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ABSTRACT

Magnetizing a cryogenic deuterium–tritium (DT)-layered inertial confinement fusion (ICF) implosion can improve performance by
reducing thermal conduction and improving DT-alpha confinement in the hot spot. A room-temperature, magnetized indirect-drive ICF
platform at the National Ignition Facility has been developed, using a high-Z, high-resistivity AuTa4 alloy as the hohlraum wall material.
Experiments show a 2.5� increase in deuterium–deuterium (DD) neutron yield and a 0.8-keV increase in hot-spot temperature with the
application of a 12-T B-field. For an initial 26-T B-field, we observed a 2.9� yield increase and a 1.1-keV temperature increase, with the
inferred burn-averaged B-field in the compressed hot spot estimated to be 7.16 1.8 kT using measured primary DD-n and secondary DT-n
neutron yields.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0150441

I. INTRODUCTION

In an inertial confinement fusion (ICF) implosion,1 laser or x-ray
drive is used to implode a capsule filled with deuterium–tritium fuel.
Specifically, indirect-drive ICF experiments use a high-Z cavity
(hohlraum) to convert laser energy to x-ray drive,2,3 which, in turn,

ablates and compresses the capsule. In the capsule during peak com-
pression, fusion energy gain from deuterium–tritium (DT)-a energy
deposition into the hot spot is balanced against energy loss from the
hot spot through radiative loss and thermal conduction. Fusion igni-
tion, as recently demonstrated4–6 in indirect-drive ICF implosions at
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the National Ignition Facility (NIF),7 is achieved when fusion heating
power in the plasma exceeds all physical processes that cool the
plasma. As a critical milestone toward the development of inertial
fusion energy, a target gain greater than one, defined as when the
fusion energy produced in the target exceeds the laser energy delivered
to the target, has also been experimentally demonstrated.8

An externally applied magnetic field has been proposed as a
promising mechanism to further improve an already high-performing
ICF implosion by reducing electron thermal conduction and magneti-
cally confining the DT-a in the hot spot.9,10 These two benefits are
respectively realized when the electron gyroradius is smaller than the
electron mean free path (electron Hall parameter exceeding unity),
and when the DT-a gyroradius is smaller than the hot-spot radius.
Enhanced fusion yield and temperature have been reported in cylin-
drical magnetized liner inertial fusion implosions11–13 and magnetized
direct-drive ICF implosions.14 Recent experiments at the NIF have
also demonstrated performance enhancement from an applied B-field
in room-temperature (“warm”) indirect-drive implosions.15 This work
provides additional details on these implosion experiments and also
describes new results on yield and temperature enhancements at inter-
mediate B-field. The warm magnetized experiments here demon-
strated robust yield and temperature enhancements even with a
modest 12-T initial B-field, potentially relaxing the initial B-field
requirement in future cryogenic DT-layered platforms. These warm
magnetized experiments provide an important physics demonstration
that magnetizing an implosion led to tangible performance improve-
ments, and no deleterious effects were observed due to the introduc-
tion of the magnetic field. We also discuss experimental results on the
OMEGA16 laser facility characterizing the AuTa4 hohlraum wall mate-
rial used in these indirect-drive experiments.

Following the introduction section, Sec. II discusses experiments
characterizing the new hohlraum wall material needed to field an
indirect-drive magnetized target. Section III provides an overview of
the experiment setup at NIF and the stagnated hot spot shape-tuning
efforts at the onset of the campaign. Section IV describes yield and
temperature enhancement as a function of initial B-field and compari-
son with simulations, while Sec. V provides an estimate of the burn-
averaged B-field in the compressed hot spot. Section VI summarizes
and discusses the path forward toward a magnetized cryogenic DT-
layered implosion at NIF.

II. DEVELOPMENT AND TESTING OF NEW HOHLRAUM
WALL MATERIALS

The presence of strong currents and magnetic fields drive new
physics and engineering constraints in the hohlraum design. Magnetic
field is applied to the capsule by driving large currents through copper
wires wrapped around the hohlraum, so a highly-conductive hohlraum
[such as one typically made from Au or depleted uranium (DU)]
presents several physics issues. At room temperature, electrical resis-
tivities of Au and U are �2 and �30lX cm,17 respectively. Eddy cur-
rents are induced by the external B-field in the hohlraum wall,
increasing the time needed for the B-field to diffuse through the wall
and into the capsule. These eddy currents also drive a temperature
increase in the hohlraum wall (which radiates and preheats the cap-
sule) and create inward motion of the hohlraum wall prior to the
arrival of the lasers. These problems are exacerbated at cryogenic tem-
perature (T� 20K) where electrical resistivity is significantly

lower than room-temperature values due to reduced phonon
scattering. These concerns18 drive the need for a high-resistivity
(>100lX� cm), high-Z hohlraum material with similar x-ray perfor-
mance as Au.

Such a hohlraum material was developed using an alloy of gold
and tantalum (specifically, AuTa4). The first iteration of Au-Ta alloy
tested at the OMEGA experiment described below is made using direct
current magnetron co-sputtering on planar substrates.19 Later, films
deposited onto a spherical-cylindrical substrate (for hohlraums used at
the NIF) used either alloyed-target direct current magnetron sputter-
ing20,21 or pulsed plasma deposition.22–24 The high resistivity of the
sputter-deposited Au-Ta films is caused by the peculiarities of elec-
tronic transport in the non-equilibrium microstructure with either an
amorphous or beta-Ta dominated phase.

As examples, the magnetic diffusion time scales for a 15-lm-
thick cylinder 2.7mm in radius are 1.3 ls for Au vs 15ns for AuTa4.

18

This magnetic diffusion time estimate (s0 ¼ l0rdR=2, where l0, r, d,
and R are the permeability of free space, electrical conductivity, cylin-
der thickness, and cylinder radius, respectively) does not take into
account the temperature-dependent resistivity due to Ohmic heating
from eddy current dissipation, which is discussed in more details in
Moody et al.18

While we may be concerned that introducing a lower-Z element
such as Ta may lower the overall x-ray efficiency as compared to pure
Au, this is partially mitigated by the “cocktail effect,”2,25–28 the

FIG. 1. (a) Experimental configuration for measurement of Au–Ta alloy x-ray flux
on OMEGA. (b) The measured total flux (black) and M-band (>1.5 keV) flux (blue)
as a function of Ta fraction in the Au–Ta alloy, with trends from HYDRA simulations
shown as dashed lines. (c) The measured electrical resistivity as a function of tan-
talum fraction in the Au–Ta samples.
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phenomenon of higher-Rosseland mean opacity of certain alloy com-
binations as compared to individual components alone by filling in the
low-opacity region of one material with the high-opacity region of
another material. The overall higher opacity leads to reduced radiation
loss to the wall, higher albedo, and higher coupling of the hohlraum
radiation to the capsule implosion.

Prior to the efforts needed to field this Au-Ta alloy as a
hohlraum target at NIF, we first performed an experiment at the
60-beam OMEGA laser facility16 with flat-foil targets made from
this Au-Ta alloy with varying Ta fraction. The foil target is irradi-
ated by a set of five 351-nm beams at 21.4� angle of incidence rela-
tive to the foil surface normal using a 1-ns duration uniform pulse
shape with a total peak power of 1.8 TW. The total intensity on tar-
get is 7� 1014 W/cm2, comparable to the intensity reached by a
NIF laser quad.29 The laser drive uses smoothing by spectral dis-
persion and phase plates with a 574-lm-diameter (1/e) spot size
with a super-Gaussian order of 5.1.

X-ray emission measurements are made using DANTE,30,31 a
15-channel x-ray diode system with K-edge and L-edge filters.
Careful selection of filters creates combined channel responses that
have high sensitivity in the regions below the filter absorption
edges. An absolute soft x-ray flux is obtained by analyzing the
recorded diode voltages with the channel x-ray responses using a
genetic algorithm32 to reconstruct a probabilistic spectral intensity
distribution.

Figure 1 shows the total x-ray flux, M-band flux (x-ray flux above
1.5 keV), and electrical resistivity of Au–Ta alloy as a function of Ta
fraction from pure gold to pure tantalum. We observe that the mea-
sured x-ray flux trend is relatively flat (consistent with Dewald et al.2

at ICF-relevant intensities), and there is an increase in M-band frac-
tion as the Ta fraction increases. Because the Au-Ta alloy resistivity
peaks near 80% Ta, AuTa4 was chosen to be the new hohlraum mate-
rial for the magnetized indirect-drive experiment at the NIF, with this

set of data providing the first experimental evidence that a high-
resistivity Au-Ta alloy has similar x-ray performance as Au.

III. INDIRECT-DRIVE IMPLOSIONS AT THE NATIONAL
IGNITION FACILITY

Figure 2 presents an overview of the magnetized warm indirect-
drive platform at the NIF. The magnetized target is a millimeter-scale
capsule in the center of a high-Z hohlraum. High voltage is pulsed
through copper wires wrapped outside the hohlraum, driving up to a
peak current of 34 kA over 5 ls. The magnetic field (to a peak of 26T
at the capsule) induced by the currents diffuses through the hohlraum
wall into the capsule and is later compressed and amplified when the
capsule implodes to a much smaller radius.

The AuTa4 hohlraum is 5.4mm in diameter, with 3.4-mm diam-
eter laser entrance holes, and filled with 0.258mg/cm3 of neopentane
(C5H12). The capsule is 1.83mm in diameter, with a high-density-
carbon (HDC) shell 64-lm thick, and an intermediate layer doped
with 0.34 at. % W. The capsule is held in place by 40-nm-thick mem-
branes (tents) and filled with 4mg/cm3 of deuterium fuel through a
10-lm-diameter fill tube.

In total, 192 laser beams are directed toward the inside of the
hohlraum, converting laser light at 351-nm (3x) wavelength to ther-
mal x rays that ablate and implode the capsule target. NIF laser beams
are smoothed by spectral dispersion, polarization smoothing, and con-
tinuous phase plates. The target and laser design (when unmagnetized)
are very similar to the high-adiabat BigFoot campaign33–35 [with
N181211 as an example in Figs. 2(c) and 2(d)]. One notable change in
the laser drive is that power is reduced at late time (after 5 ns), as this
initial set of magnetized indirect-drive experiments are limited in
laser power due to pulser pre-fire concern. A pulser pre-fire mitigation
system is being implemented on the NIF, which will enable full use of
NIF laser power in magnetized implosions in the future.

FIG. 2. Overview of the magnetized indirect-drive implosion platform, showing (a) the pulser current history, (b) laser drive, (c) measured total x-ray power, and (d) capsule
design. For (b) and (c), N210301 (blue) and N201228 (red) are two experiments using the new AuTa4 hohlraum, with and without an applied B-field, respectively. N181211 is a
reference implosion from a different campaign using an Au hohlraum and similar laser drive.
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The laser drive similarity to the previous BigFoot campaign
which used an Au hohlraum also provides an opportunity to directly
compare x-ray performance of Au vs AuTa4 hohlraums [Fig. 2(c)].
The x-ray flux is measured with the NIF DANTE system36 with
increased dynamic range for radiation temperature up to 1 keV and
flux between 1010–1014 W/cm2. Up until 5 ns, when the laser drives
begin to diverge [Fig. 2(b)], the measured DANTE x-ray flux histories
are very similar between the experiment using an Au hohlraum
(N181211) and the experiment using an AuTa4 hohlraum (N201228).
This is consistent with the experimental results from driven flat-foil
targets discussed in Sec. II. In addition, the measured DANTE x-ray
flux histories are very similar between AuTa4 experiments without an
applied B-field (N201228) and with a 26-T applied B-field (N210301).
These measurements demonstrate that the hohlraum x-ray drive is
unaffected by the applied magnetic field and is effectively the same
between Au and AuTa4 hohlraums.

The 192 NIF laser beams are grouped into 48 quads, with 4, 4, 8,
and 8 quads at 23.5�, 30�, 44.5�, and 50�, respectively, relative to the
hohlraum axis on each hemisphere of the target chamber. Backscatter
out of the hohlraum is measured using a full-aperture-backscatter system
(FABS) and near-backscatter imager (NBI) on one 30� quad and one
50� quad.37 The 23.5� and 30� beams are referred to as the inner beams,
while the 44.5� and 50� beams are the outer beams. This distinction is
important because the inner and outer beams are incident on different
locations on the hohlraum along the hohlraum axis (see Fig. 3), and the
relative powers between the inner and outer beams are used to control
implosion shape. Cone fraction (CF) in this manuscript refers to the
peak inner-beam power divided by the peak total power. The nominal
NIF cone fraction is 33%, when inner and outer beams are at full power.

The first integrated warm magnetized indirect-drive experiment
at 26T (N210301) used a cone fraction of 27%, which produced a sig-
nificantly prolate hot spot [Fig. 3(b)]. Adjusting the cone fraction to
23% in a later magnetized experiment (N210607) successfully tuned
the hot-spot shape to round, and a 23% cone fraction is used in all
subsequent experiments. The difference in inner and outer beam pow-
ers for 27% vs 23% cone fraction is shown in Fig. 3(c).

IV. B-FIELD SCALING AND COMPARISON
WITH SIMULATIONS

This section discusses the scaling of neutron yield and ion tem-
perature as a function of applied B-field in these warm, indirect-drive
magnetized implosions, focusing on four experiments which are sum-
marized in Fig. 4. When evaluating yield and ion temperature amplifi-
cations, we compare the values from magnetized experiments to the
no-B baseline experiments. The first important observation from
Figs. 4(b) and 4(c) is that with a 26-T applied B-field, we observed a
2.9� increase in deuterium–deuterium (DD) yield and a 1.1-keV

FIG. 3. Outer and inner beam laser pulse shapes and implosion x-ray shape at
stagnation from the equator, for two magnetized (B¼ 26 T) indirect-drive implo-
sions with 27% cone fraction (N210301) and 23% cone fraction (N210607).

FIG. 4. (a) DD neutron yield, (b) DD neutron yield amplification, (c) DD ion temper-
ature, and (d) DD ion temperature amplification as a function of initial B-field in four
warm, magnetized indirect-drive experiments. Measured yields and temperatures
are shown in red and blue, respectively. Post-shot LASNEX simulated yields and
temperatures are shown in black open circles (with trend lines to guide the eyes),
and expected amplification scaling from GORGON are shown in teal. Analytic
0D scaling40 is shown in yellow. A tabular summary is provided in Table I.
Equatorial x-ray images at bang time for implosions with different initial B-field are
shown on top.
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increase in DD ion temperature. Equally important is that even at an
intermediate 12-T B-field, we observed a 2.5� increase in DD yield
and a 0.8-keV increase in DD ion temperature, providing direct exper-
imental evidence that even a modest B-field can lead to significant
improvement in implosion performance.

These experimental values are compared against post-shot simula-
tions using the 2D radiation-magnetohydrodynamic (MHD) code
LASNEX,38,39 which includes the MHD processes of Nernst advection,
resistive diffusion, magnetized thermal conduction, Righi–Leduc heat
flow, Biermann-battery-generated fields, and the Lorentz force. These
post-shot simulations used a laser power multiplier and a cone-fraction
multiplier to match the measured capsule peak-emission time (bang
time) and implosion shape (P2 Legendre moment). Overall, simulated
ion temperatures (absolute magnitude and scaling with B-field) are in
good agreement with data. The simulated DD yields are �2�–3�
higher, and the simulated yield amplification as a function of B-field is
lower than what is experimentally observed. Both diffuse and localized
mixes (bright x-ray emission spot on the x-ray images in Fig. 4 (top)
corresponding to the fill tube) are likely yield degradation mechanisms.

Capsule-only simulations at different magnetic fields are also per-
formed using the 3D Eulerian MHD code GORGON.41,42 The
expected yield and temperature amplifications as a function of B-field
are plotted in Figs. 4(b) and 4(d), respectively. We also compare these
simulation values to analytic scaling40 of yield and temperature in a

magnetized hot spot, with the temperature scaling as j�2=7eff , assuming

a 0D plasma and Spitzer–H€arm thermal conductivity.43 Here, jeff

¼ 1=3þ ð2=3Þjk=j? is the effective thermal conductivity and a sum
of the thermal conductivities parallel (jk) and perpendicular (j?) to
the magnetic field direction. Inputs to the yield scaling40 are the
unmagnetized hot-spot temperature (using measured values) and
averaged electron Hall parameter (xese) (from LASNEX). At 26-T ini-
tial B-field, the simulated xese in the magnetized hot spot during stag-
nation is�4, corresponding to an effective thermal conductivity jeff of
0.37 (as compared to 1, without a magnetic field).

DD neutron yield and temperature are measured using neutron
time of flight (nTOF)44 detectors. The arrival time of a fusion neutron
at the detector is related to the energy of the neutron. The burn-
averaged DD temperature is inferred from the width of the neutron
energy spectrum, specifically, the component from thermal Doppler
broadening. However, non-thermal motions in the plasma due to
radial or turbulent flows can also lead to additional broadening, con-
tributing to a higher apparent DD temperature.45,46 To address this,
emission-averaged electron temperature measurements [Fig. 5(b)]
show independent confirmation of temperature increase in the hot
spot with the application of an external B-field, ruling out the possibil-
ity that the increase in DD ion temperature may have been due to
increased fluid motions. The electron temperature is inferred from the
x-ray continuum emission penumbral47 images of the stagnated hot
spot behind different x-ray filters.48,49 Because the emission-averaged
x-rays and burn-averaged DD neutrons probe different regions of the
hot spot and because the emission-averaged x-ray temperature is
filtration-dependent, we do not expect the x-ray and neutron tempera-
tures to be the same.

V. COMPRESSED B-FIELD IN THE HOT SPOT

We also estimate the burn-averaged compressed B-field in the
hot spot using the measured ratio of the secondary DT neutrons to

primary DD neutrons (YDT=YDD). In a deuterium plasma, we refer to
the 2.45-MeV fusion DD-n50 as the primary DD neutron

Dþ D! nð2:45MeVÞ þ 3Heð0:82MeVÞ: (1)

The second branch of the DD reaction produces a 1.01-MeV
DD-t, and as this DD-t transits the hot spot, it has a probability to
undergo a second fusion reaction with a background deuteron, gener-
ating a fusion DT-n, referred to here as a secondary DT neutron,

Dþ D! Tð1:01MeVÞ þ pð3:02MeVÞ; (2)

Dþ Tð� 1:01MeVÞ ! nð11:9� 17:2MeVÞ þ að6:7� 1:4MeVÞ:
(3)

As the areal density (qR) of the hot spot increases, the DD-t lose
more energy and have a higher fusion probability, increasing the sec-
ondary yield ratio YDT=YDD. As the secondary yield ratio is sensitive
to plasma parameters that affect stopping power, it has been used esti-
mate fuel areal density51 and/or mix.52 In the presence of a strong
magnetic field, these DD-t can also be magnetically confined, increas-
ing their path lengths, energy loss, and secondary DT fusion probabil-
ity in the hot spot. This method of using the secondary yield ratio to
infer fuel magnetization has been developed for cylindrical ICF implo-
sions53,54 and later extended to spherical ICF implosions.55

Figure 6 shows the secondary yield ratio YDT=YDD as a function
of B-field and electron temperature as calculated using a static Monte
Carlo model,55 assuming uniform density and temperature profiles
with an areal density of 60mg/cm2 (to match the measured YDT=YDD

in the no-B experiment). As expected, YDT=YDD increases when tem-
perature decreases (increasing the plasma stopping power) and when
the B-field increases (better confining the DD-t).

Figure 5(a) shows the YDT=YDD as a function of initial B-field,
and we observed a modest increase in the measured YDT=YDD in the
magnetized implosions as compared to the unmagnetized implosions.
As the measured electron temperature in the hot spot increases with

FIG. 5. (a) Secondary DTn to primary DDn yield ratio (red) and (b) burn-averaged
DD temperature measured using neutron time of flight detectors (blue) and
emission-averaged electron temperature measured using x-ray penumbral images
(black) as a function of initial B-field.
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an applied B-field, which would lower YDT=YDD because of reduced
stopping power in the hot spot, a corresponding increase in the hot-
spot B-field is needed to explain the increase in YDT=YDD. Using the
static Monte Carlo model described above, for N220912 (B0 ¼ 12T)
and N210607 (B0 ¼ 26T), the estimated B-fields are 6.36 1.6 and
7.16 1.8 kT, respectively, reflecting uncertainties in the measured
temperature, implosion size, and YDT=YDD.

Assuming no magnetic flux loss and using the measured capsule
convergence from hot-spot x-ray imaging (B-field scales as the square
of the convergence ratio), the estimated compressed B-field in the hot
spot for N220912 (B0 ¼ 12T) and N210607 (B0 ¼ 26 T) are 2.7 and
6.6 kT, respectively. These values are also consistent with the B-field
magnitudes in 2-D LASNEX magnetohydrodynamic simulations near
peak stagnation (Fig. 7), showing average B-field magnitude in the hot
spot of �4–6 kT for a magnetized implosion with an initial 26 B-field.
We nominally expect a linear relationship between the initial applied
B-field and the final compressed B-field in the hot spot, so the rela-
tively high estimated B-field for N220912 (B0 ¼ 12T) is unexpected.
An additional implosion experiment at B0 ¼ 12T (N220110), which is
nominally identical to N220912 except without a hohlraum gas fill due
to target leakage, measured very similar hot-spot size, temperature,
and YDT=YDD, so this discrepancy does not appear to be related to ran-
dom experimental uncertainties.

To magnetize electrons we require the electron Hall parameter
xese ¼ 1:91� 1021 B½T	 ðTe½keV	Þ3=2=ðne½cm�3	 lnKÞ to be greater
than unity, where B, Te, ne, and lnK are the B-field, electron tempera-
ture, electron number density, and the Coulomb Logarithm, respec-
tively. The effect of electron magnetization can be indirectly observed
through increases in yield and temperature, and requires a modest
B-field of >1–2 kT. In contrast, magnetic confinement of DD-t in the
plasma requires the ratio of plasma radius to DD-t gyroradius
Rfuel=Rgyro;t ¼ 5:4� 10�6 B½T	R½lm	 to exceed unity,55 requiring
> 4 kT for a 50-lm-radius hot spot. That is, for typical warm indirect-
drive plasma conditions, observing an increase in the secondary yield
ratio YDT=YDD with the application of an external B-field (see Table I)
is a more stringent experimental confirmation that the fuel is

magnetized as compared to increases in temperature and yield due to
magnetic thermal insulation.

VI. DISCUSSION

The yield and ion temperature increases in magnetized warm
indirect-drive implosions observed in this work pave the path forward
to fielding a magnetized cryogenic DT-layered target on NIF. The ben-
efits of thermal conduction suppression from an applied B-field is
expected to be the same in warm and cryogenic implosions,40 and in a
burning hot spot, the compressed B-field has the additional benefit of
magnetically confining the DT-a. Simulation of an igniting cryogenic
DT-layered implosion (N210808)4–6 with a 40-T initial B-field shows
a 2� increase in yield and a 40% increase in temperature.56 This
example magnetized cryogenic DT-layered implosion has an peak
mass-weighted hot-spot temperature of 14 keV, qR � 0.45 g/cm2, a
convergence ratio of 22.8, and a volume-averaged B-field�24 kT.

The warm magnetized experiments here demonstrated robust yield
and temperature enhancements even with a modest initial 12-T B-field,
potentially relaxing the initial B-field requirement in future cryogenic
DT-layered platforms. These warm magnetized experiments provide an
important physics demonstration that an external magnetic field (1) can
be applied to an indirect-drive target through the high-Z hohlraum wall,
2) provided tangible implosion performance improvements, and 3) did
not lead to observable deleterious effects in the capsule or in the hohl-
raum. Future warm magnetized experiments will also study the potential
benefits of an applied B-field in suppressing mix.57 While the positive
results in these warm, lower-convergence implosions have yet to be dem-
onstrated in DT-layered, higher-convergence implosions, they nonethe-
less serve an important role in benchmarking MHD codes and models
and as a platform for assessing newmagnetized implosion designs.

In summary, a warm, magnetized indirect-drive ICF platform at
the National Ignition Facility has been developed, including a high-Z,
high-resistivity AuTa4 alloy as the hohlraum wall material. Applying
an initial 12-T B-field to a �900-kJ ICF implosion leads to a 2.5�
increase in yield and 0.8-keV increase in hot-spot temperature. For an

FIG. 6. The secondary yield ratio YDT=YDD as a function of B-field and electron
temperature as calculated using a static Monte Carlo model55 for a fuel qR

FIG. 7. B-field vector map from a LASNEX simulation of a magnetized implosion
with an initial B-field of 26 T (N210607) near peak stagnation (convergence � 15).
The white-dashed line is the fuel–shell interface, and the color scale represents the
B-field magnitude.
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initial 26-T B-field, we observed 2.9� yield increase and 1.1-keV tem-
perature increase, with the inferred compressed B-field in the hot-spot
estimated to be 7.16 1.8 kT using measured primary DD-n and sec-
ondary DT-n neutron yields.
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