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The Cherenkov mechanism used in Gas Cherenkov Detectors (GCDs) is exceptionally fast. However,
the temporal resolution of GCDs, such as the Gamma Reaction History diagnostic at the National
Ignition Facility (NIF), has been limited by the current state-of-the-art photomultiplier tube technology
to ~100 ps. The soon-to-be deployed Pulse Dilation Photomultiplier Tube (PD-PMT) at NIF will
allow for temporal resolution comparable to that of the gas cell or ~10 ps. Enhanced resolution
will contribute to the quest for ignition in a crucial way through precision measurements of reaction
history and ablator areal density (pR) history, leading to better constrained models. Features such
as onset of alpha heating, shock reverberations, and burn truncation due to dynamically evolving
failure modes may become visible for the first time. Test measurements of the PD-PMT at Atomic
Weapons Establishment confirmed that design goals have been met. The PD-PMT provides dilation
factors of 2 to 40x in 6 increments. The GCD-3 recently deployed at the NIF has been modified for
coupling to a PD-PMT and will soon be making ultrafast measurements. Published by AIP Publishing.

https://doi.org/10.1063/1.5039377

l. INTRODUCTION

Gas Cherenkov Detectors (GCDs)'™ fielded at the
National Ignition Facility (NIF) provide crucial information
about inertial confinement fusion (ICF) experiments, such as
the time between the start of the laser drive to peak nuclear
burn rate (bang time), burn width, i.e., the full width at half
maximum (FWHM) of the burn history, and carbon-pR of the
remaining ablator material,*’ by time resolved measurement
of multi-MeV gamma rays emerging from nuclear burn, as well
as gamma rays from neutrons interacting with ablator material
[e.g., ">C(n, n’)y]. The incident gamma rays are converted by
using a low Z converter to relativistic Compton electrons. The
Compton electrons produce UV/visible Cherenkov light in a
pressurized gas cell, which is collected by using Cassegrainian
reflective optics onto a photomultiplier tube (PMT). By chang-
ing the gas pressure in the gas cell, the energy threshold for
Cherenkov radiation can be set. This enables measurements
at thresholds at an energy of >8 MeV at 64.4 psi for DT
fusion gammas and down to >2.9 MeV at 400 psi for carbon
gammas.

Note: Paper published as part of the Proceedings of the 22nd Topical Confer-
ence on High-Temperature Plasma Diagnostics, San Diego, California, April
2018.
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The Cherenkov mechanism is inherently fast, yielding a
time response of ~10 ps for DT gammas. However, the tem-
poral resolution of burn histories is limited by the temporal
response of the current state of the art PMTs to about ~100 ps.
Since the incident signal is convolved with about 110 ps wide
impulse response function (IRF) of the PMT and recording
system, a deconvolution or forward-fit technique is necessary
to obtain correct burn width measurements. Deconvolution is
only feasible down to a burn width on the order of the width
of the PMT-IRF. With decreasing burn width in ICF experi-
ments, as implosion performance improves at NIF, capability
for higher temporal resolution is needed. To overcome the
PMT limitation, a new Pulse Dilation-PMT (PD-PMT) has
been developed and will soon be fielded on GCD-3 at NIF,
allowing for up to 40x higher temporal resolution. The tem-
poral magnification enables resolution of features at ~10 ps.
This increased temporal resolution will open a vast field of new
physics applications for GCDs and better constrained models
for ICF.

Features such as the resolution of a burn rate increase at
the onset of alpha heating, reaction history inflections due to
shock reverberation, and burn truncation due to developing
failure modes will be temporally resolved for the first time.

Pulse dilation® is already used at NIF on imaging systems
such as Single Line Of Sight (SLOS)? and the dilation x-ray

Published by AIP Publishing.
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imager (DIXI).10 However, in contrast to SLOS and DIXI,
PD-PMT is more radiation hardened since no CCD sensors,
phosphor, or other radiation sensitive components are used.

Il. THE PD-PMT DILATION FACTORS AND MCP
GATE MODES

The PD-PMT!! consists of a photocathode (PC) and two
accelerating meshes at the front end followed by a drift tube,
a microchannel plate (MCP) at the back end, and an anode
(Fig. 1). Incident Cherenkov photons are converted to photo
electrons at the photocathode. These electrons are then accel-
erated by a dc high voltage bias between the PC and Mesh 1
and a ramped high voltage pulse applied between Mesh 1 and
Mesh 2, resulting in faster electrons at the front of the electron
bunch and slower electrons at the back. The accelerated elec-
trons enter a 52 cm long, electric-field free, and magnetically
confined drift region. At the end of the drift tube, the electron
signal is amplified by using the MCP and collected by using
the anode.

The ramped high voltage pulse governs the time and dura-
tion of the useful dilation window, as well as the dilation
factor (DF). Electrons emerging early from the photocathode
are accelerated by a higher voltage than electrons emerging
late. This results in a differential energy of the electron bunch
propagating through the drift tube. The electron bunch drifts
apart axially in the transversal magnetic confinement of the
drift tube resulting in temporal magnification of the signal,
determined by the chosen dilation factor. The available nom-
inal dilation factors and useful window durations are shown
in Table I.

There is a tradeoff between the dilation factor and useful
dilation window duration: the higher the dilation factor, the
shorter the useful dilation window. In the time before the ramp
is triggered, constant voltage is applied to the photocathode
allowing for an undilated measurement. Since there is insuffi-
cient accelerating voltage after the ramp signal, no data can be
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FIG. 1. Schematic depiction of the PD-PMT.

TABLE I. Dilation factors and useful window durations provided by PD-
PMT.

Dilation factor Useful window duration

40x 0.25 ns
20x 0.5 ns
10x 1 ns
10x + 1x 0.5ns +2 us
5% 2 ns

2% Sns

1x 2 us
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FIG. 2. The MCP provides three gain modes. Constant gain mode 0 (red,
solid), gated mode 1 (blue, dashed), and gated and ramped mode 2 (green,
dotted-dashed).

collected after the end of the useful dilation window. However,
there is one ramp mode designed to give a 10X dilation factor
over a 0.5 ns useful dilation window followed by a 1x or undi-
lated measurement window (i.e., half the recording window of
the nominal 10X setting).

Dilation not only spreads the signal of the burn history
temporally but also reduces the signal amplitude by the dila-
tion factor, resulting in a need for higher MCP gain factors in
dilated measurements compared to undilated measurements.
Since the MCP amplifies the signal after dilation is com-
pleted, the gain does not influence the dilation factor. To
avoid depletion of the MCP before the burn signal arrives, the
PD-PMT provides 2 gated MCP modes in addition to a DC
mode (Fig. 2).

Mode 0 is the DC mode, in which a constant voltage is
applied to the MCP resulting in constant gain for constant
electron energy. The MCP response depends on the energy of
the electrons. Higher electron energy results in stronger MCP
response. Mode 1 is a gated mode that provides an ~25 ns
wide window of fairly constant MCP gain. MCP mode 2 pro-
vides a gated and ramped window of ~25 ns in which the gain
of the MCP is increased during the gate window. This mode
is intended to provide compensation for the drop in electron
energy during the dilation window.

lll. RECOMPRESSING DILATED BURN HISTORY
MEASUREMENTS

Dilation spreads the signal out in time. A recompression
algorithm needs to be applied to the measured dilated signal
to get back to the input signal. Three pieces of information are
needed to recompress the signal in order to obtain the actual
burn history, i.e., the dilation factor, the gain factor, and the
MCP-IRE.

The dilated signal is convolved with the MCP-IRF. A
deconvolution is needed to remove the MCP-IRF’s imprint
on the data. The width of the MCP-IRF limits the temporal
resolution for undilated measurements. For a dilated measure-
ment, the signal is stretched in time, while MCP-IRF stays the
same width, resulting in much less imprint of the MCP-IRF on
the measurement. Since the signal is dilated before it is mea-
sured by the MCP, the FWHM ratio between the signal and
IRF is increased by the dilation factor. A measurement with a
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system with a 110 ps wide IRF using a 10x dilation of the result
becomes comparable to an undilated measurement made with
a system with an IRF with a FWHM of 11 ps. Figure 3 shows
comparison between two simulations of a 135 ps wide Gaus-
sian burn history convolved with the 110 ps wide MCP-IRF
at 1x dilation [Figs. 3(a)] and 10x dilation [Fig. 3(b)]. The
undilated simulation is widened to a FWHM of 173 ps and
shows ringing features on the tail end. A deconvolution (not
shown) is needed to get back to the input burn history. The
10x dilated simulation has been temporally rescaled to the
input time in Fig. 3(b). The simulated measurement is already
very close to the input burn history. The Gaussian shape is well
preserved, and the FWHM is only slightly larger at 138 ps than
the input burn history at 135 ps FWHM. Since there is little
broadening and no apparent ringing in the tail, the effects of the
MCP-IRF are minimal and a deconvolution is not absolutely
necessary.

In order to obtain the actual burn history from a dilated
measurement, both the time and amplitude of the decon-
volved measured signal need to be rescaled. The signal is
recompressed by dividing the time between bins by the
dilation factor and multiplying the amplitude by the dila-
tion factor as well as dividing by the relative gain factor
(Fig. 4).

Changes in the dilation factor and gain factor during the
recording window can result in distortion of the recorded sig-
nal. It is therefore important to know the dilation factor and
gain factor at any given time during the useful dilation win-
dow precisely. To obtain accurate dilation and gain factors, a
thorough characterization of the PD-PMT was performed at
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FIG. 3. Comparison of simulations of 1x and 10x dilation of a 135 ps wide
burn history.
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FIG. 4. Graphical representation of the recompression algorithm using the
dilation factor and the MCP gain factor to get back to the input signal.

the Atomic Weapons Establishment (AWE) in the UK prior
to installation at NIF. A short pulse laser with 12 ps FWHM
and 527 nm wave length is split up and sent to the reference
PMT and the PD-PMT. The laser pulse going to the reference
PMT was used as a timing reference as well as scaling refer-
ence for the relative gain measurements for the PD-PMT. The
laser pulse going to the PD-PMT propagated through a Michel-
son interferometer resulting in two light pulses of adjustable
temporal separation.

Two methods of deriving dilation factors are used. First,
the ratio of peak separations of the double peak measured
by the PD-PMT with dilation (PSgijaeq) and without dilation
(PSinitia1) provides a measure of the dilation factor (DF),

_ PSaitatea

DF = .
PSinitial

ey
Second, since dilation also delays the measured signal, a shift
inrelative timing between PC high voltage-ramp and the arrival
of the dilated signal is used to calculate dilation factors. A small
negative shift of the ramp time (At;amp) results in a large shift
in the signal peak time (Atpeax). The dilation factor can be
calculated by

At
DF =1 — —P«k. )

At ramp

The first method provides low accuracy, since the small initial
peak separation needs to be very well known, but high preci-
sion since a dilation factor is calculated from a single optical
source. The second measurement has high accuracy, since it is
independent of uncertainties of the measurement of initial peak
separation, but low precision, because it is prone to trigger jit-
ter between different pulses, especially for the ramp trigger. By
combining the two methods, a high precision and high accu-
racy measurement of the dilation factor over the useful dilation
window is achieved.

The dilation factor as a function of front end time (undi-
lated time scale) for 10x dilation factor and MCP gate mode
1 is shown in Fig. 5. About 2500 measurements are plotted in
black, and the green line shows the relative root mean square
(RMS) error. The root mean square error is well below 1%
during the whole useful dilation window. The blue lines indi-
cate the useful dilation window. The magenta lines indicate
the width of a 150 ps wide burn history.
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FIG. 6. Gain factor (black) for 10x dilation factor at MCP mode 1 and relative
error (green). The blue bars mark the useful dilation window of 1 ns. The
magenta bars mark the width of a 150 ps wide burn history.

Dilation of a signal should not change the area underneath
the peak since the width of the signal is increased by the dila-
tion, while the height is decreased by the dilation. However,
ringing in the gate voltage does result in small gain variations
as a function of time. Since the intensity of the produced light
pulse may vary shot to shot, the gain factor is calculated as the
measured ratio of the area of the dilated peak and the reference
peak at the reference PMT. The result of the measurements for
10x dilation factor and MCP gate mode 1 is shown in Fig. 6.
The RMS error of the gain factor is ~4% during the useful
dilation window.

Both the dilation factor and gain factor are very well
known so that the recompression can be performed with very
high accuracy.

IV. BACKGROUND STUDY FOR GCD-3 WITH PD-PMT

The PD-PMT replaces the regular PMT previously used in
GCD-3. To accommodate the new device, a new mounting sys-
tem was designed, which includes added shielding. However,
the engineering envelope of the Well diagnostic instrument
manipulator (DIM) at NIF, which GCD is fielded in, lim-
its the amount of shielding that can be used. To spend the
weight budget in the most effective way, a shielding study has

Rev. Sci. Instrum. 89, 101146 (2018)

been performed prior to designing the mounting system. The
background study consists of measurements performed at the
OMEGA laser facility at the Laboratory for Laser Energet-
ics (LLE) in Rochester and Monte Carlo N-Particle Transport
Code (MCNP) simulations. The measurements at OMEGA
serve the purpose of assessing the sources for background, for
GCD-3 with a PMT, and to infer background for GCD-3 with
PD-PMT at NIF. The dilation in combination with the propa-
gation time of the electrons through the drift tube introduces
a delay in the arrival time of the signal of ~22.5 ns. This time
shift needs to be taken into account for an accurate estimation
of background for the measurement.

Three components cause background pickup: the sapphire
pressure window of the GCD-3 gas cell, the quartz input win-
dow of the PMT onto which the thin PC is deposited, and the
MCP. The sapphire window and the quartz input window are
positioned at the front end of the PD-PMT, while the MCP is in
the back end. The distinction between the PMT window and the
MCP did not matter for a regular PMT. However, since a 52 cm
long drift tube is inserted between the PC and the MCP for PD-
PMT, the distinction becomes crucial. Background at the front
end of PD-PMT is dilated in the same way as the signal, so
the ratio between the front-end background and signal stays
unchanged. However, since the signal arriving at the MCP is
stretched out by the dilation factor, the signal to background
ratio at the MCP effectively becomes decreased by the dilation
factor. However, the transit time delay of the photoelectron sig-
nal also means that the MCP is sampling background at a later
time.

The measurements conducted at OMEGA were using
the detectors GCD-1 and GCD-3 with regular PMTs mea-
suring gamma reaction histories (GRHs) of direct drive DT
filled capsule implosions. Overall 13 “identical” glass cap-
sule implosions with a DT neutron yield of 1.5 x 10'* (£15%)
were used to perform the background study. Three examples of
measurement results are shown in Fig. 7, with three temporal
regions labeled precursor, prompt signal, and post prompt sig-
nal. The precursor arises from target gammas [i.e., DT fusion
or (n, n”) gammas off the glass capsule] reaching the back of

-
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— PCoff
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post prompt

Signal (norm'ed by Y, Atten, QEG (1e-18))
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time rel. BT (ns)

FIG. 7. Background study measurement results for different setups. A regular
reaction history measurement (green), a measurement with the photocathode
taped off, and a measurement with the photocathode gated off.
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the GCD on a direct line-of-sight or short scattering path (in
the form of lower-energy gammas or Compton electrons) and
interacting in the sapphire pressure window, the quartz input
window of the PMT, or the MCP. The prompt signal is caused
by Cherenkov light coming from gammas of the fusion burn.
The post prompt signal can have many different sources such
as gammas from inelastic scattering of neutrons of matter close
to the implosion or gammas scattering of the target chamber
wall.

As a first step, a measurement (green line in Fig. 7) with
all components operated in a standard configuration and the
gas cell pressurized to a 6.3 MeV threshold has been per-
formed. This measurement serves as a reference for the other
measurements.

As a second step, the gas cell was evacuated. This mea-
surement yields the sum of backgrounds from all compo-
nents without the Cherenkov signal from the gas cell. A
third measurement was taken with the Quartz input win-
dow of the PMT taped off (red line in Fig. 7). This
removes the background contributions from Cherenkov radi-
ation from the sapphire pressure window of the gas cell.
The fourth measurement had the PC gated off resulting in
suppression of background from Cherenkov radiation from
the quartz input window and from the PC (black line in
Fig. 7). The remaining background is considered to come from
the MCP.

The conclusion of these measurements is that 21% of
the overall background comes from the sapphire pressure
window, 73% from the quartz input window, and only 6%
from the MCP, in the position the MCP is at in normal PMT
configuration.

In the PD-PMT configuration of GCD-3, the MCP is
moved 52 cm back compared to the regular PMT config-
uration. The new position of the MCP results in changed
background characteristics. A MCNP simulation was used to
quantify the expected background at the new position with
new tungsten shielding surrounding the MCP. Simulations
show that the background from the MCP will drop by at
least a factor of three. This is caused both by the new posi-
tion of the MCP and the delayed arrival time of the sig-
nal due to the propagation time through the drift tube since
the energy of the gamma background drops at later times.

~-MCP/PC

= y—— -0.0163x + 0.6462

. \/ \/M
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FIG. 8. The ratio between the back-
ground at the PC and the new MCP
position as a function of time since the
peak burn rate of the fusion reaction is
simulated using MCNP. The red dashed
line represents the time of the “useful
dilation window” at the MCP located at
the end of the drift tube.
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The result of the simulation is shown in Fig. 8 as a ratio
between the background at the PC position and the new MCP
position.

V. SYNTHETIC PULSE-DILATION MODEL
FOR REACTION HISTORY MEASUREMENTS

Since pulse dilation stretches out the signal in time result-
ing in a drop in signal amplitude, the applicable dilation fac-
tor is limited by the expected neutron yield and burn width
of a given shot, as well as the background picked up by
different components of GCD-3 and the PD-PMT. In order
to estimate the signal to noise ratio as well as statistical
errors of upcoming measurement, a synthetic pulse-dilation
model for measurements for any dilation factor, neutron yield,
and burn width has been developed. This model is based
on GCD-3 measurements using a regular PMT at NIF, the
background study described above, and GEANT4 simula-
tions. The synthetic pulse-dilation model allows one to pick
the best dilation factor for an upcoming shot. There is a
sweet spot for the dilation factor for each combination of
neutron yield and burn width since low dilation factor measure-
ments are influenced by the MCP-IRF, while measurements
at high dilation factors are limited by the signal to noise
ratio.

The GCD-3 measurements provide the raw background
used in the model. The background is rescaled according
to the background study. A majority of the background is
picked up at the front-end components at the time the sig-
nal arrives at the PC and undergoes dilation; therefore, it is
stretched out and reduced in amplitude by the dilation factor.
The second contribution is the background picked up by the
MCP. This background is picked up at the time the dilated
signal arrives at the MCP, about 22.5 ns delayed, and is not
dilated. However, the background study shows that only 2%
of the background measured by GCD-3 with a regular PMT
at that time will be picked up by the MCP of the PD-PMT.
These two components are combined to simulate the back-
ground for dilated measurements. The noise of the background
signal is derived by calculating the root mean square devia-
tions of the individual measurements to the average of these
measurements.
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FIG. 9. Synthetic pulse-dilation model for a DTy history at 10x dilation factor
for 1 x 10'3 neutron yield and 127 ps burn width. The dashed green lines
indicate the RMS error estimated for the measurement.

The signal is simulated by a Gaussian burn history
that undergoes each conversion process in the detector, i.e.,
gamma to Compton-electrons to Cherenkov radiation to
photo electrons. Each conversion process takes statistical dis-
tributions obtained by GEANT4 simulations into account.
The signal is then stretched according to the dilation fac-
tor used for this simulation. The statistical error is esti-
mated by calculating the root mean square error of many
of these simulations in comparison to the average of these
simulations.

The average of this simulated burn histories is added
to the simulated background, and the statistical errors are
added in quadrature. Figure 9 shows the result of a syn-
thetic pulse dilation measurement of a 127 ps wide burn
history with a neutron yield of 1 x 10'> and 10x dilation fac-
tor applied. The dashed green lines indicate the error of the
measurement.

The best dilation factor for an upcoming shot can be
determined by calculating synthetic pulse-dilation models for
different dilation factors. For low dilation factors, the error
introduced by deconvolution needs to be taken into account.
For an undilated measurement, the error introduced by decon-
volution for burn width measurements is ~30 ps. Figure 10
shows raw burn width and measurement uncertainties for dif-
ferent dilation factors applied in a synthetic pulse-dilation
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FIG. 10. Width and error bars of recompressed simulated measurements for
1 x 10'5 neutron yield and 127 ps wide Gaussian gamma histories for different
dilation factors. The width is calculated without deconvolving the signal to
illustrate the influence of the deconvolution process. The dashed line indicates
127 ps burn width.
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model for a yield of 1 x 10'> neutrons and a Gaussian burn
history. The raw burn width is measured with recompres-
sion but without deconvolution to illustrate the influence of
the MCP-IRF on the measurement. These simulations show
that 10x dilation would be ideal since it yields the smallest
errors.

VL. IN SITU TESTING THE PD-PMT USING COMB
GENERATORS

After the PD-PMT is installed on GCD-3 at NIF, in situ
test measurements of the system can be performed. The
in situ tests measurements will confirm and improve upon the
characterization measurements made at AWE. The PD-PMT
provides an optical fiber input allowing for shining light onto
the PC. Two comb generators providing a comb frequency of
6 GHz and 10 GHz, respectively,12 can be used for in situ test
measurements. The comb sits on top of a 100 ns wide pulse,
as seen in Fig. 11.

The dilation factor as a function of time can be measured
comparing the temporal spacing of the comb peaks before
and after dilation. This measurement also yields the duration
of useful dilation window. The relative gain of the MCP as
a function of time can be measured for all combinations of
dilation factor gain mode and gain factor setting of the PD-
PMT. Although the 100 ns wide pulse enveloping the comb
shows a rising slope, in the duration of a dilation window,
which is less than 1 ns, the signal amplitude can be considered
constant (see Fig. 11).

An in-line neutral density attenuator reducing the light
output of the comb generator allows for measurements of the
onset of non-linearity of the MCP. After a certain amount of
charge is drawn from the MCP, depletion causes a drop in
signal output strength. This drop in signal marks the start of
the non-linear response of the MCP and the upper limit of the
dynamic range of the MCP. The MCP will always be operated

FIG.11. 6 GHz comb generator output measured with a scope. The
enlarged portion shows the comb and the temporal separation of the peaks
(At =16.7 ps), which is used to measure dilation factors.
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well below the onset of non-linearity so that the MCP-IRF
always has the same shape and amplitude for the duration of
the measurement and any given gain factor.

Vil. PD-PMT PERFORMANCE TEST VIA RIDE ALONG
SHOTS AT NIF

Before GCD-3 with PD-PMT can provide highly
resolved gamma reaction history measurements at NIF on a
regular basis, testing utilizing high neutron yield shots is
necessary. Neutron yields larger than 1 x 10> will be suf-
ficient. For this testing, no dedicated shots for PD-PMT
will be needed. Four successful measurements need to be
performed in order to grant satisfactory performance of
the system, a timing shot, a background measurement, a
dilated '>C(n, n’)y history, and a dilated DTy measurement
(see Table II).

For measuring dilated gamma reaction histories, the PC
high voltage ramp must be timed so that the signal of the burn
history arrives well within the useful dilation window. There is
uncertainty to the ramp timing of about 1 ns since the absolute
ramp timing is dependent on cable length and intrinsic delays
of instruments in the measurement system, which can only be
measured up to a limited uncertainty.

To get an accurate measurement of the ramp timing, aride-
along shot will be used. In the time after the burn history arrives
at the detector, a snout-gamma pattern of ~10 ns duration
is measured. This snout gamma signal comes from neutrons
interacting with material surrounding the target chamber cen-
ter, such as other diagnostic instruments and target positioning
devices. The measurement will be performed at 400 psi CO,
gas pressure in the gas cell or 2.9 MeV energy threshold. When
the PC ramp is triggered during the snout gamma pattern, a
sharp drop in the intensity of the measurement signal will occur
at the onset of the useful dilation window. For a 10x dilation
factor, the signal intensity will drop by a factor of 10 within
the first 200 ps of the ramp. Figure 12 shows a measurement
of the snout gamma pattern at 2.9 MeV threshold without dila-
tion in blue and the same signal with a simulated 10x dilation
ramp pulse starting at 5 ns in a red dashed line. The sharp drop
in intensity will give a ramp trigger timing measurement of
~20 ps uncertainty. Using the now well-known ramp timing,
the ramp can be set on top of the burn history for upcoming
shots.

Second, the 12C(n, n’)y history itself will be dilated,
also at 2.9 MeV threshold. This will be the first highly
resolved measurement of a gamma history at NIF. The recom-
pressed results of this measurement will be benchmarked
against the measurement results of the sister instrument GRH

TABLE II. Full operational function will be tested by four ride along shots.

Test Measurement Energy Gas cell
shot no. goal threshold pressure
1 Ramp timing measurement 2.9 MeV 400 psi
2 Dilated C(n, n’)y history 2.9 MeV 400 psi
3 Background measurement o MeV 0 psi

4 Dilated C(n,n’)y history 8 MeV 64.4 psi
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FIG. 12. Undilated snout gamma signal (blue). Dilated snout gamma signal
(dashed red); useful dilation starts at 5 ns after bang time.

(Gamma Reaction History) for the same shot at the same
threshold.'?

Third, a background measurement will be performed.
The gas cell will be evacuated so that no gas Cherenkov
signal will be measured. If the measurement deviates from
expectation based on the background study (see above), the
cause for discrepancies can be evaluated in the same man-
ner as the background study that has been previously per-
formed, i.e., taping of the PMT input window and gating of
the PC.

Fourth, a DTy reaction history will be measured and
benchmarked against GRH. After satisfying performance of
GCD-3 with PD-PMT on all four shots, highly resolved reac-
tion history measurements will be provided on all high neutron
yield shots (>1 x 10'3).

VIIl. CONCLUSION

GCD-3 is installed in a Well-DIM at NIF and will soon
be fielded with PD-PMT for ultra-high bandwidth gamma his-
tory measurements. Dilation factors up to 40x are possible but
will initially be used at 10x. The microchannel plate provides
three different gating modes for flexible use of the system.
The pulse dilation system will provide highly resolved gamma
history measurements at various energy thresholds, enabling
measurements of '>C(n, n’)y or DTy. Pulse dilation will be able
to show features in the burn history of the fusion reaction for
the first time. Increased burn rate at the onset of alpha heating,
shock reverberations, and burn truncation due to developing
failure modes can be resolved. Furthermore, GCD-3 with PD-
PMT can yield more accurate measurements of '>C-pR of the
remaining ablator material, when used as the fifth gas cell
supporting GRH.
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