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ARTICLE INFO ABSTRACT

Keywords: The reactivity and the k-effective multiplication factor (k) of a fissionable assembly are quantities of
Rossi-alpha widespread interest. These values can be inferred from Rossi-alpha measurements of the prompt neutron decay
Neutron noise constant (or the inverse: a~'). It has been shown that *He-gas proportional counter-based detection systems
Organic scintillator

are insensitive to «~' of fast assemblies (much faster than tens of microseconds). Therefore, it is of interest
Prompl neutron decay constant

- to investigate fast detection systems such as those based on organic scintillation detectors. In this work, an
Suberitical measurements

array of 12 cylindrical, 5.08 cm x 5.08 cm diameter trans-stilbene organic scintillators was used to measure
five subcritical assemblies. One assembly was a sphere of approximately 4.5 kg of alpha-phase, weapons-grade
plutonium (kg = 0.773, ' = 11.84 ns) known as the BeRP ball encased in a thin stainless-steel clad. The
other assemblies used the same encased sphere and 7.62 cm of iron, nickel, copper, or tungsten reflectors
(ker = 0.884,0.916,0.924,0.939, respectively and a~' = 36.60,41.56,49.60,70.32 ns, respectively). This work
(1) validates Rossi-alpha measurements with organic scintillators by demonstrating good agreement between
measurements and simulations; and (2), demonstrates that organic scintillator-based systems are sensitive to
«~! on the order of 10-100 ns.

1. Introduction

The k-effective multiplication factor of a fissionable assembly, k.,
is the average number of neutrons from fission (including delayed
precursors) that go on to induce another fission, where all other neu-
trons leak out of the system or are absorbed in non-fission reactions.
Estimates of k.; and reactivity are of widespread interest, includ-
ing in criticality safety, nuclear nonproliferation and safeguards, and
emergency response [1-3]. Currently, the k. value of an assembly
cannot be directly estimated, but can be inferred from the prompt
neutron decay constant, a. The value of ¢ can be estimated with a
Rossi-alpha measurement, a microscopic neutron-noise technique based
on the nonrandom variation of the time differences between neutron
detections [4-7]. Because effective Rossi-alpha measurements are pred-
icated on neutron detection time differences, a detector is used to
detect neutrons and record the detection time (and time differences are
calculated in post-processing).

Popular neutron detectors for Rossi-alpha measurements are tra-
ditional *He-gas proportional counters embedded in a hydrogenous
matrix. One such detection system is the NoMAD (similar to the MC-
15 [8]), which has been used in several benchmarks, including a

copper- and polyethylene-reflected plutonium benchmark [9]. Moder-
ated *He-based systems typically operate on the order of microsecond
time scales; in particular, the NoMAD has a known slowing-down time
of 35-40 ps [9]. Consequently, the slowing-down time of the NoMAD
dominates the prompt neutron decay timescales for fast assemblies; in
the benchmark measurements, the inverse alpha (e~ 1) of assemblies
(corresponding to kg values up to 0.94) reflected by less than 1.27 cm
of polyethylene were dominated by the slowing down time. Because
these types of *He-based detection systems use moderation, they are
insensitive to « for fast assemblies (that can be near- or at delayed-
critical [10]). Therefore, it is of interest to investigate Rossi-alpha
measurements with faster detection systems.

While *He-based systems use moderating material to attain ap-
preciable detection efficiency, organic scintillation detectors directly
detect fast neutrons and do not inherently need moderating mate-
rial [11]. Due to the lack of moderating material, organic scintillators
are much faster than ‘He-based systems. The detectors used in this
work have virtually nonexistent die-away and dead time [12], and a
time resolution of 1.34 + 0.04. The system, an array of 12, 5.08 cm x
5.08 cm diameter trans-stilbene organic scintillators [13-15], was used
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to measure a sphere of approximately 4.5 kg of alpha-phase, weapons-
grade plutonium [16-18] encased in stainless-steel cladding and the
same encased sphere reflected by approximately 7.62 cm of iron, nickel,
copper, or tungsten (totaling five configurations) [9,19-21]. In this
work, the measured data is analyzed, and the Rossi-alpha method is
performed. The goal of this work is to validate organic scintillator-
based Rossi-alpha measurements by comparing measurements to two
different, independent simulations and to demonstrate the sensitivity
of organic scintillators to « of fast assemblies.

The structure of this paper is as follows. Background on the Rossi-
alpha method (including the newer, two-exponential model) is given in
Section 2. The detection system used in this work and the assemblies
the system measured are described in Section 3. The simulation speci-
fications and descriptions of the two simulation methods are given in
Section 4. Analysis of the data is described in Section 5. The subsequent
results and comparison between measured and simulated values of a
and k.g are in Section 6, and Section 7 concludes this paper.

2. The Rossi-alpha method

Because reactivity, p, and effective multiplication factor, kg, cannot
be directly measured, the quantities are inferred from the prompt
neutron decay constant, a. The value of « is defined as the nega-
tive asymptotic logarithmic time derivative of the prompt neutron
population:

ain(N0) 1 d(N)
A - . ()
dt N, di
The values of p, kg, and « are related by
ko — 1
p=—— = fer— aA. )
eff

where fi g is the effective delayed neutron fraction and A is the mean
neutron generation time [22]. Note that the positive definition of «
is used in this work [23], and that all assemblies are subcritical. The
values of fiz and A must be determined otherwise (usually through
simulation) to estimate p and k.g. Alternatively, multiple replacement
measurements can be conducted to determine « at delayed critical, and
a can then be used to estimate p and k.g. The value of « is estimated
with Rossi-alpha measurements [4-6].

The Rossi-alpha measurement method is a microscopic, neutron
noise technique that can be used to estimate « of near- and delayed-
critical assemblies [7], and good accuracy has been shown for k. as
low as 0.80 [24]. During a measurement, neutrons are detected, and the
time of detection is recorded. In post-processing, the time differences
between any and all neutron detections less than a given reset time
(known as type-1 binning) are calculated and a histogram of the time
differences is created [25]. Traditionally, the histogram is fit with the
constant-plus-one-exponential probability density function,

p(t)dt = Ae~™dt + Bdt, (3)

where the B term represents the uniform probability of chance
coincidences and the Ae ™ term represents the decay of the prompt
neutron population with characteristic constant « [26]. Prior work
has shown that a constant-plus-two-exponential model is more ad-
equate for assemblies containing reflector material and derived the
two-exponential model from two-region point kinetics (one region for
the fissile core and one region for the reflector) [27-31]. In the newer
model (see Ref. [31]), the histogram is fit with

pt)dt = A |pe"" + pye™'| di + B, (©))]
where
1-R¥* 2(1-R)R
py = ( ) + ( )(R) 5)
ry ry+ry
R 2(1-R)R
py= B LU= BB) ©)
r ry+ry
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Note that r; and r, are negative. The variable R is given by

R— rtua . (7)
r—r
thus, « can be obtained from the fit parameters by simultaneously
solving Egs. (5), (6), and (7).

3. Experimental setup
3.1. Assemblies

The radiation test object was approximately 4.5 kg of alpha-phase
plutonium (93 wt% 239Pu) called the BeRP ball encased in stainless
steel 304 that is nominally 0.0305 cm thick [16-18]. Henceforth, ‘BeRP
ball’ will implicitly include the stainless-steel cladding. In the experi-
ments discussed in this work, five different assemblies were measured:
the bare BeRP ball and the BeRP ball reflected by iron, nickel [19,20],
copper [9], and tungsten [21]. For the copper and tungsten cases,
hemishells fabricated to fit the BeRP ball were used to obtain 7.62 cm
thick reflectors. Similar hemishells were used to obtain a thickness of
7.62 cm for the iron and nickel cases; however, part of the reflector
was filled with air due to missing plugs as shown in Figs. 1(a) and 1(b).
The fully assembled assembly is shown in Fig. 1(c) and an example of
hemishells without cutouts is shown in Fig. 1(d).

3.2. Detection system

The measurement system comprises 12 cylindrical, 5.08 cm x
5.08 cm diameter trans-stilbene organic scintillators (C, ,H;,) [11,14,
15] coupled to photomultiplier tubes (PMT) and arranged in a 3-
by-4 array. Each crystal is wrapped in PTFE tape, has an aluminum
housing, and the face coupled to the PMT is optically polished and has a
protective fused silica window. The detection system used in this work
is the same as Shin et al. [32], but in a different configuration. The
detectors are contained in a wire frame array (powder-coated iron wire
meshes) and held in place with porous foam (polyurethane foam with
a density of 0.021 g/cm?). The center of the front-facing wire frame
array was 47 cm from the center of the BeRP ball. In the case of iron and
nickel, the lengths of the cylindrical cutouts were parallel to the surface
of the table at an angle of 135 degrees away from the detector array.
The detection threshold was set to 35 keVee (keV electron equivalent).
Additionally, tin—copper shielding was placed between the detector
array and the assembly to shield low energy photons (predominantly
60 keV photons from 241Am). The total measurement time for the
bare, iron-, nickel-, and tungsten-reflected cases was 30 min each. The
measurement time for the copper-reflected case was 20 min. Fig. 2
shows a photo of the detection system.

The waveforms (having a total length of 288 ns comprising 144
samples every 2 ns) from each of the 12 detectors were read out by
photomultiplier tubes and digitized using a CAEN v1730 waveform
digitizer (16 channels, 500-MHz sampling rate, 14-bit resolution, 2-V
dynamic range). The data were transferred to a computer using two
optical links. The time of detected events was calculated using digital
constant fraction discrimination (F-factor of 0.75 and a delay of 6 ns);
the trans-stilbene detectors used in this work have a time resolution
of 1.34 + 0.04. Each detector was calibrated with 137Cs and a one-volt
tolerance; the PMT voltage was applied such that the 477 keV Compton
edge in the pulse integral spectrum corresponds to a 1.6 V-ns total pulse
integral. Applied voltages ranged between 1000 and 1500 V. Based
on the calibration, the maximum observable energy was 2.40 MeVee
(approximately 5.6 MeV neutron energy deposition on hydrogen) [13].

As shown in Fig. 1(c), two organic scintillator arrays (described
above) and two NoMAD detectors (similar to the ‘He-based MC-15
detectors [8]) were present during the measurement, 47 cm from
the center of the BeRP ball. Although more detection systems were
available, only data from the one organic scintillator array described
above is used for this work. The NoMAD detectors were included such
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(c) Copper

(d) Tungsten

Fig. 1. Configurations used in the experiments. The BeRP ball is shown surrounded by three inches of iron, nickel, copper, and tungsten.

that an organic scintillator- and a *He-based system can be compared
in the future. Both organic scintillator arrays could be independently
used and the histograms combined; however, the systems cannot be
used in tandem until methodologies to address neutron crosstalk (a
single neutron being detected multiple times) are developed for the
Rossi-alpha method. While there is crosstalk within a single array,
the characteristic time differences between detections only contribute
to short time-difference bins that are discarded in the analysis (as
described in Section 5). Therefore, only one organic scintillator array
is used and the broader crosstalk correction is left to future work.

4. Simulation

The measurement configurations were simulated using MCNP6.2%"
[33,34]; input files were written for each measurement and a sample
3D rendering of the simulation geometry is shown in Fig. 3. Benchmark-
quality models were used for the NoMAD detectors, tables, floor,
ceiling, assembly stand, BeRP ball, air, and all reflectors except iromn;
a benchmark does not exist for iron, though detailed engineering
drawings were used to create the input file. Detailed models were used
for the organic scintillator detectors, though the wire frame array and
porous foam are omitted due to low volume and density, respectively.

1 MCNP®and Monte Carlo N-Particle®are registered trademarks owned by
Triad National Security, LLC, manager and operator of Los Alamos National
Laboratory. Any third party use of such registered marks should be properly
attributed to Triad National Security, LLC, including the use of the designation
as appropriate. For the purposes of visual clarity, the registered trademark
symbol is assumed for all references to MCNP within the remainder of this
paper.

Fig. 2. Photograph of the measurement system comprising 12 trans-stilbene organic
scintillators coupled to photomultiplier tubes.

Other objects in the room and the walls of the room are omitted. In

this work, simulations are used to obtain two true/known values: an

3
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Tin-Copper
Graded Shielding

Array of 12 trans-stilbene detectors
coupled to photomultiplier tubes.

NoMAD Detector
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BeRP Ball with
7.62-cm Reflector

Fig. 3. 3D rendering of the simulation geomelry.

E : : :
L]
. e Time-Binned F1 Tally
B Linear Portion Corresponding to «|
102} 1
a_‘ L ]
c
[0}
=
o
o
L
103} 1
L L L N
0 50 100 150 200

Time [ns]

Fig. 4. Sample time-bin tail-fit distribution used to directly estimate a from simulation.

a value and a kg value. The a value is calculated using a time-binned
surface tally and the kg value is calculated using the KCODE criticality
source card option in MCNP. Simulations are also used to estimate two
assembly parameters, fig and A, such that a quasi-measured kg can
be estimated from the measured estimate of « by using Eq. (2).

A time-binned surface fluence tally (F1) is used to directly simulate
a and a sample semilog plot of the time-binned tally is shown in Fig. 4.
The linear portion of the distribution (on a semilog plot) is fit with a
line via least squares regression, and the slope is the negative value of
a. The data may be rebinned and/or truncated based on the uncertainty
of the count frequency in each bin.

The KCODE criticality source card was included in the MCNP input
files. The output for the KCODE option includes a calculation of the
keg value and a standard deviation. Point kinetics parameters were
estimated via the iterated fission probability process activated by the
KOPTS card in MCNP. The output includes estimates of f.¢ and A as
well as standard deviations [35]. The KOPTS option also produces an
estimate of a at delayed critical, ap, which is different than the « of
a subcritical assembly.

0.5

0.4

0.3

0.2

0.1

Tail Integral-to-Total Integral Ratio

0 0.5 1 1.5 2
Light Output [MeVee]

Fig. 5. Sample pulse shape discrimination plot for the case of the bare BeRP ball using
30 min of data.

5. Data analysis

The organic scintillators are sensitive to neutrons and photons. Pulse
shape discrimination (PSD) is used to obtain only neutron detection
times. In this work, a charge integration technique is used that involved
total and tail integrals [11,36,37]. The integral range for the total
integral were the start and end of the pulse, while the range for the tail
integral was 24 ns after the pulse peak to the end of the pulse. The PSD
plot for 30 min of data from the bare BeRP ball is shown in Fig. 5. The
PSD discrimination line for each detector is determined as a function
of light output (energy deposited) based on the methods outlined in
Ref [38] for each one-minute interval. The result of the PSD algorithm
is a list of neutron detection times and a list of photon detection times.

A reference detector is used to determine timing offsets due to, for
example, electronics and nonuniform source-to-detector distances. The
reference detector in this work is the lower left detector when looking
at the front faces of the detector. The list of photon detection times for
the reference detector and a given detector are used to create a photon—
photon time-coincidence distribution. Because prompt photons from
fission should be detected simultaneously, the peak of the distribution
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Fig. 6. Measured constant-region-subtracted Rossi-alpha histograms for each BeRP
ball-reflected case for 20-min measurements.

Bare BeRP Ball

7.62 cm Iron-Reflected BeRP Ball

7.62 cm Nickel-Reflected BeRP Ball
7.62 cm Copper-Reflected BeRP Ball
7.62 cm Tungsten-Reflected BeRP Eall

Max-Norm, Constant-Subtracted Counts

0 200 400 600 800 1000
Time Difference [ns]

Fig. 7. Rossi-alpha histograms for each reflector for a 20-min measurement normalized
by the max of the histogram.

is expected to appear at a time difference of 0 ns. If the peak is not at
0 ns, all detection times (neutron and photon) for the given detector are
shifted by a constant such that the peak does occur at 0 ns. This shift
introduces negligible bias and uncertainty to the Rossi-alpha method
if the shift is significantly smaller than the time resolution of the
detectors, which is the case in this work.

After the photon—photon coincidence peak correction, the list of
neutron times for each of the 12 detectors are combined. Rossi-alpha
analysis is then performed using type-I binning (taking the time dif-
ference between any and all neutron detections less than a given reset
time [25]) with 1 ns bin widths and a 1000 ns reset time. The con-
stant region of the Rossi-alpha histogram is subtracted by subtracting
the mean number of counts in the 900-1000 ns time-difference bins.
Constant region subtraction and division by measurement time yield
Rossi-alpha histograms in units of count rate versus time differences,
which are shown for each configuration in Fig. 6. To visualize the
relative prompt neutron decay constants, «, the Rossi-alpha histograms
are normalized by the respective peaks and are shown in Fig. 7. While
10 more minutes of data (50% more) are available for every case
except copper, only 20 min are used for a fair comparison between the
configurations. Note that count rate is shown in Fig. 6 and the plots are
normalized in Fig. 7, so measurement time only affects precision.

Nuclear Inst. and Methods in Physics Research, A xoc (oocx) xxx
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Integral Normalized Counts
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Fig. 8. Sample fit of the two-exponential model to the Ni Rossi-alpha histogram.

Table 1

Fit results and goodness of fit parameters for the ed data.
Reflector Apy ry Ins7'] Apy ry [ns7]
Bare 0.10380 —0.0621 0.00018 —0.0021
Fe 0.03025 —0.0274 0.00019 —0.0036
Ni 0.02011 —0.0231 0.00380 —0.0093
Cu 0.01360 —0.0208 0.00471 —0.0092
w 0.00534 —0.0180 0.00743 —0.0081

The Rossi-alpha histograms are fit with the model described by
Eq. (4) using nonlinear least-squares fitting; a sample fit is shown in
Fig. 8. Suppose the index of the peak of the histogram is b; the portion
of the Rossi-alpha histogram that is fit is from (25 + 1) to the end of the
histogram. In practice, the constant is estimated by taking a mean of
the histogram tail and the histograms are fit with Eq. (4) without the
B term. Subsequently, the fit parameters are r|, r,, Ap,, and Ap,. Note
that determining A is not necessary; the variable R is determined by
simultaneously solving Egs. (5) and (6) by taking the ratio of Ap, and
Ap,, thus A cancels. Because R appears quadratically, there are two
possible solutions. In this work, one value of R was negative and the
other was a number between 0 and 1. The latter value of R represents
the physical system and was used in Eq. (7) to solve for a [31].
While uncertainty is propagated from the fit parameters, note that the
uncertainty in the fit parameters comes from the fitting algorithm. The
uncertainties in k.g, for, and A are given in the simulation output. The
measured value of «, simulated values of fl.¢ and A (see Section 4), and
Eq. (2) were used to estimate a measured value of k.g.

6. Results and discussion

The fit parameters for the Rossi-alpha histograms made using 20 min
of measured copper data and 30 min of measured data for all other
configurations are given in Table 1. The subsequently calculated values
of R and «~! are given in Table 2. Note that the results for the prompt
neutron decay constant, «, in this paper are given as inverse alpha, a~!,
because it is generally easier to compare units of time. The time-binned
tally approach was used to simulate a “known" value of «~', and the
results are also shown in Table 2. The measured and simulated results,
agl  and al , are graphically compared in Fig. 9. The one-standard
deviation (uncertainty estimates come from the fitting algorithm and
are propagated) confidence intervals (! + o,-1) of the measured and
simulated values overlap for the iron, copper, and tungsten cases; 1.02
standard deviations are required for the case of nickel and 1.31 are
required for the case of the bare BeRP ball.
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Table 2
Measured values of R and a_!  calculated from the fit paramelers associated with the ed data and d values
of a7l from the fit to the time-binned tally approach. Relative error is also shown.
Configuration R a ! [ns] Oy [ns] ag) [ns] o, ns] u':’:_.n’l
Bare 0.0009 16.1 29 11.84 0.36 0.36 + 0.24
Fe 0.0036 36.6 5.9 36.60 1.09 0.00 + 0.16
Ni 0.1137 46.4 3.5 41.56 1.28 0.10 + 0.09
Cu 0.1933 53.8 5.2 49.60 1.09 0.08 + 0.11
w 0.4796 75.3 4.8 70.32 0.69 0.07 + 0.07
90 - Table 3
Point kinetics parameters obtained from the output of the KOPTS option and used to
80 - % i obtain the quasi-measured kg, Kog e
T . . ) . Configuration A
v Simulated (Time-Bin Tail-Fit) 1—% il Pea bl Ta
70+ - Bare 0.00176 0.00004 7.91 1.59
W' Fe 0.00207 0.00028 4.04 0.14
.E. Ni 0.00196 0.00026 6.14 0.30
< 60+ = Cu 0.00189 0.00031 5.52 0.11
< A w 0.00200 0.00033 6.71 0.16
S 50
Q ¥ ¥
© = Table 4
E40r :[ ¥ Simulated k. values using KCODE and quasi-measured estimales of k; using measured
'ﬁ T values of a and simulated values of f4 and A. Relative error is also shown.
3ot e
Bare 0.77348 0.00004 0.672 0.060 —0.131 + 0.077
20+ Fe 0.88420 0.00028 0.902 0.015 0.020 = 0.017
é Ni 0.91553 0.00033 0.885 0.009 —0.034 + 0.010
10 A ! ! ! Cu 0.93152 0.00041 0.908 0.008 —0.025 + 0.009
Bare Fe Ni Cu W w 0.94813 0.00042 0.920 0.005 —0.030 + 0.005
Configuration
0.95 T T T T v
Fig. 9. Comparison between time-bin tail-fit, simulated estimates of ¢! and measured v v P\
—1
values of a™'. 0.90 + é é é 1
. . . . 0.85+ 1
The kg values calculated from simulation using KCODE are given
in Table 4. The computed k. values in this work agree within one _.;E—
standard deviation of kg values from benchmarks for the bare, copper, S 0.80 1 1
and tungsten configurations; there is not a benchmark for iron and L4 v
there are slight differences between the nickel in this work and the T:u 075+ 3 Measured (with Simulated 3_; and A
benchmark due to the plug placement [9,19-21,39]. The agreement = ¥ Simulated (KCODE)
between the simulated values of this work and the benchmark simula- 0.70 + -
tions/measurements suggest that the organic scintillators placed near
the assembly do not significantly impact neutron reflection nor k.g. 0.65 - |
Furthermore, the agreement suggests that omitting the simulation of
other materials in the room does not have a significant effect on the 0.60 ; ) ) ) )
accuracy of the simulated values. : Bare Fe Ni Cu W

Using the measured estimate of « (already shown to have good
agreement with the true value calculated in the time-binned tally
approach), simulated values of f.¢ and A (shown in Table 3), and
Eq. (2), measured k.g values were calculated. The final estimates are
also tabulated in Table 4 and graphically compared to the simulated
values in Fig. 10. Generally, the trend in the measured data follows
the trend in the simulated data. The measured estimates of kg are less
than the calculated k. values from simulation, except for the case of
iron. As keggm values decrease, the error and uncertainty in kg meas
values increase. The increase is expected as the point kinetics model
(for flee and A where the assumption is k = 1) performs worse for more
subcritical systems [35]. The discrepancy in the iron case could be due
to uncertainties in nuclear data and asymmetries in the measured data
due to plug placement (the simulation calculated a holistic kg, whereas
the measurement was biased to the side with more reflector).

The value of R is a quasi-measure of how necessary the two-
exponential model is as compared to the one-exponential model. As R
approaches 0 or 1 (gets further from 0.5), the two-exponential model
reduces to the one-exponential model. In this work, the R for the bare
configuration is nearly 0 (which is expected since there is no reflector

Configuration

Fig. 10. Comparison between KCODE-simulated kg values and k_; estimates obtained
from measured values of @ and KOPTS-, point-kinetics-simulated values of §,; and A.

except the fissile core itself) and increases as the amount of reflection
increases; the increase in reflection is evidenced by the increasing kg
for the same fissile core. Likewise, a~! increases with the kg value, as
expected.

7. Summary and conclusion

In this work, an array of 12 trans-stilbene organic scintillators
was used to measure the fast neutron emissions from five subcritical
assemblies of plutonium metal: a bare sphere of approximately 4.5 kg
of alpha-phase, weapons-grade plutonium metal and the same sphere
reflected by 7.62 cm of iron, nickel, copper, or tungsten. The goal
was to validate the use of organic scintillators in Rossi-alpha mea-
surements of the prompt neutron decay constant, a. Good agreement
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was demonstrated between the measured values of « and the values
of a« computed in simulations. Moderate agreement is seen between
measurement-inferred and simulated values of kg for k.g > 0.85, while
poor agreement is seen for the bare BeRP ball. The disagreement is due
to the inaccuracy of the point kinetics model as k.4 tends from unity,
since the model assumes ki = 1. The increasing error and uncertainty
as kqg decreases is seen in the data as shown in Fig. 10.

This work demonstrates that organic scintillator-based systems are
sensitive to inverse alpha values (z~ 1) on the order of 10-100 ns. The
same sensitivity is not present in *He-based systems that moderate
neutrons to increase detection efficiencies. For example, the NoMAD
detectors (similar to MC-15 detectors [8]) have a known slowing-
down time of 35-40 ps that dominates (in terms of detector response)
inverse alpha values on the order of 10 - 100 ns. Similar systems also
experience dead time and die-away that is virtually non-existent in
the organic scintillator-based system [12]. Furthermore, the clock tick
length to record events in the NoMAD is 100 ns, which is large in the
context of measuring «~! for the fast metal assemblies of this work.
Taken together, organic scintillator-based systems are more adequate
than *He-based systems for Rossi-alpha measurements of fast plutonium
metal assemblies.

In validating Rossi-alpha measurements of fast metal assemblies
with organic scintillators, this work also demonstrates that the two-
exponential model (that accounts for reflector) is adequately describing
the physical phenomenon. Future work includes validating the two-
exponential model for both *He-based and organic scintillator-based
systems for general reflectors (validation was already done for the
special case of the shield [31]). Organic scintillator- and He-based
detection systems will be compared in time-correlated, microscopic
neutron noise methods. Furthermore, the theory of uncertainty esti-
mation for Rossi-alpha measurements will be developed and validated,
including analytic bin-by-bin errorbars.
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