure 4
(a) Integrated B-dot probe signals for three different shots: two without short-pulse beams with different coil types and one with the short-pulse beams. The 
signal with the short-pulse beams is over 10# higher (4 V compared to 0.34 V) than that of the long-pulse beam drive only. The spike in signal from the short 
pulse is delayed compared to the long pulse due to the beam timings used on the experiment and time of flight from target to B-dot probe. (b) Raw data for 
the same shots, demonstrating the poor signal-to-noise ratio on the experiments without the short pulse. The signal is varying as quickly as the diagnostic can 
measure, indicating that the majority of signal is oscillating faster than 6 GHz.
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uniform consistent fields. Our experiments at best could convert less than a percent of driving laser energy into the magnetic 
field at the coil, far less than the optimistic conclusions of other experiments. B-dot probes and Faraday rotation were found 
to be ineffective at measuring magnetic fields in our higher-power LDC experiments because they were subject to the extreme 
radiation and electric-field environment. Proton radiography produced a precise and detailed picture of electrostatic and mag-
netic fields around the LDC, but a higher degree of confidence in our conclusions drawn from radiographs was obtained only 
by probing in two directions simultaneously.
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