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Abstract

Prompt neutron decay constant a in a critical state is useful information to validate the
numerically predicted ratio of the point kinetics parameters fSqf/€, where Lo and € are
effective delayed neutron fraction and prompt neutron lifetime, respectively. To directly
measure « in a target critical system, this study proposes the application of the dynamic mode
decomposition (DMD) to the reactor noise analysis based on the Rossi-a method. The DMD-
based Rossi-a method enables us to robustly estimate the fundamental mode component of «
from the Rossi-a histograms measured using multiple neutron detectors. Furthermore, the file-
by-file moving block bootstrap method is newly proposed for the statistical uncertainty
quantification of a to prevent huge memory usage when the neutron count rate is high and/or
the total measurement time is long. A critical experiment has been conducted at Kyoto
University Critical Assembly to demonstrate the proposed method. As a result, the proposed
method can uniquely determine the a value of which the statistical uncertainty is smallest. By

utilizing this experimental result of a, numerical results of Bef/¢ ratio using the continuous
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energy Monte Carlo code MCNP6.2 with recent nuclear data libraries, which are processed by

the nuclear data processing code FRENDY, are validated.

Keywords; prompt neutron decay constant; Rossi-a method; critical experiment; dynamic

mode decomposition; bootstrap method; KUCA; validation; JENDL; FRENDY; MCNP
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1. Introduction

In the field of reactor physics, the critical experiment has played an important role. To validate
the criticality calculation using a neutron transport code with an evaluated nuclear data library,
critical experimental results collected in databases such as the International Criticality Safety
Benchmark Evaluation Project (ICSBEP) [1] are often utilized [2]. These critical experiments
are also useful to estimate a calculational margin of effective neutron multiplication factor kg
to judge the criticality for an application system [3,4]. Furthermore, the data assimilation using
the critical experiments has the potential to update the evaluated nuclear data for better
numerical prediction of kg [5].

Instead of k., other neutronics parameters also attract attention for the validation and the
data assimilation of the reactor physics calculation. For example, we have been investigating
the usefulness of the prompt neutron decay constant « [6-10]. The physical meaning is the
exponential decay of the fundamental mode for time variation in prompt neutron flux caused
by a source neutron. The time constant « can be well approximated by a =
(1 — (1 — Berp)kegr) /£ In a near-critical state, where B and ¢ are the effective delayed
neutron fraction and the prompt neutron lifetime, respectively. In the critical state (ke = 1),
the a value (hereafter, denoted by a,.;) just corresponds to the ratio of B.s/€. As presented
in a previous study [6], the nuclear data-induced correlations among B¢, €, and kg are
small. Thus, the experimental result of a.: is another useful information to independently
validate the reactor physics calculation from other viewpoints related to the delayed neutron
fraction of the main fissile nuclide and the neutron loss rate depending on the neutron energy
spectrum in the measurement system.

As reported in previous studies [11-13], the a..; Vvalue can be experimentally estimated
from the experimental results of a in subcritical states. If subcriticality of a measurement
system can be easily changed by the neutron absorber (e.g., control rod) and a values in the

subcritical system can be measured by the reactor noise analysis method [14,15] or the pulsed
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neutron source method [16], the a.. Vvalue can be estimated by the extrapolation method for
the variation in a with respect to k.. Note that the extrapolation method inevitably causes
the extrapolation error of .. at ker = 1. As another technique, if the subcriticality in the
dollar units —p/Be.g can be measured by some kind of measurement techniques (e.g., the area
ratio method [17]), the a..: Vvalue can be estimated by correcting the measured a value in
the subcritical state using the measured —p/B.¢ Value. Note that these experimental results of
a and —p/PB.s depend on the neutron detector positions because the higher mode component
affects the a-fitting and the area ratio methods [13]. Thus, a systematic error due to the higher
mode component is another issue in estimating a..i;. Namely, some engineering judgement is
required to uniquely determine the a value from multiple experimental results using multiple
neutron detectors in different positions [8].

In this paper, we aim to address the issue in the measurement of a..; by applying the
dynamic mode decomposition (DMD) [18] to the reactor noise analysis using the Rossi-a
method [19]. In addition, to clarify the usefulness of the measured B.s/¢ value, we aim to
validate numerical results of S.¢/¢ using the continuous energy Monte Carlo code MCNP6.2
[20,21] with different evaluated nuclear data libraries [22-26] that include recently released
TENDL-2021 [27,28] and JENDL-5 [29,30]. Instead of using the extrapolation method, the
Rossi-a method enables us to directly estimate a..; from the reactor noise measurement in a
delayed critical state [15]. Furthermore, the application of DMD to the Rossi-a histograms
using the multiple neutron detectors enables us to robustly estimate the fundamental mode
component of a..:. To prevent the use of huge memories for the statistical uncertainty
quantification of a..:, we newly propose the file-by-file technique for the moving block
bootstrap method [31-36] for reactor noise data, where the neutron count rate is high and/or the
total measurement time is long.

The remainder of the paper is organized as follows. In Section 2, methodologies about the

DMD-based Rossi-a and the file-by-file moving block bootstrap methods are explained.
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Section 3 presents experimental analysis using the proposed method for a reactor noise
measurement in a critical state, which was conducted at the Kyoto University Critical Assembly
(KUCA) [37,38], followed by the validation for numerical results of Be/£ using MCNP6.2.

Concluding remarks are summarized in Section 4.

2. Methodology

2.1. Rossi-a method

The Rossi-a method [15] is a reactor noise analysis method to measure the prompt neutron
decay constant a. For a target measurement system in a steady-state, let us consider that time-
series data of neutron-detection-time (i.e., the reactor noise) is continuously measured from
t=0 to t=T, ie., the total measurement time is T. Then, the neutron-detection-time
interval 7 is calculated for each combination of all neutron pairs detected within the range of
0 <t < (T —1y.) to obtain the Rossi-a histogram P(t) within the range of 0 < 7 < Ty
Here, Ty, is an upper limit of 7 and determined by several times of 1/a.

Although more rigorous theoretical derivation for the analytical solution of the Rossi-a
method in a critical state is a future research topic, let us assume that a target system in a delayed
critical system with zero power can be regarded as an extremely shallow subcritical system
driven by inherent neutron sources in nuclear fuels [39]. Based on the heuristic method using
the Green’s function that is expanded by the prompt a-eigenfunctions, the theoretical formula

for P(t) can be reasonably solved by utilizing the pair-detection probability [19,40]:

P(D) = ) prexp(=ay) +C, ®
n=0

where «,, is the nth order prompt a-eigenvalue and a, corresponds to the fundamental
mode component of the prompt neutron decay constant; p, is the nth order expansion
coefficient; and C means a constant component due to the uncorrelated term representing the

frequency due to independent neutron pairs, which belong to different fission-chain families.



109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

As shown in Equation (1), the histogram P(t) has the exponential higher mode components
and the constant component. If the higher mode components are sufficiently small, the
fundamental mode component of ¢ = a, can be estimated by fitting the following simple
formula to the measured histogram P(t):
P(t) = ppexp(—art) + C. 2)

In the conventional fitting method, Equation (2) is generally utilized to estimate a by
excluding P(t) data within a masking time interval (0 < 7 < t,,5x) t0 reduce the effect due
to the higher mode components. Therefore, the estimated « value changes depending on the

masking time 7,a¢k-

2.2. DMD-based Rossi-a method
To address the issue to extract the fundamental mode component from the measured Rossi-a
histograms using multiple neutron detectors, we proposed the application of DMD [19]. In this
section, the application procedure of the DMD-based Rossi-a method is briefly explained.

Let us prepare an M X N data matrix of Rossi-a histograms, where M is the total
number of neutron detectors, N corresponds to the total number of time-bins for the
histograms, and the bin width is At. Note that each of Rossi-a histograms is separately
obtained without cross-counting for each of M detectors. Furthermore, to easily separate the
constant component C in Equation (1) and to reduce the statistical uncertainty of a in the
DMD analysis, a constant signal for all time-bins is virtually added to the data matrix. The
effectiveness of adding the constant signal was experimentally demonstrated in the previous
study [19].

As a result, the (M + 1) X N data matrix X = (ﬁl ﬁz ﬁN) is prepared for the
DMD analysis, where 13] represents the (M + 1)-dimensional column vector at the jth time-
bin and consists of P(7) values measured by M detectors (from the first to the Mth element)

and the constant signal ((M + 1)th element). By taking the first or second through (N — 1)th
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or Nth column vectors, respectively, from the original matrix X, two (M + 1) X (N —1)
slicing matrices X;.y_; and X,.y are obtained. Then, the relationship between X;.y_; and
X,.y can be expressed using the following time evolution matrix A:
AXinv-1 = Xo- 3)
Equation (3) assumes that the time evolution of X,., at the next time-bin can be modeled by
pre-multiplying X;.y_; at the previous time-bin by the matrix A. Based on Equation (3), the
time evolution matrix A can be numerically evaluated using the data-driven approach. For this
purpose, the singular value decomposition (SVD) is applied to X;.y_1:
Xi.ny-1 = UZVY, 4)
where U and V are unitary matrices consisting of left and right singular vectors; X is a
diagonal matrix of which elements correspond to the singular values; the superscript * means
the conjugate transpose. Based on SVD shown in Equation (4), the pseudo-inverse matrix
X7.y—1 can be analytically solved as follows:
XIF:N—1 = vT'u, )
where the superscript —1 means the inverse matrix. By multiplying Equation (3) by X{y_;
from the right, the time evolution matrix A can be expressed as:
A = X, ViU~ (6)
Then, the matrix A is projected onto U to obtain the DMD matrix A:
A =U*AU = U*X,,,VZ L. (7
By applying the eigenvalue decomposition to A, the eigenvalues y; and eigenvectors W; of
A are obtained for each mode (1 <i < (M+1)). Here, y; and W; are sorted in the
descending order of In|u;|/At. After that, the eigenvectors $i of A are reconstructed as
follows:
@ = X,yVET'W diag(1/p),

+w AP = ddiag(y;), AW = (U*AU)W = Wdiag(y,), (8)
AUW = UWdiag(y;), ® = UW,
® = AUWdiag(1/y;) = (X, VETTU*)UWdiag(1/y;).
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where ® = (¢, ¢, - Gyii); W=, W, -+ Wyyq); and diag(x;) represents
the diagonal matrix where the (i, i)th element corresponds to x;.

Consequently, the original data I_’; can be expanding using the eigenvector matrix ®:

M+1

B= ) cdiexp(w( — D) ©

i=1
where ¢; and w; are expansion coefficient and time constant for the ith eigenvector ¢;. The
expansion coefficients can be evaluated by multiplying the column vector 131 at the initial
time-bin by the pseudo-inverse matrix ®* from the left:
(c1 ¢z - )T = <I>+ﬁl, (10)
where the superscript T means transpose. The time constant w; is evaluated from the

eigenvalues p; of the time evolution matrix A:

_ In(y;)
w; = AT . (11)

Based on the eigenvector expansion results shown in Equations (9)-(11), the DMD-based
Rossi-a method can extract the fundamental mode component of «. Because the time constant
for the constant component in Equation (9) corresponds to zero (w; = 0), the fundamental

mode component of a can be finally evaluated by the second maximum eigenvalue u,:

a=-w, = _ln(.uZ) (12)

AT

Note that the prompt neutron decay constant is a negative time constant and that the sign of «

IS opposite to that of w,.

2.3. File-by-file moving block bootstrap method
When the reactor noise analysis is applied to measure a« in a critical state, there are the
following issues to quantify the statistical uncertainty of a using the Rossi-a method. First,

the Rossi- a histogram has strong correlations between different neutron-detection-time
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intervals t because P(7) isgenerally estimated by reusing the same reactor noise data. These
strong correlations complicate the statistical uncertainty quantification of «. The first issue can
be addressed using the moving block bootstrap method [33] to take the correlations into account
as presented in previous studies [35,36]. Second, since the neutron count rate in the critical state
is higher than that in a subcritical state, the moving block bootstrap method requires more
memories as the total measurement time becomes longer to reduce the statistical uncertainty.

To address the second issue, we newly propose the file-by-file moving block bootstrap method.

Start of DMD-based
Rossi-a method

A

Original data of reactor
noise measurement

A
Preprocessing by dividing
files for bootstrap method

=1

Generation of the bootstrap
resample of reactor noise

DMD to evaluate
bootstrap replicate of a(®

Statistical uncertainty
quantification of

Y
End

Figure 1 Flowchart of file-by-file moving block bootstrap method
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Figure 2 Example of file-by-file moving block bootstrap method (F = 12)

To promote better understanding of the proposed method, Figure 1 and Figure 2 show a

flowchart and a simple example of the proposed method, respectively. The detailed procedures

are explained below:

1

2.

3.

4.

. Original list mode data, which consist of pairs of neutron-detection-time and detector-

channel-number, are provided by a single measurement of reactor noise.

The original data are divided by successive binary files per a fixed time interval T, (e.g.,
T, = 5 s). The total number of binary files is F, i.e., the total measurement time of the
original reactor noise corresponds to FT,. Here, the file name is indexed as ‘xxx.bin’ where
the file-identifier xxx is a zero-filled integer (e.g., 001 < xxx < 900 when F = 900). In
this study, the time interval T, is set to handle each binary file using smaller memories, on
the condition that T, > 7y, and F is larger than several hundred.

The bootstrap resampling procedure is started (b = 1), where the index b represents the
bth bootstrap resampling calculation.

For resampling arbitrary time-series data within a range of t' <t < (t' + T,) from the

successively divided binary files, resampling index &, for the file-identifier xxx is firstly

10
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determined using a uniform random integer number, 1 < &, < F. Then, the next file-
identifier yyy is determined by the zero-filled integer of (&4« + 1). Note that yyy is 001 if
&xx = F because the periodic condition for the time-series data is assumed in the present
study. Towards the slicing process in step 5, the two successive binary files ‘xxx.bin’ and

‘yyy.bin’ are resampled and read to temporarily store the 2T, data on memories.

. From the stored data where the time range is 0 < t < 2T,, the time-series data within the

rangeof & <t < (& + T,) issliced using a uniform random number 0 < &; < T,. Then,
as explained in Section 2.1, neutron-detection-time intervals t are calculated for all neutron
pairs within the range of & <t < (§; + Ty — ty) to accumulate the Rossi-a histograms
P® with a constant bin width Az for each of M neutron detectors. Here, the superscript

(b) indicates the bth bootstrap procedure.

. Steps 4 and 5 are repeated F times to obtain the bth bootstrap replicate of X®) for DMD.

Namely, the bootstrap sample of list mode data, of which total measurement time is

F(T, — tyL), are virtually generated to carry out the DMD procedure.

. Based on the DMD procedure explained in Section 2.2, the bth bootstrap replicate of prompt

neutron decay constant a® is evaluated using Equation (12).

. To estimate the confidence intervals of P® and a®, steps 4-7 are repeated B times.

Consequently, bootstrap distributions for P® and a® are obtained (1 < b < B), where

the total number of bootstrap replicates B is typically setas B = 1000 [32].

. Based on these bootstrap distributions, statistical uncertainties of P® and a® can be

easily estimated as follows. For example, the bootstrap standard deviations can be estimated
by the square root of the unbiased variances for P® and a®. Or, to evaluate the range of
the statistical uncertainties of P® and a®, the bootstrap confidence intervals can be
simply estimated by the 2.5 and 97.5 percentile points. Let us sort the B bootstrap replicates

a® in ascending order. From the (0.025 x B)thand (0.975 x B)th smallest values of

11
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sorted a®, the lower and upper limits of 95% bootstrap confidence interval are simply

estimated, respectively.

3. Experimental Analysis
3.1. Experimental settings
To demonstrate the DMD-based Rossi-a method, a reactor noise experiment in a critical state
was conducted in the A-core (A1/8”p60EUEU(3)+1/8”Pb40p20EUEU) at the KUCA [37,38].
The experimental and calculation conditions are briefly explained below.

The experimental cores and the loaded fuel assemblies are shown in Figure 3 and Figure
4, respectively. In this experiment, four types of fuel assemblies were used [38]. Normal fuel
assembly (‘F’ element: 1/8”p60EUEU) has 60 unit fuel-cells. The unit fuel-cell consists of two
highly enriched uranium-aluminum alloy (HEU) plates 1/8” thick and one polyethylene plate
1/8” thick. Two partial fuel assemblies (‘40° element: 1/8”p40EUEU; and ‘14’ element:
1/8’p14EUEU) use the same unit fuel-cell as the normal fuel, although the total numbers of
unit fuel-cells are 40 and 14, respectively, to adjust the excess reactivity. Test fuel assembly
(‘Pb’ element: 1/8”Pb40p20EUEU) has 40 special unit cells, sandwiched between 10 normal
unit cells on the top and 10 normal unit cells at the bottom. The special unit cell consists of two

HEU plates 1/8” thick and one lead plate 1/8” thick instead of the polyethylene plate.

12



Normal fuel (1/8"p60EUEU )

FC#3 UIC#4

1 Partial fuel (1/8"p40EUEU )

4l Partial fuel (1/8"p14EUEU )

Test fuel (1/8”Pb40p20EUEU )

o |I| Polyethylene moderator
Gr
@ . D Polyethylene reflector
o Graphite
G
viere o Control rod (critical position: 72.567cm)
PP PP P|lP|P PP P p s ..
el e lole - 1s Control rod (upper limit)
Safety rod (upper limit)
o 0] @] ®]|®@| 3He detector (#1-4)
243
244 Figure 3 Top view of experimental core (A1/8”p60EUEU(3)+1/8”Pb40p20EUEU)
245
N lower polyethylene upper polyethylene
9 1/4"PE+1/2"PE X 17+10"p 10"p+1/2"PE X 19+1/4’PE
>< lower polyethylene >< upper polyethylene ><
B 1/4’"PE+1/2"PE X 17+10"p 8 10"p+1/2"PE X 19+1/4"PE B
I ~
|>\<) lower polyethylene '>_<‘ upper polyethylene
c.o 1/4’"PE+1/2"PE X 17+10"p h 10"p+1/2"PE % 19+1/4"PE
'\3 lower polyethylene upper polyethylene '\2
1/4"PE+1/2"PE X 17+10” p 10"p+1/2"PE X 19+1/4’PE
246 B : enriched uranium plate, [ |: polyethylene plate, [i] : lead plate, []: aluminum plate.
247 Figure 4 Side views of fuel assemblies
248
249 In this experiment, four 3He detectors (#1-4) were placed at axially center positions of

250  excore reflector assemblies, which have holes of approximately 3 cm in diameter to insert
251  detectors. A digital MCA (ANSeeN, HSDMCA) was utilized to successively measure list mode

252 data of neutron-detection-time and detector-channel-number. The experimental core was
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maintained at a critical state by adjusting the C1 control rod position at 72.567 cm. In the critical
state, average neutron count rates for *He#1-4 were 26377 + 26, 29152 + 27, 36212 + 29,
and 22383 + 23 cps, respectively. To check whether a criticality bias due to the inherent
neutron source in the HEU plate is negligibly small, the potential bias was roughly estimated
based on the neutron source multiplication method [39]. In the deep subcritical core at the
shutdown state (ke = 0.91969 + 0.00003 obtained by MCNP6.2 [20,21] with ENDF/B-
VI11.0 [25]) without any external neutron source, magnitudes of neutron count rates for 3He#1—
4 were 10.62 +0.02, 12.27 £ 0.02, 13.99 £ 0.02, and 7.66 + 0.01 cps, respectively. If

the critical core in this experiment is regarded as a very shallow subcritical system driven by

the inherent neutron source, the subcriticality is roughly estimated as —p = 21;12572 (ﬁ - 1) ~

4 x 1075 = 4 pcm based on the neutron source multiplication factor method for the neutron

count rates by 3He#4. Then, the contribution of the potential bias due to the inherent neutron

source On Qpy Was “;z:“ ~ & eff_;l? f/;B et/ ! [;Tif ~ 0.5%), because A~ ¢ and Beg ~
800 pcm as shown later in Equation (13) and Table 1. Thus, we judged that the inherent
neutron source effect was negligible in this reactor noise experiment.

The total measurement time of the reactor noise at the critical state was FT, = 4500 s. In
this experimental analysis, the parameters for the DMD-based Rossi-a and the file-by-file
moving block bootstrap methods were set as follows: the time interval for each binary file T, =
5 s; the total number of binary files F =900; the bin width of Rossi-a histogram At =
0.0001 s; the upper limitof 7 for the Rossi-a histogram 7y, = 0.02 s; and the total number
of bootstrap replicates B = 1000. For comparison, the a values for 3He#1-4 were also

estimated using the conventional fitting method for P(t), where ‘scipy.optimize.curve fit’ was

utilized using the estimated uncertainties with the option of ‘absolute sigma=False’ [41].

14
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3.2. Experimental results

For each of neutron detectors, Figure 5 shows the variations in the Rossi-a histograms with
respect to the detection-time-interval 7. Since the total measurement time FT, = 4500 s is
long, statistical uncertainties of Rossi-a histograms are very small, i.e., the magnitudes of

relative standard deviations are approximately 0.07%.

37000 f=—————
@ T T s
= 3He#3
g
3 33000 H
)
(%)
= 3He#2
© 29000
e
- 3He#1
e
3 25000
2 S .
8 .
21000 .
0.00 0.01 0.02

T (S)

Figure 5 Rossi-a histograms

Next, Figure 6 presents the variations in the prompt neutron decay constant a with
respect to the masking time 7,5 using the conventional fitting method for each detector and
using the DMD-based Rossi-a method, respectively. Here, the error bars indicate the 1.966 of
fitting errors for the conventional fitting method and the 95% bootstrap confidence intervals for
the DMD-based Rossi-a methods, respectively. In both methods, estimated a values change
according to the masking time Ty, 5. AS Tmask becomes larger, the exponential decrease of
fundamental component results in larger statistical uncertainty of the estimated a value.
Interestingly noted that the estimated a values by the conventional fitting method slightly
depend on the position of the neutron detector compared with the magnitude of fitting errors,
although the detector-dependency in « is very small due to the less excitation of higher mode

components in the critical state. For example, when the fitting errors are smallest, the estimated

15
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a values are 244.7 + 0.3, 245.7 £ 0.3, 248.3 + 0.3, and 246.7 £ 0.3 (1/s), respectively.
Thus, if a reference value of a for the target system is not available in advance, the
conventional fitting method requires the engineering judgement to uniquely determine the «
value, e.g., the selection of an appropriate detector position or the weighted average for the
detector-dependent a values [8]. On the other hand, without the engineering judgement, the
DMD-based Rossi-a method can uniquely evaluate a by extracting the fundamental mode
component from all data using four neutron detectors. In this experimental analysis, the @yt
value is finally estimated as 245.1 + 0.9 (1/s) when the statistical uncertainty by the file-by-

file moving block bootstrap method is the smallest (gray-filled circle in Figure 6-b).
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a) Conventional fitting method b) DMD-based Rossi-a method

Figure 6 Variation in a with respect to masking time

3.3. Validation for numerical results of Befs/€

To validate numerical results of B.¢/£ using a continuous energy Monte Carlo calculation
with evaluated nuclear data libraries, MCNP6.2 [20,21] calculations were carried out for
JENDL-4.0 [22,23], JENDL-5 [29,30], ENDF/B-VII.1 [24], ENDF/B-VII1.0 [25], JEFF-3.3
[26], and TENDL-2021 [27,28]. Note that thermal scattering law data of ENDF-B/V111.0 for H

in CH_, graphite with 30% porosity, and 2’Al were used in the calculation using TENDL-2021
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because these data were not available in TENDL-2021 [28]. These ACE-formatted files were
generated using the Japanese nuclear data processing code FRENDY (ver. 1.04.036) with
‘weight_option=2 (tabulated)’ for the thermal ACE files [42]. In the numerical analysis for the
critical KUCA core, the nuclide composition and size for each material were quoted from
Reference [37]. The total number of neutron histories was 1 billion, i.e., the neutron histories
per cycle = 500000, active cycle = 2000, and inactive cycle = 100. The effective delayed neutron
fraction B.g and the neutron generation time A were evaluated based on the iterated fission
probability method with the option of ‘BLOCKSIZE = 5’ in the KOPT card [43]. The prompt
neutron lifetime ¢ was evaluated based on the following relationship [6]:

‘f) = keffA. (13)

Table 1 summarizes the numerical results of keg and acpic = Besr/£ Using MCNP6.2
with JENDL-4.0, JENDL-5, ENDF/B-VII.1, ENDF/B-VIII.0, JEFF-3.3, and TENDL-2021,
respectively. To validate these numerical results, C/E values of a..; are also estimated using
the experimental result of 245.1+0.9 (1/s) by the DMD-based Rossi- « method.
Consequently, the C/E values of a.; exist within the range of 0.982-1.024, i.e., numerical
results of Be.s/f by MCNP6.2 with FRENDY-processed ACE files agree well with the
measured a..i; - Among recently available nuclear data libraries, this KUCA critical
experiment supports the update (e.g., thermal scattering law data for H in CH2) in ENDF/B-
VI11.0 and JENDL-5 to accurately predict B.¢/¢ because the C/E value is 0.994 + 0.004
and 0.997 + 0.004, respectively. To clarify this reason, sensitivity analysis of Bes/f with
respect to nuclear data is necessary. However, this sensitivity analysis is an open problem in
this study because MCNP6.2 cannot analyze the sensitivity of B.¢/€. Thus, further sensitivity
analysis of point kinetics parameters S.g and £ for this experimental result is a future issue.
This sensitivity analysis requires a complicated numerical analysis method based on the

generalized perturbation theory. For example, the collision history-based approach in Serpent
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2 [44] will enable us to accomplish this sensitivity analysis using the continuous energy Monte

Carlo code.

Table 1 Numerical results of a ¢

Nuclear data kegr (-) Begs (pcm) A (s) £ (s) Bete/? () C/E of ace ()
JENDL-4.0 0.99813+0.00003 802+2 33.377+0.014 33.314+0.014 240.7+0.6  0.982+0.004
JENDL-5 0.99677+0.00003 8012 32.899+0.013 32.793+0.013 244.3+0.6  0.997+0.004
ENDF/B-VIIL.1 | 1.00083+0.00003 8012 33.137+0.013  33.164+0.013 241.5+0.6  0.985+0.004
ENDF/B-VIIIL.0 | 0.99845+0.00003 7972 32.749+0.013  32.698+0.013 243.7+0.6  0.994+0.004
JEFF-3.3 1.00153+0.00003 817+2 32.675+0.013 32.725+0.013 249.7+0.6 1.019+0.005
TENDL-2021 | 1.00073+0.00003 818+2 32.566+0.013 32.590+0.013 251.0+0.6 1.024+0.005

4. Conclusion

To directly and robustly estimate the fundamental mode component of a., this study
proposed the application of the DMD-based Rossi-a method to a reactor noise measurement
in a critical state. Furthermore, to reduce the memory usage in the statistical uncertainty
quantification of a..; when the neutron count rate is high and/or the total measurement time
is long, the file-by-file moving block bootstrap method was newly proposed. Through the
critical experiment conducted at KUCA, the estimated «a values by the conventional fitting
method had a slight dependency on neutron detector position, which requires the engineering
judgement such as the selection of an appropriate detector position or the weighted average for
the detector-dependent a values. In contrast, it was demonstrated that the DMD-based Rossi-
a method can uniquely determine the a..: value of which the statistical uncertainty is
smallest. Specifically, the a..; value in this critical experiment was finally estimated as
245.1+ 0.9 (1/s). By confirming that numerical results of point kinetics parameter ratio

Bere/€ agreed well with this experimental result, we validated the MCNP6.2 calculations with
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recent nuclear data libraries, which were processed by the recent Japanese nuclear data
processing code FRENDY. Consequently, this study clarified the usefulness of measured a i
to validate the reactor physics calculation from the viewpoint of B.¢/. To further discuss the
impact of nuclear data on Bes/¥, sensitivity analysis of B¢ and £ with respect to nuclear

data is necessary as a future study.
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