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ABSTRACT

Radiometric studies of opaque materials under shock compression probe a sample–window interface that may be very different than
the bulk state. Subtle experimental details, particularly an initial sample–window gap vs an adhesively bonded stack, have tremen-
dous influence on measured temperature. This work experimentally tests gapped vs bonded targets and theoretically investigates
observed differences in the measured temperature. The results indicate that perturbations created by a thin adhesive are smaller than
those suggested by a previous work, whereas sample–window gaps alter the measured state more significantly than that previously
realized.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0277627

I. INTRODUCTION

Temperature measurements are crucial to defining various
states—such as shock, release, and reshock—created by dynamic
compression.1,2 Spectral radiance measurements have been used
to infer temperature in such experiments for nearly 60 years.3–8

For initially transparent samples, the radiant surface is an
opaque shock front emitting through an upstream ambient
material.3,5,9–12 Different approaches must be used for opaque
materials, such as metals. The samples can be shocked and subse-
quently released into vacuum and/or rarefied atmospheres,13–16

but the nature of the emitting surface can be challenging to inter-
pret.15,17 These measurements intrinsically bring the sample to
zero pressure, obscuring knowledge of the dynamic compression
state.

Attaching a transparent window to an opaque sample main-
tains nonzero stress at the measurement interface.6,18–21 Very often,
this window is lithium fluoride (LiF), which is thought to remain
transparent for pressures below 200 GPa.22 Since the window’s
mechanical impedance rarely matches the sample under study,
pressure at the sample–window interface is different (usually lower)

than the original bulk state. Sample temperatures are, thus, modi-
fied by the use of a window. Instead of the shock state, the experi-
mentally accessible condition is a shock-release state. This
distinction is not unique to radiometry measurements: velocimetry
measurements are subject to the same perturbation.

Details of the sample–window configuration substantially
impact measured radiance in shock-loaded samples. Although
mechanical states (velocity, pressure, and density) are largely
insensitive to these subtleties, temperature is extremely dependent
on them. This work considers several designs for measuring tem-
perature under dynamic compression. Discussion begins with a
survey of the previous results using one of the four basic designs.
This is followed by discussion of a campaign of experiments
testing bonded sample–window configurations and comparing
them to gapped configurations. The results provide insight about
the working range of optical adhesives under dynamic compres-
sion, demonstrate differences between bonded and gapped experi-
ments, and confirm fundamental challenges with gapped
experiments. Finally, a summary of conclusions drawn from this
work is presented with recommendations for future radiometry
studies.
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II. TARGET CONFIGURATIONS

Figure 1 shows several implementations (not to scale) of an
opaque sample backed by a transparent window in a plate impact
experiment. Configuration (a) creates direct contact after shock,
prior to which there is a finite gap between the two solid materials.
Configuration (b) is a variation of configuration (a), where a thin
film is deposited onto a window separated from a bulk sample of
the same (nominal) composition. Configuration (c) is an altogether
different approach, where an adhesive—a single-component glue or
two-component epoxy—couples the window to the sample.
Configuration (d) dispenses with the intermediate sample, launch-
ing the material of interest directly onto a window (typically coated
with an emissive film).

A. Gapped experiments

Attaching a window to an opaque sample without an interme-
diate layer—i.e., mating two solid surfaces with finite roughness
and radius of curvature as in Fig. 1(a)—always leaves some residual
gap. The flatness and surface roughness common in commercial
pieces, even when supplemented with additional polishing, is
limited by material surface properties (such as adhesion of impuri-
ties and galling), material strength (fracture limits), tool/fixture flat-
ness over many millimeters of travel, and further factors. These
factors practically limit sample–window gaps to approximately
1 μm or greater. The precise gap thickness in previous works is
largely unknown, though characteristic values are 1–20 μm: smaller
values are difficult to verify, and larger values would presumably be
apparent in cumulative thickness measurements. Such gaps are
readily closed by shock compression, where stresses are much
larger than the strength of either solid.

The overall gap fluctuations and/or lateral gap variations (e.g.,
center to edge) may explain why previous works using configura-
tion (a) seem to resist simple analysis. Poulsen et al. stated that
gaps and irregularities at the sample–window interface gave rise to
flashes.23 Huang et al. pressed transparent samples to LiF windows
and reported very large quantities of radiance that decayed over
time; they attributed it to flash and localized high temperature.24

Hao et al. measured radiance from targets pressing a copper plate
directly to a sapphire window.25 Despite reporting on the copper
temperature, their measurements were certainly compromised by
the absorption and emission of shocked sapphire.26–28 Liu et al.
reported a successful measurement using a clamped sample, but
gave no details about the gap thickness or uniformity.29 Li et al.30

and Zhang et al.31 reported similar measurements on iron (Fe) and
vanadium (V), respectively. Li describes the window–target direct
attachment via clamping, while Zhang used a similar configuration
and polished the samples but did not elaborate on the attachment
method or the gap thickness. La Lone and colleagues clamped a
slightly bowed Fe sample to a window, observing optical fringing
between the sample surface and the window to infer a gap at the
center of a similar or smaller extent than the !700 nm test light.28

As a transmitted shock exited Fe, that material released into the
gap, contacted the window, and reshocked against LiF. The optical
signal increased, peaked, and relaxed through the duration of the
experiment. They attributed this to a combination of a non-thermal
optical flash and the heating and subsequent diffusion of heat from
the reshocked material near the interface. Hydrodynamic simula-
tions of the experiments suggested that even gaps smaller than
1 μm generate substantial localized heating and diffusion, in addi-
tion to the potential optical backgrounds. Data reported by La
Lone, Li, Liu, and Zhang show decaying temperature in all shots,
with relative decrease varying from 5% to 40% in different experi-
ments over the duration of the steady shock pressure.

Configuration (b) (Fig. 1) moves the physical gap in a
clamped sample away from the measurement interface, although
doing so raises questions about the density and structure of the
coating sample vs its bulk companion. Williams, Bass, and, later,
Tang sputtered Fe onto an optical window and pressed the sput-
tered Fe against a solid Fe baseplate, through which a shock was
transmitted.18,32,33 These studies reported the calculation of appar-
ently sensible shock state temperatures in metals through complex
analysis and modeling. Yet, many of these measurements were
almost certainly invalidated by the loss of transparency in, and
optical emission from, the shocked sapphire window26–28 and the
loss of transparency in LiF above approximately 200 GPa.22,34 Yoo
et al. attempted the same experiment using a diamond window to
study iron.6 The shock states and melt temperatures inferred from
these experiments were, in general, anomalously high compared to
the data measured under static high pressure, calculated theoreti-
cally, or inferred from shock measurements and EOS
calculations,35–38 and many subsequent studies disregard them.
Svendsen and colleagues attempted with limited success to analyti-
cally investigate the thermal diffusion across sample-coated film–
window interfaces from the data of Bass.39 A recent work by
Brantley applied Svendsen analysis to the new data taken in this
configuration, finding similar difficulty in matching experimental
results.40 Dai et al.41 measured radiance from a target consisting of
a Ta film coated onto LiF, pressed against a Ta driver, and shocked
to 300–400 GPa. Their analysis of the Ta bulk shock state inferred
Ta melt values approximately 3000–6000 K greater than those mea-
sured at static high pressure and calculated via theory; see
Dewaele’s discussion42 for details. Dai et al. performed the same
experiment on V.43 Their reported temperatures were 1000–3000 K
higher than those obtained by Zhang with the clamped V target.31

FIG. 1. Experiment configurations for measuring sample radiance through an
optical window. Red dots indicate the primary emitting surface.
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Among other issues, all but one of Dai’s V experiments used a sap-
phire window that would have suffered from the loss of sapphire
transparency.41

B. Bonded experiments

Shock experiments measuring interface velocity have used
sample–adhesive–window bonding for decades.44,45 Temperature
measurements in this configuration were first successfully reported
by Blanco et al.19 Numerous studies have since employed this
configuration.7,8,20,21,46–50 Temperatures measured at the metal
surface appear nearly steady under steady shock stress, increase
under further compression, and decrease with pressure release.
When emissivity is measured49 or constrained by ambient measure-
ments in combination with statistical or physical models,51 the
reported values are generally in sensible agreement with the models
and static high pressure data.

This technique imposes certain limitations on radiance experi-
ments. The adhesive must remain transparent under significant
compression to pass emission from the sample, while also not
emitting itself. Loctite 326 (hereafter Loctite) and Loctite 358 are
the only adhesives experimentally known to remain transparent
under certain compression conditions.7,20,52,53 This is despite the
experimental observation that polymers generally decompose at
roughly two times the ambient solid density (20–30 GPa).54

Although attaching a sample directly to a window via diffu-
sion bonding is a promising concept, no successful temperature
measurements of such a shocked system have been reported. The
processes needed for successful diffusion bonding are difficult and
often create layers of differing local density, grain structure, and
void fraction. Bonding may also require adding layers of other
materials near the measurement interface, complicating the mea-
sured state.55

C. Direct impact

In theory, direct impact is the simplest possible sample–
window interface, particularly if the window coating shown in
Fig. 1(d) can be omitted. Doing so accesses the principal shock
(Hugoniot) state, rather than the reflected states created in all other
configurations. However, the residual atmosphere gathered along
the projectile’s flight path creates an intense impact flash that
blinds radiometric instruments. For example, Boness reported a
flash several-fold brighter than the emission from a !4000 K
emitter.56 Coating the window reduces, but does not entirely elimi-
nate, residual gas flash in direct impact. La Lone and colleagues
reported substantial impact flash measured through a 150 nm thick
Cr layer.57 A thicker opaque coating applied to the window did
shield this flash but substantially complicates the measurement
interface. Hartsfield et al.58 reported direct impact experiments
using coated windows and found that temperature at the window–
coating interface was substantially different from that of the impac-
tor (sample) Hugoniot state. They concluded that temperature at
the measurement interface was dictated by thermal diffusion of the
layers of heat created by the pressure equilibration of the short-
lived stress states in a “Reverberation Affected Zone” (RAZ) across
the interface. Generally, the interface temperature could not be
simply related to the Hugoniot state temperature of the coating,

impactor, or window. Extrapolating from this interface temperature
to the temperature away from the interface, as demonstrated by
Svendsen, Tang, Brantley, and others, is extremely difficult. While
the interface affects the cloud determination of a bulk thermody-
namic state of the shocked sample, local interface states measured
directly may be useful by themselves. For instance, isobaric heating
and cooling at the interface can be used to locate phase boundaries
such as melt.59

III. EXPERIMENTAL METHODS

This work studied both gapped and adhesive-bonded inter-
faces under shock compression in a series of two-stage light-gas
gun experiments at the Shock Thermodynamics and Applications
Research (STAR) facility at Sandia National Laboratories. Each
experimental target was prepared and characterized in the same
manner before the experiment. All experiments employed a
common measurement design, allowing direct comparisons
between the results.

A. Concept

Figure 2 illustrates the “Firefly” design. In each experiment, a
two-stage gas gun accelerated a Ta flyer to an impact velocity
between 2.78 and 6:03 km s!1; the flyer impacted an Al baseplate
backed by a series of single-crystal LiF pieces oriented along the
[100] axis and polished to optical finish. Surface heights were mea-
sured to vary by a few μm across most pieces. The machined
surface of the Al baseplate, to which the LiF pieces were attached,
was lapped with 1 μm grit compound in most experiments. Each
experiment injected laser light and collected Doppler-shifted back-
scatter (PDV)60 and thermal emission (pyrometry) from the Al
front surface.

Measured emission from the Al–LiF interface began at shock
breakout (sbo). The steady Al–LiF interface emission created a
backlight to test the transparency of the downstream stack of LiF
pieces and the interfaces between them. Failure of an interface, for
radiometric purposes, was indicated by the changes of Al radiance

FIG. 2. A schematic of the experiment testing interfaces under shock. A shock
wave driven through an Al baseplate by a Ta impactor crosses an adhesive
bond or gap (G1), transits LiF, and crosses a second bond or gap (G2) into
another LiF crystal. Some experiments added a third window and interface.
PDV and pyrometry measure continuous interface velocity and emission at the
Al–LiF interface. Bonds/gaps are shown much thicker than they truly are for
visual clarity.
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signal beginning when the shock reached that interface. The nature
of radiance from, and apparent temperature of, the Al–LiF interface
also provide insight into the compressed sample–window interface.
Most experiments tested the adhesive Loctite at this interface, while
some experiments tested an evacuated gap.

The apparent sample–window interface temperature T deter-
mined in each experiment was used in several ways. For bonded
samples, excessively large values (relative to thermodynamic calcula-
tions for Al) were considered an evidence of the possible adhesive
failure. For gapped samples, comparisons were made to both calculated
temperatures and experimental measurements from bonded samples at
similar pressure. Absolute differences in T also provide contrast
between the bonded and gapped samples compressed to similar pres-
sures. In all instances, the time dependence of T revealed trends in
thermal diffusion between the sample and the optical window.

B. Target design, assembly, and metrology

The first LiF window, with noted exceptions, was bonded to
the Al baseplate using Loctite. A second LiF window was attached
to the first with another adhesive to be tested. In some experiments,
a third LiF window was bonded to the back surface of the second.
Each bond, with noted exceptions, was created using a standardized
pressing process. Prior to application, the adhesive was held in a
chamber evacuated to !130 Pa (!1 Torr) until all bubbling ceased.
Some assemblies did not vacuum de-bubble Loctite, as large
bubbles formed at the surface of the highly viscous glue, a possible
indication of boiling. Adhesive was spread finely on one piece
(sample or window), the second piece was placed in contact with
the covered surface, and then, the stack was manually pressed until
the adhesive spread completely across the interface. The attached
pieces were then placed in a mechanical press under the highest
pressure possible, at least 400 kPa, across the surface area of the
sample, and left until fully cured. Two of the experiments tested a
gapped interface, created by pressing two windows without an
intermediate bond and then tacking the pieces together with epoxy
around the circumference, described in Sec. IV B. All experiments
employed optical shielding to mask the pyrometry measurement
from outside light: the samples were surrounded by an Al ring,
topped with an Al washer, and black epoxy or black paint was
applied to fill all accessible mating surfaces.

Loctite (without an additional activator) cure is frustrated by the
lack of contact with a metal surface. Tests of the LiF–Loctite–LiF
samples showed a very gradual curing. At 1–3 days, the glue was not
fully hardened. After one week, the glue bond no longer yielded under
mechanical shear. The LiF–Loctite–LiF bonds in the targets were
tested with cure times of approximately one month and one week. In
each case, the adhesive layers were as thin as reasonably possible. The
experimental tests showed no measurable difference between the LiF–
Loctite–LiF bonds cured for one week and for one month.

Bond and gap thicknesses in each sample stack were measured
with a white light interferometer. Using a design similar to that
described by Marshall,61 broadband light from a single-mode
optical fiber was focused onto the interface between two successive
pieces. Interference between waves reflected from the surface at
each side of the interface created fringe patterns62 in the spectrum
of the collected light. The frequency of the interference pattern

indicated the imparted phase shift, allowing determination of the
optical path length through the bond/gap.

C. Radiometric measurements and analysis

Sample radiance was measured using four independent radi-
ometry detectors, using bandpasses with center wavelength (full
width) of 980(10), 1225(50), 1425(50), and 1600(50) nm. After the
final hookups were made, the detectors were calibrated by measuring
the total band-averaged spectral radiance from a calibrated blackbody
source, transmitted through the complete optical probe for each
experiment. Radiometric analysis was performed as described in
a previous work;51 the calculations were implemented using the
RadiometryAnalysis class in the SMASH analysis package.63

Temperatures ascribed to the radiance measurements are esti-
mates for comparison purposes only and not intended to carefully
constrain the true thermodynamic temperature of the shocked
samples. In each case that an aluminum surface T was estimated,
the calculations were performed identically from radiance collected
at 1425 nm, with an estimated emissivity of 0.2.29 No corrections
for shock history, glue temperature, LiF temperature, thermal diffu-
sion, optical effects at elevated (T , P), or other factors were
attempted. Comparisons between experimentally estimated T and
theoretically calculated T use a well-regarded multi-phase Al EOS
published by Sjostrom et al.64

IV. RESULTS

Seven two-stage gun experiments, named Firefly (FF) 1–7, tested
17 interfaces of varying designs between 46 and 136GPa. The experi-
mental configurations and results are summarized in Table I.
Characteristic results from these experiments are shown below.

A. Bond transparency under dynamic compression

Figure 3 demonstrates the glue transparency test results from
two experiments. The first experiment (left) shows failure, while
the second (shifted right) shows no failure in two bonds. Several
common adhesives in shock research were tested in addition to
Loctite 326: ÅngströmBond AB9110LV, EPOTEK 301-1, and
Loctite Stycast 1266 A/B, hereafter referred to as AngstromBond,
Epotek, and Stycast, respectively. Table I lists the result of each
bond transparency test. Complete transparency of LiF—retaining
ambient bulk transparency, a much more stringent condition than
allowing some velocimetry return, required for accurate pyrome-
try—was seen at stresses up to 136 GPa on the solid LiF Hugoniot.

B. Gapped interface tests

Three experiments tested the gapped interfaces. White light
interference measurements prior to each experiment indicated a
substantial gap variation. The initial LiF–LiF gap in Firefly 1
decreased monotonically toward the center of the interface: it was
4.9 μm thick at a radius r ¼ 18 mm from the center, 1.4–4.1 μm at
r ¼ 15 mm, 1.1–3.0 μm at r ¼ 10 mm, and #1 μm at r # 5 mm
from the center. Firefly 6 and 7 employed gaps between the Al base-
plate and the first LiF window. The measurements of Firefly 6 indi-
cated a gap thickness of between 3 and 7 μm, varying with position,
while the measurements of Firefly 7 determined a gap thickness of
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25 μm. In each case, the LiF windows were tacked around approxi-
mately two-thirds of the exterior circumference, leaving space for gas
within the gap to vent into the experiment chamber vacuum.

Figure 4 shows results from the Firefly 1 test, where no measur-
able change was observed as the shock closed the gap between two
LiF windows at 46 GPa. Firefly 6 used a 4:91 km s!1 Ta impactor to
shock Al to 102GPa. This Al was then released to vacuum and
reshocked to 100GPa upon impact with LiF; Firefly 7, with a
4:03 km s!1 Ta impactor, achieved 77 GPa in Al on shock and 76GPa

upon Al–LiF equilibration. Figure 5 shows the results. Radiance levels
and the estimated temperature rapidly decreased after shock breakout;
Firefly 6 reached a nearly steady value, while Firefly 7 did not.

V. DISCUSSION: ADHESIVE BOND FAILURE

Adhesive bond failures have been reported in a previous
work53 as dramatic changes in measured radiance upon shock of
the bond layer. One experiment shocking AngstromBond to

TABLE I. Summary of the Firefly experiments and results of the shocked glue transparency tests.

Shot number Target stack Thickness (μm) Debubbled? Est. initial Pa (GPa) Final P (GPa) Bond failure?

Firefly 1 Al–Loctite–LiF 12 No 22 45.8 ± 0.5 Nob

LiF–Gap–LiF ≤1 45.8 ± 0.5 —

Firefly 2 Al–Loctite–LiF 3 Yes 33 76.0 ± 0.8 nob

LiF–Epotek–LiF 5 Yes 33 76.0 ± 0.8 No

Firefly 3 Al–Loctite–LiF 3 No 55 107 ± 1.1 Likelyb

LiF–Stycast–LiF 9 Yes 55 107 ± 1.1 No

Firefly 4 Al–Loctite–LiF 5 Yes 73 136 ± 1.4 Likelyb

LiF–AngstromBond–LiF 3 Yes 73 136 ± 1.4 Yes

Firefly 5 Al–Loctite–LiF 2 No 31 66.5 ± 0.7 Nob

LiF–Epotek–LiF 14 Yes 31 66.5 ± 0.7 No
LiF–Epotek–LiF 6 No 31 66.5 ± 0.7 No

Firefly 6 Al–Gap–LiF 3–7 100 ± 1.0 —
LiF–Loctite–LiF (1 mo. cure) 6 No 52 100 ± 1.0 No
LiF–Loctite–LiF (1 wk. cure) 5 No 52 100 ± 1.0 No

Firefly 7 Al–Gap–LiF 25 76 ± 0.8 —
LiF–Loctite–LiF 10 No 33 76 ± 0.8 No

LiF–AngstromBond–LiF 8 Yes 33 76 ± 0.8 No

aEstimated polymer first shock.
bTransparency inferred from Al–LiF radiance history.

FIG. 3. Velocimetry and estimated temperature for Firefly 4 (left) and Firefly 5
(shifted 250 ns) experiments, demonstrating bond transparency and failure.

FIG. 4. Estimated Firefly 1 Al temperature is steady and there is no disturbance
in radiance as the 46 GPa shock crosses the LiF–gap–LiF interface.
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136 GPa (Firefly 4, Fig. 3) yielded such an event. Seven experi-
ments, measuring nine LiF–bond–LiF interfaces with equilibrium
stresses between 46 and 107 GPa, showed no significant disturbance
in the backlighting radiance. This indicates that with proper assem-
bly, such bonds would not compromise pyrometry measurements
of an opaque sample. A key difference to be noted is the use of
wavelengths .900 nm in this work, whereas previous studies gen-
erally operated at shorter wavelengths.

One hypothesis for bond failure is the retention of small
bubbles in the adhesive. In principle, these bubbles crush and jet
upon shock compression, creating localized areas of very high tem-
perature and possible optical emission. However, our tests observed
no measurable difference between layers that had undergone the
debubbling process and those that had not. This is especially clear
in the Firefly 5 results shown in Fig. 3, where an Epotek layer that
had undergone debubbling and another that had not were sub-
jected to the same shock wave. Furthermore, bubble effects would
seem to be more likely from the mixing of a two-component
epoxy, but no differences were observed between these materials
and single-component Loctite glue. Perhaps, bubbles are expelled
during the pressing process, if sufficient pressure is applied, or
maybe any entrained bubbles are of sufficiently small volume to
not emit measurable light under shock.

Another hypothesis for glue bond failure is that a suffi-
ciently hot material in contact with the glue will initiate a reac-
tion within the glue polymer, causing it to decompose and lose
transparency. This could explain why Loctite shocked to 107 GPa
between Al and LiF failed, while Loctite shocked to 100 GPa
between two pieces of LiF did not fail in two tests. We note that
no direct evidence of bond failure due to contact with shock-
heated LiF was observed in this work. LiF temperatures under
shock compression are not well bounded experimentally, but may

be as high as 2000–2500 K,65 substantially lower than Al at the
same shock pressure.

The lack of a pre-shock signal for the intact bond makes
sample–window bond failure more difficult to determine than for
bonds between windows. Figure 6 demonstrates the estimated T vs
interface velocity (which scales with P) across three similar experi-
ments using Loctite between Al and LiF. The blue (Firefly 1) and
red (Firefly 5) plots show experiments where P # 67 GPa. The esti-
mated Al T varies reasonably with shock stress. Even using our
simplistic emissivity assumptions and making no attempts to com-
pensate for interface effects, it does not differ greatly from a high
fidelity Al multiphase EOS.64

Firefly 4 (Fig. 3), shocking Al–Loctite–LiF to 136 GPa, yielded
a steady T dramatically higher than other experiments or thermo-
dynamic predictions, providing strong evidence that the Loctite
layer failed. Firefly 3, shown in black in Fig. 6, tested the Al–LiF
interface at 107 GPa. Apparent T jumped to a value higher than
the EOS prediction and decayed by !10% under steady stress. At
107 GPa, bond failure is likely.

VI. DISCUSSION: TEMPERATURE IN BONDED VS
GAPPED EXPERIMENTS

This section compares observations from the Al–LiF interface
in several Firefly experiments. Loctite was the only adhesive bond
used for that interface. The results of Secs. IV and V indicate that
there is no obvious reason to suspect that an epoxy bond would
yield substantially different results. The term glue is used here to
contrast adhesive bonded from gapped targets. Hardened acrylic
glue will also be treated as functionally similar to PMMA in calcu-
lations and simulations.

Figure 7 compares glued vs gapped Al–LiF interfaces in other-
wise similar experiments. Firefly 5 tested Al attached to LiF with a
2 μm bond. Under a steady shock of 67 GPa, nearly steady radiance
indicated an estimated Al T ! 2200 K at shock breakout, dropping

FIG. 5. Thermal histories at the Al–gap–LiF interface in two experiments. Glue
bond transits without failure are denoted with arrowheads. Firefly 6 data are
unfiltered to preserve high-frequency cooling. FF 7 had a larger sample–window
gap than FF 6.

FIG. 6. Interface velocity and estimated interface temperature of shocked Al–
Loctite–LiF bonds measured in three Firefly (FF) experiments. Shaded regions
estimate shock temperatures at each pressure, assuming 10% uncertainty from
the equation of state predictions.
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to 2150 K; T varied by #50 K (2%). Firefly 7, with an evacuated
gap between Al and LiF, saw dramatically decaying radiance. The
estimated initial Al T ! 3150 K at shock breakout dropped to
2800 K by the end of the experiment and never fully stabilized.
Sjostrom’s Al EOS suggests temperatures of 2000 K at 67 GPa and
2300 K at 76 GPa; the absolute T is not constrained by the published
experimental data, but the relative difference of 300 K between the two
Hugoniot states is a sensible estimate. The bonded experiment pro-
duced an estimated T less than 10%, different than theoretical T ,
while the gapped experiment, placing Al in direct contact with LiF at
a much lower shock T , produced at the estimated T beginning 40%
hotter and decaying to !25% hotter. Firefly 6 saw an initial T approx-
imately 1500 K greater than the EOS estimate; it cooled until reaching
something close to the EOS estimation of !3200 K. However, this
interface temperature is not corrected by the methods described in
Sec. 1 of Appendix A to account for cooling of the Al surface via
thermal conduction into LiF. The corrections use interface T to esti-
mate a lower bulk T , so the similarity of the interface and EOS T
values in this instance is likely a coincidental arrangement of the
factors described in Secs. VI A and VI B.

Radiance measured in a gapped experiment presumably varies
from that measured in a glue-bonded experiment by three indepen-
dent types of mechanisms. First, compression of any residual gas
may create non-thermal emission, release of surface imperfections
will create transient optical radiance from extremely hot jets, and
other mechanisms may create localized variation in T . Second,
thermal diffusion between the sample and the window will place the
interface at a different state from the sample. Finally, T near the
emitting surface will be dictated by a significantly different thermo-
dynamic trajectory than that experienced by the glued samples.

The LiF–gap–LiF experiment (Firefly 1, Fig. 4) showed no
substantial emission from compressed gas. Experiments testing
shocked and released surfaces have found higher apparent T imme-
diately after release, subsequently settling to a stable value, likely
due to inversion and jetting of the localized surface geometry
imperfections.14–16 A free surface that does not impact another

material, such as a window, and re-compress may see radiance evo-
lution for tens or hundreds of nanoseconds. In Firefly 1, the
surface was unloaded for 1 ns or less before impacting LiF, prevent-
ing measurable evolution of an expanding cloud of material. Any
additional heating in the transparent LiF due to shock, release into
the gap, and reshock upon the downstream LiF was not apparent
in our diagnostics.

A. Thermal diffusion

The released material that crosses a gap and comes into direct
contact with a window then experiences thermal diffusion. In most
reports, a correction to estimate the sample temperature from the
interface measurement is made using the model of Grover and
Urtiew.66 The model assumes infinite thermal conductance across
the interface, resulting in a steady interface T . In practice, the
observed temperatures steadily evolve over time, both in this study
and the previous work. The details of that evolution strongly
depend on the experiment configuration.

Appendix A describes the large uncertainties inherent in the
conversion of the measured interface T to the bulk sample temper-
ature. Both the estimation of thermal properties of the shocked
materials and proper accounting for finite boundary conductance
present independent uncertainties of order +10%!!20%. These
uncertainties propagate forward with the adjustment for sample
thermodynamic state history before the bulk temperature is deter-
mined. Thermal diffusion calculations that include boundary con-
ductance are shown in Fig. 8 using relative temperature (1 for the
sample, 0 for the window). Material near the sample surface lies at
a value somewhere between those limits. Finite conductance sup-
ports a temperature discontinuity at the interface that gradually
diminishes over time, although relaxation time scales can vary by
several orders of magnitude. These trends are qualitatively similar
to the gapped experiments: Firefly 6 and 7 (Fig. 5). For example,
simulations using a range of plausible boundary conductance
values predict an Al–LiF interface temperature decay of 3%–35%
over the roughly 300 ns duration of a typical supported shock
experiment.

At pressures of 46 GPa (Firefly 1) and 67 GPa (Firefly 5), radi-
ance from the bonded sample is quite steady and consistent with
the temperature predictions. This suggests that the bond is an
extremely poor thermal conductor, allowing Al to maintain a very
nearly steady shock T for at least several hundred nanoseconds.
Figure 9 shows results of the calculations of thermal diffusion in a
bonded experiment, detailed in Sec. 1 of Appendix A. The calcula-
tions indicate minimal diffusion through the sample–window bond
and no substantial diffusion between the sample and the window
over the time scales of shock experiments. The thermal stability of
these simulations to ,5% is consistent with experimental observa-
tions (Fig. 6, red and blue).

B. Thermodynamic states

Plots of pressure as a function of particle velocity (Fig. 10) are
helpful in the comparison of different sample–window configura-
tions; this particular illustration is based on the shock compression
of aluminum to 100 GPa (dashed horizontal line). The black curve
shows the lithium fluoride shock states derived from a tabular

FIG. 7. Experimental sample–window interface velocity and temperature with
shaded reference EOS T , for two similar experiments, with a glued (left) and a
gapped (right) target. Shaded regions show 10% uncertainty in the calculated
temperature.
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equation of state (SESAME 7270). Sample (Al) shock states lie on
the blue curve. Configuration (d) achieves the Al–LiF intersection
state at the Al–LiF interface, but the same cannot be said for the
other configurations. In the absence of a gap, the aluminum sample
releases slightly to state 2a (97.5 GPa) due to the lithium fluoride
window. For gapped configurations (a) and (b), the samples
undergo complete release to zero pressure (2b), followed by
reshock to a slightly different state pressure (95.7 GPa, state 3b at
the Al–LiF intersection just below state 2a) than the original shock
state; this progress is indicated by the mostly overlapping release
(blue) and reshock (red) curves. Configuration (c) undergoes
partial release to state 2c, defined by the intersection of the green
curve representing adhesive shock states. Subsequent shocks across
the bond restore pressure to the sample–window intersection near
100 GPa in a stepwise manner.

Both configurations expose the sample to shock compression,
but

† gapped samples undergo complete release and reshock from
P = 0 and

† bonded samples undergo partial release followed by multiple
shock recompression.

The release in both configurations can be treated as nearly isentro-
pic—shock waves are unstable for decreasing pressure, resulting in

continuous (and nearly adiabatic) decompression.1 However, the
incompletely released sample in the presence of a bond layer
retains a fair amount of enhanced stiffness from the original
shock state; so the subsequent reverberation shocks do not

FIG. 10. Loading states for aluminum backed by LiF. The Al shock and release
(blue) states and reshock states (red) are nearly identical.

FIG. 8. Simulated relative temperature (sample ¼ 1, window ¼ 0) across an
Al–LiF interface at x ¼ 0 vs interface conductance G (Wm!2 K!1). Top: T (x) at
300 ns. Bottom: T (t) at the Al skin depth.

FIG. 9. Simulated relative temperature (sample ¼ 1, glue ¼ 0.2, window ¼ 0)
across an Al–glue–LiF interface vs interface conductance G (Wm!2 K!1). Top:
T (x) at 300 ns. Bottom: T (t) at the Al skin depth. Scales match Fig. 8.
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generate nearly as much density (or entropy) change as a shock
from P ¼ 0. To a very good approximation, recompression of the
bonded sample follows the decompression path from 2c back to
2a, recovering the temperature of the sample–window
intersection.

Reshocking a fully released sample results in a very different
temperature state than reverberation. Figure 11 shows temperature
calculations for aluminum and copper based on SESAME tables
93 722 and 3336, respectively. These calculations illustrate that
samples exposed to full pressure release are substantially hotter
than the original shock state upon recompression. Some of this
increased temperature might diffuse into the window—this process
is enhanced for gapped samples relative to bonded samples—but
the fact remains that the observed sample temperature can be sub-
stantially higher than expected. Aluminum was used in the present
experiments, but similar deviations would be observed in copper
(as shown) or any other material of interest.

To quantify how much of a gapped sample is affected by the
shock-release-reshock effects, consider the conceptual diagrams in
Fig. 12. Just after the original shock reaches the sample–window
gap (top), the free surface is launched toward the window. A con-
tinuous left-going release travels at sound speeds jc1j . jc00j from
the high to the zero pressure domain, respectively. The free surface
eventually strikes the window, creating a left-going reshock (3b,
nearly equivalent to 2a), but the release has already been traveling
for some time and fans out as shown (bottom). The minimum size

of this release affected zone

hRAZ .
c0
u2b

Us

Us ! c0

! "
h $ c0

2u1
1þ c0

su1

! "
h (1)

depends on original gap thickness h, second shock velocity Us (U3b,
about 10 km s!1 at P3b ! 100 GPa), and release particle velocity u2b
(about 7:6 km s!1); the approximation is based on a linear material
(U ¼ c0 þ su) and the assumption that the release velocity is nearly
twice the particle velocity. For this particular example, the RAZ is
no less than 1:3h, and this estimate only accounts for reshock over-
take of the P ¼ 0 state. Even in the limit of large particle velocity,
hRAZ=h can never be less than c0=2u1—in this case, roughly 0.6.
The left edge of the release front travels roughly three times faster
than the right edge, so the amount of material having undergone
shock-release-reshock, experiencing some RAZ heating, is at least
four times the gap thickness.

Figure 13 shows the results of 1D hydrodynamic simulations
of gapped and bonded experiments created using the code CTH.67

The simulations replicated the geometry of Firefly 6 and 7 experi-
ments testing the Al–gap–LiF interfaces, the Firefly 5 Al–bond–LiF
experiment, and the ideal case of a 1 μm gap. The experiments
were slightly simplified by using a common impact velocity; this
eases comparison without meaningfully changing the underlying
physics. The effect of interface release is reflected in the tempera-
ture profile of aluminum after mechanical equilibration. Consistent
with the calculations described above, Al near the interface experi-
encing the shock-full release-reshock process is heated to more
than 3900 K, nearly twice the estimated bulk state temperature of
less than 2300 K. The hottest layer width is one to two times the
original gap thickness, with a tail extending more than 10& that
distance.

The presence of a sample–window gap profoundly changes
the temperature during shock compression. These differences
persist over micrometer-scale distances. Given the characteristic

FIG. 11. Calculated shock (blue), release (orange), and reshock (yellow) tem-
perature states for aluminum (top) used in this work and copper (bottom) as
another example.

FIG. 12. Conceptual illustration of a gapped measurement just after shock
release (top) and subsequent window impact (bottom).
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values of thermal diffusivity (10!4–10!5 m2 s!1) for metals, such
localized heat can persist for hundreds to thousands of nanosec-
onds. The release-affected zones, thus, perturb measurements in a
similar manner as the reverberation affected zones found in direct
impact experiments.58

C. Adhesive decomposition

Virtually, all polymers are known to decompose under shock
compression from 20 to 30 GPa.54 How is it possible that bonded
samples above this limit do not show obvious signs of such decom-
position? Figure 14 provides some insight on this matter. Glue tem-
perature calculations shown in this plot are based on PMMA
described by SESAME 97735.68 The red curve shows temperatures
achieved by single-shock compression (Hugoniot), while the blue
curve shows the coolest temperatures attainable under adiabatic
conditions (isentrope). All dynamic compression states lie some-
where between these extremes.

Open black circles in Fig. 14 illustrate several examples of
multiple shock recompression, the inevitable result of glue between
a metal sample and a lithium fluoride window. The connecting
lines visually link states for a particular reverberation—the glue
experiences only discrete temperature–pressure states, not the con-
tinuum of intermediate states. By definition, the first glue shock
lies on the Hugoniot, and there is little temperature change on the
subsequent shocks. Most calculations shown here (solid lines) are
based on an aluminum sample and a LiF window, with one addi-
tional case (dotted line) for copper and LiF. General trends are the
same in either case, apart from differences in the first shock state
for the same final pressure.

The yellow-shaded region in Fig. 14 indicates the approximate
Hugoniot temperature at the reported 20–30 GPa shock decompo-
sition pressure for polymers, which presumably applies to Loctite
as well as any epoxy. The fact that adhesives reverberate within the
metal–window stack allows higher pressure to be attained without
reaching the necessary temperature to cause decomposition, i.e.,
adhesive temperature depends primarily on the first shock state.
For example, one of the Al–LiF calculations and the Cu–LiF calcu-
lation fall within the shaded region. For this particular EOS,
decomposition occurs at a maximum temperature of 1450 K on the
Hugoniot, but multi-shock compression keeps the glue below this
threshold to at least 50 GPa for an Al sample. The final temperature
is further reduced for a copper sample, where the first shock is
22 GPa rather than 27 GPa.

Reverberation might explain adhesive function to 60 GPa, but
strong evidence of failure was not observed here until
P . 100 GPa. It could be that decomposition is further suppressed
by multiple shocks compared to a single shock. In other words, it
may be possible to reach higher temperatures without decomposi-
tion by avoiding a single shock—the yellow region in Fig. 14 may
not be purely horizontal as shown. Glue thickness presumably
plays a strong role as well. In previous studies, the adhesive bonds
are quite likely to be ' 1 μm thick, both because of insufficient
pressure during assembly and unreliable thickness characterization.
A thin decomposing bond has much less effect on pyrometry than
a thick bond, both in terms of sample attenuation and self emis-
sion. Operating wavelength could also play a role. Bond emission
may be limited to shorter wavelengths, where the sample radiance
is lower than at longer wavelengths. Bond failure sensitivity is likely
also amplified by the high detector gain needed to detect short
wavelengths for temperatures ( 3000 K.

VII. CONCLUSIONS

This work established the transparency range of adhesive
bonds for radiometric shock temperature studies, compared the
results of bonded and gapped temperature experiments under
similar conditions, and analyzed the observed differences between

FIG. 13. Calculated T (x) profiles for gapped and bonded experiments as con-
ducted and in the ideal case of a small gap. Impact velocity was 4:03 km s!1 in
all simulations.

FIG. 14. Calculated glue temperature states.
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these experiments. These results suggest several guidelines for the
design and analysis of shock experiments using the emission of a
metal surface across a transparent interface to estimate the metal
temperature.

First, it is extremely important to take into account the dif-
ferences between a bonded sample–window interface and a
gapped interface, even when the gap is small. The analysis of
temperature from a gapped target requires two substantial cor-
rections with large uncertainties. The first is the well-known
thermal diffusion problem of an interface with unknown bulk
temperature, thermal effusivity, and boundary conductance.
More concerning is the necessary adjustment from the interface
temperature to the bulk state far from the interface. The
micrometer-thick layer of the interface material undergoing
complete pressure release and subsequent reshock is dramatically
hotter than the bulk state, systematically biasing radiance mea-
surements and confounding analysis. The extent of this
release-affected layer is directly proportional to the width of the
initial gap, which can be difficult to determine experimentally,
and is often variable across the sample–window interface. Decay
of the heated layer in a gapped experiment through thermal dif-
fusion, even with a few-micrometer gap, likely occurs on time-
scales similar to or longer than the duration of the experiment.

Shock experiments using polymer adhesive layers—under con-
ditions that do not cause failure under compression—alleviate both
of these concerns. Our tests show that thermal emission can be col-
lected from sample surfaces that are attached to windows with a
bond under a significant range of conditions. Pressing the sample–
window assembly with as much force as possible helps to create
bonds of ,10 μm thickness, and radiometric measurements of thin
bonds do not seem to show emission in the near-infrared for pres-
sures below 77 GPa, possibly as high as 100 GPa. In addition to
Loctite, the common adhesives Stycast, Epotek, and Angstrombond
are likely feasible. More importantly, the sample surface tempera-
ture is similar to the bulk state due to substantially reduced addi-
tional heating generated by the shock-partial release-reshock cycle.
For example, Fig. 13 demonstrates that, in our experiments, the
sample near the interface is ,5% hotter than the bulk state.
Second, the poor conductivity of the compressed polymer, in addi-
tion to the poor interface conductance between the polymer and
both the sample and the window, likely leaves the sample tempera-
ture within the sample skin depth within a few percent of the bulk
material.

Measurements of a material with unknown EOS might begin
by shocking the glued samples to lower pressures and temperatures
at which the glue is very likely not to fail. Experiments can be con-
ducted at increasing pressure until either a dramatic increase in
temperature or a measured temperature that does not remain
steady under steady compression is observed. Our results provide
guidelines for choosing these compression states.
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APPENDIX A: INTERFACE THERMAL PROPERTIES

Analysis of shock temperature on one side of a material inter-
face requires analysis of the initial thermal/mechanical states across
the interface and their subsequent diffusion. This appendix
describes calculations on two simple model test systems: a sample
of Al metal in direct contact with a LiF window and a sample of Al
attached to a LiF window with a polymer adhesive bond layer,
approximated by polymethylmethacrylate (PMMA). These systems
are relatively simple, use common and well-characterized materials,
and correspond to the experiments reported in Sec. IV.

1. Experiments without bond layers

Analysis of experiments measuring the temperature of
shocked samples in direct contact with an optical window generally
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uses the models of Grover and Urtiew.66,69 They demonstrated that
an ideal theoretical interface with perfect boundary conductance
between two materials, each with homogeneous post-shock T ,
density ρ, thermal conductivity κT , and specific heat cp, has a time-
independent temperature,

T) ¼ T1 !
T1 ! T2

1þ α
, (A1)

where α is defined as the ratio of the thermal effusivities of the
materials,

α ;
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ1κT1c p1
ρ2κT2c p2

r
: (A2)

In this simple model, the temperature measured at the inter-
face is corrected to infer the sample temperature. Intuitively, and
from Eq. (A1), it is clear that the sample temperature correction
scales proportionally with the difference in temperature between
the sample and the window, T1 ! T2. If the shocked window and
the sample possess different temperatures, then T1(T)) is a function
of T2 and parameter α, estimated from the combination of six
properties of the system under compression. While ρ is generally
well constrained, the experimental data on cp and κT do not exist
for most materials under most shocked conditions.

Figure 15 displays the relationship of the measured interface
temperature to the bulk sample shock temperature as a function of
α (blue line). This calculation expresses temperature in absolute
form, with T1 ; 1 for the sample and T2 ; 0 for the window. For
typical configurations of metals in contact with optical windows, α
is roughly between 1 and 10. Conservative uncertainty ranges in
material parameters, particularly in κT of the metal and the
window, lead to a factor of !2!!5 uncertainty in α.40 The points
shown in Fig. 15 give mean, high, and low bound estimations for
an Al–LiF interface, using approximate parameters70 in published
works.40,58 These calculations are meant to demonstrate the

uncertainty in the Grover calculation and not to define its value for
a particular experiment. Plausible experimental uncertainty in
thermal conductivity under shock compression and heating of a
factor of two (Fig. 15, yellow and purple) cause T) to vary from
about 45%–80% of the difference in T between the sample and the
window.

Physical interfaces have both finite contact conductance (Gc)
and thermal boundary conductance (Gb). Neither of these proper-
ties are taken into account in the Grover model. The former results
from imperfect physical contact between any real surfaces, increas-
ing with the smoothness of the surfaces and the pressure applied
between them.71,72 The latter results from the limitations in
thermal transport between dissimilar materials, i.e., different elec-
tron and phonon properties in each material, present even in atom-
ically smooth interfaces.73 The net inverse conductance (resistance)
is a series sum of each effect,

1
G
;

1
Gc

þ 1
Gb

: (A3)

Even for a perfect contact (Gc ! 1), total conductance at the
interface remains finite. The Grover model assumes that Gb also
becomes infinite under shock compression.

Transient heat flow between two materials with finite G allows
temperature discontinuities to exist, at least for some period of
time. The interface will assume an initial temperature between the
low bound of the Grover value and the high bound of the sample’s
bulk shock state. It then equilibrates toward the Grover value on
some timescale. Dynamic T calculation is treated numerically here
rather than analytically. Figure 8 shows T(G) calculations for
Al–LiF, with the parameters given in our previous calculations,
performed with a numerical code utilizing the method of lines74 as
described in a previous work.58 The top panel shows temperature
along the compression axis T(x) at t ¼ 300 ns; and the bottom
panel demonstrates the temperature history T(t) at one location,
20 nm into the sample, approximating the penetration depth of a
radiometric measurement. On the few-hundred-ns measurement
timescales typical in shock experiments, G must exceed 108

(Wm!2 K!1) for T) to converge to the infinite conduction approx-
imation, while G , 106 results in T) remaining near sample tem-
perature under shock stress.

The experimental values of interface conductance under shock
are unknown. Tang used the relaxation of apparent temperature
measured in shock experiments33 to experimentally calculate
G ! 107 Wm!2 K!1 between shocked sapphire and shocked Fe;
however, the darkening sapphire window likely invalidated the radi-
ance measurements. Hohensee studied the conduction between
metals and diamond at pressures up to 50 GPa, finding G increas-
ing with pressure but plateauing to !108 Wm!2 K!1. Hopkins
reviewed G(T) at ambient pressure and generally found plateauing
increase up to !500 K, with electrical conductor-to-insulator inter-
faces ranging from G , 107 to nearly 109. It seems plausible that
G ! 107!108 Wm!2 K!1 for interfaces between shocked metals
and LiF. If so, T) varies from about 65% to 80% of T1 ! T2. The
uncertainty in sample temperature inference due to the uncertainty
in G appears to be roughly half as large as that caused by the
uncertainty in α.

FIG. 15. The ratio of interface temperature (T)) to absolute metal sample T as
a function of α (blue line), where T is expressed on a scale from 0 (window T )
to 1 (sample T ). The points show an approximate example of mean and bound
values for a shocked Sn–LiF interface using the parameter values discussed in
Sec. 1 of Appendix A.
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Experimental configurations that place a thin intermediate
layer between the sample and the window create a dynamic behav-
ior that is inherently more complex, both thermally and mechani-
cally. Mechanical equilibration of a system including a few-μm
layers results in a series of stress states lasting ,10 ns. This leaves
the loading axis at a non-uniform T that generally requires hydro-
dynamic simulations with multiphase EOS models to fully charac-
terize.28,40,58 We analyze this is in Sec. VI B.

Grover analyzed the system of a sample, window, and thin
intermediate layer, each starting at a single uniform temperature,
with perfect thermal conduction between the layers. Tang analyti-
cally added finite boundary conductance and concluded that it
created time dependence in the interface temperature.75 That work
estimated a time for interface T to converge to a steady value; the
results varied in comparison with the experimental data available at
the time. Brantley applied this analysis to experiments using a LiF
window sputtered with Sn or Fe and pressed to an Fe plate, esti-
mating that uncertain boundary conductance produced uncertainty
in T of up to 15%. Brantley also reported that uncertainty in α
causes 10% uncertainty in T . Other experimental uncertainties,
including porosity in the sputtered layer and the film-baseplate
gap, produced T uncertainty of roughly 1%–10%.

2. Experiments employing adhesive-bonded samples

To similarly analyze thermal diffusion between a metal target
bonded to a window, we introduce a thin layer of polymer adhesive
to our model Al–LiF system. The ambient density of Loctite is
1:05 g cm!3; shock data76 on a similar polymer polymethylmethacry-
late (PMMA) suggests ρ ¼ 2:0 g cm!3 at 25 GPa, while experiments
and simulations on similar polymers such as polyethylene and poly-
methylpentene give estimates of ρ ¼ 1:9 and 1:6 g cm!3.5,77 The
value 1:8 g cm!3 is used here, noting that this uncertainty is small
compared to the uncertainty in thermal properties, which have not
generally been measured under shock compression.

The adhesive’s cp value under ambient conditions is specified as
0:3 J g!1 K!1. Ambient kT is specified as 0:1Wm!2 K!1, which is
less than 0.1% of that of an average metal and 1% of LiF, but is com-
parable to polymer plastics and wood. Andersson experimentally
studied PMMA and found that cp increases moderately with increas-
ing pressure and temperature; the estimate cp is 0:8 J g!1 K!1 is used
here. Andersson also measured kT and found moderate increase
with increasing pressure and small increase with increasing tempera-
ture. Hsieh measured and fitted kT (P).

78 From the two models, kT
can be estimated as 0:4!0:7Wm!2 K!1. Computational studies by
Liu suggested that straining polymer chains increased their kT , possi-
bly implying that shock compression might tamp increases in
kT (P);

79 the value kT ¼ 0:6Wm!2 K!1 is used here. The adhesive
interfaces with Sn and LiF also possess finite G. The interface of an
amorphous insulator with a crystalline metal or a crystalline insulator
should inherently limit both electrical and phonon conductivities.

Figure 9 shows the results of thermal diffusion simulations
including an adhesive layer with the estimated properties. The Sn
sample with initial shock T (Tshock) ¼ 1, attached with glue
(Tshock ¼ 0:2) to a window (Tshock ¼ 0) is allowed to equilibrate for
300 ns, the approximate timescale for most practical shock experi-
ments, with varying interface conductance G. In all cases, the

sample T skin depth of the optical pyrometry measurement is
between 0.94 and 0.98, i.e., 94%–98% of the difference between the
sample and window shock temperatures. In no case does significant
heat diffuse from the sample to the window. The T histories at
these interfaces are steady to less than 5% and can be described as
Tsample ! (0:04+ 0:02)& (Tsample ! Tglue).

Modern experiments measuring radiance and estimating the
temperature of shocked metals under steady loading in this config-
uration report a nearly steady temperature.8,31,47–50,58 In experi-
ments where dynamic emissivity was measured, a moderate change
in measured radiance was often found to be caused by the change
in emissivity, not temperature change.8,49 Steady Tmeas is indicative
of either exceptionally good thermal conduction—the case of
G ! 1 demonstrated in Fig. 8 with direct contact between the
sample and a LiF crystal—or very poor thermal conduction, as
would be expected between a metal and an amorphous insulator as
demonstrated in Fig. 9.
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